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By the time this third edition of lnbmductiog fo Yelerinary Annl-
orey iand Phigsilogy is published, six vears will hove passed since
the second edition, and we decided that it was Hme to apdote it
The book = ased a8 4 standard text bor many asbmal-based
courses in both higher and further edecation and in particular
all velernary nursing oourses. 5o owith this in mind we decided
b0 Increase the climieal content and o answer the guestion “Why
do we have to learn anatomy and physiology? As lecturess in
the subject we are well aware thot many stwdents resent tme
spent away from clinical nuesing, both theeretical and practical,
and find "A S "horing’, so it is our joboto link the theory with
what might be seen in practice. In all chapters there are
imcresed numbers of short descriptions of disease conditions
that are relevant o the system being described = most of them
are commaon; a few, especially those in exetic species, may only
be seen in I-F'Elﬂ-ﬂ] st J:lr.ai:l'.i.l:l:q..

We have also included a nes rh:lph:r on the anatomy and
p-h}rs.inlng}r of farm anmrmalks Hcr:nl:ly, neie ooarrses of :I:ud:."

Preface

For veterinary nurses have been developed w widen the range
of animals to include lorge animals, This s in response bo the
demand of mixed veberinary practices, especially those in the
cotm by, that pegulre thede nurses o be able osvork with all by pes
of animal, Thera are mamy books writben on the subject bl these
are clther very dated or almed at 8 higher level of study. Crur
chapter on large animials provides information at a similar kevel
to thee rest of the et and offers 8 comparison bebwecn the anat-
emy of the dog, cal and especially the horse and pays particular
attenfion b the important differences in the skeletal and diges-
tive systems of the species.

Once again we feel that we have prisdoced a useful, accurate
and tnfarmative fext book that we both hoge will continoe to be
used as the Bible' of anatomy and physiology for veterinary
nurses and all sther studentz in animal-related courses,

Vickersn H!Iwr:ln”
Melante Cappaeilo
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This section describes the anatomy and physielogy of the bwe
mest common species treated in small animal veterinary prac-
e Hyw dog and cat. Following an introduction to cell biology,
each body svstemn is covered separately.
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Principles of cell biology

AN ling orgarsis can be elmsfed into diffeser
orgers, chisses ard farilles baked by certaln comman
chearactersics. These groups can be further divided
o | penis and species. which describes an individuz
type of crganiim.

The body i made up of o number af systems, sadh of
wihich bus 8 specific function. Thess systerrs form the
structiral framewark of the body or e within ane of
thires body cavities,

Each system cansits of a collecbon of tsmues and
organs, which are corrposad of the smallest unes of
the bedy — the cells,

LCelks can oply be seen under the microscope ard al
have & basic strnacture wirh certain aretomsical
differences, which adapt shern to thir speofic funcoon
Each strucnire within the oell plays 2 vital part in the
narmal funcricn of the cell and eherefizee in the noemal
fusnction of the body system

SECTION T |

Colle grevs ared difde by imeans of minsai, Each
imtatc divishan results i the production of tas
rlermical davghmar celks containing the diploid (or
rarmal) namber of chromascenas,

The heatthy body contans B0-70% water, distributed
it two principal fd compartmeins — the
eutracelldar fud (ECF} {surreunding the celis) and the
intraceluler fluid (JCF) [within the cells),

Gody fluds mowve beraeen these compartmenss ard
this mowement s contralled by the chemical
constituents of the fu and the physicsl processes of
diffusian and osmaoiis,

Biedy flulds contam (norgares and sfganic compoungds:
The striscture and prrcentage of all of these s
fundamentad 1o the balance ard normal function of the
by Within she body there &re many systoms
imvoheed in mantaning = sate of equilkriem — this is

‘kraen a5 homeostse.

‘Amatomy” and 'phesiclegy’ are scienbific terms wsed te describe
the study of the structure of the body [anatemy) and how the
|:||:u:|].l a.n:m.mli_l.r’mh:' I:Pﬂ'l.}-ﬁinbn-ﬂ]. [ thiz section, we will ul:ud:,'
the anatomy and physiologye ot the dog and cat, In Section 2, we
describe the comparative anatomy and physiclogy of the horse.
thie most common farm animals and some of the most commaonly
kept exetic sproies. We start by looking at the basic unit of the
bm:l}' = ﬂ'lﬂ L'E" = I:I:I'd 'H'I:E’I.'I. wnrl-: S WI’} H‘I:I'L'IL'IE!'I HH'." 'h.‘!l.'lﬂ,
oigais and svsterns until the picture B complete.

Animal classification

W hen :h.uJ}nnE any aspect of hi-.':»]nm.' it is fmportant o have a
basic understanding of the classitication system wsed to group
animals. How the species that one may meetin a veterinary prac-
ticer fit into this classification system should also be understood.
Classification is the way in which we “sgrt spr.-dr.'ﬂ ok nrﬂr.-.rl:,'
groups, clq:rend.ing on buns :l-.'n-ese]].' Ihr.-}r are related in ferms of
thizir evelution, structure ond behaviour, The scienos of classif-
cation 5 known as Gvomons.

If orpranisms have certain basic features in common they are
grouped logether inbo a kingdane, Por exarmple, f an orgianizm i
cormposed of mose than coe el (Le,, itis mulbicellubar) and obtains
its food by ingestion, it is placed in the animal Kingdom, Ofher
kingdoms include plamts and fungd, The andemal kingdorm is then
further subdivided, based wpon similarites of organisms, indo a
hierarchical system (Table 1.0) This namows the classification
davwrn untl weeventually reacha parficular pemis and speoies, Most

living organisms are identified by 2 genus and specics - a method
known 2 the binomial svstem, invented by the Swodish sclentist
Carl Linnaeas.

All fhe species within the animal kingdbom are divided into
these with backbones = the vertebrates = and those that do not
hove backbones — the invertebrabes (e, insecls, worms, ebe).
The vertebrates are divided into eight casses, The classes that
are of the most w:‘l:crina.r_!r i.'r|1|:||:lr'|nru:|: ares
= Amphibia - approsimately 3080 species
= Reptilia — approsimately 8600 species
= Aves or birds - approximabely BHN species
= Fizh - approximately ML000 species.
= Mammalia — approximately 4070 species.

Thimse clasacs ane then further divided ineo onfers, and soon, entil
a species is identified, as in Table 1.1,

Most of this section of the book concerns the mammals,
becawse the majority of ankmals seen in veberinary practice will
be o this class. The distinctive featires of mammals are the
production of milk by the mammary glands and the possession
of halr a= a body covering. Examples of mammalian erders
include
= [nsectivores (eg, shrows, moles|
= Eodents (e.g., mice, rats]

* Lagomarphs (e, mbbits, hares)
Camivores (e, cats, dogs, bears, seals)
Ungulates {o.g., cows, sheep, horses)
Cotaceans {e.g., whales, dolphinst
Primates {e.2., monkeys, apes)

E O @



SECTION 1 The dog and cat

_Thl:le 1.1 Classification of the domestic r:lr:l_g and cat

Taxonomic

group Dog Cat

Kargdam Arimia Animal

Fholum Chordata {vertebrats) Chardata [vertebrate)
Chaes Fammalia {masmmal ] Mammalia {rammall
Order Camivara Carnivora

Fariviy Caridae Falidag

Genus Cans Ffs

Loaicias Jerulioris i

Comman name Dhomestic dag Domestc cat

Generally speaking, all marmmals have a similar baske strucharal
plan in terms of anatomy and physiology, but each species has
been modified o suit its specific lifestybe, Tn other words, mam-
mials have becorme specialised For activities such as running, dig-
Bing, gnawing, umping and eating specific foods

Anatomical definitions

When shudying analomy and physiology §F 15 Imporiant bo
understand the terms that are used to describe where struchares

lie i relation toone another, These ave ilustrated In Fig. 1.1 andd

named as follows:

= Modiar plarme — divides the body longitudimally into
syrmetrical vight and beft halves; can be described as ‘the line
down the middle of the animal” from nose o lail

#  Superficial = near i the surface of the body

L LJI':F = closer o the centre of the |:||.1|J_1,l

& Crialdantesior - ioswards the fromt of the andmal (Fe. lowards
the head)

*  Cardinlposterior — toswards the rear end or tail of the andmal
(i, away from the head)

= Medial = strpctures that le towards or near the median plane
(i, closer in the middbe of the animal)

= Lateral — struchares that bie towards the side of the animal (ie.,
away from the median plane)

*  Daraq! - bowards or near the back or vertebral column of the
andrnal ind the corresponding surfaces of the head, neck and tail

= Ventral - iowards or near the belly or lowermost surface of the
body and the comesponding surfaces of the head, neck and tail

* Rpshmi - towards the nose; used to describe the position of
structures on the head

# Provimul - structures or part of the structurne that lie closs to
the main mass of the I:n:rd.g.-' {3 the “top’ of the lirmb that
attaches o the body i also wsed b describe parts that lie nesr
the origin of a structure

= Dhatal — structuses or part of the struclure that e away from
the main mass of the body or origin ez, the free end of
the Himb

“.‘\ Fecdian pline
Cranial Caudal
R rat—r — —
‘tg:‘ et Dorsal
iy
- lr .
1l ﬁs i e
f / &b S
"-\:. = -Efll Tt Sk =5 =
! B Dioral
Fronéoval——F) [} — = plan
o
T -
Chiseal |.

A,

Palmar

Planmr

Fig. L.l Anatomice planes and directianal temre msed 19 descnbe he reatee podiion ol ghetares n e body;
(With permimion ram T Cobadle, (M Bassert, 3001, Clhrecal sratomy and physiology for vatermany technkoan

5 Lo, MO Moshy, po 30



Palwe — the rear surfoee of the fore paw that bears the
foatpads; the oppesite surface (ie, the front sueface of the
pawy ) bs the dorsal surface

Flantar — the rear surface of the hind paw that bears the
foatpads; the opposite surtace {as above) i the dorsal surkace

A undersanding of anetamical terminology b= usefid when you are
helping the vet . in disprastes imapng. For-ssample, you may be askied oo
pastinn e patient &5 a wertrsdorssl ot - b knonadng the
meaning of the words “verriral 2nd ‘dorsal will bl poyowposmion the anmal
oy

The basic plan of the body

Chapter 1 Principles of cell binlogy

The mammalian cell

Cells are the minuabe units of o besase that can enly be seen under a
e roscope, Cells can be consbdernosd fo be the baslc sirmschral and
fuirctional wunlt of an organism, In fact they are like Tighe bodwes'
themsedves because they carry outa number of basic functions such
as taking in nutrients ond excreting wasle, nespiring or Breathing',
and reproducing. These and other functions are carried oul by var-
ios shruc hares that make wp the cell — mainly by the organelles, or
Tikthe organs”, that foat within the cytoplasm of the cell,

Ceall structure and function

The oy is made up of & number of systems amd each of them
hias a specific job, enabling the body ko function effectively. These
systems can be placed in one of three groups depending on thear
fupction:

Strwctural systemes - provide the basie ‘feamework” and
transgsort syatem for the baody

Ciordimal iy syafems — e control mechanisms of the body
Wisrerml sretlenrs = includes all the bazic functional svskems that
do the HET!H.:': duties tor the I:H:ld_'!.'; tound within one of the
three body cavities: thorscic, abdeminal and pelvic

Structural systems

Skeleral syafem — the supporting frame upson wihich the body i
barilt {i.e, the bones and joints)

Museulir sl - the mechanism by which the bones are
moved o I:Inng abourt locomotion (this relates to skebetal
muscle onby, the: other crtegores of muscle are considered
separately)

Iettegamend — the covering of the body (e, skin and haic)
Cirdiomiscuber swsfem — transports the blood around the body

Coordingting systems

Mirpows sysfem — carries informathon 1o and from the central
‘comtrol station” of the body die, the Bmink controls and
mionitors the nbernal and external environment of the body
Endincrive spstem — controls the body's fanctions via a
communication system of chemical messengers or hormones

Yizsceral systems

Drigestioe systent — rosporsible for taking in food and breaking
it down fo its Basic cormponents =0 that the body can

utilise them

Respiratary syslemn — responsible for faking in oxygen and
remoying carbon dioside

L.I'rl'rm.r_l,r.:g.'.-;tr'.ln = rﬁ-p-i,:qml'htt: faar efimina r.inﬁ waste and toxic
substances from the body

Reproductive system — nesponsible for producing offspring

Each svatem of the body is made up of a collection of specific
by Of fiasue arrarsed as ergins, Each Hesae {s composed of &
spocialised type of cefl (the smallest unit of the body),

The componants of a cell areshown in Figs: 1.2 and 1.3 and are as
fallows:

Cell membrane

Mucleus

f]rsa.m:‘lk-s:

Ml itochondna

Rilscemies

Rough endoplasmic reticulum
Smcth r.-:|'|n|:||:|p|:u'rr|:'|: reticulam
Gn|5.i appml:l.u

Lysosomes

Lentrosomie

o SO = TR = R = SR = T v S o |

Cell membrane

The cell membanne covers the sueface of the cefl and may also be
called the plasma membrane, 1t is responsible for separating the
cell from Its envirenment and conlroks the passage of substances
inand outof the cell, Carbohydraies ane found on the surface of
the cell membrane and it ks belicved that these help cell recogni-
tian, meaning that thoy enable o cell o ecognise whether or nod
it is in contact with another cell of the ame tvpe. The cell mem-
bErane of a mammalian ool is mmp-l_'m'l af & I:J.l.-'t;p!n;’fpl'rd J.Il‘.'n_wr
{Fig. 1.4}, This = .a double layer of phospholipid molecules with
profizin molecules ermbedded within it

The nature of its strochane means that the cell membrane is

selectioely permeable, allowing some substances to pass through
it while cthers rmay cither be excluded or must travel across
the membrane |:|:|.I means of specialised transport systems. These
include:

Pares i i cefl mieribraeie - small molecules can pass I]'|r-|.:-|.|;E|'|
i paoris

Siuple diffusin — molecules thal are solubla in lipids (or fats)
will passively dissolve in the lipld paet of the cell membrane
arvid diffuse across 18 oxygen and water enter the cell b

this way

Faciiitated difusion — another type of passive diffusion; where
the substange is moving dewn a concentmtion gradient, but
the substance enlists the help of a carrier profein to halp it
across the membrane; glucose wses this maethod to enter

the cell

Acttie trtrsport tevhnnlms - substances are usually bemyg
maved from a region of ki concentration te one of higher
concentration {i.e, they are travelling against a concentrtion
gradient). This is like going up a steep hill - it 15 hard work
and therefore requires enerpy. Substances that requine active




SECTIOM 1 The dog and cat
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transport mechanizms to cmss the cell membrane use a carier
protizin to transport them across. The “cost’ tor this service i
that energy 5 reguined, and iz supplied by the cell’s “energy
currency’ — molecules of adencsine trphesphate (ATP).
Sudivan edcbers the cell this way.

Cytoplasm

This is the fluid that fills the interior of the cell, providing it with
support, The nucleus and organelles are found within the cyto-
plasm, aloeg with solutes such as glucose, proteins and lons

MNucleus

The macleus = the intermation centre of the cell. 1t = surrounded
|:|_'!.' a nuckear membrane and contains the chramaspees. Chromo-
snmes are the bearers of the hereditary material, DR A, which
carries the infocmation for protein syothesis. DA s the “set
of instrisctions” that wells the cell bow o function, and these
tsbuctions ane then passaed on b the cell's descemdants, The
nucleus also comtaing several nucleols, wheee the ribosomes
(aee below) are manufactured.

Organelles

s Mitochnading — these are responsible for cellular respiration
andl are the site where enengy is extracted from food
subrstances and stoved inoa form that the cell can use: ATPE.
blltochondria have a smooth outer membzane and a highly
folded jnner membrame, which increases e sueface area on
winich AT production can take place (Figs 1.2 and 1.3}
Mitochondria are found in abundance inocells that are very
active in terms of energy consurmprtion (e, skeletal musclel,
When acell requires energy it uses its store of ATF molecules,
The energy itself is stored in the bond that conmects the
phosphate group to the nest of the molecude (Fig, 150 1 ane of
these phosphate groups is snapped oft' the maolecals, the
bond is broken and encrgy is released, The remaining
malecule is now called adenosing diphosphate (ADT),
because it now has only two phosphate groups attached to it
[di=Z; tn =3}, However, thie cell needs |.1-r|i'_l..' 1oy rewaitnch
andrther phosphate group (cacted out as part of the cells
mietabolic processes) and energy can be stored once more
asz ATP.

= Ribospenes — these float free in the optopiasm and are the site for
protein synthesis within the cell.
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Fg. 1.3 Transmssion slecion micrograph of 3 plasma cel chaow i ereba re b ezl Ij’h ER ard seatteresd motoshonidria [:11}
(Wfith permissom from A Samuelson, 3007, Textbook of vetermany histoiogy, 5t Lous, MO Saunders-Eavier, oo 85
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Fig. 14 Structune of the o2l rmembmme showeng the phosphoded
bulaz, This strwchure & also bvown as the Yud mesan modal’

s FEirdoplasneic reticudiemt (ER) - this s a network of membrane-
limed interoonmcied tdses and cavikies within the cyboplasm
of the cell. There are two ypes of ER
=3 F!mrgl'l ER (Fig. 1.3) is so calbed bocause it has numerous
riboeomes attached o its surface and thus appears "npagh’
when viewed under a microscope. The functicn of rouigh
EX iz b Eranspart e Fmdrinx thiat hanse bepn x:..'nl:hnﬂiﬂed
h:.r ribosomes. Some of these p:rnh-.i'r't'-; are not r-l,u'.|u:|r¢-1:| I:I:r
the cell in which they are madse bt are "exported” outside
the cell (e, digestive eneyvmes and hormenes)

o Soeoth ER s soocalled because 1§ does not have rbosemes
o ks surface; 15 functions inelude the synthests and
tramsport of lipids and sterokds,

{A)

i8]

()

Fig- 1.5 The romerson of ATF &0 ADF 1o release eneres (&) The ATF
el pcide Fas thive phosphate proups (F) aftached by chamical bands:
encngy & stared within the bonds, (B) One of the phesphate groups =
shapped off, neesng energy. (G) The rermanng malecule (A0F, wilh
Iwio phosphale groups) poes backnbe the metaolc oo and has a
phogibate group reattached, becomarg ATF agan,
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= The Godgr appsaeatus or body - this = 8 stack of flatkened sacs
within the cytoplasm (Fig. 1.2 Bs function includes the
modification of some of e preteins produced by the cell
{adding a carbohydrate component) and it plays a part in the
formation of [ysosomes.

e [yssames — these are membrane-bound sacs that contain
Ipsorymies or digestive enzymes. Their fanclion is e digest
materials taken in by the cell during the pricess of
phagecytosis orendocytosis (Fig. 1.6), ijmmrsnhm destroy
worn-oak WHEI.'LEI.IE- within the cell and, in some cases, the cell

:h:ll:.

o Particie

e T L

()

<]

(o}

{E)

Fig. 1.4 Pragnoposs (M) A small particls (g, bacterem] & present
cutnice the el L (B T hecod rrarrbrane g nates and starts 1o e oie e
partiche. (Y The cell rmessribnme comp stely wrroundi the portice snd seak
e in aveick (D) The vesde detaches froen the membrane i enles
the cel (B) A saine, contanng dgeste ergrmes fuses wih the
phagecyDe vesicle contalring the paricle and the parfichs i destreped.

storage disepse — this ocours IF there s 3 drsfurction
pithe areyma in the besosomes resufting in the accumulanon of wass
substances, ‘Lysosomal storage dseass” |5 sean mare commcaly in
rars. Storage diseases usually aceur inyoung animals and present with
dirical signs such a5 skeletal abnormalities, merdal metardation arc
newrological znd ooular disorders

®  Ceardraimtet sund cenfrioles — the centrosome containes o pair of
roxd-lke strsctunes called centrioles. These le atmght anghes to
each other and ane imvobved i cell division (see mitosish

= Ciliie wend Tagellie — these ane extenslons of e plasma
membeane seen on some cells of the body. Gilia are found in
lapge numbers on the suber surface of the cells and are
reaponsible for creating o wave-like motion that moves fukd
such as mwcus and debris over the cel] surface. Flagella are
usvally simgle and longes than cilia amd niove the cell along by
undulating movements. The only example of a flagellum in
miammals iz the tadl of & spermatesoon,

Materinls can either be faken Into the cell or exported out of it
These proosses are called eedcwlosiz and svecybosis, respec-
tively. There are bwo types of endocytosis: phagooytosis or “cell
eating” and pinpcytosis or "cell drinking’, During both these pro-
cesses the cell surface Folds to make a small Pv:ldwl: that is limed I:l-}'
thar coll membrans (Fig;. 1), The pocket seals itk Enn'ninEa VER-
icle that conkaing the material being brought into the cell. This
separates from the cell surface, moves into the cell’s interior
and fuses with a lysosome, containing lysteymes, which digest
the vesicle contents, The prooess of phagoeytesis s also used by
spane whibe blood cells to remeve foreign particles sudh as invad-
i bacterin (see Chapter 7 on blood cells).

Cell division
The cells of the body are classified info bwo bepes:
s Bordatic cells — these include all the cells of the body except

those involved in reproduction. Somatic cells dmdﬂh}' mifasis
amd contain the diplvd momber of chromosomes,

& Girm onlls — those are the ova (within the ovaries) and the
spermatesna [within the testes). Germ cells divide by meinsis
and contain the Sl pusder of chromosomes.

Mitosls

The tisswes of the body grow, paricularly when the animal is
voung, and are able to repair themselves when damaged, This
is achieved by the process of mitesis in which the somatic oells
of the bady make identical copies of themselves, The cells repli-
Cite I:|:|' d'nrirting nko two = a prosTss calbed rﬁrrar!.'_ﬁ's.'nicur. Hiw=
ever, before they can dio this they madst first make a copy ofall the
hereditary or genetic information that the mew oell will nessd in
order ko function mrmn.":,'. This information is carred in the
OklA I:dﬂm:yri]mm::t:'ic :u:i.d:l ot the chromosomaes within the
nuclmes of the F.arl:n!‘-nell. The normal number of chromaeomes
is dhescribind s the dipdoid number and before cell division takes
place the chromosames ane duplicatsd (Fig. 1.7

Mitosis can be divided mbo foar active stages, followed by a
‘resting stage (called fnferpase), duning which the new daughter
cells grow and prepare for the nest diviston, Interphase is not
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Mchir rwmbrans
begins 1o break dowm

Chromosomes become waible and cell pregares Each chromosome replicates, fomming tws chromatid:
i divide ained 2k ghe cenéreeers
Metaphase

Chromasormet or chrormatids bacame arranged Crramatids separaie arvd move alorg
mong the equator af the cdl thee spinelle oo oppesite poles: of the cel

Musclear

Daupghter colls

Cymoplasm begins mo divide and mclear T idemtical desghrer cells, each corining The
mernbrane begns wm reform dgplosd number of chromosomaes, are produced

Fig. |.T Mitoss —the cal dvsmion sa2n mommahe cells.

uq:h.:.u!hf a rml:nE lhagr.- becavse it is I:EIJEJI.'IE this :.‘lz@n that the

A r:pilcal:v:s in E-.repar.ahm: for the st mitesis. The centninles

have also replicated by the stast of the new mitotic division. The

four ackive stapes of mitosis ane

I Prophive - the nuclears mombssane breaks down and the
chiramosomes conteact and becorme shorfer, [aiker and mone
distinct. The identical pairs of chromosomes kave not pet
separabed and are referred o as the dirmrtids, The
chrommatids are held together al a region called the
cenmbromere, The centrigles are now found al the opposite
poles or ends of the cell and spindle fibres start to form. These
ara “threads” passing from the centriole at one pale to tha
centriole at the other pole

1. Melaphage = the chromaosomes line up in the midd le of the cedl
{known as the equatar) and the chromatids draw apart at the
cenbnymene,

1 Airagieae — the chromosemes attach bo the spincdle Gbres and
a5 these contract it moves the chromatids bewvards the
opposite poles of the cell,

4, 'i":ﬁ'liuhd:e - thee chromateds will be the chromosomes of the
daughber celbs. The spindle Abres break down and the nuclear
imemmbrane reforma. The eoll starks o constrct across the
il le and contnues weebl i s divided into oo Each of the
new davghter cells s genetically wdentlcal o the original
parent cell, and both contaln the full set of chromascmes,
ko @s the dipledd number. The chromosomes then
unravel and the cell returns be interphase,

Mimoss resabs in the production of two identicd dauphter cebs pach of
which |s chertical 1o the pareit ool and tertaing the diphdd aumter of
chromosomes

Meiosis

Thiks ks thie process by wihibch the germ cetls divide within the ovary
of the female and the festis of the male. Mekosts results in the pre-
duction of ova or sperm conlaining kil the normal number of
chromasomes (the haploid number), Meiosis must occur belone
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Fertilisateon, when a sperm penetrates the oyvum and the bwo These chromesomes may become entangled and pieces of
rscled fasa, [ ehess bweo mcled had e diplokd number of chromo- ane chromesome may beoome attached be another — this
somes then the nuclous of the resulting, gamede weould have bwice process Is known as 'crosslng over' and may influence the
the normal number and abnormalities would develop, characteristics of the offspring

The resting cell is in inferphase before meiosis begins, The 2. Mefaphase [ - the homalogous pairs of chromosomes come t
cight stages are as follows (see also Fig, 1.8); lie along the lime of the equator of the cell and the fibrows
I Proplse — this takes longer than prophase in mitosis. The spindle starts to form,

homeodogous Cidenticall chromosemes lie side by side 3. Astaglnize | — the pairs separate and the chromatics migrte

and duplicate; ench pair is joined at the contromere:. along the spindle fibres towards the poles of the cell.

Interphass Frophais Metaphase |

Twra paici of ihistical chiromesdamas Eachs gliresrsaacine raplcagis; Crwarmaticds arfafge i plars lang
Bnaphaie FMelophass | 2 P CTVRD. My porr the equartor of the call

First
meickic divinian
i 3
Eﬁrt:.'dlll'n.
Chromatids migrate i the polis snd e cell viarts o divicle Tveo bdermical davsghoer celb, sach cormining the Sploid nomer

af chromascmes

Frophase Il - transitary = no chromosome rephication

Chromodomes arrange themdelves along the eguamor of the
coll and she Trous spendie forms

Telophase [

Ench ced divides and the nuclear membrane beging &2 refarm Four iemtical celle, snch corgaining the haplaid number o
chramesome.  These cells are nod identieal e che parene cell

Fig. 1.8 Meioss - the ool dvson seen n the germ odls,



4. Teoplmse [ - the cvboplasm begins to divide but the nuclear
membrane does not reform. In some cells, the oytoplasm docs
noed divide completely and a dumb-bell shaped cell is seen - this
2 kmoown 2= aymcutiom, Telophase 1 s the ffrst meiotic divdsion

5. Prophase [T - this may be transitery as theno is no noed fo
replicate the chromasomes

& Melaphaze [1 = the chromesomes amrange themselves .:|1|:|ng thie
eguatir and the spindle fibres appesr.

. Anapisese [T — the chromatids pull apart and migrate towands
the poles of e cells,

8 Telapdirese [ - the cytoplasm begins te divide, the nuckear
membrrane refionms and four identical daughter cells are
foemed. Telophase 11 is the seoomid metiofic dioision,

Mgz resatis in the producton of foer denticel dausgiter cells =ach of
which iz non-damical 7o the parent o=l and contains The hapksd membes
of chramosomes

The chemistry of the body

The cells, and therefore the bsswes and organs, which are all
mnde of cells, are compozed of chemicals. It 15 important to be
abde to understand these chemicals and e reactions in which
they take part within the body, Chemical compounds can be
dlivided i bwvo groups:
o Ohrgonde comppands are those that contaln the element carbon
* [nnrgapic compounds are all those compounds that do not
confain carbon
Both groasps are tound in the body, bot et us first ook at the minst
biclogically impertant incrganic compouncd of the body - water
(H:00.

Water content of the bady

An individual mammalian cell contains ~80% water. In fact, 60—
0% of the whole body's welght s water, which is divided into
Ewo main hn;l:,.' compartments: itracelldar (ICF and extracellelor
(ECF} waater.

ICF is that which & foond irside tha colls of the body and can be
mibdbadas mothe fiidwethin the Blood cols and the Asd ol atheronls
O trossy . s 4056 o okl Bocky wisight

LCF s that which bes ounside the celb (Le. the smrounding ervdiccnmeam
of the cels), ECF takes up 2% o tokl bady wetght and indhedes #in
find in which the blood celis are sspended (the plammal, the Sud ahn
v hyraphanc systern and he censbrospanal flukd (The Trarsosiulere fud)
arvd the diad that sumounds dl the other ozl of the body (e merstica
or Tisse fid)

Plasmea takes wp about 5% of body weight, & forms the
miedium in which the blood cells are l:l'-ﬂl'l:lF-Dl'lrd within the
blood ~vasoulae system It 1% riche in Fr-l.ﬂrjnl,!rnnn:l Iﬂn&mn pre
teine, Trameeelfnldr _ﬁ'l.rl'u' ix formed l:l:.-' active secretory mecha-
nisms and its volume varies, 1t is considered to ke up about
1% af body weght and it includes fuids sach as cerebrospinal
fluid, digestive juices and lyvmph, Inteestiti! fuid takes wp 15%
of boady webght and Lies outside the blood vascular systens, sur-
rounding the cells. 1t is formed from the blood by a process of
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ubtrafiltration — small molecules and jons are separated from
larger molecules and cells. The pressure in the Blood vascular
system Forces the Muld through the walls of the capillaries, This
acts like o siove, holding back the lange plasma protein molecules
and the cellular components of the bood and allowing every-
thing ¢lze to go through, Thus, Intersfitial fluid i similar o
plasima but withort the Blood cells and protein modecules, Inter-
stitial fuid is the mediom in which the cells are bathed and from
it the cellks putract all that they need, such as cxvgen and nuatri-
ents, They get rid of all their unwanted waste products ints it

Water or fluid provides the medium in which all the body's
binchemical reactions take place and is thus essential i maintain
the beddy s intermal envirenment in o state of balance - this is a
proces known as owestassz, Body water and the chemical sub-
stances within 1t Cl.'l'L'ilT.II'I':I.}I' rmiowe around the I:lud::.r The E-i-plng—
ical processes that are I.'EFFHJI'IEi':llE' for this movement are
diffusion and osinesis,

Diffusion

Priffusion (Fig. 1.9A) is the movement of mobecules of a liquid or
a gas down a corcentration gradient {i.e., from a region wherne
thew arg at a high concentration to a region where they are ata
lower concentration). Diffusion will ooour until an equilibrium
is reached e until the comcentration Equﬂli.r.rs canth Diffusion
takes place where theee is no barier bo the free movement of mol-
eciles of ions and is very important in their movement in and out
of cells. However, it cam anly eccur if the particle size = small
enough o pass through e coll membrane. [F the molecules
are boo Lorge, then another process takes place in order o achieve
equilibrivem — this is known as oamosis,

Osmosis

Osmosis (Flg. 198 i the movement of water through a e
pr.l'rrr.mblr utemibmene from a fuid of low concentmtion o one of
a I'Iiﬁhllﬂ' concentration, which continues until the tvo comoenira-
tons ane equal. The water can be considered o be diffusing along
a concentrabion gradient. A semi-permeable membrane allows
s substances through but not others. Oemosis is nesponsible
for water mosvement from the interstitial fuld into e cells,

A solubion consisks of the molecubes of one sulb=tanee (the sol-
uke) dissolved in another substance {the solvent). In the body, the
sadvien] s water so osmosk is & significant factor im the mainte-
neanee of Uhie Mubd valwme within the body foid compartments. &
saiutsan can be described as having an esmalic pressire. This is the
pressure needed to prevent cemosis from ocourring and s
dependent on the number of partickes, both dissedved and wndis-
spbved, in the sgfution; in other words, if the psmotic pressure of
the plasma is high, water will Hlow inke the blood to equalise the
conceniration; if the semotic pressure of the plasma i low, water
will How out of the blood inko the fissue spaces.

I arsmictie presiure or tortoty of 4 rehydeting luld & deerbed relee
0 the ceman; s of Hood plasmas 36 foliows
= ok — Al e the e camitis pressure as plasms
= Hepatonic - fluid has 2 kower asmatic presare than plasmz
¢ Hypamonk — duld has a higher cemotic pressurg than plasme,

This iz important in selecting fuck for rehvdedtion therapy - most duids
i are fecitnic. The replacerent fud must be as dhoss s posclie bn
ooy andl electrofyes coment toowhat hes been loss fom the bady
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Highur sarcunirtian Highstr concentratan
of sabitien duch m H O ol dodie such o it

= L L =l

(B

g 2h

Fig. 1.9 {A) Dfuson, Molecues mosoubon are acnes and constant b ool lde mbo ore another YWih tme, shey bocome seenly
dsirfhuted throughout the liguid, having moved doswn concentration gadients from arcas of high conoentration to thoss of o
urrtil eguiibrum isreadhed, Diftsion oocu s whan there (s no bamer to free movement and i ocowrs mere rapdiy 5 hot |igads than
n oo'd ones as moleou'es are more actree at higher tomparzdures. (With permiszien Tom T Cokialie, |M Bassets, 2001, Civea
anatorry and physology for vebarmary techricang. 5t Loaks, MO: Moy, o 14 (B) Osmosgs. Step | Smaler molecdes of soiotion
B g (0] can pass hrough the sery-poermealie membrane ate ade (B), but the e masessc of splule cannel. Steg la

M e bt mcve fram sde {a] 't sede (B, e veiurre of gde (b)) inerEses unt i e comeenirrton of seile % e e on beth
ks, STep 2be Derncss cin Be reverded by fiiration, when fnsdradie pretsane & placed on Sde (bl This foroas soiuban back
throigh the sam-permeabie rrermbane toosde (g 0ATh perrrisson from T Colvile, M Bt 2000, Clinical anatormy and

phiysciogy for wetermary fechngians St Leus MO: Mesby, g 25))

Fluid balance

Water iz constantly moving within the body = from the inberst-
kil fluid inte the cells, from the plasma to the bssue flwid, and so
on - but it is alsa :nnlinuau_].' lost From the |:||:u:|}-' and must be
replaced by ensure that the botal Huid balance in the body i main-
Eained, Water s st throwgh the respiratory system (expired air
containg water vapour), and i the urine and fasces. Dogs and
cabs chis st sweat apprciably bt e linse heat and water turough
panting. Water is also lost in the tears, which are produced con-
stantly b medsten e eve, and in vagingl secretions, Waker &5

taken imbo the body through drisking fuids and from the water
combent of food.

Flusid lossns may boincreased insick or EI.;|'I.I.I'I'.‘|:I amirminks I'J':rnugh
w:u‘ni‘l'.inﬁ. diarrhoea, ".-'-'Il:ll'i.l'l..'.l] :F.i.m:'h.ﬂrgr.- {2 seem with an apen pryo-
metra) orblood bess. Thiscan lead ti d.ﬂh_'r'dmhm. which may have
sEHOUS consequenes, such as reducton of the crculating blood
volume, known as hypovolsemic shock. [na nommial adult animal,
abuat 6% of thee total bodywelghtds water. This percentage will be
slighthy loweer if the animal = old or very obese {fatty tsswe contans
littde wober) and slightly higher Inowoung or #in animals.



Typecal dasly water [oa i B0 miblikg badhvseightin the urne: [ 0-20 mUkg
bodywesipht in the fBecas: and 20 mbLikg bodvesnpht through the loss of
wartervapoir 0 mpired sirand pasting and o body seoetions — a total of
S50 ml of water per kg of badnwedg daly. Thiss an acdt heahhby
e should teke in 3080 mb of wimer per kg bodyweeight por day 1o
befance the normal Auid koss (eE. an aninal weghing 20 kg wal need
00100 L, of water gich i)

Inorganic compounds

A number of other inirganic cnmp-imnl:h are also essential 1o the
furctions of the body: minesals, acids and Bases It i important bo
b farmiliar with some basic chamical definitions when considoee-
lg these substances. Everything s cormposed of atams, and an
eleenend] is 0 subsbanee that is composed of only one kind of atom
g, the dement oxygen consisks only of oxvgen atoms). Mol-
venles consst of bag o mone atoms linked by o chemicn] bond
A substanos whose molecules contain more than one fype of
atom s called & compund,

When disselved in water, the molecubes of many substances
break apart into charged particles, called iows, This change may
gither e megative oo positive: lons with one or maote posibive
charges are called catiors and ions with one or maore negative
charges are called andors.

An electrolyde is & chamical substance that, when dissolved in
water, splits into ions and is thus capable of conducting an elec-
tric current, Sodium chioride (Mallhis an example of an eleciro-
Iyt in the body, its ions being sodium (Ma ) and chlerise (C1 Tin
solirtion.

Minerals

The F-:rin-l:ipal catipns in the !:Iu-:l].' are sodium I:'Na':l, pqnl:aau:ium
("), calcium (Ca®™) and magnesium (Mg™). The principal
amions include chloride (C1 ) and bicarbomate {HOO, ), These
pones are essentinl o the functions of the body and it is vital that
they are present in sufficient and balanced quantities. Sodiem
aned chlorlde are mainly found in the ECF, while potassiam ks
mainly Found in the ICF {Le, inside the call=), The concentration
of thesse s = b rtadnk ir - the ation of fAuid balaice
betwieen the inteacellular and ECF. This balance 1s malntained
by special “pumps’ e the cell mermbrane. An imbalance will lead
bo significant problems; for example, sodlum affects the amotic
pressure of the Bood and so influences bleod volume and pres-
sure; 8 high concentration of petassium in the BCF con disropt
heart fumction.

Calcinam, phospharus and magnesium are important mineraks
that are Found in storage m bone tesse, Caloium is essential for
miany processes inthe body, such as muscle contraction, nerve
conductien and Bleod clotting. Tron and copper are also essential
to normal body function, iron being an essential component of
the h:lnnml;|5|nh:n in red blood cells.

Acids and bases

A iend =0 rm-np-emnl:! that can release hy d rogen ions when -
solved in solubion. Compourds thak can acceptor take in hpdro-
gen o ane called beses or alkaidz. The acidity of a solutios: s
expressed as its pH, which s the measure of the bydrogen o
concentration. The pH scabe is From 0 o 14, withoa pH of 7 being
nevtral, A dolubion with a pH less than 7 i acidie (the lewer the
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numiber the higher the acidity, Le., the greater the concentration
of hydrogen bons), A solukbon with a pH above 7 is basic or alka-
lime (the higher the number the more alkaline the solubion),

The pH ofbody Sinds = 735 and it & impartant that the body rantaing this
frosd TN The res pertiony spstern and kadnees Theee e homeaetafic
processes to-miintain the comect acidbase balance:

Acidibase balance — when the normal pH of te body is disropted
e arbral oy sheaw an Bidesis (Le., & dedreased blood pH), or &n
allalagls (e an Increaed Blood pH) & Fegpiratary aodosis mey
deswebap i the animal hokds 19 breath, aleeding carbon dicside et
o rise and coypen levals to (&l 5 respratory’ slkaloss ooours during
rapid panting, which lowers carbon dioxide lewels, A meabolc
acldosls may ocour 85 8 complicacion of disberes melins and a
muetabole alkaosis 45 @ rosule of axcessien womiting and diarrhcna,

Ovrganic compounds

Theese are compounds thit are based on the dement carlson, The
odher main elements found In organic compounds are ooygen
and hydregen, and in some instances nitrogen. The principal
crganic compeunds found in the body are carbohydeates, pro-
teins and fats,

Carbohydrotes

Carbohydrates contain carbon, hyvdrogen and exygen and are
also knwnwn as sugars. Sugars are an important source of energy
and the most comman simple sugar in the body s glucose
{Fig. L1 Simphe sugars can join fogether to torm mone comples
carbohydrates; when many sugars juin tngether they form a pfy
sarcearide (g8, ghyoogen, which is the form in which glucose is
stored in the |:~|:|-:|:|-':|. 'Earbnh}'dmh:h are obtaimed from food
and are then broken down durinﬁ diﬁﬂtiu‘l ke n?ml:r]r LIRS
s that 1l'|E'.-' can be absorbed I‘h:’quh the mucous membranie
of the d.l.a'l.".‘dllr'\é svstem ko the Blood and ubilsed by the body.

Lipids
Lipids include the fabs, which ane compounds of fakty acids and
glycerol (Fig. 1.11).0nd are also made up of carbon, hydrogen and

CH,OH
[
e =]

; r \ ;
% //H /
2 SH H .
o \l |/ . .
E C
[ |
H (Al

Fige 1.10 Chemcal structure of a smple carbofndrate — the sugar
o
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Filg, 111 Chemice structure of goeenl

oxygen. Fatty acuds ase the main form in which fats are trns-
ported in the blood after the breakdown of lipids obtained from
food. Although carbohydrates provide the mest direct source of
enerzy for the body, faks can alzo vield o large ammount of energy,
They ang an important means of energy storage for the body, 6o
b used when required. Other functions of lipicds include insula-
tion af the body itself and of nerves, and in the fermation of cell
membranes and svnthosis of stemwids

Protelns

Protems are built up from subunits called aimfao aoids {Fig. 112
Protems differ from carbolivdrates amd Lipids in that they always
contitin nitrogen in additon o carbon, hydrogen and oxygen.
They may also contain other elements such as sulphus, phesphe-
rus and iodine. When bwe amine acds are joined fogether by a
peptide link ey form a dipeptide. The addition of maore amino
acids [a process called polymensation) leads b the formation of &
polvpeptide. A proteln conslsts of one o more polypeptide
chaims, which are then coiled amd fobded to give the specific
striscture of a particular proteim {Fig. 1134

o | | o |
| e Jf’ |
|—
| ul— —l-c |
E I I Nonw |
| i |
AR L uf e o
Amine grous Aedd greup

Fig. 1.12 G=na=d siruchoe of an amno acd. The % grous vares from
aming acid to amno and Primary strocture - The inear sequencs
ol Eremr aceds noa paplde. Secondary structure — The ngpestng
pattern in the-dructure of the peptide chain, a8 an ool Tertary
structure — The thiee-dmergons folding of 1he secondasy structure,
Quaternary structure - [he thoee-dmaienal arangerenl of mos
than ore lerlay polhypepicde

Primary structare =

thee linear seguence of aming acids ina paptede

¥

AVAWV

5-:nn:|.irr whruictura —
thie repeating patoern i the sorumure of the pegdde dhain,
a2 el

Tertiary struciure =
the three-dmensicral fobiing of the secondary srrucosre

the: three-dimensianal srrangement af more than one tersiary
pelypigtide

Flig- 113 The stractuee of 3 protein 5 ot enly the sequence of
arning aods, but s the arangement of the pehpentde dwans, whoh
deteimrira the charactanstics of & proten

Proteins gerwrally fall info one of two groups:

# (ilnbwiar = the functional proteins. These are associvted with
cellular chemical reactions and include hormones and
ENEVTTHS,

#  Filirines — the stroctural prosteins. These are insoluble and are
part of the compesition of variews structures in the body. They
include keratin, collagen and elastin,



By means of digestive enzymes the body breaks down the pro-
beins acquired from the diet inte their constituent amine acids,
wiich can then be absorbed through the mucous membeane of
thie digestive systomn into the Blood

Chemical reactions in the body

st iaf the chemibenl reactions that takis place in the bedy reguine
the presence of a functional prodein compound called an enzyme.
Eneymes are orgonic catalysts that speed wp and control
chemical reactions in the body. Enzymes are involved in
the brenkdown of food in the digestive system but are also
irvolved in B many metsbolic processes thak are carriesd oot
withim cells.

Chapter 1 Principles of cell biclogy

A dhemiral racion thet requires aninput af energyis cled an orobale
ropction. A chernbol reacton thas relases endrgy @i catabad raaction Tha
zam af the energy U {ie, the gmin and loss], = the i metatalzm

All animals pequire encrgy and this is provided by maw ma-
terials obtained from food. This & then converted by the body
inbe a form that it can use - ATF, Emergy cannot be croatbed
or destroved, it s just moved arcwnd or etse changes its form;
frr caample, electrical energy can be converted te heat energy
or il can be stored as potentinl energy that is rebeased when
the compeund in which the energy is stored is broken down,
Iny thie by of am animal, energy comies from the oxidation of glo-
cose (12, @ reaction involving oxygen and glucose),
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Tissues and body cavities

The cells of the body are srranged ingo four basie
T Bypes epithelia, cormective, muscle and
NEFyoUs TISSE,

Epithelidl Gssue covers the outsidde of the body wnd
lireg all the Body cavities and the structures within
thern, Ies primary Furction i 12 protect but in some
areas it inay also be absorbent ar secretary, Secretary
epithekal tisse lorms glands,

Copnective tissue is found in varying forms such as
blood, fibrous conrectve tiksue, cartibge and baone.
Its main furction i to cannect and support the parsof

ernaath sriische within the inteenal drgara of the bady
gl earddice ke foumd ety i ehe reyecardiom of
the heart wall Conered of soriated mascle |5 voluntary,
vt that of smooth and cardiac miscle & involurtany
and bircisghe about by Branches of the aungnoimis
NEFVDUE SYShAM.

Mereous tesus i Soumd afl ever the body and jes
function is to onduct nerve impulies to and

fram pares of the Body and the cantral neeyons
2

The bady is dsided it thrae body cavities, which

POINTS

the body, But it also crries putriets t0 the tiss s and
condhicts wiaste material away.

*  Pluscle tizsue brirgs sbout the movamert of the body
It is found as strizted muscle attached to the skelewmon,

Within the budy individual cells are grouped wgether to form

tissues and organs, Thias:

o A tEsie sa collection of cells and teerr producs inwhich one
type of cell predominates (e.g. epithelial tesue or muscle
tessae],

= An organ s 8 collection of tssues Forming a struclure within
an amimal that ks adaped to perform a specific purpose (e.g.,
livaor, larynx, kidmey]

¢ Asplonisa cellsction nfmga:u. and tizzises that are related !zn.l
fumction (e, the nespiratory system),

Body tissues

Each tissue type consists of thees main components:

v Cells: One type forms the majerity of the cells and gives the
tiszue bype ibs name (g, maeecle s comsisks mainl}r it
muscle celis)

¥ Intercellular produocts: These are produced by the cells and Lie
in Hve spaces between them,

#  Flusd: Interatitial Quld Aows through speciil=ed channels
runiiang through the tesue,

There are four main bypes ol lssoe

o Epithelial) protects the body; may also be secrelory and
absorbent

*  Commpclive: bincks the tissues bogether

¢ Miscle: brings about movement

¥ Nermons: Convevs neme impuises fromm one area bo another and
cootdinntes the mesponse

pontan the visceral systerms. The tharacic and
abelomimal cavities e bned with 2 sings layer of
seros epithelid tsae, which is named according to ks
kcanion within the cavity,

Epithelial tissue

Epithelial Hissue, or epithelinng, covers the surface of the bedy and
e rgans, cavibics and tubes within th - the internal end external
surfaces of the body. I main function is b protect delicate struc-
tures tying beneath it but in some areas the epithelium may be
secrtoey (e, glasds) or absorbent feg., in the small intestine).
The epithelium lining stroctures such as the inside of the heart,
blood vessels and lymph vesels is referred to as sadothelion.

Epithelium may be described according to the number of
layers of cells {ie, 8 thickness):

s [fan epithelivm isome cell truick it is said bo be sonple (Fig, 2.1).
= [f there is more thin ene layer it is sald to be stratified or

counpeeand (Fig, 2,13,

The thickness of the epithelivm reflects its ability o protect: the
mare bavers of collz, the mere protection iz provided. The cpithe-
liurm om the footpads consists of many layers of cells providing
profechion when walking on rough surfaces, while the epithe-
lium over the abdominal wall i only a fow cells thick and addi-
tional protection is provided by fur. Purther probection may be
provided by the presence of the profein keratin, The epitheliom
in described as Iu'in; o kerthierssd sl'mf.!"lﬁ'm' ﬂp-il!hciium and this
can be seen in clavws and nadbs,

E'Fiﬂ'l.ﬂl:ium may alzo be described nn:n-rdina_ by Iht*:ha.pe af
e cells within it (Fig 2.1} These are three basie shapes of epi-
thaelial cell
»  Sqwainons cells flatiered in shape
= Ciboidal cell= square of cube-shaped
o Caluppur cells column=shaped (the height is greater than the

width) (Fig, 2.2
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al calla at badm

Fig. 2.1 The different types of epibaium found inthe body.

Some types of imour orginate from a specific type of tmsue in the
by and their names proside an indication of the cefulir soure. For
exarnple, & squamous cell carcinoma orginates from squamious o=l
faund ir ghe skin, an adenoma develops in glanduler tines and 2
traretiorml cell carcingma develeps in the bladder wall,

The Full classifcation of the yps of epithelium s based wpon he
shape of the cell and the number of lovers present, There arc

o number of different types of epithelial t=sue in the body
imcluding:

= Simple cutadiin! epitirelinom |5 the least specialized type of

epithelium. 11 is one cell thick and the cells are cube-shaped,
Cubeidal gpithelium lines many of the glands and their ducts.
This type of epithelium has an absorptive or seecretory
fumction depending om its location in the body (e g, lining
the renal tubules),

Sl sguwamons epitheiinm has fattened colls and is ome layer
thick. Sitmple squamueas epithelium is tin amsd delicate and
i found in areas of the body where the covering surface
needs bo be L-.HiJ].- 'Fmrll:nl:dr to moleoules such as GA YN
(e, lining Hwe blood vessels and the alveoli of the lungs}.
Sivdple colvreings epitfeliin has tall narow cells and = one laver
thick. Ceenerally, simple colummar epithelium lines organs which
hiave an aksorpeive function {eg., the small ard Large inbestines)
ar a secretory functlon fea, digestive plands) {Fp 220

Ciided epithelfumr 2 2 mone spedialised epitheliom consisting of
a single laver of columpeshaped cells (Figs. 2,1 and 2.3}, The free
surface of the cells has tiny hairlike projections called cilis
whose function is to “waft’ foreign particles along the cpithelial
surface ancl cazt of the hud}r. Cilinteed epithelil.:m liminsg tha upper
rspi.'r.alnl}r tract, whisre it I1.|-J|:4'. [4%] I:r.l!:l solid Fa.rl'il:le; that have
been inhabed, preventing them from entering the mone distal
parts of the nespiratery system. The uberine tubes are also liosd
with ciliated epithelium, which helps fo move the fertilzed
EER .ulnng the rq:!rrh:t'l.ll:l:iw.'- bk

Strabified epitheliion 8 composed of & number of layers of cells
ol ks thicker and bovgher than the other tvpes of epitheliam,
It s Found in areas that are subjected (o wenr and 10 Eriction
and shearing forces (e, the epidermis of the skin,
Peendostratifled epithellum (Fig 2.3} appeaes o be
miultilayered because of the irregular positioning of the neclei
but i actually a single layer of cells. This may be found in
areas ich as the rachea,

Transitional epithelium is a type of specialised stratified
epi!heiiurn touncd H.rt'irl.E: of the urinary system (i
structures and tubes that ane c.u'pnl:!.l-e ot conziderable distonsion
and variations in internal pressure and capacity, such as the
bladder and ureters). The cetls are able to change their shape
ascewrding to circumstances and thus their apprarance varies
writh the d-r.'grﬂ:-ufdisl:r.'mﬁl,m of the structure.

Glands

Clamdular tissase i= o modificition of epithelial besowe, Tho epithe
liem, inaddition o ik protecive tuncbon, may also be a secre-
tory membrame Glands ave elther undcellular or multicellular.

Linicelinlnr glaads have individual secretory cells that are
imterspersed throughowut the tissue, The most common type is
thi godet cell (Fiz. 243, which secretes Clear sbicky miuous
directly on ko the membrane surface, The epithelium s
knmwn as a mewcnees meibrane, Mucus traps particles, providing
extra protection, and also lubricates the epitholial surface,

b ucenas membranes are foond covering, the ol cavity, lining
this vagina and thie trachea and in many other parts of the body,
Midticeliular gltrns consist of many secretory cells tolded

b form more comples glands. They vary in shape and
mtricacy relaking to thedr position and function in the body.
Examples of soame of the tvges of gland found iy ghe body are
ahown tia Flg. 2.5
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Fig. 3.1 Lght microgaph of the mscosa
of ther small Irmestive showng & smpe
codumrdr gpibelum wih a bordar of
rocron ||ttt irerease the surfaco area
for abserpton, {f:km froim D Samsason,
200, Festbook of watarnary hstniogy,

St Lods MCx Saunders o, 420

Fig. 1.7 Photomicrogmsh of the ining of
e raches shorwang & poeudastrabhied
alnted columpar epabielum, [ Taken from
L Sarraislenn, 7. Tesbesk af veterrosy
Rustoiogye. S Loass, MO Seunders, k)

Glanchk mioy be coiegorised as snher ewoorine o endamine. Connective tissueg
*  Ewgeriodt ks bave a systern of diacts through which ther — - -
reoretory products are reregporied divecty o the site whers

ey will be mad

v Ericdve pands da not have & duct system (ducthess glanda) mnd
ther secretions, knoen ay hormones, are: camisd iy the blood
ki i tsrgets argan, which riy [ e dlstande aesy
(see Thapier b}

Connective bssue s responsible for supporting and holding all
the organs and tisswes of the body in place. 1t also provides
thee transport syatem within the body, careving nutriends o the
tssues amd waste products away, Conmechive tssue consists of
cells embedded in an extracellular wadny o grownd sulsfainoe,
The properties of this ground substance depend on the bype of
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Fig. 2.4 Photorercgraph of gobie cals
withen 8 preudestratifed olaied columnar
epithelum, [ Takan from D Sarweskon
2007, Tedbook of vezernary hstolog,

53 Liowes, MO Savndsis; p.éﬂl.]

connective tssue, There ave many types of connective Hssue
which, in order of increasing density are:

I Blood

4 Haemogaoietic tissue

3 Areolar fissue or locse connechive tissue

4. Adipose or fatty tissue

% Fibrous connective tssue or dense connective Hesue

& Cartilage

7. Bone

Blood

Blood & a specialised connective tissoe thot circalates throwgh the
bleod vessels o carry nutrients and oxygen o the cells, snd waste
products o Hwe ongans of excretion. [Econzists of 8 number of dif-
Ferent types of blood cells within a fluid ground substonoe - e
plasma. (This i covered @ more detail in Chapber 7))

Haemopoietic tissue

This jelly-like connective tissue torms the bong marrow within
thi long bones and is responsible for the tormation of the blood
cells (see Chagter 7,

Areoclar tissue

Areolar (meaning spaces) or leose connective tssue {Figs. 2.0 and
2.7} s the most widely distrsbuted fype of conmective tisase and
s found all over the body (eg., beneathi the sking arouncd
blocd vessels and nenves, between and connecting organa and
bestween muscle bundies), The ground substance contains a locee

weave work of bwo bypes of protein fibre: colliegen flbres, with a
high tensibe strength secreted by the main cell bype (the fibro-
blasth, and elsiic fibres, which enable the tissee to stretch and
retinm e s former shape, Fal cells may be presenl in varying
quantities depending on location and the degree of ohesity of
the amimal. Macraphages —cells capable of phagocytesis — are akso
present.

Adipose tissue

Mdipose tissuie (Fig, 2.8 is similar fo areclar ti=sue but its matrix
combaing maindy fa-filled cells, closely packed together, giving it
ther name Faity tissue. These fatcells act a8 an enengy reservo and,
in the dermiz of the skin, the tissue imsulates the body to reduce
heat loss, In some areas, such as around the kidney, adipose tis-
=i provides a protective layer

A lipomz (5 & very comiman benign tumour that develops in adipode
sgwe Thete are seen g the Tamy uirgs frequertly found on
okder dops, They can beomre wary large il mot rermoved and
depending on their positken may cause some discomfon

Dense connective tissue

Cense or fibrous connective tissue consksts of densely packed

collagen fibee bundles with relatively few Bbroblasts and other

colls in between them (Fig. 250 The fibres ntay be arranped in

hwo ways:

* Prarailel areangeonenl is known as segular fibrous connective
fizsue: bendoms, which ame strong bands of filioos Hssuo
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Shapn of ghind Type of gland Location of gland
Tuibadar (xingle, Simpls tuibular Fbamach, imtestine
stralghe)

Tuibdar {eosad) Smple cofed Swmar gands

it

Tuibscar (midipla) Simple hraeched Stomach, moixh,

bl bangue, cevaphagus

Abveolar (srgle) Simple ahveciar Sebaceous ghnds

Abeelie [rultiple) Branched abeslar Sabaceoun ghnds

{acinar}

Titedar [niuidple} Compoord tebular Bigkourathral glandy,
rr sy glands,
kidney u.rhulﬁ.tu_t-u.
s glands of
the: mcerth

Alvachar (miilpli) Cempeurs i sl Mamniary gands

{acinar)
Eomie mubalar; Campound Talary glhindy, pancreat.
somse abmolyr tbulanlveahr Fis pi FRDOFY oSS Egus
Fig. L.E The dfigrer types of gand found in the body,
linking miescles to bone, and ligaments, which link bone Cartilage

10 bome,
o lrreguiarly intermonen fibves are seen in the dermis of the skin Carlilage bs a specialsed connective Hesue which s righd but flesible
and i the capsules of joints, as well &5 in organs such as the and resilient and is able 1o bear weight {Fig. 2100 1tis composed of
testis and lymph nodes, Irregular dense connective tissoe s ©ells (known as donfraagdes) and fibres within a gel-like ground
often found in sheets and forms the basis of most fasclas and  substance, Cartibage has no Bleed supply and ils nutnition i sup-
BPUREIRCSEE. plied by the filbrous shenth of perichondrium thal surreunds i
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There are three types'af cartlage:

¢ Hpalve confiape hes o transicony buish-whine appearsnon.
The mndomby: ararged cofapzn fitres are niot sashy visbis
ureler the micrescope Because they have the &me refiactive
indes as the gel matnx: Hyaling cartiage & the most common type of
‘aitlige in the bady, wnd @ feemag this armcular pafaces of jaints and
provades suppad it the nase, M traches and brondal |t ke
fomms the skeleton of the embryo betone it becomes owdfied by e
prodes ke a5 endochondenl ceslitotim
Efeic ‘comttioge has chiordrocytes wwthin 2 matix and
numiicds alastic ibres, Bl cartlage cocurs in placos whera
support with fewibiite 15 reguired (2. the patemal esr and
e
Fibrorordkoge he=-a similer base stnicure it hasa higher proportion of
coilzgen fbecs, ging & ¥rg it irtersertehesl dicsandin

Fig. 2.6 Composton of sreclr tssu. (A) Colagen fives fexble ity sanec o e s e, W ks s e ¥ g

vy strang and eesitant to stretehing, (B) Grourd substancs: this contare 1 baine

thie difinrem fheae ard celk of tha tesue. O} Flerchilzst: long, fixt cof that

produces ool bgan and et feres (DY Mast cal ssorotes anantcosguant,

(E} Fart celt stores ot (F) Macrophage: lage ool copabie of phagnotoss of

fareggn partides, (G) Eastic fvres: fomm a loose and stretchabe netwaork

Fig. 1.7 Light mioograph of looze
conneciive or areclar tsne showing a

tlelcata metwcrk of cofagen and alastc
fibress in & piece af messntery, ¢ Taken Fom
O Samuedsan, 3007, Texibook of vetennany
hustalogy. 51 Lenes, MO8 Saunders p. G0

Fg. 3.8 Laght reéonGgaph of ad pose tssue, {Taken from
D farnuglsen, F007, Tambook of veternary hstoogy,
5 Lowis: MO Saundars, e 38




Abremplines v the formation and srucnee of cartlage and b
iy bk 00 & wariety of chineal conditiera. One of the most codreman
aesocizted with dapaneration of the artcudar cartilage & osooarhrts
Rlckets, seerinyoung andmals on g dietinwhich thers 15 an imbalan ce of
calchim and vismin [, caises sigrs resultng from probéems sith
cgsification of growing bones, (liteochondnms dissecons (OC0] s 2
pendral term dascribing detwbance n andochondrl osafication and
cRUses irtermitiant lameness n the shoulder and abow joints of
krga breeds of dog such as the Great Dars, Poncstsitis is 2 condition
mﬂnm}hmdqsqrdnanldq}:ﬂtirﬁmmﬁm&ﬂ:l
bone tissies presereing a5 pan in the long bones.

Bone is a living tissue that is capable of remodelling and repair-
img itself when damaged, It is a specialised type of connechve tis-
sue, which provides the rigid supportive framework of the body
and forms a system of levers for locemction.

Bomar consisds of an cxtracellular matrix or ground substance
that contning the protein ostesnectin and mﬂEﬂEm fibres
Tﬂgmﬂmr theses fosrm iskaingd . within which (r].'sl:l.'n_l: of mnsaluble
calcium phosphate are deposited as the bone tissoe becomes cal-
cifisd. Caleification gives bone it characteristic cigidity and
hardness. As the ground substance becomes caleified, the bone
cells or mfu'.'r!']rx are ‘l'.m]:!l:l-cd n spaces called facumae. Hr.l.nni.ng
threugh the bone matrix are fine channels, called Hoersion
oinids, which carry the bleod vessels and perves of the bone
(Figs 211 and 212} Each Haversian canal & surrounded by a
serlen of comcentric ovlinders of matels materdal called fanmefloe
amdd thee cabeocybes within thelr lecunae. Each serles of these cvl-
mclers, bopether with the conal, s called a Heversian syston
(Flga 201 and 2123, A fibrous membrane, Ehe peviostoin, covers
thie auter surface of all bypes of bone,

Chapter 2 Tissues and body cawties

Fig, .5 Traramisicn seczon rmrsgraph
[ 250000 of colapan fibres, (Taken from
Cr Savnaedson, 2007, Testbook of werterinary
hestodogy, 53 Lows, MO Seendars po B2

e g,

e iy L

J-“" #ﬁ +Fi

Thgrer e T Tpas oF Bong theie

= Comherct bon= i solid and hard mnd = found in the outer biyerarcone
of il typas of bone The Havsrsian sesterns. of compact bons arg
genzely packed togethan

s Conckbuy o sporgy bone conesty af an imernal mesheiork of bony
et ar dberilde with mercannected spaces bebwesn filled with
iz Bone marmes -Cancsious bons & found in the ends of kong bores
s i the core of short rropular dnd flak bares,

Muscle tissue

Muscle Hesue is responsible for organised movement i the body,

Skeletal or striated muscle

This type of muscle 1s found attached to the skeleton and brings
aboul movement (Fig 2035 1t is under voluntary or conscious
control, meaning that an animal uses its brain to move its limbs,

The muscle celis or fikres are long and cylindrical and Fie par-
allel to each otfver. Each indivedual muscle fibre is composed of
bundles of microfilbiments known as mg.qﬂllr.‘]’s that are made of
two contractibe proteins called wcfin (thin Glaments) and irpem
ithick filaments). Their highly regular arrangement gives the
muscle ibs strated or stri appenrance when viewed under
a mil:mscnp:. Each fibre has several nuclei, which blic on the owter
surfsce of the cell az the presence of the m:.rnfibri]s |:|-ush|:: all the
cell structunss to the outer mangns.

The muscle fibres are grouped tgether in bundles or fiacicles
by connective tissue. Groups of fascicles are then beld together
by connective tissue and form o large muscle, The whole muscle
18 surrowinded by the masole sheeih, which 15 continuous with the
tefidons that connect e muselo to o bome.
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Chondrocyte

Hyaline matrix

Flg. 200 The strocteres of hyalne cartiag,

Smooth muscle

Smonth muscle = also colled unstriabed, involuntary and visceral
musche [t found in regions of the body that are under involun-
tary contred (e.g., in the walls of the bloed vessels, digestive tract,
respiratory tract, bladder and uterus), It is therefore responaible
for moving focd through the digestive system, controlling the
flow of blood through blood vessels and other unconscious pro-
cesses. Smooth muscle s controlled by the autonomic nervous
syslomm.

The cells of smooth muscle ore bong and spindle-shaped
(Fig, 214y and are surrounded by amall ameants of connective
tizsue hat bind the cells imbe sheots, or lavers. The nucless
im eack cell lies in its centee, Smeoth muscle does nol appear
striped” when viewed under the microscops, henoe its name,

Cardiac muscle

This type of muscle is found only in the heart and forms the -
candien. b is responsible for the shythmie and  aubemate

Fig. .01 The stucture of compact bane

cotrracthon of the heazt thal contimaes throughout an animal’s Le.
This imherent contractibility iz increased or shoaved dosvn by merves
supplying  the heart according b the requirements of the
body. Controd of cardiac muscle is therefore invoelantary or
LN CERECHNS,

Cardiae muscle cells are striated and cvlindrical in shape
{Fig. 215, Uinlike the cells of striated muscle, they branch toore-
ate o network of fibres, which are linked by inferombatal discs,
These enable nerve impulses to be conveyed across the myocar-
dium extremely quickly, preducing a rapid response to the
changing needs of the body.

Muscle disease: Some diseass conditions may adffect musde tasue,
Tawgplosrsis, caused by the protozoan parasite Tosablasma pundi,
mmﬂlhiﬁm‘nﬁnﬂuﬁrﬂmﬂc tissue, or myosits. Metabolic
disardery, such as Claling's dheoe, may couse & peneralsed myogathny,
reslting in muscular weakness and misde wastage o strophy.
Myastiania gravis, whish presents as chronle fatgue, is 4 result of a lack
of receptoes for aetyl chaline 31 te nelromusoulls [unotions.
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Fig. L11 LUpght microgrmph | = 100 of compact bone showng Haversan carals (00 sumounded by
meiae of osteonvies (09 withinther oumae. [Taken from [ Samuszkon, 3007, Textbook of veternary histokogy,
5t Lowis, MO Saunders, p 112

Fig. 3.13 (A) Skeletal rrascie, &5 faind attached to the
benes | & wobariany and consats of sinped (strased) cels,
which are long and Celndrical in shape, Bach cell has. s
ragcien, (B Laghit smicrogesgh (= KOO0 of denlotal masci
shoreing charactarstic bands and (nes and nuclel located at
the edgoe of tha flees. (Takan from O Samuessn, 2007
Fesdboof of wetermany histology, 5t Lows, MU Samdars,
P 145
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amooch
(A) meascle cell

Flg. .14 {A} Srocth miscle, as found inthe gastroirtestna tract and
other vioera |5 ireeiuntany and consists of small pndie-shapod oals
withowt striatons (henca oot} Each ral has eng ruckas in th
certre (B Lghi mcropagh o 000 of smooth mscie cels showing the
lonp spindie shaped colis with no strations {Taken fom O Samueison,
007, Texthook of w't-:i'na:r'r'rﬂtn:;:-g}' Lous B Saundes, o 161

Mervous tissue

The main cell of nervous fissue = the searor (Fig. 2.16), whiose
function is to transmit nerve impulses from one area o another.
Each newron comsists of a cell bady, containamg the nucheus, several
shott processes knonwn as desdrons and ene long process known as
anaror. Dendrons carry nformation fowarnds the cell body, while
thi: axon carmes inbormntion away from L and bowands ik destina-
o, Many avens within the body are covered in fabty maberdal
known as srgelin. This s secreted by specialised cells wrapped
arounid each axon — the Solmeatn cefils — ard 11 increases the speed
of transmisslon of merve limpu lses from one place to another, Bye-
Lin also provides profection amd matnbams the health” of the axon.

Drendrons and mxons are refiermed o 23 nenve ficres and the whitsh
struttures identfed by the nakied e na'nacwesd withen the body ard
celections of lage numbers of nerve dhoes

... "; Hmﬁ'!‘.]
"l-! e hﬂumllui

e “J l.-i“'l“
: H‘Hﬂ"l?j??:lrﬂm

Fig. LI5 (A} Cardac musce, fourd n the heart. It ic mecluntary and
rom sty of srated, opindrical oells. Cels are commected by intercalvied
discs () Light micrograph (= 1000 of candias mustde celis Ann
nidicates imeralated dscs (Taken fom O Samoeison, 2007, Textbook of
webernary histology. 5t Lows, MO: Baunders, po |73

Plervie fonpailses are transberned from one neuron o another by
means of butbon-like structures kiown a8 symipses, All nerve
pathways consist of mewrons and synapses. [Mervous Hasue is
coveped in more detail in Chapler 5,)

Seare inflammatesy diseases, which are often mrune medized,

affect the mielin sheath. The loss of aveln sieroundng the rere.
desonibad a5 denmelinaton, Sows down the rate of ransmission of
the nerve mpulss, resuling in problems such a5 musde wagknass

o sl

The body cavities

The bady s divided inte separate areas refermed o as the body
cavities {Flg. 217, They are described as "potential” spaces
because, although they are completely filled with the visceral
crgans and tlwid, there is onby a very small amount of froe space,




Cha_pmr'i Tissues and body cavities

Flg, 2.0 (A} The structure of & neuron (nere celly, (BY Leht mioograph of nervous tesee (T akan from
O Samiarison, 2000, Taxtboak of wetennary hismology. 5t Lous, MOX Saurders, p. 1B

Fig. 17 Longiudnal section through the body snowng the: thres
bady cavtos

AL e besdy cavitbes are limed with a serocs wenelmie or endothe-
lium, which is a single continumas laver of epithelivm that pro-
duces o walery or serous lubricating fuid, This is different from
the thicker, more probeinacecus socretion mecus, which kas a
profective function, Serous fluid acts as a lubricant bebwesn
the surfaces of the cavity and the argams and stmctares within it

Exch part of the ssrous membrane & 2 contmucus kper; nzmed according

1o 5 passan Wit the ciing

= Paren! dewrilesy the s=rous memGrene that ines the boundanes o
saes ol the oy,

*  Wiernd! desrribes the sernis membrare thit covers 4l the organs
wathin the ity

Therse are three body cavities:
o Tharacie
» Abdominal
= Palvic

The thoracic cavity

The theracie caviby (Tabde 2.1} contains the heart, lungs and other
associabed skructures. I skeletal walls ase formed by the bony
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Table 2.1 Summary of the boundaries of the body cavities

Anatomical boundary  Thoracic cavity Abdominal cavity Pelvic cavity
Comiad Theseacic inkst Crisghragr Pabie inlet (continusas with
abdaminal caviny]
Couda Chiaphragm Pebic et [abdormmal and pebac cavities are not Pebic outlet
separabed by a phacal barmier)
Do Thorcis vertsbras mnd Lumiar variebrae aned Fypaxial mosdes Sacruen
il Pregckis
Wertrol Siermlim Musdes of ventral abdominal wal Flaor af pelas
Lovernl Fidtrs anel intercostnl miocles  Musdes of lateral abdominal wal Lateral weall of pebds

thoracks cage conslsting of the ribs, thormcic vertebrae and stes-
v, Thie “erdeance’ b the cavity = knoan as e eraniel Hroeacis
fieled aned is formed by the first thoracic vertelsra, the first pair of
ribs and the manubrivm. The exitor candal barder s filled by the
diphrizgm,

The zeroaus membrvne lining the thormcic cavity and covering
the organs within it is called the pleary [Fig. 2.18), The parictal
pleura lines the inside of the thoracic cavity batis named accord-
ing to which part of the walls it covers {ie, the d'ﬁ:p*ﬂgmnru:
pletera covers thi dinphraﬂm and thi eoekil ILh'.rlrrﬂ cmvers the ribs).
The thoracic cavity is divided into two Weasel cenlies by a contin-
wation of the parietal plears. Each cavity confains one of the
lungs and serows plearal fluid. The lungs themselves are covered
b viscern] plewrn, called the pulsoriary plednt. Between the two
pleural cavithes, the thorax I8 divided mbe cight and left sdes
by a vertical connective bssue sepium called the sediestinir,
wihich i= covercd in the wediashinal plenra. The mediastinum s
the potential space formed by the doulle layer of partetal pleura
that separates the tweo pleural cavitbes, I8 contains the pericardial

Maciaibing plaurs

cavily, containing the heart, porta, traches, oesophagus and the
thyrnus gland in young animals,

Thar pericandial camify Ties within the mediastinum in the tho-
racic cavity and is the space in which the heart sits. The heart
is contained within the peraardinr, which is a double-layered
membranous sheath that completely sureunds it, Between the

two layers of membeane is serows fluid that acts as a Jubricant,
m:‘:!]i'nE the heart to bent ['n.-:|}r.

Sorme disease processes affem the cavittes, resuking in an accumulaton
of Whaids, A example of this is pleadts, which & an infammadon of
tha sarous membeane that lines the thomelc cavitg. Mlourits may

be caused by 3 romber of carditions (e, bactanzl infecton) and
resulns n plewral afision, which leads o respicatany probbars,
Fervtonitis may be caused by indaction (e, by damage to the abdamns
wall from an-exdemnal woand), as the result of 3 perforation of the
inbestril wall by ar ingested forsgn baody,

Caolapsed lung

Mediastinal pleura

Diaphragmatic parietal plisra

Caphragm

Coatal parietnl
pluuirs

¥uceral (pulmorary)
phiaa

Expanded lung
Sorface of lung

Right and laf
ploaral cavtiey

Fig. 208 The aratorry of the thorsae daviy showing the medisinim and pleum



The abdominal cavity

The abdominal cavity [Table 2.1} lies caudal to the thoracic cavity
and contains the abdominal viscer {Fig. 2.17). These include the
organs of the digestive systerm and celated glads, the ueogenital
system and all the associated vessels and nerves that supply
these svsterns, The abdominal cavity i beunded crondally by
the diaphragm and caudally by the pelvic inlet (hene s no actual
physical divisdon bebween the abdominal and pelvic cavitios).
Dorsally, the beundary 1s the lumbar veebebrae and the hypaxial
eniuisches. The muscles of the abdorninal walls form the dorsolat-
eral, vendral and laberal limits,

The intermal surface of the aksdeminal cavity is lined with a
soronss membrane catled the perifonenie (Fig, 2190 This = a

Liariear cormreum Panoms

Tranveame mascocion

Fig. Li% E;g.fr.;: -;an_-l:-nnw;:-l..lgl'u e ahickornnal cauTty shewng thie
mflectiors {i::-d:;l of tha perton oo

Chapter 2 Tissues and body cavwihies

continuous sheet that forms o closed cavity, the peritoneal caviky,
The peritomeal cavity i the podential space between the parictal
peritoneum that Hnes the abdeminal walls and the visceral peri-
teneurn that covers the argans. The periboseal cavily contains
only a small vedume of fubricating serous fluid known as perife-
neal fludd, which allows friction-free movement of the organs
and prevents adhesions forming between the organs and the
peritonenm,

The visceral peritoneum is folded on itself in a way that
kaeps the organs separate, suspending the organms within
thee abdominal cavity and carrying the vanous vessels and
rerves that serve the viscera. This area of peritonewm is collec-
tively known as the meseirbery. The folds of mesentery have
different names depending on their position (g5, the mesen-
I:-r,:r]-' mn-pmding the duodenum is colled the weasdpodermmg,
while the one suspending the ovary is the imesooariom).
The civesttidn i a mobile fold of pedionedm that containg a
lacy” network of fine vessels and st and s divided into the
gratler ameittum, arising from the greater curvature of the
stomach; and the fesser omertum, arising from the lesser curva-
ture of the stomach.

The pelvic cavity

The pelvic cavity (Table 2.1) lies caudal to the abdominal cavity
{Fig, 2.17) and contains the urnary bladder, the rectum and the
reproductive organs, There 5 no physical separation bebween
et as thens s bobween the thoracie and abdeminal cavikes,
The cavity is bounded cranially by the pelvic inlet and caudally
By the candal pelvic aperture. The sacrum and Hee first fow
cocoyzedl vertebrae form the dorsal boundary and the pulbis
and ischivm form the focr of the cavity, The walls are formed
by muscles ard lgaments. A continuation of the periionoum
exbends into the cranial parts of the covity and covers the
orgars that lig in both cavitics {e.g., Bladder and reproductive
tract).
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Thee shalorsl systeny prouides & SUBHOITRY Fimework

for the body, 3 firrm base o wihich the mussdes of

kzcomotion are amached and protects the softer

tissuses erclosed within the S amawoek

The skeleton can e corsidered to be made up of

thres parts

o Aial sesfeton, farming the ceritral asis of the
arsrmal and cormprisicg the skl vertebral columen
ardd the rib cage

i Appendinador skeleton, compriing the fore grd hind
limibs and the lirds gedles, which artach tham to
the body

o Spdandind skefeton, which in the dog and cat
coratstd anly of the os panie fourd within the scft

SECTION 1 1Y

Skeletal system

o Eaeh pore of the shelaton consiaty of iy babes, sach
of whilch plays an important et in the functon of the
shkieletal system

*  Bones are coversd in 'lumps; burmsps and bodss'. Each
has 4 specific desirptive name and 2 function, which
contribiubes £ movernent (Le., ruscle attachrpene],
o b it ring the health of the disue {ie. blood or
rerve supply).

* [ipnes are linked tmpether by means of joints.

= oincs can e classified according to the tpe of
tissus Srom which they ara nada (o, fibrods,
cartlaginaies o gynoviad [oints), on according o tha
nype of movament they allew [a.g, kinge or gliding
=l

tissuas of the panis

The zkaletal system is the ‘tramewnrk’ upon which tha hnd}r [

bualt = it Fiw.ril:iu uq:!mrl;, Frcl-i:'cﬁm and enables the animal

bo move {Fig 3,10 The joints are consideresd tobe an integral part
of this skelebon. The skeletal system s made of the specialised
connective tssuwes, bore and cartilage.

The functions of the skeletal system are:

I Suppeek: It acts as an inbeenal “scaffold” upon which the body
15 baailli.

L. Lovongation: I provides atinchment for muscles, which
aperate a sysbem of levers (Lo, the bones), to bring about
movement,

1. Pridechion: It protects the underlving sobt parts of the body
(4. the brain is encased m the profective bony craniom of
the skulll,

4. Stuwige: [Eacks as a store for the mssential minerals calcivm and
phosphate.

5. Hueimapwiesis: Haemopoletc Heswe forming (he bome marmow
muanufsctures the blood cells

Bone structure and function

Bone shape

Bones can be categorised according be their shape:

¢ Lovry bowres are bypical of the limb bones (eg., fernur, humerus),
and also inchade bianes of the mzhr.:rpm.-"m:lal:amm and
ph:ﬂn : |n-|1.;g bones have a shr.!ﬁ containing a rnniu']'.'ﬂrg.l
cavily filled with bone marrow (Fig. 3.3

#  Elind howes have an outer ia}rr.-rn-'l: compact bone writh a LH:!.I'EF of
cancellous or Sy bone msicke thsre i no mn:luil.ur_l.r r.t'l.ril:!.'
(e, flat bone of the skall, scopula and ribs).

®  Shitef bies have an outer layes of compact bone with a core of
cancellows bone and no medullary cavity {eg., carpal and
bnrsal Bores),

= Prregudar bones have a similar steachure toshort bones but a less
uniform shape; thoy lie in the midline and are unpained
ez, vertehrae),

Some spesialised tvpes of bone are:

= Sesmmoid hones ane sesame-seed-shaped bones that develop
within a tendon {and occasienally a ligament) that mims over
an underlying bony prominance; they serve o change tho
nn!;le at which the tendon PAssEs over the bone and thus
reduce “wear and tear” (e, the patells asociated with the
stifbe joint} (Fig. 3.10.

®  Prigwimalic bones contain aic-filled spaces knoan as aoises that
have the effect ot reducing the weight of the bone (e,
st bary and fromeal Boaes),

= Splanchieic bore k5 bone that develops in a sodt argan and s
umattacked o the rest of the skeleton (eg., the os penis, the
bome within the pends of the dog and cat).

Development of bone

The process by owhich bone k= formed = called asification and
there are lwo types: infrmrembromns and ewdochordim) ossifica-
tion. The ¢ells responsible for laving down new bene are called
cafeohlaztz; the colls that destroy op semodel bone are called
cutenciaats,
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SRerum
Cdl, lirst
candal
wirnahrs
[coccygeal)
=Pt
[puheii}
{pint of efbow)
Radin
Lina :'
| Enudum:' Tarzal hinres ¥ ..’ Caleaneus
[miphosd} Ti- [pint of hack]
Carpl Bani J- kil I
i l.l Mo sal
Frossenal, middie i Metacarpal bone ) Baanas
wed distal phalsges ‘.;:r' ".'i.‘_‘i"":f
A e
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Fig. 3.1 The keiston aftha d-q:g:l'mmgfhc rrajor bones, With perrroson fom T Cokale [M Bassett, 2001, Clinical anatoimy ard
prvscingy for wetarnarg tochnciene, 5t Lous FIO: Mesne po 100

= (nramenbresous ssafanon = the prooess by which she dat bones of
the sl g feerned The etenbips oy dinh Bere [etveen twa
loyers of fbmous connecive fusue There & no cormlage template,

= Endochonche nsikfranon mecives the replicesnent of & hedling anllbge
raded within the ermtiryg by bane. The proces sars inthe deuslaping
et b s not completod Ally urnlb e sniemal heg mesched manamy
and growth has ceased. The fang bones of the Imb develop by
thits methed

Endochondral ossification
The process of endochondral oasification {Flg. 2.5 is as follews:

A cantlage model develops within the embeyo,
F

Primary centres of ossificalion appear in the dispiliysis or shaft
ixf the bone, The cartilage is replaced as th oeteoblasts lay
divwn bone, which gradually extends wowards the ends of
the bene

. Becondary centres of ossification appear in the e or

ends ot the bone, cunli.nui.nE the b dmlﬂpmnk

. Degeoclasts then start to remove bone from the centre of the

diaphysis o form the marrew cavity, while the esteoblasts
cortine b Ly down boae In the ouher edges.

. Between the diaphyvsis and epiphyses, a narnos band of

cartilage persists. This i the groaeil plete or epiplpseal plate,
which allosvs the bone to lengthen while the animal is
growing, Eventually, when the animal has reached its final
iz, this will be roplaced by bone and growih will ro longer

be poszible, The epiphyseal plate is then said bo have "closed’
and the tme st which it happens s different for each type
of Boms,

Rickats is @ disease of young growing animals cawsed by a ratritensl
deficiency of vitamin [ or phosphones, Tl bones fail 1 calaify and
become bowed, and the jolnts dppesr swollen becausa of
anlargernent of the spiphyses. Any arimal kepe parmansatly ngide i
at risk of devaloping rickess beczosa vitsmin DHs formed by tha action
of ultravichst Hght on tha skin

The skeleton

The skeleton (Fi, 31 can be divided inbe thres parts,

8

3.

Al sbeleran runs from e skudl go the tp of the tail and
imcludes the skull, mandille, vertobene and sternum.
Apperdicular skelehnr consists of the pectaral (front) and petvic
ihind}y limbs and the shoulder and pelvic girdles that attach
(or append) them o the body,

Splenchn: skelefon in the dog and cat & represented by the o
penis within the Hssue of the penis.

Wihen studying the anatomy of the skeletal svstem it is helptul b
vncherstand the terms theat are wsed fo deseribe the vaious pro-
jectivns, passages and depressions that are found on and within
Isoaies,



Fig: 1.2 Souciure ofa ypiml long bone,

= Tulsmsrarnchanmnt uhnrie: prosuberenoes on bones which ars
uzualy far the atechment of musdes

= Trohiea bory stmictures through or over which teridions pats; unsly
procne in e bone and ik fendors S5 6t i pullen

* Condse: 0 mounded projection an 2 bone, wsaby for srbodation with
et e

*  Chyonohie 2 projection of bore on the |xerl edze shove its candydfe

*  Favrman (pl fvomingn an cpeneng o pResape iMoo thrcugh 3 bone:
(eg. 1o alaw the peape of blood wessels and nerisss)

= Rk d holkes or depressed arss on @ bone

=  Head, npck-md shaft: wed to desoribe parts of a long Bone {Fiz 12)

=  Tandor connects misde 1= hone

= Lgamenl cormads one bons to shother bone

The axial skeleton

The sloull

The banes of the head include the skull, nasal chambers, mandi-
ble or knwer jn.w and h}'nid appmhl:. The functions of the
shull ares

I. T hose and profect thi brain

L To house the special sense organs — eve, ear, nose and tomgue

Chapter 3 Skeletal systarm

Fig- 3.3 Singes of apdochonded oasification. (B A cartllags madal

o the bome costs = the ermbrye, (B Oufoaton beging fram the
prmay aslication cenbee in dhe shalt (daphes), (Cf Secondary
cesfoation centres appasr i the ends of the bone (e prses)

(D) Orssifcaton contimwes N prmary and seoondary fentnes;
catemlats slat 1o bresk dewn bone inthe shafl, oreating the mamow
cavity, (B} The first groswih plato fuses snd growth = now only poaside
at thir prosimal growdh plater the medulary civity ederds sibo the
apipysis [F) The procamial groeth plats fzes and bonae growth
CRASEE

3, To bouse and provide attachment for parts of the digestive
aysbem (footh, bongue, ek

4, To provide atachment for the hyold apparatus and e
neimerous miusckes of mastication and fackal expression

5, T provide a bony cavity through which air can enter the

body

T communicate {the muscles of facial exprossion are

tound on the head and are an imporiant means of

communication)

L

Cranium

The caudal part of the skull that provides the bony ‘case’ in
which the brain sits is called the cranium (Figs. 3.4 and 35,
The bones of the cranium include

= Pynetal forms much of the dersal and lateral walls of the
Cranium.

- Tmlpumf: lies below the F.uriEI:.uI bone an the coudelatoral
surkace of the skull. The most ventral part ot the ‘I:n:m]:nml
bane frme a reanded prominence ralled the hympiie frailid,
which howses the structures of the middle eaz. There is an
opening inko the tympanic bulla, colled the el aaisti
irsitiaz, which in like is closed by the tympanic membrase of
eardruim, The cartilages of the extemal ear canal are attached
bo s region.
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lrcitvivn bacwn

Palating bore

Erpamatic irch

Jupular process
Crecipiml condyle

Faramen magnum

Fig. 3.5 Vemral view of the dof =kl showing man bory fextures.

= Fronfal forms the front aspect of the cranium or *forchead and
contaimes am air-filled hamber called H'H:fmuf.nl‘ sinus, which
connicts ta the nasal chamber,

o ﬂcﬂ'p.l'!nﬂ liex ak the base of the shuell on the caudal a.lpﬂ:L [
thiis region there iz a larﬂ: hnole callmd I:h:ﬁram IR,
through which the spinal cord passes. Cin eitier Side isa pair
of bony prominenoes, the occiwial condies, These articulate
with the first cervical verbebra or atlas (Fig. 3,15, Ak the side of
the occipital condyles ane the jugnlee processes, which are sibes
for moasele atbachment.

s Sphenvdd lies on the ventral aspect of the skull, fornuing the
flespr of the crandal cavity, It is penclrated by many smatl
foramina through which nerves and Blood vessels pass.

*  Bagiffal cvesl is o ridgge of bore on the dorsal midline surface of
the skull, which can be prominent in muscular dogs

w X ficur:ﬁ‘i:mmhufbunrﬂutpmied:lamil}rhnm
the skull, forming the ‘cheekdone”.

& Lacrtiiel les at the base of the ocbit, sehich houses ghie eyve, and
i the region threugh which the tears drain from e eye indoe
thie nose.

I o bresds, sich as the Cavalier King Chartes Spaniel. poor
dealopmment of the sbull cap resultin 3 snall craniim, widch is
insufficient in size 1o acoommodane the brain, The resulc of this is
thi hernianken of the cerebelium through the feramen magnum
[see Chiapter bY, causirg 8 number of problams including
hydencaphaius (fuid on the brain), and syrinpoerpeda (fluid fillked
canitips of the spine). Affected dogs may show an emamety peirdul
reacteon o touch ard may have an uncoordingted gat (staeis)

MNasal chambers

The most rostral part of the skull carries the sl claaler, the sides
of which are forrmed by e sviils and the cood by the masal baire,
The nasal chamber is divided lengthways nto twe by a cartilag-
i plate called the mesal asphioe Each of the chambers 5
Fill st werth dlelicate seralls of Bore called the sl furimites o o
ohee, These are covered In cilisted muocoss epithelium (ses
Chapeer 8), At the back of the nasal chamber, forming a boundaey
bebtween the nasal and cranlal cavities, = the elorad fonoe. In the
centre of this bone is the crifriforor plin'e, 2 sieve-like area perfo-
rated by numerous foramina throwgh which the olfactory nerves
pass from the nasal mucosa to the ofaciory bulbs of the brain
[sze Chapter 5.

The rocf of the mouth is called fhe hard padete and is formed
from three bones on the vental sspect of the skull: the mosme
hare ar premaxilla, part of the maxilla and the pafatine, The inci-
sive bone is the most rostral and carries the incizor teeth (Fig, 251

Many of the bones of the skull ane joined together by fibrous
paints called sufured. Sutures are firm and immaovable jeinis but
allow for expansion of the skull in 2 growing animal.

Mandible

The mandible or dower jaw comprises bao halves or dendariis,
toined together af the chin by a cartilaginous joint called the maa-
dibelire symphysis, Each half is divided into a horizontal part, the
hady, and a vartical part, the ragms (Fig, 3.6}, The bady carries the
sockets or aloedi For the teeth of the lower jaw, The ramus artic-
ulates with the restof the skufl at the termporomserdibular joind via a
projection called the comdpler process, A rounched comomard process,
which projects from the ramus inte the femporal fossa, is the
paint to which the bemperalis muscle attaches (Fig. 141, There
i%a :Inl:-pu':ﬂ'm:n: on the latem | surface of the rames, the messesderes
foes, imwhich the masseter muscle lbes,

The mardituler spmphysis & 2 common Tracture ste 6 cats when

they are mvoleed in a collision with a car. It can be relatively sxsiy
repaired by wiring the teo sides together and patents usualy make a
good recovery.
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Flg. Job Labes (i) and medal (B) wews of the dog mandbie.

(B) By

Hyoid apparotus

The hyoid apparatus lies in e intermandibular space and con-
alsts of a number of fne bones and cartilages joined together In
an arvangement that resembles a trapeze (Fig. 27). The hyodd
npparatus & the meons by which the lacvos and tongue ane sws-
peraded from the skull. The apparatus articulates with the empo-
ral segiom of the skull inoa cortilagineds. joint

Crunind part
ol larpri

Fig. 1.7 The trapezs-ike |'|:|-\:|-r.| Apparais ,u:q:m':r:cﬂfr:.m ez
k| {dogh
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Skull shapes

Theshapseof the skull varies armang speckes. 1a the domestic cat the

skull = muoch more rounded or “appleshaped” tean 1t is in thedog,

and there is little difference betwoeen the varkoes cat breeds, In the
dog, although the basc anatomy remains the samme, the geerall

appearance differs greatly among the different broeds {Fig, 3,8}
Thres morphodogical forms of dog skull are recognised:

* Dolichocaphalic: The head, particularly the nese, is long and
narrens (2.5, Grayhound, Berepd, Afghan hound).

& Mﬂu!r'rril.rﬁal'ir_ This iz the "normal’ or awverage shapeuf the
dng zhkull (mes meaning ‘micldle’; LY i!'-uug]e, Labradar
Fointer),

= Hrachieepindic: The cranium i3 abben more mounded amd the
tos 15 short and may be pished b, because of shorlenbng of
the nasal chambers, hard polate and mandible (g, Bulldog,
Pekirnese, Boxer, Pug).

The shape of the skill, parrculady in beackyoephelic breads such a8
the Balklog o the Bomer, can lead 1o 3 varety of dincal corditons

{2.8.. srong respieation, difficulty in breahing). The relagwe sips of
the head car sl cauge difficubies with whelping, Breeds with g

mesnticaphalic shaps of ghull (8.p., Labradors] are much beeg leby to
echibin thess con diticns.

The vertebras

The viertebral column consists of a numbrer ot bones arranged ina
series along the midiine of the body and extending from the base
of the skull to the ‘l:iF of the tail. The vertebme are divided intos
n.-sjum: d-i.-pem:iu'l.g upon thiear p-m-il:inn m the ‘I:In-:l:..'.'
s Cervion! () neck region
® Thorere (Tl thoracke region
= Lwmehar (L} loveer back or abdominal region
® Sarcral {S) LTI Or I:H:CI\.'ia: N-Eiq_m
& Caedsd {Ld] ar mtmw!: i e and
Each species has a characteristic number of vericbrae within cach
n:gl'un,whi.ch = written as a formuola In the dnE and cak this for-
mulais CF, TI3, L7, 53, {d20-23 {I-'lu;. .'L'I.:I-
The functinne of the vertebral column ares
I. To stiffen the body axis and help maintain peature
2 Toenclose and protect the spinal cord
3. To shicld and peotect the softer underlving structunes of the
nock, thoray, abdomaen and pelvis

Basic plan of a wertebra

The vertehme within all regions of the vertebral cohamn are basi-
cally similar in structure, although each region shows slight dif-
ferences relatisd to fumction. A fypical vertebra {Fig. 3.9) consists
of & roughly ovlindrical ventral dedy with a convex cranial endd
and a concave caudal end. This nmnﬁr_mml: cniables the bodies
Hex Fit I:-ngethl::. i:rr.-al'inﬂ a flexible rod. The bn:u:l}r It rnpp-e,-d |:|5.' an
arch, called the rerfabral or neiral wreh, which forms a tummel-like
verfatval fornmen through which the apinal cord passes. When
linked tosgethver, the vertebral foramina constrbube the st o

The: nieusal arch hag a dorsal prjection callisd the sptmeus pire-
cess or sennd apdee, which varies in hedghe and size from one
region of the vertobral column to another, On elther side of the
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- Haxilary s

Fig. 38 The theee basie shaped of fhe dog daill seen in corrmon breeds Ao show the pestiors of the maxiary and

fronin! Sreices.

Fig. 1.9 Basc structue o a typical verishm,

vertebra there are |aterally projecting processes, the Tainsberse
procezaes, which also vary in shape and size between regions.
Thee transverse provesses divide the muscles of the vertebral ool-
wmn into dorsal or epexil and ventral or hypoid divisions (see
Chapter 4 — Muscles of the trunk),

Body of versera Yarsmal ligament besemsen
bzediis 5] wertelicas

Fig. X.10 The rervetebra disc, posticned betwaean vertebaa
and actirg as 3 ‘oushion’,

n the cranial and caudal edies of the arch of each vertebra
theere are cramind and candnd arbcelor processes, Thaese form a syno-
vial joint with these of the adjacent vertebrae, creating a flexible
rod n.l.nn.inE;i.n the midline nfﬂ'u:l:ln:l].'. There are also o number
af nﬂwrp:udmm. which are sites for musche attachment. L}"j.I'LH
bebween the bodies of =ach pair of vertebrae iz a ﬁl:irnmr!ilnﬁ'iv
nous trlevier kbl dise, which acts & a "shock absorber”, prevent-
ing; damage o the spinal cord (Fig. 3.000. The intervertebmal disc
is compesed of a kough Gbrous conmective fssee outer ans,
called e mumuhics fibrosns, and o core of gelatinous maberial
colled the wrclews palposud,
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The vertebrae are linked by Igaments that run bebween them
anad they artlculate with one anether by bwo types of joint
» Cartilaginors: between the bodics of cach verichra
 Sywomial between the cranial ard canadal articular Provesses

wirrbebea, oratles, has a unique and distinctive shope. The atlas
does ned have a body or a spinons process, bud conslsts of o
large wing-like lateral masses joined by a ventral and dersal
arch. The second ceevical verteben, oraris, js also unussnl and

Pradahied ar ‘Sipbed’ dite, |n this condition. the annulis fibrosus
rustures and the pulpy centre of the dge protrudes oupsard. This
putd prassure either on te spiral coed or o the associated rerves

has an elengated, blade-like spinoss process, which serves as
a poant of attachment for neck muscles, A strong Hgament,

called the mrchal amed, also attaches to thie spinous process
and extends from the aeas bo the frst thorecic vertebra. On thae
cranial aspect of the axiz, a projection of bone called the dews or

admeitodd process fits into the vortebral foramen of the atlas and

serves as 3 pivot around which the atlas can be rotated. The

remaming cervical vertebrae (U2=077) follow the basic

vertebral plan, and get progressively smaller as they advanoe

Regional variations bewards the junction with the thoracke vertebrae,

* Cerpival perfebrae {Fig. 3.11A), There are alwavs seven cervical = Thorrcie erdehae (Fg 3 110) There are usually 13 thoracik
verivhrag in the neck of all mammals. The first corvical vertebrae. Their distinguishing feakire is thedr tall spinoss

b e coed, causing e animal 1o b symptormes ranging fFom
pin to paradyss due o the ks of mober function,

Carviesl i
» Spingas proces
of aghis
Wertahral
rﬂ'l'l.-'-'l'l
]
Tharacic
Fai Lismbar =
Mamllary Mamillory process
o111 Meural arch
process Caudsd arcieulir
Cramal artioudar process
Tranyverse PrCCik
rESCEs L vl
cowml foves | Accesscry
Trarnsaren PR
nnh:uh: process Catitiad
¥ wvarmhrad
B ngeck
() <) %
Sscrurm Caudal {coccygeal)
- throe Spinour proceys
Tpaed 13cral q"‘fr'f
vermehrie Wertebral foramen
Traravnren
HreCELE
Bady
oy £}

Fig: 3.1 1 Varatons n the shape of vercrac, (B Cerveal (B) Thorce. (G Lumiar and (D) Sacral (the thres saoa! vertebrae

e fusad it sne bone). (BY Cavdaliencdyaen)
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processes and short bodies, They acbiculabe with the nbs at
tweo sites: thevostal fopen, which forms a symovial joint with the
oo of the rib, and the barserse fipea, wehich forms a synovial
jint with the fubhersle of the rib, The haight of the spinous
provesses decreases as the series progresses fowands the
lumbar region

# Luniser perfetwe (Fige 31100 There are-usually seven lumbar
vertebme, Thess veriebme have large bodies and long
transverse processes angled cranieventmally, toowhich the
lumbar muscles nktnch.

Thi sonesial joirt Betvemen tha st (10 1) and the ecopinnl candyley al'tha
shull aFows noddimg moverments af the heed. and the growal joint
ettt et and s (0 1-C2) alics 2 pivomal moersnt so et the
head can tamein @l drections

= Siceal vertleae (Frg, 311090 These three vertebrae ane fused
togedhor to form the socrum in the adult deg and cal The
sacrum forms 3 fEbrosymovial joint seith the sing of the ilium
of the pelvic glrdle the swrailioe iRt

e Couial o coccygend porfobrae (Fig, 2 UTEL These vary in namber
and shape sccording 1o the length of the il The first few
resemble the lumbar vertiebme, but they get progressively
smaller and simpler throughout the series. The last few caudal
vertebre are reduced bo littte rods of bone.

Dwring partunition, urider the nfluercs of the Formone relaxdn, the
sacrailine bgament nedaves and softens so that the pebes can stretch,
erighling the etined to paes out through the birth canal, n some
species, particulardly larger sres sich a2 cattle, relaation of the
ligarnenis causes the tal to droop

The ribs and sternum

The ribs form e walls of the oy thoracic cage thak protocts the
organs of the chist. There ane 13 pairs of ribs in the dog and cat,
wihich arbiculate with the thamcie vertebrae (B 3120 A ribis a
flat bone conslsting of compact bone on the owtside packed with
civeellous bone on the inside. Each rils has abony dorsal partand
a cartilaginous ventral part, the coslial corfilage, The mest doesal
peart of the bomy rils has bwvo projections: the fead, which articu-
Lintess welthe Ehe cosfial foavn of the vertebra, amd the fuliercle oF neck,
wihilch articulates with the trapsneese fomar of the appropriate tho-
racic vertebra,

The costal cartilage articulates with the sternum, either
direcily or mdivectly, The first clght pairs of ribs attach directly
ko the sternum and are called the stermal rbs. The ribs from pairs
0t 12 e called asdermad or “false” ribe, and they attach via their
costal cartilages to the adjacent rib, forming the cosfal arci. The
last ribs (pair 131 have no attachment at their cartilaginous ends,
which lie free in the abdominal muescle = this pair are called the
“Roatiag’ rifs, The space bebween each successive pair of ribs is
calbed the fdercostal S and s filled |:|:|.I the aclercrsbal mussles
ot the trunk 1']'-':!;. 113N

The sternum forms Hwe floor of the thoracic cage (Fig. 213) and
i composed ot eight bones, the atermsbrge, and the intesternebral
cartilages, The most cranial stermebra is the mandinienm, which
projects i frot of the ficst paie of dbs and forms part ot the cra-
nial thoracie dnlet. Steenebrae 2-7 are short cvlindrical bones,
The Last stemebra is longer and dorsoventrally flattened and &

Tuberde
Tharacic
weroebrm
Head
Veriubra
al wnna
n.lmhi-
48 Fib
Incersartabeal
[ 5
(A} (B}
|:'_l:ln:q:u.'_l‘l:lnl:l-mI
Coatal cartilige

Fig- 11T Structure of tha carme nb, (AY Caodal v, (B) Latera! v
s articidaton with @ theeace vertabra, (Wt perreicson from

I Cestyiile, B4 Baszam, 2001, Cinical anatorry and physolegy Torveternary
technicians 51 Lous, MOz Masby, p. 1)

Fig- 3.13 Therb cige of the dog, showing sbernal, astermal and
“-ua‘l.-ng' ribs WMWEh permssion Yom T Cokalie, |F Basset, 2001,
inca!l pratoemry and physology for velerinary tedhnicians: 52 Louts,
MO; Moy, po 1L



calbed the apiond process, Adtsched to the dphboid process and
projecting cowdally {5 0 Sap of cartitage calied the wiphoid oanti-
fnge. The linca alba attaches 1o this, Bebweon cach pair of stemob-
rae are cartilaginows discs called the inlevafanpedeal carfilages,

The appendicular skeleton

The appendicular skebeton s composesd of the pectoral {or [one)
Hmilr and the gelvic (or hind} limie and the shoulder and pelvic
pirdles that atbach these b the body, The ferelimb has no bony
cannichion bo the tunk, oanly being atlached by muscles, This
absorbs the shock” at the point when the limb takes the animal®s
wzizh! in Four-legoed animals or ronnimg quad rupeds. This dif-
fers from primates, which generally walk on their kind legs and
w0 have evolved a pectoral girdle with a dlavicle, However, the
hind limb does have a bony artisulation in the pelvic girdle,
which forms the platform for the muscles that provide the pro-
pulsive bprce as the animal is running,

Bones of the forelimb

Tha bomses of the forelirmb {Fig. 2.1) am

o Clamicle: This i frequeatly absent in the dog, When present, it
is just a remnant of bone that liss in the ruscles cranial 1o the
shoulder jolnt; it is described as being cestigial. The clavicle s
normally present in the cat bt docs not articulate with
other bomes,

* Seapude; This is abse called the showlder blade (Fig, 2140 Itisa
large, tlat bone found on the bateral surface of the trunk at the
'rur:n:l'i.-q,:n of the neck and mbs. Ik hasa prumimn'r ridﬁe or .-ip.l'ur

runsing down the middle of its laberal surface. This divides Grester whercle

Supraspinous
o

Supraglenaid — !
tuberzle Acramion
{a) (B)

Fig, 1.14 The deg seapofa, (A) Laternl wew, {BY Veniral Yew.
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the laberal surface inbo bwvo regions: the supraspinous fosas and
pyfraspions fessa, Om the distal end of the spine there is a bony
projection called the acromion. At the distal end of the scapula
the bome narrows ab the weck and there is a shallow articolar
sochot, called the gleneid carity, which forms the shoulder joint
with the head of the humerus. The medial surface of the
scapula is flat and comparatively smicoth,

= Purmerus: This is 2 long bone ferming the upper forelimb
(Fig. 315 It articulates proximally with the scapula at thae
strowlder fofnl, and distally with the radivs and ulna at the elbor
roerl. The Fn—.-xim.:l end of the humerus consists of 2 JEI‘EE
roarrded projection. the heed. Cranial and lateral to the head
there is @ lamge prominence, called the greeter lubercle, Another
prominence, the igsser febercle, lies medial to the: head. Both of
Eese are sites for attachiment of e muscles tat support the
ahoulder joint. DHstal fo Hae head s the seck, atkached o the
alightly twisted sl of the bone. On the distal end of the
bz are the mediel and lnteral epicondyles, bebween which
iz thee condiele, Just proximal o this is 6 deep holbms called the
alpcraizn fxssg, This recelves the anconenl process of the ulna,
There is al=e a hobe in the centre of the condyle called the
syprafrochlesr fuamen. Moete that there i3 no supeatrochlcar
Foramen in the cat,

= Radins ond wlea; These are both long bones that lic side by side
in the torearm (Fig. 3.06). At the prosimal end of the ulna isa
projection knoawwn as the alecroran, which forms the pesnt ot
thie elbowe (Fige 5317) In front of this is a rr-l,.mnl-sh:trmd

Lessar tubarde

CHecranan fossa

Lateral apicandya-

Fig-3.15 The dog humers (Cats do not bave o supeatrod e forarmen)
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M Elbeorwy cysplama s s commen cordftion of the heavier breeds of dog
Trechiear, Broces (&g, Mewfoundlard, 5t Bernard, Rocewedler, Basset hound). &t
——y ancompasies & rumboer of developmanml condigons such &g an
ururited anconeal process and detadhed clecrznon procass, which
X Gl result in instability of the olbhow joit, lnading to ostecarthrites, The
J dissase can be inhorited and thern 5 2 BVASKC schoma o idenofy
| affected individuals and o help bresders s=ea the mos sukable

‘ dogs for bresding,

Laceral aned moedial
| coranoid procare;-———_

/ | » Carpus This is composed of seven short bones, the carpal
f b, .'.lr.|'.|'|r|._|_.','{1.1 1 B Poivs [Fi;q. 318 Th‘.-pfuh:mﬂ roiv [as
| | | three bomes, the most medial being the radial corgal bosre, which
| articulbates prosinally with the radive. The ulier coepd boie
} { || | ' articubates proximally with the ulna, The accessory carpal howe

| Hes on the lateral edze and projects caudally. Destally, the first
| \ roww of carpall bones articulates with the second row of four
| ,—/\L carpal bones, The carpal bones abso artloulade with each oibher

K | L within e row,
[ r:_I o I[ * Mytagarpis: This is composed of five small long bones
. (Fig. 318} In the dag and cat the first maotacarpal bone (I - the

Lateral stylaid minst mesdial - is much smaller than the other metacarpal
. Prone banes (=Y, and is non-weight bearing. This torms part of the

A} (B} e cliae, The mr._*tamrp-alx- articulaie T irn.'lfll'_l.r with the

distal row of carpal bones and distally with the phalanges.

Flg. X086 () Thadogradus, (B) Tho doguina (ofanial andlateralwews),  ~ Digits: These are composed of the plabmges, which are long
rurming &t spesd around a dredfar frack Fracoeees mose Trequenchy

beases (Fig. 318). Ench digit hae three phalanges, except
3
oozur-to the nght central tarsal bane from rumning rownd an

digit [ - the dew claw — which has anly bwo. The proximal
Flg. 307 Lateral and cramincail v o the canne etbow. (Calresy anbiclockoadse track. Sadly, owners are often relictant to pay for

phalane arlioulates with a metacispal bore, The mdddle phalans
arbicubabes with the phalars above and below 18 The distzl
of Paragots Manis] frmatmert, ard in addsicn the dog s wnable 1o rece while the bone 15
healing, sor indivichmals are ofter put doswa

Presoss |

phalans ends in the fogun process, wihibdh foems part of the clae,

= There ame pairs of small sesapndd bores bBehimd the
mistncarpiphalangeal joints and the distal joints between the
phalangeal bones,

# comman imjury of racing grevhounds & stress frmonure of the
mretatarpal and metatarsal bones, due to the streros foroes of

concayity called the droclper podci, wihich articulates with the
dliztal hurmerus, Al the lop of the trochlear nodch is @ beak-like
projection called the ancament process, which sits within the Bones of the hind limb

clecranan fossa of the humeres when the elbow is extended. : - - S :
Castally, the ulma nareows fo a peint called the leleral stplofd T b, i, Rivibe \FIP- A A v

process. The rdans is a rod-like bone, shorter than e ulna = Pl Thlﬁ.l.s ”‘r&..‘ MHATIS I'I-].l.'-l-'hlcil tha '1"lfll'|!‘| limb conmecks to
|:|-_||;. 3. 145k, At the pn:l-:-:imrrl end is 0 dqpﬂ:s&im, 1hr;'_ﬁ1rr.u the h""'d:"r []"E'-' '3_' "'?']' It comsisks of r""'":"_h':F' hﬂm_"-’r elizr

capitis, which articulates with the humerus, At the distal end cecrnripn, which join together at the priic symiphysts. They form
of thee radives thers = a Pni.n'h:d projection called the wwadinf A firm articulation with thee sacram at the sacmilioc joied. Each
shyloid process. hip bone is formed from three bones — the dscfuun, dioen and

iz Fuup-cd around one ViETY small bune called the
geehituler bive. The I:arEc:-;I: of thise bones 1= this tlium,
which has a broad eranial expansion called e wdng. The
Eahium has a prominent caucdal progecton calbed the dscfoal
trafrernstty. The divim, schium and pobis meet each other

al the acelmbudiem, wiich ks the avticular socked in which the
hiead of the femur sits, boiming thee hip foint The hip joinst
k= a ball-amd-socket joint

Tha shafe of the humene has a shght tease on it and 5 known 25 tha
mustalo-spiral groove. IFthe bumeans i broken, the reshing fracturs
i after it the form of a spiralend may affect the radal nerve that rues
within the spiral, causing temporary or permanent rcdial rece
paratysis, This is indicated by the animal ‘krodding' over on i lewer
farelmb {see Chapter 5),
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i dysphesier 15 an inbheried corditon thet affects 2 range of larper
beoeds of dog (e.g., Labmdors, Retrievers, German Shepherds),

It is caused by malformation of the famomsl bead andfor & . ' inceroondylar
ehialicies mr malformed acetabiilurn, rasuiting Insubkaearmion of tha hip
jemnt leading to astecarthrits, Thare i @ BYASEC scheme to hadp
itentfy affected dogs and to advise bresders on the choice of
breading stock.

Titital platau

Coraryl tibial horder

= Thee head of the femur is held in place by a ligament
(bl crast}

krwwnwn a8 the feres or rond Sgarent, which attaches to a
non-articular orea within the joint caviky called the scefebular
fozza, O either side of the pubic symphysis 15 a large
bl called the oldurator foramiei that serves bo feduce the
weight of the pelvic giedle ard to provide extes surfoce
arca for the atlachment of muscles and ligamenis.

e Frmprs This i= a long bome that forms the thigh (Fig, 32006
Crny the prosimal femur the articular bead faces medially
o articulate with the acetabulum of e pelvis. The head
is jrined to the shatt by a nect. Lateral bo the head is 2
projection called the groeter frachanfer and on the miedial
side is another smaller projection called the lecaer frocimrer.
Both of these are sibes for muscle attachment. The femur
has a strong shaft and on its distal extremity it has two
caudally projecting comfydes the sedisl condwle and the feler!
cordile, which articulate with the tibia at the 28l fofnd
E|"i|:|;. A2 The F\ﬂ:ﬂu runs bebaremen Hhese mnd}f]n- im the Lakersl rabscds
drachilen grooire,

Tibml ahalg

Fibutar almlt

—-;—Htﬂ'lﬂ malleodus

Fig 321 Lateral wiew of the canine stfia jomt.

Legp-Cake Perthes Dissase & 2 dsease seen i small dogs, such
25 West Flighland Terriers, Yorkshire Termoers and Jack Fussels,
that presers ag-a brmeness of the hip joint |t s not fuly
understocd what causes this condition but it affects young dogs
and beging wieh the interruption of the blood supply to the
head of the femur, which results in the demtegration of the
femoral head.

FET,.:‘: * Pateila; This sesamosd bone s found within the tenvdon

of inseribomn of the quadiiceps feroris muzscle, which is the
minin exbensor of the stifle (see Chapter 4 and Fiz 2.21),
T mesre sesamobd bones, called the fahellae, ane found
behind the stifle in the arigin of the gestracnemius muscle
Thay articulate with the condvles of the femur,

* Tilria mnd fibuln: These long bones form the lower leg
(Fig, 5220, The tibin amad filbuala lie parmlle] o sch other;
the more medial bone, the tibia, is the much larger of the
two. The tibia b= r.-:r:p.'lnn:lr.-l:l! Fm:ll:i.Tl'lﬂu}' where it articulotes
with the temur. On the dersal surface thene s a pmmi.n:1m
ralled the lhit] crest for attachment of the quadri:-nel:n
femoris mudche. Distally, the tibia has o prominent protruson,
thes raedie] meaflenties, which can be palpated oo the medial
aspect of the hock. The fibula s o thin long bone Lying
Laterally o the tbaa. Jtends ina bony poinst callisd the

Fig. 3.20 The deg femr, febered amal ey
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#  TarsieE: This is formed from seven shoct booes, e farsef fbovies, —é
arranged in three rows (Flg. 3.23), The bwo bones forming ( =
thie proximal sow, the aties and cadoaneies, arbeulnbe with 2 T | | .
1]1L'-;I::|L=~t¢1l ofadl of this s aced Bsiala ot the hock pnk (Fig. 3.23: secend dige | LY _|_Mdd|E Fikkh digit
seme alsa Py 3.55), The talus, or Hbaal tarsal bone, is e . H_"' |__a--..|
minst medial and has 8 proximal trochles, which (s shaped ﬁ t- / | E'-.-T’
1o At the end of the tibia, The calcanens, or fbualar tarsal ) /I |' I I
bone, is positioned laterally and has a large caudal w l 3 ;
projection known as the fuber oeleis, which forms the .f:l" ]
~

‘pomt’ of e hock,
(A

I e small broeds of dog (e.g, Yorkdhire Tarrie), etha pacelln may
slip st of place, £ALEING Entrame pain and :Iilﬁml'r:.-' 3] nrrnnd.lng tha
setfle poirg. Thisis an inharited condition and b due to malpositioning
of the thizl crest or 1o shallew a rochlear groowe on e dstal end

of the fermur

" .'.-'I'.-'.'.u.'nr.*-'r.lcn.lui.-rell_:.‘r.-r'I'I1|.'.-_~.{~ C ||_I'-H_'|_'|' res=emieles the patterm o the
metacarpus and digits in the forcpaw. The metatarsus i
:;ﬂ'np-:m:d of four metatarsal bomes, n]thuugh some broeds=

wmaess hve, h:wna a smiall metatar=al 1 or hind dew claw

(Fpg- 321}

Splanchnic skeleton

This u.r-:'-rnpcmrcl it thl‘!l‘-h‘lf{hl‘lii.‘ bBones A urr'l.ﬂnrhmr bone s i
bomae that -:Iﬁ'l,'t-l,:lp.‘_r. £ soft fissane and s anatsched to the rest of the
skelen, The n._:-n'I:r' Cxam plr ofa apl.an-chnin.; bires in thes dog and cat
i the bane of the penis, the os perds. The urethra lies in the wreflisal
e, om the ventral surface of the os penis in the dog. In the cat
the urethral groove is on the dorsal surface of thie e pc'nis. b

of the different ocientation of the penis (see Chapaer 110
The cow has a splanchnic bone in it heart, called the 02 Flg- 311 [A) The dog tasus or hindgass, TL T g3
|, & esc, MT, metatarsal bones. (B) Laterad and [(C) dorsopiantar

confis, whilis birds have splanchmic boeswes foriming a cim armand
the eye o provide strengtiv ko the lorge eveball Jee Chapbers 13 views of the canns firmus and distal bind Emb [Coursesy of
amed 173, Fanagotis Marts)

farsn! Dones



SECTIOM 1 The dog and cat

Joints

When one bome connects o another they form an articulation,
also known as an arthrosis o g foint allow variable degrees
of movement and can be categporised into one of three groups:
= Fibrous jodnts

= Cartilaginogs joinks

= Synovial jrints

Fibrous joints

Fibrous joints are Immovable jointz and the bones forming them
are uniled by dense fibrous connective tssue, eg, in the skll
flvrous joinds unite the mapoeity of the component bones and
are called sutures. The tecth are attached to the bony sockets in
the jaw bone by fibrows joints,

Fibroazs joints ane alse classed as synarihress:, meaning a type
af joint that permits little or o mevement, Some cartilagineus
joints also fall inko this category.

Cartilaginous joints

Cartilagimons joints allow limited movement or no moverment at
all and are unibed IJ-_'!.' mrﬁlag-l:_, such & the pul'n?nt.:lpmphlwl's AT
nocting the two hip bones and the merdinedine synpingsis joining
the two halves of the mandible. Both these joints ane also classed
RS :?.rr:l.nrllllmdt'.-:.

Some |.—.|rh'|aﬁ.i.nmu 'puinl may also be classed uﬂmp.hid-n!k.nm_.
which allew some degree of movement bebween the bones, sudh
az bebween the bodies of the vertebrae, allowing for limited fles-
ibility of the spinal column.

Synovial joints

Syrovial joints, or disriiroses, allow o wide cange of movement. In
synovial joines, the bones are separated by a space flled with syno-
whal Fluald kiwowwn as the joiat ooty (Frg. 22400 A joint capsule sur-
eounds Hw whole joint; the outer baver consisks of fibrous fissue,
which serves as protection, and prhla'.rllyjalmed by the syreo-
oual meessutmrne, which secretes symorm! fusd, This lubricates the il
arad provides nutsitben for the lyvaline artoular cartllaoe covering,
the ends of the bome, Synewvinl fluid is a strav-coloured viscoas
fluid that may be present in guite large quantities in large points,
especially n animals that have a lod of exercise,

Bome synovial joints may  hawve additional  stabilisation
from thickened lammis within the fibres of the joint capsule.
These are most commanly foand on either side of the jeint, whene
Ihq" are called colaferad ![g.ﬂrrmh. Hiwever, othier :}'nnvinl jninls
have stabilising ligaments atbched B the aiculating bores
within the jomnt, These are known as inlrapsulor Ggoreen= and
fxamp]eﬂ include the crudate li.g;lﬂ'bl:nh within the stifle 'p:riﬂl:
(Fig_ 325

A, fenw ::an'ial joints presess one or morne imtr-arficular fibrn-
cartilaginous discs or menisd within the joint cavity. These ane
found i the sbile jeEnt which has fiso oescent-shaped menisci,
ared in the femporomandibular joing between the mandible and
the shull. These structures help o incresse the range of movement
of the joint and ack as “shock abserbers”, reducing wear and bear.
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Ryt criciane fpansant T twe oruciste gaments provide sabiding
1o the stffe et In brge- and medu-breed dags this ligament mey
PR a5 3 result of seviene joine toesion durng exercha, causing joim
mistaklity ard meress, The cranisl cruclate ligament & e maose
commonty affnctod and surgical intervention oo smbilse the sefle joint
5 ofen required toresobe the probdem. Hehe lgament & not repairoed,
tha rusulting joint |ty may baad 1o csmnoarthrits

bm:nrlal r.'un.h allny considemble freedom of moverment
betveen the a.rhcuhl'l.'n.E bones, the extent of which ﬁ:pﬂnds
upen the tvpe of smevial joint. The movement allowed by a
synovial joint may be in a single plane only, or in multiple planes.

ﬁnarrmge ol e rierts that ang possbbin spnoal it =
Fesan‘exienion: These oe amtaganistic mavemert: of & joint
@ Flepgicn recices tha anghe botwian two bones (e, Bonds
ther brnly)
o Extensicn e The ange betwsen o banes (1. #mighiens
the Bmkj.
o Abdictiontoddoction: These mosemems affect the whale i,
o Aldietan (Fostirg o 'tk gy moeel A Bbady pert
iy from the medan phine or s {eg, moving the =g out
SROEd )
o Adducoan moves a body part back towar’s the contral ine armes
of thin by [2g. migveng the kg bad 1o sanding poston)
» Rptotior: The moving body part “twists' on s own mds, mesnng that it
retaies erher inwand by or aussardy
Cmumaucont The movernent of an esremity {ie, one end af s bene)
in & cicubr pattem
= Ginbgtaiding The frekuler surfces af the oint dide aver one irather
= Prmectw The anima moves T8 limb oanially, meining adsances the
v oy go when walbing,
o Ratractiont Tha animal madss the b bads toveards the body.

Synovial jeints can be further classfied inte subcategories
based upon the types of movement that they allow [Table 3.1,
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Patellar Agament

{<} Crankal view

Fig. 3.5 (AY The abow o, literal wew, (B) The tarses ar hode jont, literal wew, (8 The stifle jont, ganal and
miedi! nias

Table 3.1 Properties of different synovial joint types

Type of synovial
joint Description Example of joint
Mare=/ ghding Alloeas diding of ane bony surface cwer the ather Jainiz between the rows of canpal and
tarzal banes
Hirge Al mirwerment i ore plane only {ie. fexion and extensisn) Bl sl
Pivat Corsis of a peg sting sithin & nng; allows roaman Atlantoaudal gaint (between Cl and C1)
Cardyar Corsims of o conves sudlsos (oanddes) that st in o correspanding Heck o {tarsus)
corpcine surface] allows meverrmnl in two planes [Teban, edemion g
el ngion )
Balf and socket Censits of a reunded end o ball, siting within s socket o oup; Hip: shaulder

alloows a great range of movemend
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SECTION T |

Muscular system

Thee prdiscular systedn comprises srited o skelsal
e e which i€ musche anached oo the doeleran that
brings about movemert of a reglon

Each stravied muscle fisrs s filed with myofibril made
of twi comradtile prodens, actin and myosin, At the
celiilar bevel, mustle contraction results froem the
formaticon of cross-bridges between the actin and
mipnsin ek,

Muszdie flres are somadated to corrace by nerve
wnpulses corried by neree fibres. The number of
mmscle flres suppled by 2 sigle nerve fbre s called 2
mitor Uit b meisdles ehee perfarm accurate and
delicate mowements, 4 nerve fibre will supply @ few
migstle fibres, but in muscles e perform |ess
avcurate movements o nerve fibee will supsly many
sl fibrea,

Muscle tissue is abaays under 2 degree of tension,
knowen zmuscle tone The tone increases when an

aitirevil 15 alert or frightened and decreaces when it i
relieed o askesp

A musdes sonsist of & certral belly ard, ot the point of
pttachement to i bare, 2n orgin {often called the baad),
and 2n irsertion.

Skelegal muscles may be cither;

Extrimsic friscles are artached feomm ore enajor
sarLCTLF e, such 85 thie trunk to another strictira, such
a5 @ limb, Thase muscles bring akout movemant of the
winode bl i relanicn wo other body pars,

Irgrirmic musdes are steache:d at both ends within the
ohe structure, such as 4 Smbe These muoscles bring
it mevermert witfin the individual bmb eg.,
beendig an el

Each area has a range of specialsed mimcles designed
to bring aboit the specific fpes of mavement
necmisary for the mnimalls nomal furctian

POINTS

The muscular systen includes all the skeletal or striated muscles
within the body, Steiated musele s that fssae attached bo the
skeleton that = under voluntary or consclows control (for micre-
seophe struciure see Chapter 20

Muscle structure and function

Contraction

Pduescle is stimilated bocontract when it receives a nerve impalse
from the central nervous system. Esch stristed musche fibre is
composed of myofibrils made of thin actir filaments and thick
mareit filaments, These fibres overlap in such a way that under
thi= mi:rwcupc muscle has the appaTan of nH:cm.urhE ii.ﬁhl:
and dark band=s or striations. These bands are :-Epam'lrd ko
eindts cablod simoseres, which are the units of comtracHon.

Druring contraction, the actin and myosin filaments slide over
v ancdher amd cross-brdees form bebween the heads of the
miyosln filaments and the hesds of tee sctin Alaments. The
erosa-bridges swing through an are, pulling the thin filaments
past tho thick enes, and the sarcemere shorbens. Onoe this move-
el s compbeted the cross-bridge detackes izell from the thin
filamment and reatiaches il=elf fugther away — imoother words, the
crass-bridges between the myosin and actin filaments act as a
rabchet mechanism, thus shertening the muscle {Fig, 4.1), This
process requines energy input, which is provided by adenosine
triphosphate molecules; malcium ions are also essential to the
process of musche contraction.

The nerve that sttmulabes the fruscbe to contrack e bors the raus-
cle ard then splibs up inko many fibres fo innecvabe the bundles of
muscle flbres. The number of muascle fibres supplied by one nerve
fibre will vary depending on the bype of movenrent for which the
muscle i5 responsible. IF it is a delicate movement then a nerve
fibre may only innervate a small number of muscle fibres, How-
ower, in larger movements, such a= these made by the mscles of
thee limbs, one neeve lbee may sepply 300 or more muscle fibres,
A single nerve fogether with the muscle fibres that it supplies
is called a motor !, The junction betvaeen the nerve fibre and
the mascle s called the neurcmuescular pencticn and a chemical
called acetvl choline transmits the impulse across this gap.

Myasithenia grovis = an immune medated dissae that afects the
acetyl choling receptary of the neuramusculie Enetorn. This cauzes
seyere riscle weakness, which leads oo syreptars. thar indisde

Exprcise iMoleranos, reguegtation and drookng.

Muscle tone

Many of the skeletal muscles in the body are always in a slight
state of tension, known as sasels fone, Even when an animal is
at rest, muscles, such as those responaible for mainkaining pos-
tur, will ok be truly relased, Muscle tone iz achieved by a pro-
portion of the moboer units within the muscle being activated o
theat somve of the muscle fbees are contzacting while others are
relaxed, The mervous svstem can adjust this, and the number
of mator wnits stimulated will increase when the animal s in
an anxios state; in odher words, the muscles become “bwichy!
or ‘jumpy’. Thus, muscles undergo b types of coniraction:
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Fig, 4.1 The 'sichet mecharsm’ imestong actin and myesn witlen
satind rruscke fhees (B) Musde before contraction [dhartenng). (B)
When the musche shortens, tha thide and thin flarments gide n betasen
ot anethae, The daite bands reman the sams wodth i the shoraned
(eontrecied) reusche But thie ight bands and 'H 2omes’ oot ramroser, [C)
Chosi-ap viesy o the ratchet rnecharesmy, shomng cross-brdges batwaeen
thee thén actn and thek rosn flamerts

= [sometnr cantrachon happors when tenson = genorated inthe
rimische — i bane B incrzased, but the s dees not shorten
= |rt Eptomc comracian; the mede achuely mowves or shortens.

The more o muscle i3 used o exercised, the larges it will
become — it {5 said bo be byperlroplied. However, if a muscde is
nok used for spme resson {eg., due b injuey or illness when
the animal may be recumbent, or iF & Hmb s oo cast), vowill
wiither or sheink in =i2e; it = said to be adensied,

Pzl aneopby o wamarg may b tha msul-of rany o such g
lacic of e s 2 ree it oflameness fmchane; denenvation {injreta the nerve
that spplies ) era gerevalsed diseiss condRion, such ds neopdasiae
Musde enfargement or kyperraphy may reauk fom overesercEe or
e Thes may Do saen whins 3 panent hee fremueed 3 limb and

the s es in the ather fmb miEt work hisder 40 sppsrt it

Anatomy of a muscle

A classically’ shaped musclie (Fig. 4 2} has a thick, feshy central
part called e beily and tapers at each end - the feid. Here, the
conmectve tissue muscle sheath s continuous with the dense
fibrods connective tasue of the teadon that attaches e mascle
ko a bone. A muscle is attached to o bone at bvo points: its start-
kg point is colled its oeiging this moves least during contraction.

Orign

Musdle balky

Connpetiye tuis
between muscle ibres

Tandan

Inyernon

Fig. 4.2 Basic struciure of a muoscie, The cormmeetne s betesen the
orvdscie fhngs 5 comtraous with that of the toeedon,

The opposite end, where the muscle inserls on the bone, is
called the reseeiion. However, 8 muscle can have more than
one belly, all inserting at one point, in which caze the muscle
iz sald b havae a number of heads (o.g., the biceps muscle has
two hwads). The length of the tendon attaching the muscle to
A bone will vary, and in somie cases tendons ane far longer than
the muscle itself {e.g., flexor and extensor tendens mnning over
the digits).

Mot all muscies ke the ‘classical’ ﬂupe described above.
it mes they are present in flat shoets, i which case the
temdoen is aben drawn cut ingo 3 flat sheet of connechive tiscoe - this
type of arrangement = calbed an apoienirss (eg, the miscdes of
thwe abdiominal wall). Some muscles form a circular rmg and serve
o condred the entrance or exit fo o structune (g, the stomach and
the Bladder), These are called spfeincier miieackes

A Dwsn b= o8 connecHve Hesde sac Hoed with syvnovial
membrane and filled with synevial Auid. These ypically
develop bebween o bony prominence and a fesdon, ligarent
ar muscle and their function 1s W0 reduce feiction between the
assoclated structune and the bome. Sometimes a bursa completely
wraps arcund a lendoa forming 8 spordal or fendour sfearh
[Fig- 4.3},

The skeletal musclez of the body can be classed as cither
intriresic or extringici

o ety maisties ke campletely within ane region of the body where
thery B Thedr angin and Pession They ac on e [oints in thas
part orée for example, when e dog bends i elbow i i using the
irtrireec risces of the fonefimh

Bt omiiscks runfrom one region of the bady to anciber
arel aher the pasiion of the whels part (22 7 imB) in relation 1o
thi otbver, The rusches that smach the foreleg of e dog 1o tha
Uk e Edrinsic misdes they move the whoks fomdeg in relation
1 the frune
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Fig. 4.3 (B Sructire of o buss (B) Stuciue of a spaeya! shesth

The skeletal muscles

To simplify the stedy of these muscles we can look at one area of
the body af a time,

Muscles of the head

Muscles of facial expression
The miuscles of fackal expression ane lntrinsdc msscles that move
the lips, checks, nostrks, evelids and external ears, A namber of

miuackes are responsible for these movemenits, all of which are
inmervated by the focdal serpe leranial nerve V11,

Paralysis of the facial nerve will cause o droaping of the ear, lip
and srgalid, inakility wo blink (palpebral reflend ard drocling. This &

st cormmonly’ teen on ona side of the face only, which pives an

asymmeeric appearancs to e face, The nenve couid be damaged by
the exlpe-of 3 door slammeng on the dog's face or even by the dog
hanging its bead cut of tha car window when i & driving along,

Muscles of masticotion

The main muscles responsible for the masticatory or ‘chewing'

action of the jaw (Fig. 4.4) ane

o Dhigasfricas: This muscle opens the Bw, aided by gravity, and
is localed on the coudoventral surface of the mandible, Its
origin is the jugular process of the occipital Bone and L inserts
on the angle and ventral surface of the mandible

& Masaeter This musche closes B jaw and lies Tateral to the
mandible, Itoriginates from the zyvgomatic arch and inserts on
fhe masseberic fossa on the lnteral surface of the mandible

®  Temporafiz: This muiscle also ¢loses the jaw and is the
largest and strongest tusche of the bead. Ik covers much of the
dorsal and lateral surfaces of the skull. 1t flls the temporal
fossn of the shull and inserts oo the coronoid process of the
mizidibla

Chapter 4 Muscular systam

Fig- 44 Tha muscias of rmastication.

» Ndedial arid feleral plerggoids: These are devp musclis that e
rmclial tor the andible, They aid the tem poralis and masseter
pusches inclesing e v, but they are also responsible for the
sl b sade movements of the mouth,

The pore In the muscles of the jaw responsible for Cosuee — the

temporalis amd the musseter — b5 what keeps the mouth clesed

when it is not in uso

Muscles of the sye

The axtriresic musches of the eye I'J‘i,H. 1.5); also calbed the exirm.

oeuler muscles, are mpnm:fbh tor mowing the ey withim ifts

bony socket. These muscles are:

= Four RECTUHS muscies: deesal rechas, mestand vecties, smsdind rectos,
Titeral rectes, These bour eauseles all insert on the solerd of the
eveball near the ‘equator’; at the sueface thal cormespands Lo

Darad rectun

Fig- 4.5 The postions of the eshaootdar muscies, viswed fom bekind
hoz bl
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thels name (ke the dorsal rectus musche inserts on the upper
part of the scleral, Their name also reflects thedr action: the
dorsal rechus musche twms the eve upward; the vendml] recius
turns e eye dowmeaed; the medial rechus tuems the eyve
inweard; the Eateral muscle tums the eye ouhsand

e T CHLICQLE muscles: dorsal ofigue and sebszl ablfuue
Thisse two mescles are positioned as their name describes and
they act b refate the eyve about s visual axis

& Retractor iy This muscle forms a muoscular cone around the
uptic nerve at the back of the eve and iks action is to pull the
eve deeper inbe the socket,

Other muscles of the head include:

= Intrimsic and extrinsic muscles inthe tongue enakle the tongue
to carry out a wide mnge of delicate movernents.

= Many muscles are found in the pharynx, lanms and sodt
palate, which enable these structures to carry oot their specific
Functions |:|'_g__,. :m.'aJlnwi.nE and sewend prudu-l;l:im]n.

s Extrasic mivsches attoch the bead bo the neck and move B s
relation b the nock.

Muscles of the trunk

Muscles of the vertebral column

Groups of muscles le above and below the vertebral column

(Frz. 4.0) These are;

= Epiciad snieseles L dorsal o the transverse processes of the
vertebme (above the vertebral column). The epaxial muscles
are nurercws and ane arranged in theee longiledinal groups,
which together span the length of the vertebeal column. Their
functions are to support the spine, extend the vertobral
cidumn and altow lateral flexion

® Mol meuscles T ventmal 1o the transvesse processes: of the
vertebme {below the vertehral column), One region is
mssociated with the neck, another with the back. The hypaxial
muscles flex the neck and =il and condribute b Plexion of the
verfebml colummn.

Intramuscular injections. [he spasal musdes are 2 comman
site for giving intramuscuar icjections, becsuse they i sasily
accessble and rol assodated with @y vaal nerves. Caber muscdes
include the quadrceps femors, the biceps femors and the gluteals.

Epaciad muscles

Hypraia rn.m:lnt\'ﬁ.ih

Fig. 4.4 The postions of the mus e soond the vetebel coum

Muscles of the thorax

The muscles of the thoracic wall are mostly invelved in resplon-
ton. The mamn muscles are!

= Extengal inleroostiels are the most supericial. originating feom
the candal border of one rib and insert on the ranial border of
the rib behind it Thus, each muscle is confined te one
imberoostal space. These musches assist in inspiration.

= [utermal irderenslals lie below the extermal intercostnls within
the imteroostal spaces and originate from the cranial surface
of g rib and insert on the candal border of the ab in front
nf it These muscles aszist in expiration, which = a ia:ﬂ:l‘.l.r
passive movement.

The diaphragm

The diaphragm is the sheet of muscle thal separates the thoracic
and abdominal cavites (Fig, 4.7, It consists of a central berdon
and a wecylor peripleny thal arises from the lumbay voerbebrase,
cansdal ribe and stermum. The lumbar portson of the muscle con-
sists of thickened muscular bundbes called the right and keft croe
{singular: crus),

The diaphragm is the main muscle of bepnkion, When it con-
traects, the lunigs expand and draw in air (goe Chaptor 8). In the
centre of the diaphragm there are three openings that allow
H\n:n.ngh structures that pas from the thoracic region into the
abdomen, These openings arne:
®  Aprie Inahes transmits the aorta, AEYEIUS VeEN and

thoracic duct.
® Clesaphageal fatus transmits thee oesophagus and vagal nerve

trunks.
= Caivr! forpamen lies within the central tendon and transmits the

caudal vena cava,

AN ARl
(e Foramn|

Fig. 1.7 Structure of the daphragm, weesd from abdoming sde,



Ruptured dipplragm or diaphragmatic herpia. A sudden
change in pressuns in e abdominal candty (e, due to orauma from 2
road accident) could cause ruptura of tha diaphrapm and migraton of
thi abdaminal argans inte the thoracie cavity. This presants ag
sudden dyspnoea or difficulty 0 breathing, whick can be life
threatening F untreated,

Abdominagl muscles

The abdominal wall con each side of the body is composed of for
enusches, which form broad, fat sheets (Fig. 48] Thelr Sfres run
im all directions, which gives the abdominal wall great strengitly
Thelr funchon ks o probect the organs and struciures of the abdo-
e, The mscles of the abdominal wall are:

= Exberaal alwlonringd oiigie is the mosl superficial of the lateral
abdominal muscles, It originates from the kateral surfaces of
the ribe and lumbar fascia and terminates in a wide
aponeuresis in the midline known as the reaathe,

¥ Iriternal aidominn obligee is the infermediate muscle of the
Literal abdiminal wall, wehich alss berminates in an
aponeurosis on the linea alba.

o Trmarerzns abdiwiinds 15 the deepest of the laberal ab<dominal
miscles, which alzo berminates in an aponeurcsis on the
linea alba,

= Rechus abdouniis = a bread band of moscle on each side of the
linea alba that forms the floor of the abdomen. The reches
abdominis orginates on the first rib and sternom and inserts
an the pubis by means of the prepubic ferdim,

Tha linea alba, or white line, & the combimed aporeuroses of the

three lateral abdominal musches, 1§ extends along the ventral

misdline from the xiphoid process of the stermum o the pubic
symphysis

Chapter 4 Muscular systerm

The brez alba can easly be seen when @ vt maies & midine incsion in
thi s dornn do.2. dunng & bidh spie o e trpe of porctcmy ), Because
it i tough, i provides a-pood tssue inowhich 99 plaoe suntmes withole
themsk af ther pulling o,

'I'I'H:Jllll.g'l.uf:l.l:ll'rl':lgi.s A .5|:'I:~Iil:ﬂ,1|:r|:|1.ing in thie a;pnrrnlm::is. 0 Hhee
external abdominal oblique muscle, in the region of the groin,
This allows the passage of blood vessels from the abdomen o
the external genitalia and mammary glands, and transmits the
structures of the :-Ferrn.uti.c cord to the scrivham.

Inguinal hernia, This resubts from the passage of structures such
2 4 |pap ol intestne or 2 pad of fat through the irguinal reg
it e serotuim. There i alwaps 2 risk that these structures can
vadal ared the herres then becomes snmgidated, There B ako an
irgulnal Fing In female ariemals ard there hiree Been cases In which
& loog of weris hes passed dheough

Muscles of the forelimb

The musches of the forelimb can be divided inbe extonsic and
irvtrinsic musches.

Extrinsic group

The extrinsic muscles of the forelimb (g, 1.9) attach the forelimb

to the trunk 'I:wmlng a sl!,u?ml'm.ﬁis |:I:|':|:- attachment of a structure

ter the skeleton I:-].' mueecles instead of the more conventional

jint).

® Trapeziiis is a tangular sheet of muscle that onginates from
the dossal midline From C2 b CF snd inserts on the spine of
the scapula.

Fig. 4.8 The abdomnal ruscles and
perafticen of the [nea alba,

T —— Agonourosis of the
wramversys abdominis

Trarawersafis Toscia




SECTION 1 The dog and cat

Fig. 4.9 Muscies of the upper fordimb, (&) Superfica mrascies (B) Deop mescles,

Action: draws the leg forward and protracts the limb

& Pevtorn! moiescles tun from the cibs and stermuam and nsert on
the humerus.
Acton: adduct the limb and hold the forclimb n.E;quLﬂ' thie
boedy wall

o Labizaimuis dopsi s a large, fan-shaped muscle, which kas a
very broad orgin on the thorace gpine and inserts on the
humerus.
Action: retracts the forelimb

= Bricirncephalivns muascle runs from the base of the skuoll bo an
insertion on the cranial aspect of the humeres,
Action; when the limb is on the ground, it fleoes the
neck and bends the neck laterally; when the imb is mot

taking weight, it draws the foreleg forwards or protracts
the limb.

Intrinsic group

Thee imtrinsic muscles of the forelimb all eriginate and Insert on
the forelimb, They incode:
» Suprazpinales arises from and fills the supraspinous foess
of the scapula and inserts on the greater hubercle of the
humerus,
Action: extends the shoulder and stabilises the shoulder joint
= [ifrazreeius arises from amd fills the infraspingas fossa
o I'J're.ﬂ;al:!ui.u and insers oo HmEn.-.uIﬂ tudbercle of the
humerus.
Action: helps to stabilise the shoulder joint and fexes the
shoulder xdnk

Elbow region (Fig. 4101}

" Trﬁ.?ps frawtard mascle has four heads with siparate I.'IL'.iE'i.IH.
Thres of the heads originate from the proximal bumenes and
thix fourth heed originates from the scapula. However, they
all share a common insertion on the olecranon of the wlna.
A bursa lies bebween the bone and the tendion o prevent
tricEn.

Actior: extends the elbow joint

= Hiceps brachii erlginates feom the supragbenoid twbercle of the
scapula and inserts om the radiug and ullma.
Action flexes the elbsmw joint

= Srachielis muscle origenates from the humernss and inserfs on
the radies and wlna,

Aation: fleses the elbow joint

Carpus and digits

There are many muscles résponsible for lexing and extending

the carpus and the digits The muscle bellics sre grouped around

the radivs and ulna and communicate with the digi by means

of long endons.
The meain Aexoes and extersoss are:

= Tow carpal exlenspes ariginate from the humerus ard insert on
the carpals; they mn in front of the lower limb and foot,

= Taw digital exlensors originate from the humerss and insert on
the third phalans; they runin front of the lower Timband food,

* Tam gl fexors run behind the carpus and foat,

#  Taw dipiel flexora: The suprerfiond dégidal flesor serts on the
second phalans amd the desp digifal fexor inserts on the third
phalans.



Lateral digical

Fig, 4,10 5ome of the mustes of the lwer forelimb

Muscles of the hind limb

The hind lmb is attached b the pelvic giedle by a mobile ball and
socket joint, the hip joink The sidiisbar gpaxial iveseles of the
vertebral column are extrinsic muscles attached 1o the verbebral
colummn and b the pelvic giedle

Thee intrinsis musches of the hind limk all bnseet on the hind
limb itsedf or on the pelvic girdle and are described below,

Muizcles of the thigh
Th-nscuris'imle on 'I:I'lepul'.'i-: g.irdle and insert om the femur.
® Glufeala: Three muscled, the supenficial, miididle and deep glurenls,
and the ferzor faci Inbee form the curve of the nomp and are
powerful extensers of the hip joine
Awtion! exbend the hig point and abduce the thigh
o Hantstring growp forms the coudal sspect of the thigh
and act pegether o proped and adend the whole limk
backwards {Fig. 4.11) providing. the main propalsive
force of the animal, The group consists of three musches:
o Breeps femoris is the most lateral muscle in this group
{Fig. 411} It originates from the polvis and mims over
e fermur o the tibia and inserts on the calcaneus of
the hock,
Action: extends the hip, fleses the stifle amd extencds
the hinck
o Semferafivoses runs from the pelvis and ireerts on the tibia
arud caleanous,

Chapter 4 Muscular systarm

Fig- 4.1 Superfoiad messciss of the iof lateral thigh aea

Action: exbends the hip, flexes the stitle and extends
the hock
o Serrimerbranesys s the most medial moscle of he
hamstrng group. It runs from the pelvis o the fermuar
amel kil
Action: exdends he hip and feves the stifle
Cwadriceps frmoris is a large muscle that runs down the
cranial aspect af the thigh, It consists of four parts, all of
which insert at the same point on the tikial tuberosity or
crest. The tendon of this muscle contains the pafalln, which
articulates with the femur at the stifle jeint
Action: extends the stifle joint
Adductor muscles lie on the medial aspect of the thigh and
hold the limb close o the body l]ﬁp;. 1.17}). The group
conalats of theee mscles:
o Peefisvies muscle nuns from the pubis o e distal feeniir.
Action: pdducts the limls
. Saptarins Inserts on Ehe ceandal border of the Hbia with the
gracilis muscle,
Auction: addocts the limb
o Grocilis forms the caudal half of the medial surface of
the thigh.

Mction: sdducts the limb

The tendan of the pectinews muscle is sometimes transected o
relisve pressure onthe hip point of dogs with hip dysplasia.
Pectineotomy does not cure the problem but may provide a
digree of pain relied, particularly in yaung dogs.
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armoise. oraaiel pan

i i, cauda | gare

Fig. 4.12 Fuscies of the medal aspect of the l2ft thgh

Muscles of the lower hind Nmb

These muiscles ack mainly on the hock joint (Fig. 413} They

inchade:

® Castracierius muscle ociginates from the caudal aspect of the
fernur and inserts on the calcaneus of the bock. The endons of
this muscle contnin two small sesamold bones or fabellae that
articulate with the caudal of Hwe stite jolnt

Acton — extervds the hock and flexes stifle

= Achilles tendon is the large, strong tendon that runs down the
back of the leg bo the point of the hock, Ttincludes the tendons
of insertion of the gastrocneming, biceps femoris and
semitendinosus, all of which insert on the calcaneus, and
al=e of the superficial digital flexor muscks, which confinues
cver the point of the hock and down to it insertion on the
digits. There is a bursa at the point of inseriion on the
calcaneus.

Fig. 4.13 Musdes of the lower kft hind fim,

The: poplitesl bamph noda ligs within the fibres of the gastracnemis
muscle and can be palpated just candal to the stiffe joint. Mormaly itis
ahowt 1 om long but i it is enfzrged it may indicate some form of
nfection or tumour in the dstal w-mtr.

Muscles of the hock and digits

A ks seem In the foreliedy, a number of miescles are responsibdle

for lexing amnd extending the hock amd the digits

= Anlerior tihialis runs feom the prosimal end of the tbia e
the tarsus,

Action: feses the hock and rotates the paw medially

= Threr digital exbersors run in front of the hock and foed,

# T digilal flevors run behind the foot. The seperficin! diyial
Meaor runs from the femur to the phalanges and is one of the
compoanenks ot the Achilles tendom:



Nervous system and

The furetienal urit of the nefeods gyatem e the
meurnn. Madrors carmect with each afer by Symapses
1o create A comele retwork that comeys electrical
impudsas 8l grownd the body, The furction of this
syspern B 1o Lake | information freen the expermal and
intemia] ervironments; znabyse i and then immats sn
ARPTOROELE FEERONGS,

The brain apd sping cord farm the contrl centre of
this mevaik gnd coraist of dends aooumalator of
REFVEUE HEme,

The braih can be sesp to be divcdied o fore, mid- and
hirdbeas. Each part of the brain performs 2 diffsnent
Tumcticn ard is vital for the suryival of the animal.
Toersurg that the bram functons rommally £ &
protected excernally by 3 bomy crarmum and three
layers of meninges, and internally by the sertricular

SECTION T |

special senses

POINTS

Ml JEC5FY, I addivken, swary blood vessal sntaring the
beai 15 wrapped in 8 laver of protectiye cels farming
the bhood-bealn barrier, which praverts potentalhy
harmful substances from reaching the bean tssie.
The whaole body.is supplied by the penpheral nerves.
These are given off 24 cranial perves from the brain snd
spinal nerves from the spinal cord.
There are free speclal senses, each of which |5 wial for
the survival of the individuzl

Exerral stimull {e.z. sight and sound) are peroeived
by spadalised racepror cels located within tha spacial
REMIES OFEAs,

Iifermation from the receptor cells & ansmitted by
e Frulees 1o the bealn by crankal nerves. (Eia
mcerpreted within specific centres in the bralin ard &
PESEOHEe B niared,

systern consisting of canals filled with cerebrospinal

The presence ofa neevous svstem allows an animal bo respond, in
a coordinated manner, to both the demands of e external envi
reaument and the internal changes within is bedy, The functions
of e mervous syskem ane
# To receive stimull fram the external and inlermal envitonmend
¢ Toanalvse amd integrate these stimuli
* To bring abeut the necessary response
.I’n|'H1.-n1.:E|'| the nervous sysbem works as a wrll-inbeﬁral:ed oM
posibe unit writhin the hnd_'vr, For descrptive purposes, it can be
divided info:
* Central nervous system (CME) the beain and spinal cord
# Periphesal necvonss systerm: all the nerves mven off fom the
M5
o Cranial merves: leaving e brain
> Spinal nerves: leaving the spinal cord
o Antonomic nervous system: nerves thatsupply the viscera;
can be further divided into
¥ sympathetic nervous syshem
v parasympathetic nerous syskem

Nervous tissue

Meuron structure

The main call of the rervous system is the neror (see Chapter 2,
Fig. 116k, Mourons are responsible for the transmission of nerve
impunlses througheat the nervous. tissue. MNeeve impulses pass
frosm o mewron fo another l:l_'l.l means of stnxctures Enown as

seapses. All nerve pathways are made up of neurons and syoap-

s, Comples nervous Bssue, such as that of the brain and spinal

oot 18 made of neurons supported by connechve Biesue and reg-

rnglic! cells. whose funcHon is fo supply nutrents o and carry

washe malerals away from e newrons.
Each newron consists of the following parks:

= A gell Body contadndng o nuclous.

= Several short prooesses called dendrons, which ane formed
friom miany finer desdrites. Thisse carmy nerve impatlses foavans
the cell body. A single coll body may receive a5 many as G0
dendrons from ether neurons.

& {pe h:-nE process called an axon. These CArTy nerve im‘FlIJ!-L‘I-
atevty from the cell body. The axon leaves the cell at a point
knosmn as the axar Wil

Merve itpulses from the dendrons ane directed across the cell
body bwards the axon hillock and conbinue down the axon,
resching thedr final destination very rapiadly. The speed of trans-
misslon along the axcn is increased by the presence of o mipdin
alreatfe. Myelin iz a lipoprotein material made by Schiommn cells
surrounding the axon. It whitish appearance contribubes b
thee colour of B more visible nerves in the body and e the white
mator of the CMS, The myelin sheath 12 intorrupted ot intervala
aof ket 1 mm by spaces known as the soidss of Ravmier aned i 1s
through these that the axon tissue receives its nutrient and ooy-
gen supply. Monmyelinated fibres are embedded within the
Schwann cells (Fig 5 10 amd despibe their mame are actually cove
ered ina single laver of myelin. Totally uncovered fibres are rare
and may be found in areas such as the cornea of the eve.
Meuroms vary in size; the diameter of the axons and dendrons
mavbeafew micrometres and the length depends on thee destinafion
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Cyrapkiim al Schyaen <all

Muchsus of Schwann call

Fig. 5.1 Cross-sechon Trough i Schwann ced shorng noampeinated
e Tres ermbeddied wilhm the otopiasm,

of the merve Fibwe. This may be anything from a few millimetres o
erore than o metre long, Mewrons alo vary in shape (Fig, 5.2).

Eynapses

Each axon terminates noa strocture called a symapse (Fig, 5.2
Whete an axon termina tes on an individual muscle fibre, thesyn-
apse is referred b0 ops & wesromescnlor fusction and the nerve
':rnpuli-:- stimulates comtrachion of the muscle fibre. Within the
bertinn-liks presynaptic :nl:!i.ng.are e [ containing chaemical

tramamitter subsbances. The most common chemical o acalyivhe
e bul ethers foursd in the body incluede adrenaline (epineph-
rine}, seralonin and dopamine,

A the merve inpubse travels dosen the axon, W vesickes dirift
tonwards the presyanmptic membmane (Fig 5.3) and refease the tans-
mitter into the smaptic cleft. [vdiffuses rapidiy across this gap and
combines with the postaurupic meenbnane, making the membrane
more "excitable” and allowing the transmission of the nerve
impulse to¢ continug on down the nerve fibre, The effect is
stopped by the release of cholinesterases — enzy maes that destroy
any acetylcholine remaining in the synaptic clett - and the syn-
apse returns bo its resting state ready for the next nerve impulse.
Effective transmission of a nerve impulse across fe synapse will
enly occur in the presence of cfefun s,

The rervous syrmgtoms of edampsimin the: bitch, which inchide shaking,
disorisntetion ard everrtasl collapae ard mik fever in the cow, e
cabrend by v kevels of calcium in the blood, affecting the transmission af

neroe irmpules.

Generation of a nerve impulse

Mere 'imp1.1|:u=|. trvms mitied a.||:|.|.15 axons and dendabes can be
corsidered to be slectrical thnnm:na An impulpe changﬂ-
thar electrical charge of the neursn by alkering the relationship

AL %ﬁxj
Dmndrieny
Drendron

Diendrives
Bemdran
Ao ————
Borgcton |
ol impiies Frnapsi -
'L anidings
Spraptic
il s lr\:—--._'é-e.

(A} ; (B8}
Dend-ites
farming &

flat fan
Ol body
HAxan
Crllagaral -
)

Fig. 5.1 The varaton n shage of reurans. (B Bipolar neuon. (B) Pszwslo-unipoiar neuron (=g, a semsory neuron).
() Muttipsiar meron (e, o metor neren). (DY Mutpols newman (eg. Pukinge cell frem the cerebeliom of the bein),



Termiral hranch of an qeom

Syraptic clef

Traremizer subatancs
dffuming across the clef

Hagpreraced nerve imguba

Fig. 5.3 The sructure of 2 synapse.

between the negative charge of the cell contents and the positive
charge of the cell membrang, This results from a change in the
permeability of the cell membrane o sodium and potassiom
o, Cansing an exchange of ions between the inside and the aut-
sidde of the neumn (Fig 545

For a short ime after the impulse has passed, the nene fbre
becomes refractive, meaning that it cannot be reactivated by
amcther jmpuL:L- untl the permml:!i]i'l'_l,r of the cell membrane
returms bo normal. This ensures that the How of Lrnpuhu travels
pnky in one dirsction.

A nerve impulse is aneli-or-sotiisg pheimiepai: the nerve
either stimulabed or st & not: there is oo gradation of impulse.
A particular neuron will alivays transmit with the same power
ar the same speed. The different effects of the nervoss system

depend o

Chapter 5 Mervous systermn and special sensas
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Fig. 5.4 The anaratonsn eectredl change that ecour @ an 2x0n a5

& rrwe Imptse travels along i from rght 2o lefi The charge: dffemences
ang brought sbou By rmeeemant of sedum and potassium ons s
hee o rrrErAr.

& The smenrher d_f.l'r:r.le impul!r-ﬂ transmitbed por second: a weak
stimulus produces few impulses of long inbervals, while a
strong stimiilus produces rapid impulses at shorter infervals.

= The pumier of senons activabed by a single stimules: a strong
atimiules produces activity bn oo laege number of neurons and a
weak stimulus produces activity in a small number,

= The type of resron skimulated: some have an excitatory effect
while others have an inhibitory offect,

Classification of nerves

Periphesal neeves can be classified acconding o thesr function
arnd e the strsctures hey supply,

= anny S CaITy impedses Towerdhs the TG
A denved Sy impdilees Lrwﬁ:r'ﬁmn this OIS,
s - BAsmd manves earmy hioth seneory and motor fibres

An irterralited vedrait 5 one that Hes beteoeen a sensocy neu-
ron amd a mobor nesren. Such seutons may oot alwavs be pre-
stit withiin a nerve pathivay.

= A ReTs caTy impudies ioesnk 5 snenars; uEsly in the TRE
= Efferent cenes.camy mmpulsesavwy from a stnechure, usaely inthe Ch

Afferent ond efferent ore also berms used within other systems
{28, the Blood vascular system) o describe Blood and bymphatic
capillaries going to and leaving organs,

Merve fibres may b fusthes classified according to the organ
with which they are associated

*  Wioem! sensory and motor nerves are aezon ared with theviscan| body
sysinms —the heart, digssive repimion Wwinany and reproductive
mr=iEre. Stmali ere carmied by visoerz! senzony nerees from Boed
wisaal i, s mernirng ad the viscerl argans o the OIS,
Impulses sre transmitte] from the TS by dader] metor fepes is
smaoth ruscle and gandular fsue, where thesyinfiate 3 respoass

= Sonmani sersory e ot merees ane assiiated welh the somete
strucnres N the body - recepoors inthe skin, misecles, points and
terdors #nd in specilsed soretic orgenc auch & the ear and e
Snimuli are camied b somersc sensory: nerves: towards the CT85 and
i bnpiees are canmed by Semetic motor nereey 10 shelalmuscles
whems they ntitte a resporee
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The central nervous system

During embryonic development of the TS, a hollow neucal
tubse tiorms from the ectodesmal bayer of the inner cell mass of
the embeyo. This neural tube runs along the domal sucface of
the embrye and, s it develops, necve fibres grow ouk laterally
extending o all paris of the body and eventually forming the
periphersl nervous systern. The antedor ond of the tibe
becomes the o amd the remaining tube bocorres the spimn
cord, The braln and spinal cord are hollow and are filled
wiith C5F,

The brain

The fumction of the bram i o control and coordinate all the
activities of e normal body. The braln is 8 hollow, swellen
structure [ying wothin the cranial cavity of the skull, which
protects i from mechankcal damage. In many specles, three
distinct areas can ke identified: the forebrain, midbrain
and hindbrain. In mammals, this arramgement may be difficoult
b recopnise becawse the right and left cercbral hemispheores
of the for¢brain are enlarged amd owerlie the midbrain
(Fig. 5.5,

Forebrain

Thiz consksts of the cerdbrum, thalamus and by pothalamuos.

The cerefrum — or right and left cerplina bemigsphores — lakes up
the greater part of the forebrain and contains wp go S0 of afl the
neurens in the entine pervews system (Fig, 551 The right and left
sides are linked by the corpus cellosum, a tract of white matter
wrhaese meewe fibres run across the brain between the right and left
hemispherss, It is found in the roof of the thind rortricle, which ks
part of the hollow ventricular system inside the brain and
confains C5F,

The surface of the i'mmisphcﬂ:l 1= I:|¢'I'.'F|}' tolded, which
cruables a ln.rge surface area bo be enclosed whithin the small
cranial cavity and allws nofrients in the USF to reach the
cell bodies of neurons lying deep Inside the brain Hasue.

Carabrad hamiphans

a2kl narve

Fig. 5.5 Lefi bteral view of the carine brain

The folds are known as gart (upbolds), sulor (shallow depres-

sionsd and fssures (doep crevices), The twoe hemispheres are

divided by the lomgitudinal fisswre. Each cerebeal hemisphore
consists of four lobes, cach of which containg specific conlres
or wucler with specific functions refated to conscious theught
and action

The tissue of the cerebral hemisphenes consists of

* Anouter layer of gny surtter known as the oerebwal corfer,
containing millions of cell bodies of neurens. Decper in the
braimare groups of cell bodies forming seatres or e, which
act as n:|.:|:|.' stations |:v|:||i-r.-i.'.ﬁnE information and umdjnﬁ ouk
i.'mpulnu to a variety of areas.

& An Inper laver of wlile satler made of teacts of mvelinabed
nervie fbres linking one area o anether. Histologically the
tlsswe appears whibte because of the high propoertion of the
whtite lipoprotein myelin,

The airomis is found deeg in the tissuse of the posterior part of
the forebrain, Iks function B e process information from the
senae organs and melay | to the cerebral corbes.

Thee dpatfiadanpies lbes vendral by the thalamaes and has several
functiems:

I Ivacts as a link batween the endocrine and nervous systerns
by secreting a series of releasing hormones that are then
stored in the pituitary gland.

2 It hcilp-s e contrel the avtonomic nervous system |:|:|.'
inﬂu-l.-m:ing a range of involuntary actions such a= sweaking,
shivering, vasedilation and vasoconsiriction,

3. Ik exerts the major influence over homesatasis in the body
by influencing camotic balance of body fuids, the
regulition of body femperatune, and controd of thiest and
hutiges centres in the brain

O the wentral surface of the forebraln (Fle ®6) the following

slructures con e seom)

= (helic cieasmn: MNervie impulses, arnied by the optic nerve
(cranial merve I from the right eve, pass o lhe right side of
the braim and e the beft side via the oplic chinsma {amd
similarly for the left eyel. This ensures that information from
esach eye reaches both sides of the brain.

# Pituitary glind: is an endocrine gland attached below the
hypothalamus by a short stalk {sez Chapter 6).

Fig. 5.8 View of the wentoal serface of the cinine Bean,



o (Wfactory Walir: are a pair of bulbs fhat form e most rostral
part of the bram, They are responsible for the sense of smell or
olfacticn, Their slze is determined by the sense of smell in a
particular species. Fish have very lange offactory badbs and
hence an excellent sense of smell, while humans have very
small elfactory bulbs, The cat has larger olfactory bulbs than
the dog, and, in fact, cats have a much botter sense of smaell

Midbrain

This iz a short length of brain lying bebween the fordbrain and the
hindbrain. It is overhung by the cerebral hemispheres and is not
sy b0 s b the it Ik acks & & pathway for fibres
Funning from the hindbrain o the forebrain carrying the semses
of hearing and sight.

Hindbrain
This consists of the cerchellum, pons and medulla oblongata,

The cerehellum lies oo the dorsal surtace of the hindbrain
(¥Fig. 5.5). s name means “litHe brain® as it was obginally thought
] 1:!1: a =maller VETRICN -.'_:d: the cerebrum. It has a Ell:ﬂ:!uhrnpl:u:ﬂr
amce and is coverad n drep- fiemires. In cmisssechion, the tissoe ic
very obviously divided inbo an ouber corbex of grey mather and an
inrer laver of white matter. The grev mather consists of numer-
ous Purkinge cefls (Fig. 5.2), ech of which forms thousands of
synnpees with other newrons,

The cendsellum controls balonee and eoondinotion. T reatives
Inbormation from the semiciielar canals of the lnder ear amd
midscle spindles within skeletal muscles, Voluntary mosvements
are inthated by the censbrem and fine adjustrments are made and
coordinated by the cerebellum.

The pneiis lies ventral tothe cerchellum and forms a bridge of
nerye fibres betwoen the cercbellar hemispheres, I contains con-
fres thal control respiration

Thie meedielle pbfargaln extonds from the pons and menges into
the spinal cord (Fig. 5.5), It contains centres responsible for the
contrel of respiration and bloed pressure,

Irjury or matfarmation of the cerehellum resules n mocordination
and spasticity, Kitbens whoss dam was sfected wath the feling
erfariis wing during pregnancy may be bom with cerebellar
hypoplasia (underdevelopmenty and will never be abls to walk
in a normal coordinated fashion

The medulls ctdorgata and the poms farrm part of the brain sbam that
i resporable far the wtal control of Pespration @d Bood pressine
I the brain s2em & damaged, suck: a& by brain stermn herriation through
e foramen megurm, which may oocir il e brain swells as 2 resalt
of infiarmmation or traumatic damage, then ressiration and blood
pressure will be affecvad and the animel will die; this s ofter described
&5 being ‘orain zem dead’,

Epllepsy b5 a dsorder of the CM5 i resules froe an irrtabda Tocus in
the brain, which causes dsorgarized eleomical activity resulting In
corvulsians or “fits”. The convadsions may be described as bring
oo, i which muscular contractors are intersparsed wich perods
of relaxation, or tendc, where the cortracoons are sustained,
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Protection of the brain

Mormal brain function is essential for the maintenance of an ani-
mal's libe. B it ix dﬂTIL'IE-El:E mechanically or dlﬂmii:l”}'. function
will ke imp.a':rr:d ard thie animal may i, Serveral structures have
evilved within the brain to protect it from barm

Cranium

This bony structure forms a lough outer shell o protect the soft
brin fissue from physical damage,

Ventricular system

The ventricular svstemn (Fig, 5.7) is denved from the hollow neu-
ral tube of the E:I'l.'lhl':.l'\'l,l. The lumen of thiz tube d-el.le]np-: inkn a
saries of inferconnecting canals and cavities or ventricles found
inande the brain and spinal cond. The ventricles and the central
canal are filled with OSF. This also sursounds the outside of
the brain, lving in the subarachood space (Fig, 5.8, C5F is
secrihad by networks of blood capillaries kiown as choroid ples-
icaes Iying i the roofs of the ventrickes, [Eis a clear fluad, resem-
bBling plasma, bat has no probeim in it — it is an example of a
trarscellular fluld, The functben of CSF is b probect the CMS from
damage by sudden movement o knocks and 1o provide nutei-
ents hr the nervous tissue of the brain and spinal cord.

Sarnples of ©5F can b= ocllected from the chitenna magni, Iying
batwaen tha cerpbalium and the medulla chblongata. The patient i
angesthetised ard restraned insternal or lteral recumbancy, with
itz chin towching its chest & spinal needls & slawdy sdvarced into
the space untl C5F begins to dnip from the hueh.

Laberal vensricles

Fig- 5.7 Dosal view of the venbricular systam of the bran and is
reltionalyp 1o the awar of the bran fnot to scale),
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Diura macer

Subarachnoid space (filed
with C5F)

Ciray rmstter {corim:)

Fig. 5.8 Crmoss-section shrouph the cerebral hemisphenes 1o show the meninges of the bram

Meninges

The seninges (Fig. 5.8} consdst of three protective layers around

the bram and spinal cord. From the owbermost laver nwands,

Eley are

I Dhira el 5 & tough fibrows layer of conmective tssue
continuous with the periosteum of the bones of the cranium.
Below the dura mater is the sibdurd spoace, wehlch bs Glled with
fab, comnective lissue and boed capillarics,

L Araclenesd mater is a network of collagen fibres and larger
blood vessels that supply the adjacent area of nervous tissue
with nartrienis. Bolow the arachnoid mater i thie seforecioand
gpacr, in which the C5F floss.

i P mider iz a delicate membrane that :h,u-el_',l adheres bo the
brain and spinal cord and follows all the v and sualct.,

Blood=broin barrier

This = a modification of the neuroglial tisswe that connects and
supports all the neurons within the nervous Hesue, Different
tyvpes of neureglial celis surmound the Moed capillaries, croating
an almost impermeable laver, o protect the brain from sub-
stances that are harmful to or not needed by the brain, These
inchude uren, certain proteins and antibiotics. Other materials

such & oxygen, sodium and ium fons and glucose can
pass rapidly through the barrier to b wsed for brain metaboelism.

The action of gereral anaesthetic agents rebies on their ability to pass
thiraugh the blood—rain barner and affect the nedrors in the brain
Dirigis ehat affect thes brain muist b= 0 a fpophiic fomm (saluble in

lipids), 5o that they ars able to pass through the phespholipid cell
mermbe anes of the nelrogial cell,

The spinal cord

The spinal cord is a glistening white tube running from the
mvechiilla oblongm it of the brain to twe level of the sisth or seventh
tumbar vertidbra, wheene it breaks up into seversl berminal spinal
nerves forming a structune known as the ot squéee (Fig. 590, It
leaves the shull through the largest foramen in the body, the

Joranie sagieiin, and mns thoough the vertebeal canal foemeed
by the interlinking verbebroae that protect it The cord decreases
i siee from s crandal o caudal end, but In the caudal cervical
and midlumbar regions it may be thicker becanse these coene-
spond o aress where collections or plexuses of norves leave
the apinnl cord o supply the fore and hind limbs

The spinal cord develops segmentally in the embryo and,
although this is difficult to see inthe aduli, each segment corre-
aponda oo differant vertelen and gives off & pair of spinel permes -
one b e right and one o the lefl. The spinal nerves leave the
vertebral canal through the appropriate drlerperfabral foramen.

In cross-spction {Fig, 5 10} the spinal cord consists of

¢ Crdral canal loads away from the ventricular system of the
braim and contams CSF.

* Cirey umabler forms a "butterfly'-shaped core of tisue
surrounding the central canal, It consists of the cell bodws of
neunsns and noamyelinated nerve fibres. Most of the synagtic
contact in the cord ecours in the grey mather,

= While matter swrrounds e grey matter and s ooloured white
by thee rvyelin around the nerve fibres. 1 s orgamized inboe
tracts of fikres carrying information towards the braln
fazcewding fracksl or away from the beain (descending trealsd
Each tract has anorigin and a destination, which ensures that
fransmis=aon of nerve mpulses i= efficient and very rapid,

The gpinal cord is protected by throe meninges arranged ina sim-

ilar pattern fo those surrpunding the brain, There B a space

between the periosteum of the verfebrae and the dura mater,

This is the epodiernd space and b5 the sibe inbe which local anass-

theetic iz introduced to achicve regional anaesthesia of the spinal

cord. Small amounts of CSE runs in the sebarachoed i which

Fm‘l:ﬂcl:'l:h::nn:' tromn mechamnical dmnﬁenrﬂ s-l.l]:l:r]im: thie ner-

v Hssne with mutrienks.

The peripheral nervous system

The F-:riphﬂ'.:! TS SYHitm ponsists of all the nerves E.ivm odf
from the CMES These ares

o Craval aeroes: h*u.m'ins the brain
o Spdneal perves leaving the spinal cord
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Fig. 5.9 Yew ofthe sping! cord of the dog with vertebess remcwed

& Arfoamaic T riRs sskew, contains some nerve fibres from the
brain, but most nerves arkse from the spinal cord.

Cranial nerves

The 12 pasirs of cranial nerves arise from the brain (Fiyg. 50) and
feave the crandal covity by various foramima. The majority. of
these nerves supply structures arcund  the bead and are

relatively shiat, but some supply strucheres at some distance

from the point at which they leave the braln, such as the vagus

rerve feranial nerve X}, which is the longest nerve in the body,
Cranial nerves are referred fo by their name and by a Boman

numeral [Table 51}, They may carry:

= Only senzory fibres, from the organs o the brain

- ﬂrll_'f sl fibres, from the brain o H'l:-d;!.rﬁpau

= Both sevsory and mokor flbes, which are mived nerves
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Fig. 5.10 Trarswerse secton theough tha spinal cord shewmg refles: and

Spinal nerves

As the spinal cord passes down the vertebral canal each segment,
corresponding ke avertebra, gives off a palr ol spimal nerves, one
ko the right side and ore bo the left (Fig 5.9, These nowes apa
numbered aocording o the number of the spinal vertebra in
fronit. Hlowever, there ane eight cervical nerves but only sovm oer-
vial wertebrae; the first cervical nerve (Cel) leaves the spinal

T:I:h 5.1 Cranlal ferves

cord i front of C1; Cef leaves in front of CF and Cod leaves

bBehind it From then on, each nerve leaves from behind the

appropriale verlobea,
Each spinal nerve consists of twio companents (Fig. 5 10

® A dorsal moof carries sensory fibres lomands the spinal cord,
Spworal millimetres from the cord is a small swelling
containing the cell bodies of the semsory neurons, the darss)
rindl gangfinn, The etferent fibres from the cell bodies run into
thi= spinal cord and synapse in the grey mather.

= A pweilf rool carries ansor fiboes guay foom the spinal cord.,
There are no ganglia outside the cond, the ganglia of the
ventral ot are in the Frey matber of the cord.

In seane neeve pathways, thers may be one or mone Grlercalided

srentrons lying in the grey matter between the sensory and motor

meunois. The sensory and motor nerve fbees of cach spinal nerve

comne bogether in the same mivedin sheath and leave the vertabral

columm via the relevant infervertebeal foramen a5 o mived neree

(Flg- 5.5

Examples of major peripheral nerve
pathways within the limbs

Pectoral limb

Most struchunes within the pectoral limb are supplicd by the bro-
chial plesues, which lies above the ares of the axdlla and et below
thir spanal cord, It is Formed by the spinal nerves feam O, C7, O,
Tl and T2, which combine o form various named nerves within
thee limib,

; Tipe st ;

Cranial nerve nerve fibre Function

|, CHtaomory JENSHY CCarries e seree of snell or ofscton Trom e ofacrory bolbe 1o the brain

II. Opbc Sersury Cames micomabon sbout sight from the eyes 1o the brain; some peree fibres Srom eech eve cross over,
via the apiic chiasma, bo the opposite gde of the brar: in this way exch side of the brain receves
infarmation from bath eyes

Il Seilermorar Moar Supplies the estrinsic Muscles of the aye, |n.'|b|h; thir @y 1o Mk minte, delcas mavemen
accurata iceernent of the eyve b esapdial for surshval

M. Trochlear Motar Supples the strinsic musdes of the se

W Trigeminal Mz Sereary fibres are carvied from the skin accund the eys and the fage; metor flres wapplied 1o the
rnigckes of mpshcation, manly the temparal and masesgar

W Abducens Modar Supphkes the sdrinse musdes of the =

Wl Faial Meaar Supplies tha musches of facial sepréssion induding thows ssscclaed wich tha resamrsnt of thi ip; e
and skin arourd the eyes

Wl Vesubulocooohi=ar Sensony ‘Vestibular branch cames the sersapon ofbaance fam the sermarodar cnals af the mrer sar; cachlear

[audrory) branch cames the s=nsation of hearing from the cochdea of the inner ear

4. Glassopharnpsal M Carries the sermatkon of tasme feom the thste Buds on the egae and pharmas supphies mesor fibres 1o
the miscles of e pharyr

o Vape Mi=d Cames sermoiry fibres from the pharymo and larme: supples motar fbees to the musdes of the laryre:
parasympathedic visceral motor fibres ta the heart and variows thoraoc and abdominal orgars ncliding
the gastroaesting tract down 1o the descendicg colan

L .ﬂn:.:nl'nﬁnn.-r-l,.I Motar Supplies tha musches of the nack and shauldar

[spinal accessary}

3. Hypogk=sl Metar Supples the muscles of the wonpee



¢ The radiel merpe ks the lorgest nerve of the brachial plexus. It
runa lateraly from the beachial plexus and follows the
musculespiral groove of the humeros, Al the level of the
lateral head of the triceps it divides into deep and superficial
branches, Before it divides it supplies the exleasers of the
elborer and after itdivkdes it supplies the extensars of the carpus
and digits. The superficial branch carries sensation from the
dorsal surkace of the forepaw and lower ferelimb.

Radial nerve paralysis. If an animal damages the mdal rerye nks
farefimb it will kmuckle over on its forepaw, leading bo esoessive wear
of the slan an the dorsal surface of the paw; the ventral surface is
protected from normal wear by the pads. This occurs because the
animal is unable to use the Etantor musches that bring the limib into
its pormal position. The damaged nerve may recover bot i it s

bemery severed the cnly treatmesnt may be to ampueate the for=imb

¥ The medin pere runs caudal to the brachial actery and veln o
the medial sade of the forelimb, It swpplbes the Severs of the
carpus and digits and carnes sensation from e joint
capsule of te elbow,

*  The wlmar nerme shares some fibees with the median perve and
for musch of its length it follows its route. 1t akso supplics the
Slexars of the carpus and digits but carries sensation from the
caudolateral parts of the lower forelimb and the pasw,

Pelvic limb

Structures within the hind limb ame supplied by nerves from the

hambeeacral plexus formed by the spinal nerves from L3, L4, 1.5,

L&, L7 51 and %2, Thewse commbine to form the l.-'.'l:ri.:md_',' marmaed

nerees of the hind limb,

¢ The fenroral neree is the main nerve of the hind Bmb and is the
ﬂpq'rl.n:&:nl: af the mdial nerve in this fore limb, Atter EE..'I'I."iI'IS_
thee plesass it runs deep within the tssue of the quadriceps
femeoris musche, which makes it less prone to traumatic
damage, It supplies the sxlersors of the stifle joint.

o The seplenwcs rere ds glven off by the femoral nerve amsd =
more superficial. 11 supplies the sartorius muscle (adduchos)
and carries sensation from the dorsomedial aspect of the
thigh, stifle and lmves limk

* The ssaine mermt is the largest nerve of the lumbosacral plesus
It leaves the plexus running over the ischiom and along the
lateral surface of the thigh decp within the biceps femoris, Tt
supplies the muscles of the hamsiring group {ie., exlensors of
the hip and flexors of the stifle}, and it carries sensation from
the caudalaberal reg i of the thi.;l;h.

¢ The tilind seree is given off by the sclabic nerve and supplies
thee fevor miseles on the cuidal susface of the lvweer Hmb aid
this plankar suctace of the hiod foot.

The ke sciatics” implies pain sersation in the areas supplied by the
sciatic nerve (e, the caudolateral regons of the tikgh),

Reflex arcs

A retlex are 1s.a Feoed in'l.rulmr.ar_l.r s ponse tocertaim stmuli. The
response is abways the same It is mpid and subomatic and
imvalves only nerve pathways in the spinal cond, wsing the
appropriate spinal nerve. Beflex arcs are a means of protection
ond produce o prompt response o potentially damaging phe-
nomena such as heat or sharp ojects.
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Common refleses observed in the dog ard cat are:

= Withdrawal or pedal reflex

* Anal reflex

* Fatellar reflex

Parmiculus retlex

Palpebral reflex

U=ing the patellar reffex az an example, we can fllow the path-

way taken by the merve impualse (Flg 5000 The tendon of the

quadriceps femors moscle passes over the patelln as the straight
patellar lgarment amd inserts on he tibial twberosity of the prox-
imal tibia. Within the musche fibres are stretch receglors known

as muscle spindbes, whose function is fo moanibor musce oo,

The nerve pathway is as follows

I, When the tendon is lightly tapped, the muscle fibres stratch,

2. This initiates a response in the muscle spindles and a neeve
|1'r||:|uhe passes '|I|.1n5_ thi smsOry nerve to the sg.'u.'r'm] cord.

3 Within the grev matter of the ==p]na.l cored, the sensery nerve
synapses with the moboe nerveand an impulse passes along it o
thwe mamseche fibres of the quesdriceps femors, causing contraction.

4, This extends or kicks oul the kg, complefing the reflex arnc,

This ts an example of a menssyraptic rgles because there |s only

e sl of synapses. A pofpsosptic reflex {oug., the withdrawal

reflex) Involves one or more intercalated neurens and several

sypapses wilhin the grey matler

A reflex s unconacious and will still cocur even if the spinal
cord has boen severed. Howevar, if the web of the dog’s foot is
pim<hied and itwithdrows its foot and then yelps or bites you, this
indicates that it has felt |:|.1.ir| . There is o ions rw‘c'qrfﬁ'.lrr, invalys
ing the transmission of impulses up the tracts of white matter of
the spinal cord to the brain and back to the muscles of the jaw, as

wnil.'uﬂh.mE'H'm E"\ﬂH’!Wﬂ]-‘ of the reflox arc. A conscous PSP s

indicates that the :F-in:t| cord is intact.
Eeflexes may be described ax being:

& Plecondifonal reflexes: unconscious and aulomatic [ e hrpe
already described), They cannoet be overcofme,

s Coraditionn! reflexes: overcome by conscious thought; keeping
wour hand on a bol iron, for example, requires a determimed
cffort fo prevenl your muscles contracting and pulling the
hiamd away. The phenomenon known as Favlov's dogs s an
example of o conditioned reflex, In this experiment tha
Bussian physiolegist lvan Pavlov [1849-19%) ob=erved that
his dogs aalivated ab the sight and smell of food, He started o
ring a bedl every time he fed the dogs and over a period of
wieks hat fouand that if he rang the bell the dogs would salivate
even if no feod was offered. He had medified the salivation
reflex by altering the stimulus.

Conditioned reflexes are the basis of toilet training and of obedi-

ene traiming using ‘clickers,

Autonomic nervous system

This can be considered to consist almist cnhm]].' ot tascerl molor
MeTdies sup-p|}li:nE cardiac musche, smooth muscle and H']:mdu]:r.r
I:i.“u:-ﬂi.nl:lud.ing this liver and pancreas) of all the intermal organs
and ot blood vessels. Control of the system & unconscious; an
anirmal does not bave o push food aleng it intestine or conskrict
it Blood vessels by conscious thesaght (Fig. 110

Thee auabomomuic nery ous syabem co e divided tnbo two pars:
Hhe sy et iervou s sipafem and the peradympiiliolic derpons sys-
temi, Thi division 15 based on the anntosmical decwvation of the
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spinal nerves and om thear differing effects. Most organs are sup- = Sight
plied by both types and control involves & balance between the & Flearing
bwne (Table 5.2, * Balance

Special senses

Thespmcial BOris ane
s Toste
s Sernell

Specialised receptor cells are adapted to ond ko a particular
stimmulus and convey the mbormation b the CHS, Information
is processed within the CN5 and an appropriate response
is initiated. Mamimaks have evolved  specialised organs in
which b lowse the pecepbor oells; thwese are the spechil sanae
DRI,
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Table 5.2 The awmonomic NervauUs sysem

Sympathetic .ljlt'l:l'l'l

Parasympathetic system

Lrigiey of nervs fibres
Pregarglionic rerve fibres

Pastparglicric rera fikre

Areas supplied

Tramemiter substonces

A Wyichin the gysiem
fi.8,, bepepen cell body and
dandecn)

B A the terminal symapses
(l.e, hetwesn the awan and
the effectar organ)

Genern| effect

Wertehrie: Tl e 14 ar L5

Short, each rerve beads 1o a ganghon coniaining cell bodies
an fping chose under the vertebirdl colurnn; there i a dhain
iof ganglia — the symmpathetic dhain - one oneach side of the
vertebral calumn

Leng: bead sy from the symgathetic dnaln and drawvaed
tawsards the argan it supphes; wsaslly foliow the path of
blood vessels

Wisoera n tharm, abdomen and pebas dzo supply saeat

shands, blood vedssls sl plosrecior muscles Esociated

with bar folidex Moo=t gangha are paired, but three are

urpaired:

| Coekae: sipphes damradh, smal imestine, parcreas,
large intesting a0 adeensl iiechilln

L Cranial (superier) meeniene opples brgs mlesion

3 Cauidal inferics) medentens Jippies bhdder wnd
genitaly

Arardchoiing

Mardrenaline {norepinepfrnes}

Frepases the by Tor e, Sipht. fight’, heart and
PREGAALONY FALRE Bre increased, blood wedsels o skelatal
misacla are dilacnd, bleod ghcosn evels nse, pilosrecior
mistes 1o the hars conract so hackles ame: raispd,

Cranisl narves JI|, Vil B X vernehrae 5152

Lang: gangha ke dase 1o the organ they supply; there lsino
chain of gangha

Shorg fibras run a shor dstinge fram the ganglion 1o
ihe cegan

Seructires in the kead induding the eve and salvary

gland s vagus 5] suipphes e hears. (urgs, stormadh, small
meestne, prrcreay ard lorge sitestine

Arerplchaling

Acatylchaline

Aniral (s emore relaxed; Peart fale i 5w, respiralony
Broevchicies ConamicL. gastraimestinal tract acilviy
incransan — dignathea Juices and salivaey Sacreton
increases, porscalss inoreases

Fastrointesina ract activity decreases

Taste buds: taste

The sexesation of taste is known as gushelam and the ongans sed
bo debect it ace e tasbe buds (Fie, 512 found on the docsal sue-
Eace of the bemgue, the epiglotis and the soft palate and covered
b kst miicous membrane. Taste buds are diesorecsplord stim-
ulated by the chemicals responsdle for smell dissolved in the
emcus around the oral cavity.

Surface of rongue

— Sanscry bairs

Supporting ool

Merve fibres
te b

Fig, 5.0 Croes section through a tasde bud,

Each taste bud consists of receptor or guslalory odls sure
rivundded by susterdaceler or supporting cell=. Projecting from
the upper surface of each faste bud are halr-like processes. Fine
reerve tibres, which are branches of the facial (Y11}, ghessopharyn-
geal (X)) amd vagus (X merees, conduct impulses away from the
Eusl:ﬂlnr_:,r cells bowards the brain, whem I|'||.'_g,-' are i.rl.‘l:eq:lm'bd as
taste. The sensation of taste in animalks iz ditficalt bo qu.ﬂnﬁl.‘].'. Ikis
thought b be dinescied mone foweards selecting tastes {hat are
harmless or harmibul to them mther than to enjoyment or dislike,
a5 in huaimans.

Masal mucosa: smell

The senzation of smellis known as slfactioe. The recepror cells ane
al=c chempreceptoss and the sensation is cheesely allied o gusta-
tion; the two sensations often work together, The recepor cells
are :\ud-sha.l:lr.-d hipnlar neurons, which are distribasted !hmuEh-
cuk the mucosa covering the caudal part of the nasal cavities ard
the turbinate bones. The axon ||:a'|.'i|1'.|5 mach recepior cell om-
Bines with other axons o form the mficiary e e (1 Che-
micals responsible for smell dissolve o twe mocus of the nasal
cavity amd stimulate the producton of nerve mpulses. These
are transmitted along the offactory nerve fibres, theough the ceii-
rifora plate of the ethwrdd bore (dividing the masal and cranial
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cavitbes) and ik the olfictory bdibs of e forebreaan, wheee they
are interpreted &= smedl

The eye and sight

The eve s the organ of sight. Prolorecepfor cells adapted to
respond to the stimvualus of light are found in the innermost laver
of the ey, the reting, All marmmals have a pair of eyes, each of
wihich lies within a deep bony cavity of the skull knewn es
the arfst, Each eye lies rostwal to the cranial caviky, lateral ko
the nasal cavities amd dorsal to the mowth, The dog and the cat
are predatory species ard thelr oves point forwards (Fig, 5135
This prevides a wide arca of binesular or 3T vision, crabling
them to pinpoeint the position of their prey accurately. Prey spe-
cies such as the rabbit or the mouse have prominent oyes
setpn the sides of the head. Theze prm"ide a wide area of maon-
ocular or 20 visson, which enables the animal to see the predator
but st b fix its position; this doees not matter, the important fac-
tor i that the predator is nearby and that the prey animal
Funs II'IH'B}'-

Each t::,ﬂ:cumi:.‘bs it Huree madn F\.'I.HI: the :}-‘cb:ﬂl.r theer excbrinsic
mitisches and e evelids,

Fiedd! of i
(ot i 0
Area of Binscukir
(A or A0 wision
Blnd spoe

Wide wren ol
moncculr ar
20 wisicn

Marrow: wrem of

Fig. 5,17 Fedds of vision. (A) Predator anmal {eg. dogl. {B) Frey
animal |eg. rabb),

The eyeball

The E}rl,-.l:.u.l] [l‘-ig.."'u'll-'l i%a E’l:ﬂ:ﬁ-shap:d structure made of three
layers

I. The sefem

2. The e

3. That ritiz

Sclera

The sclerm forms the fibnews outer covening of the eye, in oonjunc.

tign with the rorpee

* Corea forms the transparent anterior part of the eve and
bulges slightly outwards from the orbit, It has a poor blood
supply but is well supplied with sensory nerve fibres. The
puter surface = covered in a h}le:r-u-'l: SCUAITAILS epilhei'tum.
the coninrchion. The comea is the first part it the ey bo be hit
by rvvs ot lght and is involved in focusing these om o the
reckirea.

= Sefers s dull whige by codour and consists of dense fileeaes
conneckive tissuwe and elastic flboes into which the extrinsic
miuiscles insert. Is function is o probect te delicake inteenal
structures of the eve and to alnlain the eve shape.

The jumction betsesn the cornes and sclera s known as el
bz, This s the dminage polnd for the aqueeass humeur of the
anterior chamber of the aye.

Uvea

The wrew, & vascular pigmented laver, is firmly atbched o the

sclern at the exit of the optic nerve but iz less well attached in

othar areas {Fig. 5.14). Tt iz made up of the following parts

& Chorogd ia H'm-d.ﬂ.r]-:l].' Fipl.q.nbcd vascular lir:irlE of the cye
wihich tales up qurmimnH].' hwo-thirds of the uvea. Ik
cimtaing the blood vessels a.'l.rppl].ringall the internal structures.
oof He eyetrall, The parmented cells prevent light rays escaping
through thie evelsall.

r—Podaricr chambar
Epelnl arel ayelanbamy
Limbesn
Chercid
[T TSR
Crorae

Bimyd appon aar

Cibary inisicls i

Fiuin oid

Fig. 5. 14 Siructue of the eanne ard Telne ape,



Monmpetl fundus

Fig. 5.15 The retina of the canine epg, showing the area of the
tapoturn ucdum

o Ty fecidum &5 o iriangular area of yellosw-green irldescont
ligght-reflecting cells lving dorsal to the point at which the
aptic nerve leaves the eyve (Fig, 5.05) Its function is to reflect
fight back to the photoreceptor cells of the retina, making use
of low light levels and improving night vision. The tipetum
Jucicham is well developed incamivores but is present in most
mammals except humans and pigs.

o Ciliary bodly is a thickened structure projecting towards e
coembre of the It contains smpoth musche fbres - I'J'IL'I:'IEJETI:I}'
#iscls — that control the thickness and shape of the leas,

o Busperrsory pamen! b= 3 continuntion of the ciliary body
forming a circular sapport around the perimeter of the kens.

® [rmsis an anterior continuation of the ciliary body containing
both radial and circular smooth muscle fibres (Fig. 5,040, Its free
edge forms tha hode in the centre, the pgal, The dog has a
circsilar pupil while theecat has a verticald slit, Pigmented cells in
theinis give ita charsctenistic range of colours: The nerve supply
in the irks is from the eoulomoter nerve (I and it akss receives
s].'rnpnﬂmtil: and parasympathetic nierve fibrez. The fumction of
the iris is o regulate the amomant of gt entering the eve,

Retina
The peting s the Inmermost layver ol theeye. Liahi s focused cede the
photerecepdor or light-sensitive cellz of the reting by the lens and
Information is transenitbed to the brain via the optic nerve (I}
The petina is made of several lavers (Fig. 5.16). Light travels theough
the outer layers before it stimulates the deeper photoreceptor celis
From the layer closest to the choroid the reting layers ame as
follovers:
¥ Pigmenited loyer prevents light leaking out of the eyeball, This
augments the effect of the pigments cells within the choroid,
¥ Phitwreveplor ceils are named according to their shape:
o Rodz ane sensitive to low light levels butmot o oolour; ghiey
proy e Black and white and night visdon,
< Cones are senstbive o broghi Lght; they provide cobear vision
The photorecepton cells of dogs and cats are meade wp of 95% pods
an 5% concs. This means that they see different degrees of light
ang shade, but colour vislon s poorly developed,
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]
Secnnn of the Fing

Fig. 5. 14 Sncture of the retna {cress-secton),

& ﬂ'i_puf.nr RENFD RS En'l:hn:r information trom the rods and cones
and tramemit it o the mext I.'l}r::r.

o Catiglion colia may be as many s 1 100 cells. Thelr axons
traved actoss the sucface of the rebina towands the apdie dise,
where they form the optic necve (0 At this point there ane oo
vods and cones and For this reason it is alse known as the bifind
sgaf {Fiz. 514},

Within the centre of the eye =5 e (ens a ransparent boonvex

dise surrounded by the suspensory ligament and the ciliary

Body {Fig. 5147, The tssue of the lens ks crystalline and clastic,

ard ks shape = oallered by the contraction of the clliary miescles

arcund it This emables the kens to focus rays of light onto the
reting,

The Iris divides the anterior part of the eve nfo bwo
chambrs

= Anderior chamber lies between the ins amd the cormea, Tt
contains a clear watery Fuid krown as agueous oo,
which is secreted by the ciliary body and draing out of the eye
wia the limbus.

& Podienor clubnbér lics bebween the iris and lens and also
Conkaing aguenus M,

The peatertor part of the eve lying bebweety e lens and the rebina

Is kneiwn as the vilvsons chaviber, This oecupies B1% of the volume

of the eye and contains a clear, jelly-like substance knmen as oil-

N TER T T
Thee function of both the aquesus amd viteous humois 15 o

provide nutvients For the stractures within the eye and 1o main-

tain the shape of the eve,

The axtrinsfe museles
The E}I'Ebﬂﬂ = well lu]:!p]icd weith exbrinsie  mussles {:ﬂ:
Chapter 4, Fir. 4.5). These originate on the connective tisue of
ther scler and insert on the pesicsteum of the bones forming
thve orbit of the skull. They are essential for the fine movements
wf the evilballs, which must be coordinatisd 50 that the evis work
ther b achieve acourate binocular or 30 vision, The nerve
supply o the extrinse muscles is via the oculomoetor (111, troch-
lear (TVh and abducens (VI nerves,
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I s rmedical condivions, smich as diaberes mellious, or a5 & resulrof
old age or perec faceors, tha bens may develop p cataract. The lens
bacormas O L, wehich interfarss with tho -F:.'aﬂg'n-ﬂf bﬂ'rl: riys i
the rating, and the arimal becomes blind. in some cases, tha
condminn may b able to be treated by remaoval of the lens but the
arimal wil then caly have disance wsan,

Glaucoma, of an ircreass in irtraccular pressure, resiles if chere 5
overproduction of aguecis humeour or blockage of the flukd drainsge
point at the kmbus of the epe. it may al=o be a symptom of

kypertensan, as seen in cats with chromic renal falure. Intraocudar

proessure is measured usng a tonometer.

The eyelids

Th bomy arhit of thie skull protects the miajority of the eveball bat
the anterior third & soft, relatively protuberant and at risk from
miechamical damage, It is protected by a set of eyelids and assoc-
ahd glands. Each eyve has an upper and lower eyelid joined at the
medm) canihins ﬂdj..'u;n:ﬂ'r to the nose and at the [bferal cmbine
(Frz. 517 The upper eyelid is more mobile than the lewer one.
Each ew.-ln:t 1% comrered |:|'|.I hai iy skin on the ouber surface and limed
|:|:|.I a ].a}:-rs of mseoass I'l.'II."mI!I.HI'II:‘ on the inner surface. This |a:,.'v|.-r in
continumis with e conjundchva covering the cormea. The point
whers it reflects back is kogwwn as the formls (Figg 5040 The innes
surface of the evelids is protected and lubricated by the Melooan
whineds, Growlng from the outer sdpe of the uppbh.:,.ﬂ‘.‘lldE- are woell-
defined cilin, resembling human evelashes. These may be present
bust boss obwionss on the Jower lda, Asseciabed with these ano sols-
cenus and pudimentary sweal glands

Im tha dog: the follewing condisions assodated with the ayelashes

may be inherted charstterspes

= Entroplon: The adees of the eyelids wrn inwards, causing the
epelaches to scratch the cornea; seen in the Lasrades, Cocder
Spaniel ard Sharped

» Ectroplon: The edpe of tha eyelid droops down, Fevealing an
araa of mucous mambrana, which becomss dry and irflamad;
seen in soft-aped bresds such a5 the 5t Bemard and Bocdhoiond

»  Dhistichiasis: Extra or ectopic eyelashes grow along the marpn of
thn wyelkds are scratch the corma

Ll pisar syuld

Fig. 5.17 Bderna saatormy of the ot se

Within the tlsswe of the evelids are the pwfpelrn mwscles
responsible for eyelid movement, The palpebral or blink reflex
protdects the eve from damage and is 0 useful means of assessing
thir dopth of anaesthesia; it disappears as the lavel of anaesthesia
deepens, Doep to the upper and lwwer epelids, and lyirg in the
medial canthus of each eye. |s the ird eyelid or wictitmling mew-
brawe. T ther dog, it is & T-shaped piece of hyaline cartilage and
smonth muscle; in the cat it is made ot elastic cartilage and
smoath muscle. The thicd evelid = covered on both sides by
mucous membrane, which is continuous with the |i.ni.nH ot the
eyelids and the comea. [tis supplied with glandular and lym-
phoid tissue o protect the eye and keep 1t moist. Neeve supply
tor thi third eye & via the sympathetic system.

The surface of the cormea s kept moist and protected from
da.rm:E;r: |:|_-|-' e hacrfonl ;._"l'rr.nJ,:l moditicd cutaneinus E]:md |}rir|.5
oft the dorsolateral surface of cveball beneath the upper evelid
(Fig. 517} This produces secretions known as tears, which flow
over the anterios sudface of the eve and draim inte Bao saall
apenings in the area of the medial canthus, These openings lead
it the psalncrimal dact, which leaves the bony orbit amd rns
theough the nasal cavity o open into the nostrdl

The Harderian glands b underneath the third eyelid and
canriune to the e aoing and pronscties Turcion of ears, In some
deogs, parnioulirty In brachycephabs beaeds such &5 the bulldog. the
Harderian glands may beeoma arfarged and prosrude from undar the
thied ewelic, This ks 3 condition often refarrad 1o as chamy eape’
because the Inflamsad gland resernbles & cherry. The restmsnt may
b 1o actempt to push the gard bedk behind the eyeld o to rermove
' :-wnp-lﬂﬁr

Formation of an image

The function of the eve 18 to conduct mys of lght rom an object
and form an image om the retina (Fig. 5.08). This ccours in the fol-
lowing shages

I. Tha light ravs pa=s through the cormea, which plays some part
im directing them onto the retina,

1. The light rays pass through the pupil, The size of the
pupil i controlkd by the ins in response o the intensity
of the light; this is the pupillary roflex. Constriction and
dilation of the pupit are controlled I:l}' the autonomic
nervous Syshem.

3. The light rays strike the lens. The cusvature of the lens is
altered by the ciliary muscles and the ravs comverae o a
sharp point on the retina; they are sand to be foussd,

4. Tha light rays strike the retina and pass through the layers
of cells until they hit the plotorscptor onlls, These are
stimulated and send merve impulses aleng the nerve fibres
that form the upl:in; merwi (I, Information is carried to the
wisual cortex of the corehral kemispheres and is interpreted
azcam imagne, The image formed on the retina is inverhed
but the brain Processes the information ma king s o other
senzations and interprets it &= the cormect way up.

5. Some of thee Hght & seflected back w0 the photoreceptor cells
by the fapetron feckbunn, This makes optimum use of lewer
light bevels

The abllity to scoonmmadace, or change the shape of the lens e

Foacuis o mear amd far abjects, develops soon after birth, As the

lens ages and becomes less flexible, e Bme taken for seoommo-

dation imceeases. In hurnans this can be corrected by the use of




(&)
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Fig. 5.18 Forration of thewaua image (B L ghs rigs ram close obpects
are chvarg reg fsprending ot) &8s thay reach the e The ight & foissed by
contraction of the olany musches, which causes the lers 2o shorten and
fiatten, Dending the dgnt onte the retma, (B Ligrt rays from dstard obsocts
e affectvely panlal ag thay readh tha epe These mys are foossed by
riaeation of the olary rusges which causes the lons 1o ol ongate and thin
[C} Tha RAQE o) the ratna e uEsde down whien it forms tha bmain marts
tha Slewing rommal parcephon of the Frage the comact way up,

lasses, but animals must learn bo adapt their beluvipur iocope
with this ‘eld ajge” change.

The ear: hearing and balance

The ear is Hhe organ of hunri.r:ﬁ and balance. Rr.'hrﬂpdur el
ad::pbed. in rmpm'l.d tn sonmnd waves and o the movemesnt of
the body are [ocated within the inner ear. All mammals have a
pair of ears kwated on the dorsal part of the head. Each ear
eart be divided nto three parts:

# External sar

o Bdiddle ear

* |nner ear

The external ear

This comsists of the following structures!
* The pinea is a funnel-shaped plate of cartilage whose
fumctions are:

o To puide sound waves picked up from the extemal
envirconment down the external au-l:l:ih:lr_!.r miratis oy thie
tympanic membrane (car dmim)

o To act & o roeans of facial expression amd communication
betwern amimals of the same species. Fnmae are used in
conjunction with other parts of the bedy {eg., the eyes and
tail | b communicate dominance, fear, acceptamce, and soon
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The pinng varies in size ond shape between breeds and hos been
albered by generations of selective breeding, leading o the devel-
oprment of characteristics many of which predispese o car dis-
ense. The original walf-like deg, from which all breeds are
thought bobe derived, has pright Veshaped ears; this ks shill seen
in German Shepherds, Chows and Huskies, All cats have upright
pointed ears that, wntil the recent intreduction of the Scottish
Fold with its twisted, flattened car pinnae, have been left
untouched by zelection

Eaxch pimna is formed from a shoet of elastic cartilage known.as
the meriewlar certilage. This continues & an incomplete lube kninam
2% thee et uud‘ilﬂ.r_l_; mielus linked at the base to the amnockar car
Lilgge, This i bum articulates with the external acoustic process of
the byprgataic bulle, focming a series of intedinking cartilages that
wenable the pinrm by riye l:n:d}l o pi.l:!r. up sound waves.

Both sides of the auricular carl'iinﬁr_' are cowvered in hai'.r_l.' skim;
in most breeds e cuber side $8 mose hadey than the inner sdde,
The covering of skin continges inbo e external audibory meatus
whete there are fewer hair follicles; the Poodle is particularly
mobed for 1k halry ear camals. The skin s well supplied with coru-
adrsoes geliends, modified sebaceodss glands that secrete was and
profuct the car canal from damage and infeckion.
= The extermd audifory reatas may absoe becalled the external ear

canal, The opening of the canal faces deesolaterally; il runs

vertically dovwn Bhe side of the skull - the perfical camel - ond
them fums imwards to run horizonfally — the hisrzoada? conal

The canal ends at a delicate sheet of fesne known as the

Fyrupvaneic mrerilmase or e drum,

Crtiiths externa, or ifection of the sar cane, s a corenon condition
in dogs and caes |t rray be cawsted by o varety of microdrgarisms,
sinch ae mar mites (Otadecies cpicts), bacteria and fungl, such as
fakassezia poctrpdenmads. T he ghape of thie pines ard the presence of
hiair ey predepose o irflecton by creating a hot, aifess
enviranrent within the gar canal, Infection resues i pain, aurs
discharge. setf-orawma and, in some cases, aursl hasmatoma,

The gar canzl & linkd in normal sldn. i an animal |5 suffarng from a
skin cnrdition, che ear mnal rray ales be affected, This is particulary
wrue of hormonal shan conditions, such a5 that seen in Cushing's
dizease, when tha patent may also hine oofts coerna

The middle ear

The middle ear (Fig. 5 159 consists ol

w Thee fepanic cawify, which Hes within the fymparic bdla of the
petrmus tempoeal bone of the skall, It &= lned with ciliated
columnar mucous membrane and ks filled with air. In the
dorsal part of the cavity are the minditory essicles, Opening into
the cavity is the Eustachnm |.1ruun'jI-nr_|.l tudye, This= s a short canal
that connects the nasopharymx to the middle car and whiose
function is to cgqualkse air pressure on gither side of the
bympanic membrane,

® Thae Hespeicie sierdmise or ear deom foms the boandary
betwoeen the external and middle ears at the end of the
external audibory meatus. 1t is o thin, semi-transparent, oval
mvembrane whose functon is w convey the vibratlons caused
by cimd waves fom the external audibory meatus bo the
audibory csaiebes,




HM SECTIOM 1 The dog and cat

Ear pinina

Exrerral nsfvery maana

{werrical canaly

Exgwrnal audstery msabin —
tharizantal canal)

Tprpanic
Tt T T

Cral windiow

Raund window

Fig. 5 1% Secton thoaugh the carne oF fdne an

* The auiiiory assiweles are three small bones forming a flexible
chain that connect the frmpanic membran: to the cval
window of the nner ear. The bones ane linked by synovial
points and are knewn asc
o Moz, or hammes, In conkact with the gy mpanic

memibrane
o fecns, or anvil
o Slapes, or stirrup, in contact with the oval window

Thie function of the cesicles is to fransmit the vibrations caused

by sonand waves acrss the middle ear to the mner ear.

The inner ear

The inner ear {Fig. 519 consists of

# The by labyrish, which lies within the petrous temposal
bone. It iz divided inkn three areas - the |:||:|n:|.I cochlan, I:|.|;|n:|.-
vestibule and bony semicircular canals — each of which
containg & corresponding part of the membranous labyrinth.
It contying perdyirgd, which tHows areund the outside of the
membrarvous labyrinth, The bomy labyebnth is lnked o
the middbe cor by two membranes

Parilmgh

‘Vazefsulazocbaar
/rmt carries informatian

Eurrrachdmn nube

o R aefadoe, also called the cochbear window, lies
between the bony cochlea and the centre of the bympamic
cavity.

o el wenslise, also known as the vestibular window, lies
brebveey the bony vestibule ond the dossal part of the
tvmipanie cavity; the stapes b in comtact with this
mc s A,

& The meatranans labyrintl s & system of interconnecling

tubses filled with a fluid known as endalypls, Insidae the

structure are sensory receptor cells adapted o respond

to soumd and movement. The shape of the membranous

labyrinth corresponids to the bony Labyrinth bat doss pasl

compietely fill it There are three parts:

o Membramons cocfeler buins a similar uhq:rr.- to @ smail's shell.
It forms a Hind-r.l:n:li.nﬂ vertral :pjml and = flled with
rr|.|:|n£_-r'm|:|l1_ Within the cochlea are a groap of
receptar cells Forming the spiral argan of Cartd, whose
function i 4o detect sound . Frojecting from each receptor
el 25 a sermory hair and at the base is a nerve fiboe that is
port of the cochlear branch of the vestibulocochbear
merve { VI
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Perrepefan of sord Sound waves, picked up by the pinna and transmined
pcrees thiear by the Tympanic mombrsne and pod tory ossid s Tothe ol
windonw, et up vibrriore or rpples first in tha parbmah and then the
enckibmp. These npplss mese the semsery hairs of the eepior celis in
tha orgen af Cardis end this ssnds neove impuses along their amecidied
nerva fiim. The impulse are samiad by the cochigar Brench of tha
verttilceechlesr reros (WH) 1o the ausdtery cortes: of the terelral

hemispheres whers they ans inmerprered &5 sound

o Mesmbrapos peafiruie 15 macke of bvo sse-like struckunes, the
utriche {Fig. 5.200 and saccube, which connect with the
cochlea and the semicircular canals and ace flled with
endelymph. Both these structures contain aress of
hair cells known as maculae, surrounded by jelly-like
makerial containing calelum carbonate particles or slodilfes.
The fumcHon of these skrechines is 0 mamiain balanoe
when the animmal is standing seill

Sratic bolgnge Whan ansremel s standing s the hepd sl makes
e e rerris The il af gravy micwes the jebe-bees malaned earfin
thie macutee of the uinck: and maccule. This moses the ssnsory halme which
BRI T Ik tothe brmen g thie westhiilae bearch of tha
werthulooochlzar nerde (WH). The breininterprets the miommatson n
e of the posticn of the bocy in reialion to the spacs amund it

o Menrhrapoue seiiciroulr ciral are thres canals filked
with endolymph, each of which describes two-thirds of
a gircle, The plane of each cirgle is approximately at
right anghes b the other two; in this way, the thooe
dimensions of movement are monitored. Each canal =
connected b the ubricle by a swollen area known as an B
airgitaila. Inskde sach amgulla is a cone-shapesd progection
o ofEha containing sensory haie colls embedded ina
fellv-like cupuiﬂ.u"llfm Function of these struchures is o Fig- 520 Simpithad. paction threogh. an vinds, (&) Wy the: haad
maintain balance during movement. upright, them & no pull onthe sensony progctons of the @nde,
{B) When tha head i5 thed orupsde down, the otokibs fall ey
from the macula. The senscry proiEctions beoome stretchad and this
P hatonon, A the snimal moves, e endahymch n the semiormde Saumes ImpIies 10 be et up N the receptor cals Thess are

careds mowes and stmulites the criste within the amnpules. PMeave drarerritted o the b o 4he
. . , ; recepior NeWons, gvng Inommation
mpuses o trereenimzd by the hair el 1o the bain vz the vesibolar ST 0 MO I WU Y P

bk ol the westbniledohiear reess DV WEkm the brain, they s
passed to the cerebalum, where the nformicion & coordinated.
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Endocrine system

SECTION 1 1Y

POIMNTS

o The sradocrime syt @ part of the regulssey s Fach targee cegen reaponds aply to o parteifar

system of the body and works o conpinctan hewrmicne o 10 8 groug of hoemaones and i unafectad

with the pervous syseEm. The nervols system by other hormones,

progiuces an immedisne resporse while the % Hormonal seoretion is controlied by diffanant

endocrime sysiam produces & sloweer but longer-lasting miechanisrs (e.g., levels of o dhemical in the Blood), or

effect. by o feedback foog.
* Endacrine glards secrete harmones, which *  Each harmars his 2 spesific offect and many interrelata

are carried by the bood to specific target with other harmones 1o create a cormnplex necwark that

Grgand acts to maitain komeocstasis

Basic functions and hormones

The endocrine system frms part 1t Ihereg.:l:.‘hrr}' svsbem of the
body and works in cajunciion with thie other reglilatoey mech-
anisen, the nervows system A series of sadocine glinils secrehe
chemical messengers known as horooaes, which an: carried by
thi blood to their lirget organs, These may be some distace away
from the gland. In contrast, exccrine glands produce secretions
that ane relessed via ducts and Lie close bo their effector organs

(e g, sweat glands, gasteic glandsh
Chemically, hormones may be sterokds, proteins or amines

(clerived from amino acids) They megolabe the activity of the

targel organ, which responds bo that parbcubar hormene, All other

orgams are unaffecked. The response produced by hormenes s

slowrer and lasts longer, and complerents the ruplu:t and pelakively

short-lived responses produced by the nervous system.
The endocrine glands are distriboted throughout the body

and may secrete more than one bormone (Fig, 610,

The glands are:

Fituitary gland

Thyreid ghaned

Parathyroid glands

Pancreas

Chearies

Tusbes

Addremal glands

Secretion of a hormone oecurs i response b & specific stimilus

(Table 6.1). Stmul may be:

¢ Merve impilses: Adrenaline (epinephrine), for example, s
rebeased from e adrenal medulls in esponse fs nerve
impulses from the sympathetic nervous system.,

s A cstimulating or releasing hormone, e, TSH, thyeolrophicd
thyroid-stimudating hormene, from: the anberior pituitary
gland actieates the thyroid gland,

# Levels of cortain chemicals in the blesd, o.g., mised Blood
glucase levels, stimulate the refease of insulin from the
P.EI.'II.'I-EEIL

" ® @& = o® = @&

s Feedback loops prevent oversecretion or reduce secretion
ofice the effect has been achieved; for example, oestrogen
from the ovaraan follicles prevents further secretion of
follicle-siimulating hormone feom the anterlor pliultary
gland, = preventing further ollicalar developmert
[=ee Fig. 6.4},

Mot all hormones are secreted by endocrine glands; some are

praduced from tissue within another organ, including:

= Gastrin is produced by the wall of the stomach, As foed enters
the stomach via the cardiag sphincten, gastrin stimulates the
release of gastric juices from the gastric glands and digestion
begins.

& Secreiien, s Fmd.u.:r.'d :|:n.-' thewall of the small infestime. As food
erters b ducedenum from the stemach, secretin stimul ates
e secretion of intestinal and pancreatic juices, wiich
continue the process of digestion.

= Chirrimnic gosrmdatrophin ks prod seed during pregnamcy by the
eclodermal layer of the chotion sureounding the conceptus, 14
helps te maintain the corpus lukewm in the ovary thireughoul
geskaticn,

#  Erythroporetia or erpthropoielic-s neelaling factor is prodeced by
thi kidney in response te low lovels of blood oxygen. It
stimulates the bone marrow to produce ervthrocytes or red
hlood cells.

Endocrine glands
Pituitary gland

This = a small gland lyving ventral toe the hypothalames n the
ferebrain {Pig. 6,10 [t iz also koown as the hypophysiz and is
divided into twe lobes, each of which acls as a separate gland,
The pituitary sland is often refereed fo 6s the “master gland”
Baocauese s hormsones control the secretions of many of the other
endorine glands
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SECTION 1 The dog and cat

Fig, &1 Locabests of impertant epdoomine gands

in thie cat, (With permission fom T Cohdbe

| Bassett, 2001, Clrical anatoery and phymobkogy
for wetarinay techricians, 51 Lows, #H0; Moshiy,
p A0

Anterior pituitary gland
Also known as the adenohypophysis, this prodeces;

Tiryrodraptaicthweoid stimulating hnereore (TS} stinmilates the
thyroid gland
Girrzeth foreone or somnrobruphin controls the rate of growth in
vy, animals b-}':
o Enﬁln:l]king the rate of En:rw'H'i at the EFIiFh:,IHﬂ ok
L bires
o Belng nvalved inoprotein prodection froa amino acids
o Regulating the use of energy during periods of poor food
supply. Glucose is conserved for wse by the nervous system
and fat is broken down to be used as a source of energy by
the rest of the body,
ri.d'rmrn‘un!inalwﬂu’c Hiwrmune [AUTH) stimulates the adrenal
corbe, Chversecretion may couse the symptoms of Cushing's
dizmase.
Profachin stimulates the development of the mammary glands
and the secretion of milk during the latter half of pregrancy.
The mifk cannol be relensed unbess oxyviocn is secreted at the
end of the gestatbon period.
Firllicle stimuivting armpne (FSH): At the start of the oestrous
cycle, or at puberty. extermal factors, such as day length
{photoperiod), temperature or pheromones secreled by the
male or other females, affect the hypothalamus, This secretes
soradolropia-releasing Tioroiee, which stimulates the anterior
pituitary gland to secrete PSH. PSH stimulates germ oells in
the ovary to develop into follickes, sach containing an ovum
1F||-:. w4 alsn see t'.h.1pr|'r 1ML
Lanteisesting ormeoee (LH): Secretion is stimulated by the
presence of cestrogen in the blood. LH stmulates the ripe
fedliches in the ovary b rupture and release their ova
{ovulation). The remaining Hasue becomes Tuleinised” bo form
the corpus luteurn {Fig. 6.4.; also see Chapier 11,
[deratitial cefl stinmdating hormone (HC5H] stimulates the
interstitial cells or cells of Leydig In the testis to secreta
testosterome, This is the male equivalent of FSH.

\
Pancreas
Posterior pituitary gland
The postersor pitaitary gland iz also knoown as the aemplgropl-
ysis, The hormones associated with this part of the pitwitary

gland are secreted by the hypothalamus and only stored here,
They are:

Crary

Tesos

VN

Ambidigretic hermane (ADET), also called vasopressin, alters the

permizability of the collecting duwcts of the Kidney boowater. Tt is

secreted in response to the changing volume of extracellular

fluid {ECF) and helps maintain homeostasis (see Chapter 10).

Oheyiacin has two effects:

o Itacts on the mammary glands during e pregnancy and
canses the milk to be released or ‘el down’ in pesponse 1o
suckling by the neonate.

o At the end of gestation, oxybocin causes the contraction of
the smooth muscle of the uterus, resulting, in parturition
and defivery of the fetuses,

Diabates inslpidus: This pressats & polydpsia, polyphagi and
production of urine with a spedfic gravity of arocurd | 00 {normal 535G
in the dog is |.01B-[ 045). The condition may be a resul of
undersecretion of AD from the posterior piutany gland or faikere
of the reral towie o respond 1o the hormone that controk the
concermration of urine in the renal oollecting ducs. Diagnoss is
confirmmed by the water deprivation test and treatment relies on the daily
admiristration of ADH drops. which may not abways be abtinabls,

Thyroid glands

These lie in the midline on the ventral aspect of the first few rings
of the trachea (g, 6.1 They are controllisd by TSH from the
anterior pituitary gland and secrete thres hormones:

&

Thyraxin for Ty) and tri-iodotleyrovine (or Ta) have a similar
effect Tri-isdothyronine contains a high propoction of

the trace element iodine; a lack of iodine m the diet can have
o dramatic effect. Both hormenes affect the uptake of oxygen
by all the cells i the body and are essential for noemal growth,



Table 6.1 Endocrine glands and thelr associated hormones

Endocrine
gland Hormone(s) Stimulus for secretion
P srary - i, TsH Hypothalzimus
Argefoe 2. Cxevanh hoprnong Hypothalamus
{somatatrophin)
3, Adrenacoricosraphic Hypoabalamus
harmore (RCTH]
4. Profacin
5. Folide stirmulating Phaovopeniod. environmencal
harmiare (F5H) temperature and pheromonss
all affect the hypothalamus
&. Luteinising hormane (LH) Ci=strogen secreted by the
crnman folides
¥, Interstital-ced-strmulsing
hormone (KC5H), Mak=
equivalent of Pkl
Piustary - 1 Antiduretc hormone [ADH]  Swos of eeracelidar Sued and
st plasma
2. Choandn
Thyroid L. Thyroxm T5H
2. Caleitirnin Reaised bhaod cakidm hevek
Parachyroid Parathormong Lowered blood caltium |evels
fancnEns 1. bl Raised bl glucoss ek -
particulary after feeding
1. Queagan Lapwoered blood gucose leveks
3, SOatosTann
Cvvary
A Fallick O ragen FiH
B Complis I. Progesterome LH
lsteem
2. Roekaneiny
Tesnis Testosterong HEsH
Mdrenal
A Corex Glhirnearticailds ACTH
Mineralocoricoids - Satas of ECF and plasma
aldosteroms
Seo hormaores
B, Mecluli Adeenaling {epirmphiine and Srmpaibetic rernous sralem

naradrending (norepmephiine]

Chapter & Endocnne system

Main actions

aernudates release of thyroad oo

Ciantrele aplphyseal prosb and protein prodiucton) regedane
the Lise of snergy

Canorgls releass of adenacorical hermones

Sernulaces developmert of mammary glards and secretian of
mik

Somulates development of folides in the owary
Causes rupture of the fallicles {onadarian) and devalopment of

the carpus hiteom
Strnulates secreticn of testosterone Fam eerstital cels af the
bEsees

Aois on collecting duses of the Kidrey — alters permaabdy o
AT
Stimulates utenine contractions duning partsiban; milk ket

dhoaT

Controls metabolic rate and & essental for noomal groecth
Datieasss resanption of calcum om the bones

dumnulates caldium resorpton from banes: promaies calkclim
uptake fram incestne

IFereases upake of glutess nlo the cells) stores aacens glucaie

a4 glyoaopen in the [er
Relesse aof siored gheogen from ihe lher to be converted aio

ghits
i inhibition of nsulin and g@ucagon; prevents wild swings in
e glucass level

Slgre of gestrus prepacation of the reproductve wra &l
eatermal peniala for caitus

Preparation of reproductive ract for pregnancy; development of
mammary glnds; marains the pregnancy.

Releazed dunng fate pregnancy; cavses refasation of pebic
ligamerts pricr fo birth

Male characierisnacs and befmioun spem develapren

Faises bland ghroo o Ewely) recuess the nflamrmalory. miponds

Acts on . distal convoliied twhboles of the kdney — repaates

uptaka of sedium ard Fydrogen bons
Small quartibes:

Fenr, tright, Bight gendrome

Undersecrecion of thyrokd hormones — kypothyraidism — = -

mare comensn o dogs. In young animals, hypothyroidsm causses
dwarfism (sinted groweh). bn ofder animals, the condidan is
krevam g nmysoadamia: tha dog becomas Tar ard sluggish, alopseic,
thie shon focfs cold and cl:mrrr:.l anid the keare rate slows, all dus
o a reduced metabalic ram,

Crversecretion = hyperthyroldism - 13 more commcn 0
oid cats. The affected arimal iz thin, active, often aggressive. has
a good 2ppetre ard a fast heart rate, all due to 2 raised
mekzbolic rate.

Calcitmrin lowers the Tovels of blood calcium by decreasing
thi rate of bone resorption. When levels of blood caleium
are h:u__r.h {{'.E., it a calciwrmerich diet iz eaben), calcium is
deposited in the bone and acts as a reservair for later wse
[Fig. 6.2} Cakcitonin has an opposite effect te parathormons
but is of less imp-url'..'lm:-:.

Parathyroid glands

These glands lie on edther side of the thyroid gland and secrete
the hormoene perathormone (Fig. 5.1}, Secretion s dependent on




SECTIOM 1 The dog and cat

Kland
Parahormone Ll nim
v [paia okl (T phFoddy
resuriy calcam dopcaies calopm
from ches Bome im it b
H‘-ﬂ_

Fg. &1 Comtrol of Blood icum lewsls by calcbonn and
parathemnere

the levels of caleitm in the Blocd. [F levels are low, calcium s
resorbed from the bones and absorphon of caloium from the
imtestime s Increased (Fig, 6.2,

Crversecretion (fippersrra tnyrvidismt oocurs ing

® Privary hypenarsiigrsdism, due to neoplasia of the
parathymid glands This causes bone resorption, bone
weakmess and pathotogical fractures.

- .'-Tn."up.lrdn.r_l,l h‘_l,l]'ﬂ"l'].ﬂm.'l'l_lﬁrm'ﬂ'fﬁm_, s e in chiromic renal failans
The calciumophosphate ratig in the blood i altered by
iml:ui:h:l k.in:hﬂ-_p funchon. This leads o increased |:u.|.|:|:|1.1! ot
parathormaone and consequently increased resorption of bone
in an etfort bo maintain blood calcium levels, There is
preferential resorption from the mandible and maxilla,
producing a condition konown as ‘rubber jow’ — the jaw
becomes plinble and fragile and the teeth may fall out.

s Mol hypersaralgrotdism resuls from low-calcium diets
(e, an all-meat diet). Parnthomone s prodeced inan
atbernpl b0 eakse the Blood calcium levels by bone resorplion.

Pancreas

The pancreas @ o pinkish lebular gland lying in the loop of the
duodeniim i the sbdominal caviby (Pl 600 1t has an esoerimo
part amd an endocrine part and s described as being 2 misd
glapd, The exocrine secretlons, which are digestive |uioes, enter
Ele ducdenwm via the pancreathc duct {see Chopter 99, The endo-
crine secretions are produced by discrete areas of Bssue within
the exocrine tissoe, known as the islets of Langerfaes.
The izlets of Langerhans secrebe three hormones, each from a
different type of cefl:
= [ngwlin {from the beta cells) is secreted in response o high
blood glucose levels. Insulin lowers blood grlocose keels by
o Increasing the uptake of ghicose into the cells, where it is
metabolised ko provide energy
o Sforing exoess plucese as ghyeegen in the liver. Conversion
of glicose o glvcopen occuns by a process kawn as
phongeresis (Fig 6.3)

Diabeves mellitus: This resules from 2 lack of il and is 2
copdition in whidh the animal suffers froem byperglycasmiz and
ghrosuria (the presence of glucossin the urine), el untrasted. the
condition ray Brogress to & seage whess the body uses ing protein
and far seores ag o dource of energy. Dally |raulin injectisns and
dietary corared e mecetsary to cantrol the conditen.

[LETLT e
Elood guzose
B Creriaan call
ranhrane 1
| Glprnganaus prowide mnargy
o tha <idl
e Glucose Ghrrogom
juaken in faad) oren i tha eer
T Cipeogancinn |

Cliscagen — fanm
biboeedd o

Fig- 6.3 Centrol of bicod glcnme bevels,

= Colpompon {frofm the alptun cefls) is secreted in response
b0 Jovwy bloaod glucose levels, Glucagon raises bicod
ghiacose levels by breaking diown the glycogen steres in
thi liver. Conversion of glyomgen bo glhuoose oocurs
(Fg. 6.3},

& Bopuatnslelin (from the delta cells) is mildly inhibitory to
the secretions of insulin and glucagon and prevents wild
tluckuations in blood Hl.ul:-ns.e levelz, which may d.‘.ﬂ'l.'l.'.lEt‘-
thi= fissues, It also decmeases ot mmi:li!}' and the secretion
of digestive juices, which serve to reduce the efficiency of
the digestive and absorptive processes.

The ovary

Femnle mammals have b ovaries, which Lic one on each side of

the dorsal abdominal cavity caudal to the kidneys. At the onset of

sewunl mnturity, the bwo ovaries become capable of secreting
two hormones:

#  Oedfregen s produced by the walls of the developing
ntw:'rrar_f:lh'.u:l'ﬂ'. th.-vell:?:rmnl of gorm cells in the ovarny
ki 1'i]:lr.= tollicles is the result of the secrebion of BSH
from the anterior pituitary gland, Oestrogen causes the
behaviour associnted with the cestrous cycle and prepares
the reproductive tract and external genitalia for mating
(e Chapter 110, Oestrogen absg exerts nopative feedback
on the antetior pituibary gland, preventing further
secreton of FSH and further follicular development
(Fig. 6.4,

& Progesterony is secrebod by the comus lutenm, which
devielops from the remaining follicular tissue after the
follicle has eyvulated, The corpus [ukeum develops as a
result of the production of LH from the anterior pituitary
gland, Progesterone prepares the reproductive fract for
pregnancy and maintaing the pregnancy {see Chapter 110
Uuri.'n.E pregnancy, Fma,ﬂ-l:l.-mnrf:t:ﬂ'l: ne&alinn: teedback
on this h}rpnl:]ula.mus and prevents seoretion of gnmd.:dmﬂnn .
n_-fﬂ.l.-:inil,:' Tormwinee and so prevents turther cestrones
eycles until parturition occurs, It also cawses developinent
of the mammary glands during pregnancy (Fig. 64}

Ir the lsber stages of pregnancy, the corpus [uteum ako
sercrebes A hormone known as el This causes the sacroiliac
and other Hgaments around the bicth canal te soften and relax
In preparation for partusition.
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Flg. 6.4 Imterganonshps between the fermale reproduciee
haa e,

False or pseudopregnancy and pyometra e teo conditions
of thie antira bitch that may resul from the proforged high levels
of progesterone socreted by the corpus lutoum of the hitch

Thae conpus iuteurn normafly mmains for about 43 dayes, which is
much longer than i any other mammal, High levels of the hormone
may cause a pregrancy-ike sate in some bieches, or in ofider
individuals reduces the speed of the inflammztary responss, resulong
in failure to =kminate bacteria thar may irvade the uterine tdous,
laading to the sccurmulation of pus ard the shecnption of bactera|
rae g L

The testis

Melale mammals possess a pair of testes, which ane carried exter-
nal to the abdeminal cavity within the scrobum. Ab the start of
sexcnal mahlril'_'r'_. thar testes I:-L'g.in to socrote two hormaomes:

* Testosterone is produced by the inferatitial cells or cells of
Lr.'],n'l'.li';' in respInse tis the scoretion of HSH from the
anterior pibuitary pland. Testosterone i responsible for:

2 The development of male characlenstcs such as penks
devalopment, developrment of the barks on the felina
petis, muscle development, jowls on the face of a
tomeat, size

< Male behaviour patterns, such as sexual drive,
aggression, territorial behaviowr, courtship displays and
mating behavipur

2 Development of spermatoena

v Chestrogent b produced i small quantitees by the Seefoli cefls in
the seminiferous tububes of dhe et

Chapter & Endocnne system

Servoll cell tumour 5 4 conddion affectrg clder degs or dogs with
retaind testes, The Saroli cells prolerne and seorete high levels of
castragen, resuking in feminisaton sprdrorme. The chrdeal stgneara
bilaterrad syrnrmatrical alopacia, gynascomastia (enlarpad mammgry
gards] and attractrenness o male dogs. The treatment is to castrate
ithe patierg

Adrenal glands

There is a pair of adrenal glands, one Iyving close to thecranial
pole of each Kidney (Fig. 6.1} Each gland has an outer corfer
and an imner wedalla, There iz ne connection  betwean
thie bwo parts and I:hL-'!.r ran b constdered ax bwo separabe
glan-.'!,s.

Adrenal cortex

The hormones produced are known as stereids and have asimilar
structure based on lipid, There are three groups, each one being
socreted 1:!:,-' a ditberent |.'.'|_'|=¢|:

s Clecrcoriiooids: Secretion s regulated by ACTH from

the anterior pituitary E]:md. The hormones are known

as corficoalerolds; the most important are corfizal and

corficuclerosie, In the noemal animal they are present in

Lo leviels but increase in response to stress. They have

bwor T Actions:

G They increase blood glucose levels by reducing glucose
uptake by the cells, increazsing the comversion of aming
acids o glecese in the lver (a process knewn as
Fluconmgenesia) and mokrilising faity acids from the
adipose tissue ready for conversion o glucose.

o When prosent in large quantities, thoy depress the
:nﬁammn'h:r:r:,.' reschon, which dﬂ.‘-l}l's. ht-.aiing amd r|:_-'|:|r|ir.
This property is used therapoutically to reduce swelling
and inflammation,

Cushing’s diz=ase is couzed by oversecrstian of ghicocorticoids, or
by peradrerocorticalian. The chnical sgns indude palydinia,
polyuria, polyphagia, bitstersl syrmrmedrical alopecia, musche wastivg
and o pothelly. The carditon oy result from aversecration of
ACTH feorm the anterics pituitery gland o from 4 mmour of the
adrenal cormes, Treatment nvabes the rermayval of the necplastic
Edrenid gand o suppression of e secretion of sdrenccortical
hormmores by dougs such 45 ilostans

= Mueerelcartiosins The mast important bs wlilesterone. This
acts on the distal convoluted tubule of the kidrey where
it regulates acid-basg balance of the plasma and ECF by
excretion of M7 ions and also contrals the excration of Ma’
and K7 s (see Cha pler 1.

o Adrestal ser henpores: Both male and female animals
produce all by pes of sex: hormones. They are secreted in
insigniticant quantrties but may be the reason why soma
arnimals show a cerbain level of sexual behaviour despite
being newhered,

w
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Adrenal medulla

This preduces pawo hormones with similar actons: adremaling

repanephnine and roradremn e (norepinephnine). These hormonses

prepars thie body for cmergency action, known s the “fear, flight,

fight” syndrome, and are controlled By the sympathebc nervous

spstem, Thiolr ackions are ol

= HRalse blood glucese levels by the breakdosm of ghroogen
stored in tha liver — glycogenalyss, This increases the body's
energy levels.

* Inerease e beark rate and the rabe and depth of
respiration; this increases the amount of oxyvgen readhing
the tisswes,

+ Dilate the Blood vessels of the skeletal muscles; this
enables the supply of glucose and oxygen te reach the
areas where it = needed

* Decrease the activity of the gastrointestinal tract and
thes Bladder. In an emengency their functions are kes
important.



Blood vascular system

The blood vasedar syetem corabes of the Bood,
hesart, elreulacory sysrenn mnd lpnphatic system,

Bl i the iquid connective titstus that carries
enypan and futrets to the tisies and retums waite
produds produced by the tissuss durng metboksm
i the lungs, kidoeys and beer

Blood is made up of a lguid pare, plasma, containing
Al the dissobved wbstances carrfed around the Body,
and a celiular pare. There are several oypes of Hood cell
each of which differs in appearance and function.

Tha blood is pumgred @round the body by a four-
chambered muscular structur, the haart,

The right side of the beart sends Blasd irto the
ey cieoulaion (e, ehe kinge), anel s heft 3ide
af the hearr senk blood into the sysramic ciroulation
(e, the resrof the body),

The rght anc b=ft atra. of the beart recesve blood from
the hirgs ar the restaf the bady, whilie the right and b=t
wentricles pump blocd cut to the hings or the rest of
the body

The circularory sysem conssts of a nervork of
arteries, capilaries and wveins that supply every tisses
and-organ of the body.

The blood vascular system (s made up of four parts:

SECTION T |

POINTS

Artaries Rave dick walle and capry cxgeneed Blaod
ireler pressure aeay from the heart, The sxception i
the pailmenary ariery, which cames deomygenaned
b from the heart o tha lungs,

Wains baee thinner walk and camy deoxypenated
bdoad tewards the heart The exception is the
pulmanary vein, which anries coygenated blood from
the hrgs 1o the hesrt,

AN mamerels have a double circubition — the systemic
and the pulmonary arcufations. Blood passes through
thes beart favice during o complete ot of

the bedy.

The bpnpshatls systam collacts excess tissue fluid or
hymrph in & reewark of lymphatc vessel and retrms it
to the circuatory system close to tha heart

Agthe larph b carried akong the vassals it plsses
throizh a seres of lymph nodes, which e ol
any foreign particles or pathogers, These are
‘maonitored’ b hrnphooytes within the braphald
piusisn and the Immune: systenn producas & specific
resporse to combiat any potental threat to tha haatth
of the animal

Transport

I. Blowd is a Auld conmective besue that transports oxygen and
nubrdents arouind e body and collecks waste prodiscs
produced by the Bssues,

1 The heart s a hollow, muscular, Four-chambersd organ
responsible for pumping bloed arcund the body,

1. The circalatary sysfewn is a network of arteces, veins and
capillaries in which the Blood flows around the body.

4. The lymiphatic systen & a network of lymphatic vessels that
transports lvmph or exces tissue luid areuwnd the body and is
responsible for reduming it bo the circulotion.

Blood

Blood is & highly specalised Huid conmechivie tissue isee
Chapier 2}, consssting of several bepes of cell suspended in a lig-
wid medivm called plassn. Blood makes up about ™% of th total
body weight and has a pH of about 7.4 {7.35-745).

Functions

Blood has many functions within the bedy but they can be
broadly divided inko two groups: transport and regulation,

= Gases dw sofution: Blood carries oxygenated Blood from the
lungs and delivers the ooy gen bo he tssues where [ s weed. 1
then collects decxygenated blood confaining carben diowide
prodused by the fisases during their metabolic processes, and
carries it back o the lungs, where the carbon dioxide is
exchanged for oxygen i the inspired air.

& Nufraents Blogxd I:mm.r.lnr.l.", nutricnts i:q'.g., aming acids, i.'il'l'_!.l
acidls and ghacosel, which result trom the process of digestion,
Frean the digestive system to the liver and bo the tissues wherne
they are needed.

s Waste products Blood collects the waste products (eg, urea
and ereatimine) pesielting from metabolism in the Hssues and
transpoets Ehem Bo the kidmey and liver, where they are
excreted from the body

o Harmeoes amd enzyees: Blood transports eneymes and
hormenes from the endocring glands to their target tissues.

Regulation
Blood plays a vital vele in homeostasis by regulating:

= Vidwimeand ooasiitwends of the Bady fiids: Blood carnes water in
the form of plasma to the tissues and is responsible for
rraintaining the osmotic balance of the fluids and the cells,
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The presenoe of plasma proteins, parbeulosly albumin bn the
blood, controls the fow of Auid Bebwoon the fuid
compartments and is responsible for maintaining klood
vislume and blood pressure,

o Bady lenpperature: Blood conducts heat around the body to the
bowdy surface where, if nocessary, it is st by peripheral
vasoedilation.

= Acul-fase balasce Blood maintains a constant intemal pH in
the body by the presence of buffers, such as bicarbonate,
which are able to absork H jons when the blood i acd (low
pH and give out H' ions when the blood = alkaline (high
pHL In this way, all the processes of the body are able to
fumnctom effectively.

= [hefenee against dafection: Blood helps to prevent infection
tivrough the action of the white bleod cells, which are part of
the body's immune system, [talso carries antibodies and
antiboxing produced by the immune system ansund the body,

= Blood Slatfieng: The clotting mechanism prevents exoessive
blood loss from wounds and ether injuries and prevents the
entry of infection.

Oedema is an abnormal accurmubition of flud o the cavities and
interoelulbir spaces of the body. When cedematouws fluid accermufaces
in the peritoneal cavey it is described as oscites. Chedermia ocours
wher there i an enbalince betiesn amobic pressure and
bipdrostatic pressure. bt ean be caused by a number of factors —
anything that increases psmotic pressure cutside the blood yessels,
such &8 niffammation, or reduces csmoBs presiure in the bioad, such
as hypoprotenasemin. nereased Indrostatic pressure paide Blood
vessels requlting from heart faihive may sbe cavse oedema,

Bloosl

Composition of blood

Blood is a red fluid that is carried |:|_'!.' the blood vessels of the
cin:uLai'm'}' system. It is :nmpm.:i ot a Fluaid part, the ||.|I|:r=r|'|'.|:.
and a solid part, the omd celle (Fig. 7.1). Flasma torms |:|.'|-rf
of extracellular fluid (ECF) {see Chapter 1), Each constituent
of the blood plavs a specific part in the overall function
of blood.

Plasma

Masma s thee liquid part of the Blood that separates out when a

blood sample & spun in a centrifuge, The main constituent is

water (abowt 5000 in which are a number of dissplved substances

]:lll.'i.T!E I:r.:ln.upm‘be:d from ome Pm'l: of the I:l'l:!l:'}l' 1o another. These

include carbon dioside in solution, nutrlent sach as aming

actds, glucose and Fatty sckds, waste materials such as urea, hor-

moees, enEymes, antibodies and antigens.
In additlon o these, plasma contains

& Mireral safts: The maln mineral sall= found in ECF ame sodium
amd chbortde, bt potassium, cabclum, magnesiom amnd
bicorbonate wre also present, The functions of these mineral
salks include maintaining cenusic balance and mainiaining
pH by acting as buffers, Calcium has a number of essential
podes in the body, including blood clotting, muscle contraction
and nerve function

& Plagimg profems help to maintain the osmotic pressure of the
bl becruase they are too large tx pass out of the circulation,
This has the effect of retaining Aoid in the blood by cemosis; in
other words, it prevents tno much water from Teaking' ouk
inbe the exbracellular spaces. If thiz did occur then the volume

k.
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Fig. 7.1 The compesion of Boad



af the blood would decrease aond the blood pressae would
fall, with sevious consequences. The mest mporant
proteins are;
2 Alngrein helps to maintain the asmaotic concontration of the
blond {ie., halds the water in the blood).
o Fifrinngen and Flnldhn'.wdur:l are invalved in the clotting
meschamism ot the bBlixd.
o [msgiebid e ane the antbodies produced by the
immune system of e body.
Alburmdn, Abrimemen and prothrembin are produced by the Hyver,
but the mnmusoglebuling are poosduced by the cells of the
immune system,

Blood cells

The blond cells {5 ig. 7.1} miaban up the golid :mnpm'h::nr-:hfi:llnnd
and can be divided into three types:

¢ Erythrocyies: the red blood cells

o Leneociles: the whibe EBlood cells

o Theambacytes the platelets, which are cell fragments

Before studying the differcnl types of Blood cell it i useful o
onderstand a number of ferms,

»  Firemapaear the farmation of Al npes of Blood cell

= Ertrepaess e donmaton of red Bood cels or enthnooss
Lyrptond tiasue found in the hmph- nedey shd spleen and produces
agranular fevcocyies fie, vmphooptes dnd manooyes)

= kot iesue deuned in the red Bene merc’ aned reqpanstis for the
famgion of erythrocies and greemibr Bucscyies e neuirephis,
e phels and bascphis)
Serum’ plesma mirws the chetting fecore forinogen and prothrambing
can b obtzingd by dloaing 2 biend sample 1o det naturslly

Erythrocytes
Alzo krovwn az red blood calls or red blood corpuscles, -l:rl.-'lim:h-
evhes are the most nurmerous Blood eefl; Hhere are about 68 million
percubie millilite of blood (Fige 720 Their funckon is fo transport
oxygen and a semall proporticon of carbon diosde around the body
(et corbon dioxsde B corried b solution in the plasma),

Mlndure erythrocybes ane Bleoncave circalar discs about 7 pm
it diameter. Ervthrocytes contain a red pigment calbed hacmmoglo-
i, which is a complex prodein containing iron. They are the only
cells In the body without 8 nouclens, which allows a greater
amaaumt of haemoglobin to be packed Inbe a relatively sowall cell
Ervthrocytes are surrounded by a thin, flexible cell membrane,
witich enables them 1o squecse through capillares, Their shape
and thin cell membrane gives them a large surface arca for gas-
eous exchange and allows axypen b diffuse across into the oell,
witere itcombines with the haemaoglebian to form arglamemagiabm

Erythrocytes are formed from undifferentiated stem oells
within the bone mammy by a process known as erpbanquiess
The stem celis change into erytfeoilests, which have a nucleus
The cell !:'L'E'En;',l i .ll:quin: haem in ard its nucleas shrinks:
it is mow known as a normabligt. As the cell n:ln-\'=|np:- further it
becomes a reticnlocyfe. at which point the nuacleny consisis 1.11'||1.I
of fine threads in the eytoplasm known ng Homeli -ty Bowdies.
Eventually, the nudleus disappears and the mature erythooevie
i released into the circulation. This process takes 4-7 days.

If there is ¢ shortage of ervthrocybes (eg. scube haemorrhage
or iron-deficiency anaemia], reteubocybes are abo released inbo
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Fig. 7.1 The sdluar componens af bosd [Wih permmgon fom
I Cedyile, B4 Bassest. 2000 Clnial anslsmy and physology for
witesnary techrcians, ST Lows, MO: Mosby, o 157

the circulsbion B0 help make up the deficit. These can be seen
i a Blood smedr stalned with methy lene Blue, which is a speciiic
stain for setkcubocybes,

A cleculating ervibrocybe has o lfespon of aboul 120 days,
after which it is destroved in the spleen oe lvmiph nodes, The tron
from the haemoghobin s recychad back b the bone marrow and
the remainder 1= converbed by the liver imto the bile pigment -
irubie and excreted in bile,

The production of red bluod cells s controlbed by a hormone
called erythrapuietin (see Chapter 6], which is released by cells in
the kidney in response to low oxygen bevels inthe tissues. Eryth-
ropoictin: stimulates the stem oells in the bone marrow to pro-
duce mors erythrocytes.

Chromic kidney disease Gin result in anaemin due o a
decrease in the production of ervthropoicting and this form of
anaemia is classed as nonsregenerative,

Leucocytes

Also kmown a=s white blaod  calls, IEIJEIJE}'H’."! are much less
numertus than red bisod cells and the cells comitain msclei. Leu-
cocytes can b classitied as either gramcdocides or apramicicides
depending upon whether they have visible granules in their
cytoplasm when stained amd  viewed under a micresospe
{Flg. 72} The functiorn of leweooybes s b defend e bedy againsd
infecHon.
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Granulocytes

This bype of leucocyte is produced within the bone marrow and
miakes up approximately 7 of all locoevees. They have gran-
wles within thsir r}fh,:;:[asm and have a :v:-rgranﬂ'] or lobed
muclens that can vary in shape. They are referned o as polymor-
phonucleocytes or PMMNs (meaning many-shaped nuclesy, They
can be further classified an:mdlng tix thie fypo of stain :Il'm_:,r tnke
L neutral, baesic or acidic. There ame thres l'_'.'PL"! ot Ennu]nr_yh.':
= Newtrophils take up neutral dyes and the granules stain purple
(Fig. 7.2} Immature neutrophils have a nucleus that looks like
a curved band and are known as bad el I"Jr.-ul:rnp-hik are the
mosk abundant of the leucocvtes, forming about S0% of all
pranubicyies. They are able to move thoough the endothelial
Timing of Use blood vessels inte the surreunding fissees and
engulf mvading bacteria and cell debs by phagooyiosis, thus
helping to fight disease. A neatropleills or raised numbers of
neulrephils imdicates the presence of an infective process,
while a mewtrapenio ar lack of while cells may be charactoristic
of certain wiral Infections

= Easnmails take up acdic dye and the gramales in their
cytoplasm stain red (Fig. 725 They ame involved in the
regulation of the allergic and inflammatory processes and
secrete engymes that inactivate histamine. Eosinophils play a
major role in controlling parasitic infestation. An eesindplrils
oir raised numbers of r.-mi:nuph:h DOCLES N respOrst: ton
parasitic inbestation.

s Basopivis take up basic or alkaline dyes and the granules in the
cytoplasm skadn blue (Fig. 721 Basophils secrete Malatimae,
which Increases inflammation, and heparie, which =5 a natural
antbceagulont preventing the formatien of unnecessary blood
clots, Basoglills are present in very small nuambers in
marrmial blood,

Agramlocytes
Agranulecyies have a clear cytoplasm. There ane two types:

» Lymphacytes are the second most common tvpe of white bleod
cell, forming 8% ot all agranubscvtes (Fig. 7.2 Lymphocytes
arg the maln cell bype of the Immune system and are formed n
Iymmphodd tissue, although they originate from stem oells in
the bore marrow. Lymphocytes are sesponsible for the
specific immume response, and theee ave two different types:
thae & fymphocidles, which produce antibodies and arve involved
in hamseral Imemnlity, and the T Jonphocptes, which are
invedved in the cellular immune response,

= Mfoporptes have a horseshoe=shaped nucleus and are the
largest of the lewceoytes, although they are only present in
small numbers {Fig. 7.2, They are pagocyplic cells and when
thary migrate to the tissues they mature and become known as

TS

Lymphorna & a type of cancer that ooours whes the Bor T

Iymphostes Begin growsng and mulbiplying uncartroflably. The
abnormal lymphocytes collect in one or mors of the lymph nodes or
in hemphatic tssue {eg., the spleen] and form a tumour

Thrombocytes

Thrombocytes, or atelets, are oell iragments fenmed in the Bone
marrew from Jarﬁr cells called nu'ﬁ\uhr_:,mr_lln'n:. 'Fh('_l,' are small

dascs with no nuchet and ore present inthe blood i large quan-
titbes, Platelels are Involved in blood clodting,
Thrombocytopenia (8 the term used for a reduction in the
mumber of platelots, Docroased production may be limked bo a
bome marrow dysfunction, which may be as a result of & viral
infection, or if the animal iz undergoing chemaotherapy,

Blood clotting

The ability to form a blood cdot is e of the most impoertant
defence michanisms in the body. Tt maans that injured Blood
vessels can be sealed and excessive bleod loss can be prevenied,
Blood clotting is essential tor wound healing and also provents
ther entry of pathogenic micronrgani=ms into the wound, The For-
matien of a bleod clot s complicated and invelves a number of
different chemical fachors in the blood. 1t is described as a cnseide
iecinmmisi becasuse one step leads on toanether inoa similar way
by a cascace of water,

Ta :impli-:l"_'r rJ'rL-]:!m-DEEl wie wall m]}' conaider the main sheps.
When a blood vessel or a bssue is I:|.:Irl'l-'.|E,Ed thie I'n|.|nwing
hippine:

I. Platelets stick to the d.uma_;;cd blood vessel and bo one another
b forin a seal, The plabelets release an enzyene called
ilerneaiapaliazlip,

2 In the presepce of thromboplastin and calciam e, the
plasma protein prodfrmmiiig = oonverbed b the ackivie eneyvme
theromisn. (Vitamin K s essential o the blood dotting
mrechanism amd &5 required for the manufactune of
prothrombin in the liver)

3, Thrombin then converts the scluble plasma protein fbrineger
mito a meshwork of neeluble fibres i:a!led_ﬁh'l':l. The presence
of caleinm iz an essentinl tactor

4. The fibrin fibres form a nebwock across e damaged area
that traps blocd cells amd forms a ot This seals the vessel in
what is atten called a ‘seab” sod further blood loss from the
wiound & provenked,

The normal clodiieg tire in o healthy animal i 3-5 min but it may

b affected by a number of fackoss. It may be reduced by

= Sueface contact with matertals that will act as fousdation for
the clot {e.g., gawee swabs),

= Ralsing the environmental temperature: keeping the antmal in
a warm kennel,

Clotting time may be increased by:

& Lack of vitamin K. which is neecled h].r thie liver b form
prothrombin in the blood (seen in warfarin poisoning, which
imberferes with levels of vitamin K,

# Liver diseases the liver manufactures the plasma proteins
imvolved in clott

* Genetic Factors (e.g., hoemophilial, which affect the
availability of some dothing fachors.

* Bystemic diseases such as anthrax, canine infectous
hegpatitis and wiral hasmaorrhagic diseaze all canse
subcutaneews haemosrhages due e interference with blood
clotting.

* Thrombooytopenia: Lack of platelets may be seen in some
furms of leukaemia.

* Lack aof bliscd calelum: This feahsne b ased b the lab o
provent Blood samples clotting, Chermicals such as EDTA
{ethylene dinmine betra-oootic acid), citrate and oxalage ol




combine with caleium in the blood and prevent it being
involved in the clodting prooess.
= Parasilic disease: Infesiation with Anglosimmmlus pasorom
(ungworm} can cause clotting dysfunction and subsequent
haemorrhage (&g, in the eve, which is describad as
hyphaemal.
The l:-nd].' has it e natharal :lnl'inmmﬂan'l: called .hrln'urm. This ix
secreted by the basophils and prevents unwanted clots forming
in the blood vessels and organs. If part of a clot, referned to as an
e, detnches, it may be carcied ancund the body and blsck
any of the vital bloed vessels, killing the animal,

Heparnin i added 6o 3 saline solution o make beporinised soivne., This
b5 used to flush intrsvercus catheters on theic placement and ta

ersurs their ocnpong patency

The heart

The heart is a muscular organ that contracts thythmially, pump-
ing; the blood threugh the bleod vessels and around the bady
(Flg. 730 The heart is enclesed within a double-lavered serpus
sac, the pericantinon, This les ln the medivatinus, the space that
separates the bwo plewral eavities of the thorax (see Chapter 1),

The heart is conkeal in shape and lies slighily go the left of the
erbdlime. 1t Hes afeliguely i the thorms, wiih s atdached portlon
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or fuse positioned above and more cranially be ags free portion or
apea, winich lbes close bo the stemum ab the level of the coudal sur-
face of the sisth b, The heart has four chambers and ks separated
inbevight and keft halees by the sogrfum, The rghtside of the hear
pumps blaod imto the pulmenary circulation; the left side of the
heart pumps blood into the systemibc circulation.

= The two upper chambers are the rght and |eft aina (inpafar oo
These recens bload fom the weing of the sysemic and pdmanay
circulmhors

s Thetae lower chambers are the gt and et ueniricles. Thess pumg
ot bikaod Sram the beart e e aeemes of the pumonary and
FEiEmic crodiatons

The walls of te ventricles have a thicker muscle lnyer o iim-
curdison than the atria, to assist them in pumping the blood into
the arteries. The myocardium & thickest in the left ventricle, as
this chamber must pump the blood into the sorts and all around
e body in Hhesyvatemle elreulation. The wall of the heart consists
of three Layers:

I, Thee lrner Layes [sadacapdion] is continweus with the
endothelial Hning of the blood vessels,
2. The middle layer {mryncardisom) is made of cardiac muscle [z

Chapter 2)

3, Therouter laver (epicordivar forms the serous immer layer of the
pencardium.

Righe vesericle

Fig, 7.3 The structure of the heart and dreclion of blaod fleew.

Lift arrigssemariouiar
vahem
Chardai tedinee

Lelt santrizla




SECTIOM 1 The dog and cat

Bacterial infeothon mey cause an inflammaton of the erdocardim,
witich s knon as endocarditis. Thes can result in severe: damapge 1o
parts of the heare sich as the vakes, distorting than and keading to

laaky vakas znd cardiae insuffidency, which can ba fatal,

Heart valves

Within the chambsers of the hoart theee are o sets of valves thal
ceeale o ane-way flow of blocd, preventing backflow [rom the
atria ko the ventricles as the Blood circulates through the heart;
® The rﬁgh.' atriavewbrmcalar (AV) or Jnhl.q.ll‘d walee lies betwaen
the right atrium and right ventricle and s composed of three
fibroazs flaps or cesps that attach to a fibrous ring encircling the
opening ke the right ventricle.
= The laf ndrvveniricular (AVE or Reuspdd or midnal valve les
between the keft atrium and beft ventricke and is composed of
hvo cusps.
The free edges of the AY valves are attached ke the ipadlony -
clet of the walls of the veniricles ':T tibrous threads called the
chvedae devedinane {Fig, 7.3). The AV valves open to allow the blood
o AL e wentriclos from the abas: when the ventrcles ane full
they close Bo prevent Backiflosr of blood inko the atzla, The choe-
dae tendimeas prevent the valves everting as blood = pressed
agaknst teem when the venteicles begin o oontract. It = the clos-
img of the AV valves that canses the first heart scund - ‘Tub’,
AL the base of the majer vessels leaving, the veniricles ate two
e sebs of valves, the senrifunar valves, which prevent the fow of
blssad From the vessel back info the ventricke, They are composed
of three half-moan=shaped cusps and when they shiot it canses the
second heart sound - ‘dub’, The semilunar valves are as folloves:
®  The prfmpmary vabee lies at the baze of the pulmonary artery as
it leaves the right ventriche
& Thi= gortic vabee Hes ak the base of the aorka as o leaves the lett
ventricle,

HMitral valve insufficiency is one of the most comenon causes of
congestive leart flure in the dog, A damiged or poorly developed
mitral vahie resdts in alteration o the normal blocd fow throush
thee heart. This cases backivg up of the Blood in the left ot

andl e sed presuce i the pulmsnesy wein that deains iro ©
Credernanous fud soourmbatesinthe lurg thsue, causing a 'heart cough’

Circulation of blood through the heart

l:"l'.‘th:l.'_'_d’ﬁl.‘i‘lﬂ.tl;.‘d blood rvui."uminE from arcamd thie bnd}' iz carried
ko the nght side of the heart by the major vedns: the crandal o
paont and codel peaa org (Fig, 7.3). The blood enters e right
atrium, which, when fall, contracks and forces the Blood into the
elght ventrick vin the deght AY valve, When the eight vettrice =
full [kcontracts and punmps. the blood out of e heart ke the pul-
momary arkery, via the pulmonaey valve, The blood s now within
the pulmenay ciroulation: and s carvied Bo the lungs, where it
phoks up caygen froen the inspined air - i becomes ondygenated
Fram the lungs, the eaygenated Bood s carded in the pulio-
nary veins hack to the left side of the heart, The blood enters the
ket atrium, which contracts when full, forcing the blood through
the left AY valve into the left ventricle, When the left ventricle is
full it contracts and pumps the blood inte the main artery of the
body, the acita, via the aortic vahee, The blocd is now in the sys-
temic circulation and travels around the body in the arteries.

Oygen is given up b the tissues and carbon dioside is collected
from the tissues — the bloed is said o be deoxyvgenatod, Doeoxy-
genabed blood retums o the heark In the veins

It is impsortant b e that both atria conteact at Uhe same tme,
followed by the ventrickes: the cardiac cycle consists of the
comtracton and relasation of the two atna followed by the con-
traction and relaxation of the two ventricles, Within the cardiac
oyele, the pericd of contraction i= called sysfale and the period of
relaxation is called darsinli,

Any form of structral or functionad defect in the heart vahes
will interfers with normal blood flow through the beert. This wdl
maatn 2 turbulent flow, which may be audible and detectabia

by ausruitation with a stethoscope. This condition & desdribed
5 2 freort munmy

The conduction system of the heart

The myocardium of the heart s composed of o highhy specialised
bype of muascle tissue = condine s (see Chapter 21 16 is alvke te
contract l'hl_'g,rI:|1.'|'|.'|i|:J:F|_'!.I amsd a.ul:-n'rn.:l:h:all}" withoot nervous 'tnFluT,
rru‘.am'nE that it hos an inherent :nnl.l-'..lnrlzil:!i]i.t}f. r order o u‘h.\'l"_l,"
e {]‘ﬂﬂa‘iﬂﬁ rl:qr.limm:r:l:- ot the Erud}' [l:.E_.r wihen I'-I.I:|1.1".I.I.'LE or
slepping), the heart eate (the numbser of beabs per minute) must
e bl to alter capicly and this s Brought about by nerve impilses
from the aubmomic nervols svstem which overnde the inberent
rabe, The meclsanizam that &= responsible for inttiating and coordi-
nating the heartbeat 5 colled the conduction sysiem {Fig, 7.4,

T heart rote o pidse & the nunber of heartheats per minote. it s
measused by palpatken of an arvery and cin be felt o easly i areas
swbwre o superficial artany rurs over a bone such as the famoral, brackis
or coceypeal armery,

The sequence of this mechanism and the specalised struce
tures invalved anc as follows:

I The heartbeat bogins in the sfmaetrmal wade, which iz roberned
to as the pavemukor of the heart, The sinoatrial node is an area
of modified cardiac muscle oells in the wall of the right atriom,
near its urction wilh the cranial vena cava, It is here that
the amatonopmic nerves have their effect and the impulse to
contract arises. The wave of contrachion then ;:Frun.ds ACTOSS
both atria = alrl J'_l;.ljl!l]n'r:.

2 The myocardiim ta the walls of the venteicles 1s not in
electrical contanuiby with Hint of the abma so the rerve impualse
mlad mow pass through another specialized sroup of cardiac
muscle cells called the AV mode at the top of the
mberventricular septum. When this node s excibed it sends
impulses alomg a specialised bundbe of fibres, called the hurdle
af Hiz, which runs dewn the intervenirioular seplum,

3. At the bottom of the interventricular septum, the bundle of
His divides into right and lett branches, which spread into the
bway ventricles:. These branches connect with a network of
sp:finlimct neurons, the Furhnfu:'_ﬁbn:'ll. wihich sprr.arl out
threugh the ventricular muscle.

4. The wave of contraction starts in the myocardium at the apex
of the heart (i, the bottom of the ventricles), and spreads
upwards through the muscle of the ventricles, pushing the
blood up bewards the pulmoenary artery and the aoeta and oud
of e heart — tenfricilar syslinde,
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Fig. T4 The conduc:con e harssrm of the heart QAY The rasd at et (B Thesnoatral o Yres and mpulses sprsd aoress
hee dtrd, which comtract (5) The Ay ncde fres sending rpuses Song conducting fbres ingo he wentriches. cause Shem to contract.

+ Hypertraphle eardiomyopathy (o0 deange thar caises
abnormnal thickenirg of the heart muscle oF myocardum, THs

rasLins in & reduction in sime of te ventricles and affects tha blood
fhotew dvoo she chamiber, [0l & comman chironks prognessive dsease
of cars and causes lechargy, rapld anddor Bbowred breaching,

»  Dilazed cardiomyopathy is mars commonly seen 0 dogs.
Tha hawt rauschs becomes thin and waakanad resultng n
poioe coneraction; This is tha second mose common baart disanse
i dogs, after mitral valve dseasas and the clmical signs are simiGar
to those of hyperirophic crdiomyopathy,

Electrocardiography, aor ECG, is the techniqus in which the elecerical
conductivity of the heart = measired. Figuee 7.5 llostrates a normal
BCG wetve, which miy be recorded on @ papsr traos o an 2 monitor
The procedure is carmed out in a carscious animal and is used ag
an aid o the diggnosis of abnormalities i beart rate and rythm.

Blotd pressure is 4 messurement of the force that pushes blood through
the arterial crculaton, ibis governed by the beartbest, the blood volurms
and the elasticey of the blood vessel wals, Blood pressurs = at is highest
during systole and lowess dueing disstols grd the messmament il en
averdge of the ewo values

Fig, 1.5 Suample af o lead | BOG trace wiih the mayor refleetions
rwedves] ard imersals markosd

Circulatory system

The crculatory Systemn condists of 4 nebwork of bleod vessels

whose function is to ranspert blood around the body, All mam-

mals have o dodde clecnlation, which consists of

o Speferae crrcudalion eareied blood from the beart around the
reapority of the body and back o the hearlk.

= Pulmarary arcidation carres blosd from the heart o the
langs and back to the heart,

The division of the circulation into Bwe separate circuits allow's

the rapid distribution of cxygenated blood under high pres-

sure, which is essential in an active endothermic animal. Blood

prsses through the heart twice during one complete circait of

the body,

Blood vessels

Thene are three types of blowd vessel forming o contimaous -
work throughout the boedy: the asterles, capillarses amd velns
{Flg. 7.4

Arteries

Arteries carey blocd amay from the heart under pressure. The
majority of the arterics fransport oxypenated blood o the

Cutér g Tunica adwemida
(eolagen and elastic dbres)

Middhe byper: Tunca media
{orrrth mscle
and ebivdc fibres)

Irerier laver: Teniea ntiia
{=nadathmbal Iming)

=0

Fig. 7.6 The structure of blocd wesseis Moie that, in vens the tunica
meda = thnner and contans fswer sToath musce and shstic fibres
than arteres. Canillares anly corest o a terica imbmz

a5



SECTIOM 1 The dog and cat

capillary beds within the bswes, The exception ds the padimoaeey

arkery, which carries dooxygennted blood o the lunps, Arteries

have relatively thick walls, which are composed of three layees:

I, Twwica intivea consists of an endothelial liming, which is
continueus throughouwt the éntire circulatory system and is
alzz continuons with the endothelial covering of the heart
vahres,

2 Tuwwicy medin comsists of smooth muscle and elastic tissue.

3. Twmica adoentilln is the filbrous outer coat of the vessel.

The elastic nature of the walls allows then bo dilate oF constrct

and enables arberies towithstand blood under high presaure as it

Liavs e bart,

A the arteries enker the tssees ey give off side or collatenal
pesaels, which link up with oneanother W form a network or aas-
torasis I amy of the branches should become abstrecked, (e
Blocd hos an albernative route through te e and the colls
will still peceive oxwgen and nuiFients. Some Hssues of argans,
such as the brain, kidney and heart, do not have this system of
cillateral vessels but have ed @rteries as their sole blood supply.
These form a pattern similar to the branches of a free — they
branch but never join up with ach other. This mechanism pre-
vents damage by a sudden drop in blead pressure, but it an end
artery iz oocluded (o.g., by a blood clot), there is ne alfernative
supply and the result may e tatal

Ag the distributing arferies branch off in the tissees, they
become smaller and marrewer and are called srteniodez, Their
function i fo regulate the blood flow to the capillary beds.

Capillaries

Capillaries are small, thin=walled, permeabde vessels consisting
of a single layer of enduthelial cefls T8 I here that the exchange
of gases, the uptake of nutrients and the remowal of metabaolic
waste products ke place. As the capillares have a small diam-
pter, blood flows slowly throaagh them, allowing substances o
diffuse between the Blood and the tissues The caltary boeds
are the nistworks of capillaries that extend between the arterioles
and the svmeles (small veings) within thee tissucs,

Veins

Welns carry blood towards the heart. They have relatively thin
walls and carry deosygenated blood under low pressure. The
exceplion iz te puimosary e, which carries exvpenated blood
frem the ungs be the heart, Vieing hinve a similar general sbructung
to arteries but they have fewer smoodh muscle and elastic fibnes,
Some seins carying blood against the pull of gravity (e.g., theee
in the legsl possess semilumar palies to prevent the backflow
of bleosd, As the walls of the veins ame compressible, the action
of the skeletal muscles around them helps o 'squeeze’ the blood
along,

Sefection of 2 sutzble ste for wenepunchure (punchure of 2 vein for
intravenous injectian or colecton of a blzad sample) depends on tha
vein heing relatively superficidl and easly acoessibhe, The most common
veins ussd in the dog and the ot are the ceplolic wein an the dorsal
sirface of the lower foreimb, the laten sofhenols wam ranning on the
lzteral side of the hock and the fugufar wein running down either side of
the neck in the juguilbir fumowe

Tha seallest veins are called ewridez, and these colleck the
diegxvgenabod blood from the capillary beds i the lsswses and
returm it bo the heart in the veins.

The systemic circulation

Arterial circulation (Fig. 7.7)

Creypenated Blood leaves the lefl ventricle in the aorfic arch,

which is thie origin of the main artery of the bady, tha aorfe. This

gives off branches as follows;
* Two copomery arferies supply the tissues of the heart with
conyenated blood,
& Tha bracfeincephalic frivmk mlpplin,*s Blood to the head I:hn:_m.-gh
the comeiizin caretia arferies and also gives off the right
adxlrrdan drfery, which supplies the rght forelimb and
continues as the riyht oty arlery and then the sght bricnel
arlery within the limb,
= The [ef 2ubclerkar aefery, which winds around the first rib bo
e ber the beft forelimb theough the axilla; bocomes the (gl
axiflary artery and then the lef rachin! artery o supply blood e
the left foredimb.
* The aorta comtimaes through the thorax, giving off paired
spimd arteries oo supply the various structures and muscles of
the vertebral column and thorax,
# The soria pases into the abdomen and gives off a number of
Pairr.'d arteries. These nchedes
o The reral aekevivs, supplying the kidneys
a The sevirtan or lesticilar arleries, bupplxjng the fermale or
male gonads

o Three large unpaired branches of the abdeminal aorta,
which supply the abdominal viscera: tho oonline erfery,
supplying the stomach, spleen and liver; the cranagl
mreseteleric arierly, supplyving the small infestine; and the
caed! werenienc anbeny, supplving the large intostine

* The principal artery of the hind limb is the exterml dioc
uriﬂ?, which arses chose to the termination of the aorta and
branches into the ferond arfery, supplying each of the
haiad Dinbsa,

® The tieferral iline artery ks the branch of the sorta that supplies
the pelvic visoera,

Venous circulation (Fig. 7.7}

The major veins that drain hleod intn the nghl atriumm of tHhe

hieard ame:

* Crmvial jevn cane rehams deos ted blood from the
head, neck and forelimbs. The craninl vena cwvn receives
blesd from:

o The jugubir v, which run dinwn either side of twe ventral
surface of the meck in the jugular furrew and deain e hosd

o The sehelrmian veins, which cellect Blood from the vems
of the forelimb — the main enes being the brachial el
fram the decper tissues and the cephalic nein from e
superficial Hssoes

*  Cardl mena rera etums dessvgenated blood from the pelvic
rl:gim hind timbs and abdominal viscera, Ma ny of the veins
that join the cawdal vena cova have the same name as the
artery that supplies that region (e.g., romd oo, kepardic pein,
erlermd Uive oot

& Arygrus pein arises in e abdomen and runs towards the
heart, passing turough the diaphragm; in the thorax it runs



Pudmonory circulation
Pulmonary artery I

Cranial vena cava

Caudal vena cava

Fepatic wein

Hapasic portal yein

Heral yein

sernilunar valves to
praveit backflow of Sysnemic circulation
bovwy-prossure biood

Orther argans
|

Chaprer 7 Blood vascular systerm

Pulrmanary veins

Carcaid arterias
2 head

Brachaal srmaries
1o forelimb

Cranial and caudal
mesEnierie arteries

Renal artery

Capilluries are prasent in ol organs'tasues ard are the sites
of exchange barwean bhood and oszue flukd

Fig. 1.7 Crcuaton of Bood arownd the body.

dorsally and either joins the cranial vena cava or drains
directly inte the right atrium, The acygous vein drains venoss
bloed from the thoracic body wall.

* Thevenous retum from the heart itself is by the commery tedes;
these join bo form the comomany sines, which then emphies inbo
the right atrium.

Dechusion of 3 wein o an artery by blosd dlot is called 2
thrambas. This may be catastrophic, depending on the ste
and/or the sze of the clot, particularty if it coours in - the bran
or in the lungs. IF part of the thrombus bresks off and becomes
kadged in apather capilary bed it is desaribed o being an
ernbalist.
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The hepatic portal system

Within the systermic circulation s a mddified droulation syskem
cilled thee hepatic poeind spstene. This takes blood stealghi From the
digestive tract fo the liver so that the products of digestion can
be processed immediately (Fig. 7.7 The liver therefore has bvo
blood supplies: one from the epatic adery (exymenated blood)
and one froem the fepaiie portad oee. The veins that dradn the diges-
tive fract (e.g., sbomach, intesting, pancreas), drain mto the hepatc
portal vein. The route to the heart taken by bleod sithin thi hepatc
portal system is slightly different from that of the cther parts of the
systemic cdrculation. I passs through bwo capilkary beds before
retaming to the heart - one in'the struchures of the digestive system
and ancther in the lver. The venous blood from the liver then
dmires @b the hepvabe teins, which join the caudal vena cava

A portosysternic shunt s 2 congervtal malfarmation i the Baad
supply 1o the lver i wiich the wepows Blood coming from e
digestice system bypasses the lwer and does not enter the bepatic
portal ystem, This results in raised levels of srrmonta in the blood
causing a rumber of dimical signg, such o stirbed growth and
reurclogical dysfunction (hepatic sncephalapathyl.

Fetal circulation

The fetal circulation differs from that of the neenate S adult mam-
mal. Drring gestation, the pacmts carries out the roles that are
tater prriormed by the lungs, kidneys and digestive tract, Blood
|:|.r|:u|.:|'jr|.;_;; !I'Il.'\ll:\ﬂ.lﬁl'l thie PLu:L-:n.L-.l Fm'l.'in:l:u auypgen and mubricnis
and removes waste ks,

Bluad i= conducted to and from the F]a.ﬂm!n in the wmibilical
arteries and e umbilical vein. The worbilical iefn cartes oxvgen-
abed amd autrent-laden blood from the placenta o the fetus,
passing to the fetal liver. The paired wanbificel arteries: carry deoxy-
genated Blood, contalning waste products, from the fetus back ko
the placenta and so bo the circulation of the dam.

As paserus exchange and nutrient transfer take place in the
placenti, Blood Aow through the lungs amd liver of e felus i
not as imporant and there ane a number of shieels or by passes:

In rare cases, the foramen avils rray remmaln open ofter birth,

This s krown as an incerventricudar septal defect or & hale®
kv the heart Besause of the grester prassure in the keft wanrice,
ceygenaned Dlood passes through the deflect from the left 1o e
nghe side of the hears and pressurs bulds up on the right sde
tvengous] of the systemic droulation. Tha animal shows sprmpooms
of rght-gided congestve heare fallure puch s ascies, erlargad
liver and falure to theren.

o Forames apale is an opening in the sepium between the ri.;;_;h.t
and left adria and ventricles. Blond it from the ri.gj'nt
wisittricle to the legt ventricle and inboe the systamic corcalation,
bapassig the lungs. The foramen ovale eloses shortly after
brirth and the circulaton becomes “adult’.

= [hictus arteriosis isa vessel that foroms a connmection bebwoen
the pulmonary artery amd the aorta. Blocd flows from the
pulmonary arbery o the aorta, bypassing the lungs, This
closes shortly afber birth s the lungs expand bul remains as
the Iigamechay arteriasus,

e [hucfes temnsns B2 a vengos shunt sithin the fiver that connects
the umbilical wein to the caudal vena cava. The mutrient- and

ooygen-laden blocd in the umbdlical vein passes dicectly o
the caudal vena cava and so to the fetal besues Instead of
going through the fetal liver (the mabamnal liver has already
metabalized the nutrients), This cleses over at birth bat
remains as the falcifeny [Fpamer

The pulmonary circulation

Deosygenated blood is pumped from the right ventricle of the
heart in the pulmomary arbery, Within the tissue of the lungs car-
bon dicxcede ditfuses from the bload in the thin-walled r.aF.i!L'lrjn-
intey the alveoli of the lungs. [F then leaves the body in the expired
air. Choygen diffuses from the inspired air in the alveoli inbo the
bl in the lung capillares. These eventually combine to form
e pulmenary veins, which carry oxygenated blood o the left
atrium of the heart (Fig. 7.7,

Patent ductus arteriosus or PD& In rare cases, the ductus
arteriosus does not diase at the momert of birth. As pregiure in
this morts iy graster than in dhe pulircnary arcery, blood (& dverted
back bo the lungs, avolding the spstamis croulaton. The lungs
become cyerperfused with Blood ard the arimal shosss symptoms of
fr-sidedd conpestive baart falure siudh &5 & cough ard exerdsa
ntoderance and it may hie & ‘'machirery’ hasrt miarmir

The lymphatic system

The lymphatic svstem is part of the circulatory syslem of the

bosdy amd |5 responstble for seduming the excess lsswse fukd

that has leaked oud of the capillares e the circulating bloed,

The fluid within the systom is called Jwpin and is similar to

plasma But without the larger plasma proteins, Howeser, lymph

comtains more lymphocytes than are present in the blegd, The

lvmphatic system = composed of both Tymphatic vessels and

lvmiphoid tissue, which are found in all regions of the body with

a few guceptions such as the central nervous system and bone

IMACTEY .
The tunchions of the l_l,'m].'lh:ll:if syshom are

# To return excess tissue Huoid that has leaked oot of the
capillaries to the circulating blood

* To remove bacteria and other foreign particles from the bvinph
in specialised Hlbering stations known as lemph nodes

= To produce [ymphooytes, which produece antibodies; the
bymphatic system may alsc b considered as part of the
fmmune syaten

* To transport the proclucts of fat digestion and the fat-=clulde
vitamins from the lacteals of the imtestinal villi to the
circutlation

The lvmphatic system consists of the following parts:

= Lymphatic capillaries

# Lymphatic vessels

= Lymphatic ducts

Lymph nodes

Lymphatic tissucs

Lymphatic capillaries

Excess tissue fluid is collected up by the smallest of the lymphatic
vessels, the lpnpludic capilliveles, These are thin-walled, delicate
tubes, which form nebworks within the fssees, In the villi of




the smiadl intestoee the lymph capillaries are called lrcdvals and are
responsible for collecting up the products of fat digestion (see
Chapter 9)

Lymphatic vessels

The lymphatic capillaries merge to form the larger lymphatic pes
sefz, which have a similar structore bo veins and preMasitss numer-
ous closely spaced valves. Lymph flow i mainky passive and
relies on the contraction of the nurn:undin-g muzcles b mowve
the lymph along, The valves prevent backdflow and pooling of
Iymph in the vessels.

Lymphatic ducts

The lymphntic vessels enter the lorges lwopdlic diects {Flg. 7.8}
witich draim lymph into Blosd vessels keading to the heart and
sometum it to the ciroulatiom, The major ymphatic ducts are

¢ The rght lpodialic duc! B the smialler of the two major ducts
and drains lymph from the right side of the head, neck and
therax, and right forclimb, It emptics into the dght side of the
heart via gither the right jugular vein or cranial vena cava.

¢ Thetferace duct is the main !']:'mphal'ic duct and collects blood
frivm the rest of the hl-r!].'. It arizes in the abdomen, whers it i
called the clsferns o, and recedves lymph from e
abdomen, pelvis and hind limbs, As it passes through the
portic hiztiss of the diaphragm and enters the thorax, it
brecgmues known as the fhesecks dict and recerves lvmph from
the beft side of the upper body and Leit forelimb, The thorscic
duict emphies inbe either the pigular vein of ceanial vena cava,
fear the hoart.

¢ There is also a pair of frocieal ducts that dreain the head and
neck and empty either into the thoracs duct orone of the large
veins near the heart

Fig: 7.8 Locaton of the mphatic viszes and mph nedes

Chapter 7 Blood vascular systern

Chyhothorax occors when there s g kakaga of lrnphane flaid
{chiyda} into the thorpsic casicy, This can be due to the rupture of
tha thioracic duct fag., from trauma, fumcan, or surgery} and tha
accurnilation of flsd batwesn tha lungs ard the pleurs cauees
FREpIratsny clistress

Lymph nodes

The Iymmph nesdles (Flg 7490 ane minsses of lvmphoid tssue sit-
ated at intervals along the lymphatic vessels (Fig. 78, They
are beansshaped and have an indented region, called the ifus,
where the lymph vessels leave the node, A number of affrrmt
hyplealic pessels carry lymph o each lymph nede and enter
the nede on its convex surface, The lymph leaves the nede at
the hilus in the single sfferent nessel.

Eaxch nade ig surronanded h}' a fibrois connective Eismane oo
sule, Inside, a netvwork of tissue, called febecaliae, sxbends from
the crpsule and provides support for the entine node. The tsee
of the node & divided into cortical and medullary regions. The
cortex containg the E-erm.in..u] cientres or ];.l.n'ln.fr iradiler that pro-
duce the Jpnrpfooyle, which play an important part in the
immne syskem. The medulla s comprised of a reticular frame-
work containing many phageeytic cells. Lymph fows through
spances or sineses within the lssue of the node,

All Ivrmph mst pass through at least one lymph node befone
Brieyg returmed b the crculation, Each node acts &5 0 mechanical
filber, rapping parlickes such as backeria within the meshwork of
tissue. The particles are then destroyed by phagoovitic colls,
Lywmph nodes ave distributed throughout the body and range
in gize. They can become enlarged during infection and are an
indication of a disease process in the drainage reglon, In a gen-
erallsid infection or disease all the lymph nodes may be
enlarged; this is desoribed az brmphadenopathy.

Some bymph nodes are superficial and can be palpated
{Fig, 7100, Thesa incluce:

Afferent hrmph vessels
cirrdieg mgh to the nade

Eftaraiit yreph vaskal — may
direkde o saveral veinals - corrma
lrmph eweay frarm the o

Flig. 7.9 Structure of 8 lvmph pode
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Fetrapharynpeal
lyrdy nades

Theease duct
Crida rivm chyeli

o Mleaenieric
|yt nediss
Submndisdar
hprig e £ Supsriicial
h Inp.irul lgmph
Prescaguhr
hrweh node )
Aillary Broeelisl =
Iymph node Iwmph nodes
Popkeeal

Fig. 7.0 Myor ymph ducts and nedes. Some of the nodes ans
eazby ek {soo bexd).

®  Sivhoraond ifaelar msdies: tweoto five nedes in a Eroup, !:,.-ing at the
edge of the angle of the jaw

& Parodil podes lies just canaclal tothe l:r'mperrl:lmnmli:!:ruhr Em:ln!: ot
the faw

o Superfboral cerrion! e also called the prescaptar modes o
oo ench side byl just in front of the shoulderjoint, ot the base
of the neck on the crandal edge of the scapula

= Superficial ingrimn nodes; bweo mides oneach side lyving in he
groin, bebween the thigh and the abdeminal wall, dersal bo tha
mammary gland or penis

e Pophifeal ninde Hess within the tissue of the Fastrocreming
masscle, candal to the stithe joint,

Lymphatic tissues

These include O s that contain l:r'th:rid. sz and Fri.u}- an
i:m]:nrl:a'nl! Pu.r!. i the h:d}r‘x ditenice s_:.-*sh:m

Spleen
This & the largest of the lymphoid organs. The spleen is found
within the greater smentum, closely attachisd o the grester cur-
vature of the stormach. Bt is a dack red haemopoietic aegan that is
not essential for life, and therefore can be surgically removed if
necessary, for example, if rephured or i 8 fimowr develops. The
spleen huas o number of functons:

I '.:'r!'l.'lmgu of blood: It acts as a reservolr for med Blosd cells and
platebots,

1 Destruction of worn-gat red blood cells The phagecytic coolls
engulf and destroy the erythrocptes and preserve their iron
content for resuse in haemoghebin synthesis,

3. Remowval of particulate matter from the circulation: 18 filters”
vt foreign particles and bacteria and the phagoortic cells
destrey them.

4. Production of [vmphocybes: [t produsces lymphooybes for use
in the immune svsben,

Thymus

This s of e greatest Importamce in the young andmal. The thy-
mtwis lbes in the cranial thoracic mlet ard cranial part of the thorax,
[t iz active in labe fetal and carly postnatal life and s responsibde
for the production of T Iymphecytes that glve rise to the cell-
mediated immune response. [E begins o negress ab the e of
pubsrty and may eventually almost disappear.

Tansils

These form a ring of bemphoid ssue around the junction of the
pharyns with the oral covity, They can be seen, especially when
reddered and -_-hlutged,mml-.l-u_-r side of the pharynx at the root
of the tongue. They ot as a ‘first line” defeace sgainst micno-
organisms that enter the mouth.

The immune system

The !:n.'h:t_l,. hag a number of natural defence systems such as thie
phagocytic blood cells that engulf and destroy invading bacteria,
v intflammatory resgonse, and the ability of the blood to form a
clot, thus preventing blocd loss and repairing damage. In addi-

Hun bo the phagooytic cells n the blood, there 18 0 sysbem of

phagocytic colls distributed arcund the body in the Hasoes

kiown as the reficaloviadntidinl spatest These phappc_g.-hu. cells

are macrephages fagranular leuoosoybes] and are sefermed o by a

numiber of names depend ing on where they are found; in conmec-

e flsswe, for example, they are called fistocyies.

These defence mechanisms are all pop-specific amd  the
respense s the same no matler whal the stimulus, sach as
woukding, trauma or invading pathogen, However, the body
alsn has a sophisticated immunse svstem that provides 5 more
spechie mespanss 1o a particular pathogen

The main type of cell in the immune system &= the mepsoacyts
and there are two types of specific immong nesponse:

#  Humor! fwrtbody-medieted? imrmne response involves the
production of antibedies or immunoglobulins by the &
fymplicles, When a particular type of antizen (2 foreign
substanoe or i.mm.d'ing organism that stimulates an immune
l.'EEFlI:H.'II-E'] enters the bud}r it stimulabes the B I"rm hrrl:].'!'ﬂ-h.r
produce a corresponding protein called an aindibodyy, which
coftbines with the antizen and ‘neotralises’ it

= Cell-nrediated Imminne response invodves the useof T
fyrmpencytes, which recognise and help in the destruction of
non-aelf cells {Le., cells that do ot Belong o the body), or any
of the body ' own czlls that have been allered by vinas
e chions.

Yaccination s me inoroducaon of antpanic matanisl, such asa szl
or bacterial elemant in i inaodvated o harmiless form, sdhich wall
stamaitate the body's mmune responee and prevent infection by
dewnloping an imeruniny mo that specific pathogen,

Immune-mediated disease iz 2 term that encompases a mrge of
nflammatory diseases wherohy the body'simmmine systemn attacks its
trin organs and tissoes: Examples include inflsmmatory boseel
disease, peratocarpunciratis sicca (K25 or 'dry eye’] and non-
regenerative haemalytic arasmia.



Respiratory system | @

Ecternal respiraton 2 this gacesis eechangs batween
thear and the blod, bnerral ae tssue respration s the
fgasanus exchange beneaen the Bood and the mssuess;
The furction ofmost ol the repirtoryeractiste conduct
imspired and expored gases it and out of the bady.
A contairing fopgen & inspred and sxpieed by the
respiratary muscles which Torm the walls of the tharas
and daphragm and bring aboue changes Inthe volume
and henoe the interral pressure of the thoraoc oty
The pulmorary membrare within the gheaoli |5 the
only area whire paseous mechangs mhkos placa.

SECTION T |

POINTS

Oy diffuses from the inspived aF ingo the Blood and
carbon diosdde, formed by the dssies durng
metzboksm, offuses from tha blocd Ino the expared air
Al tamues need mgsen o producs snergy A the
needs of the body tesues clarge during ther nonml
daily hunction, the réspiratory syitem must be sble

ta respand rapidly to supply virdng amaunts of esopgen.
A comple cartrod systerm exdsts within the hincErain
and within the perpheral blood spstem o monitor
the status of respiratory gases and to mairam the
Iy i o balarced stafs

The function of the rﬁpi.ml:i,:-r].' spsbem s ko I.‘ﬂ.l.'ldLI.I:l.]I'I!-F.iI‘EI:l air
:nnl:lin.ing O EEn :.lnng tha rn:-pinim}l passnges by the arens
whene gascous exchange takes place and to conduct the exprired
air contxining carbon dioxide out of the body.

Respination is the gaseous exchange between an organism and
its environment. Al animals requine oxygen tocarry out the chem-
feal processes that are essential for life: oy gen & needed by the
cells b obain energy from raw materizls detved from food. This
process involves the ssidation of glucose o vield enesgy in the
form of adenosie triphosphate (ATF) (see Chapier 1) YWaker
and carton dioxide are produced as byproducts of this reactlon
Resipiration can be conswdered be occur i bwe skages:

I, External pespiralion s the gaseous exchange between the

alr and the klood; this coours within the lungs,

L Detereal or lissue resparabion is the BSOS cm:hrl,ng:: bitwren
the blond and the tisswues; this ooours in the tissucs,

The resspiratory sysbem consists of:

Miose: the nasal cavity and the paranasal sinuses

FPharynx

Larymx

Trachea

Broochi and broachiokes

Abveoli

The upper respratary ract compresas the nose, pharmx, Brm
ard the trachea; tha lower respiratory tract camprises the bronchi,
bronchicles and the alvesi, Clinical concions are often defined a
upper ar kwer mapiratony tract dissases and it is Fnportant to
urderstand the boundiries.

Structure and function

Mose

Inspired air enters the respiratory system through e nostrils or
pxternal mes loading imbo the sl sy, which is divided by a

cartilagmois sepham b Hﬂﬁ#l‘tﬂ.!ﬂ left sl chainbere. The
antrnce o the naeal mtlil}r'mprn'h.'rtﬁ:th}:.ﬂ hnir!mpad o epicher-
mis consisting of a thick layer of stratified squamous epithelium,
which & heavily pigmented and well supplied with muoceus and
sveeat glands; this is known as the dimtawr and it is penetrated
by the twe curved nares (Fig, 810 The epidermiz on o dog's nose
bas & uniguee patberring that is moch like o human *ogerprint’.

The right and left nasal chambers are Blled with fme seeolls of
bone called herdriates or conchin (Fig. £2). The chambers snd the
turkinates are covened by a cilinted mucous epithellum, which is
well supplied with blood capillaries, The turbinales ardsing foom
the ventral poact of the nozal cavity end rostrally in a smail bul-
Boaas sweelling vistble through the nostril, the el fold

Epistaxhs = defired a5 hasmorrhage orginating feom the nose
and may be blaseral or urilateral, v eay be the result of traurma,

irfecticn, forsign bodies (a2, grass soads) or neaplasia,

Towards the back of the nasal chambers, the mucous epithelium
COWETIOG the turbinates has a rich mpp!’_l.r of RENSDTY NErve uu.im;g_n
thatare responsive terwrmaell; this iz the ﬂ]__l"u'c'hwy T, These nerve
fibres. pass through the cribriform plate of the ethmoid bore to
meach the olfackory bulbs of the fosbrain {(see Chapter 55 The
remainder of the mucous membrane s the respinlong oo,

The funchon of the turbinates and thedr ciliaed m:h:nu:u.'-pdlhn—
Livien eowering i bo warm and modsben the incoming air as it passes
wvisr them. The cilia and micus help b trap any parbicles that ane
present in the inspired air and waft them bo the back of the nasal
cavity, whore they pass o the pharenx and are swallowed,
The inspired ale 1s thepefore wirm, danp and free fom harmiul
particles, protecting the lungs from any form of dameage.

Rivindeds is irflamematon of the nasal cavity and may also ivvclve the
snuses. A freguent caue is infeotion by Aspannils, & cormmon furgus
fourd in marerials such as duse, hay, steaa and geass clippings,
Chnical sipns include sreezing, dischargs and somatimas bleeding
from the nose
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ansiemisl |arcae

Fig. B [he dogds nods -

Paranaszal sinuses

A sinues s an abr-filled cavity within a bene. Within the respira-
oy n].'.'rhnm, are refermed o as the r:u'r.nr:l.mu'.l' snnses and lie
within the facial bones of tie skull (Fig 8.2), They are lined with
ciliated mucous epithelium and communicabe with the nasal cay-

ity through narmow openings.

= Mooy snus b ot 3 e dnus N the dag but a recess 2t the gauchl
erd al the: nesal canity.
= Fronfed s bes within the fronsl bone of the sl

It is thowght that the function of the pacanasal sinuses 18 ko
lighrten the weight of the skull, allowing th areas of the skull
e for e attachment o be larger, This is evident in these
species that have large, heavy shulls, such as the borse, which has
numerss large paranasal sinuses. The paranasal sinuses alse act
as areas for beat exchange and as sites for mucies secretion.

Fig. L1 | pnpfisdmal saction to (usmts the
upper respiabony trad of tha dop. (With
permssion from T Cokale, [F 8assett, 2001,
Clinima! anmomy and phywoliegy for veternary
techrecizng. St Loy, MO Meshy, p 1223

Slovasitls, or flammaton of dhe siruses, rmay be a complicaton of
uppoer mspimoory TRt nfecrians such as cat fu, This infecoicas
disemse b caused by sevaral vinsas (g, callichanus) and preseras as
sredmng, couphing, ulearation of tha tenpue and corgunctivits,
accompanind by peresia and bass of sppetite. Srusos & dificuk to
treat and may projong the condtion. In the worstcase scenario it
may ke necessary 1o drain the inflammatory exsdaee and insraduce
lecal 2nbbiotics by trephination of the frontal sims.

Pharynx

From the nasal cavity, the insgired air passcs into the phargin, a
regiom at the back of the mouth that is shared by the respimbory
and digestive systems. The phanmy is divided inte the dorsal
essapinernwy and thventral amophergmy b s musculomormbranos
partition calbed thae sofl pelale {Fig, 8.3 The soft palate extends cau-
daliy from the hard palate and prevents food from entering the
nagal chamber: when an animal swallows (see Chapter 9], The
eropharynx conducts food from the oral cavity to the cosophagus
thi msnphar}'n:c conducts i.rl.lq:!:.rm:l: air from the nasal mii}' e bhie
L'.l.r_g,'n:l,, but air can also reach the rq:ri.ralnr].' passages from the
mith e, during "mouth breathing’)

Mouth breathing, or orthopross may scour during sererious
exprcie 1o erable o greatis volurme ol e to ermer the lumgs, [omay ass
b smen i conditions that impair the llow of ar through the nasal
chambers (eg, forelm bodes, tumours) or if the |urge capacity i
reckicad (ep. pneurnathoro: hasnmath o, poreurmona’ The patent
often liag in ztarral peoumbency with the reclo and albows sended

A pair of Eustachian or auditory fubes also opens inte the
pharymy and connects the pharyng be each of the middle eas

Mavophorymn
I- Pharynx




(see Chapters 51 The function of the Evstachaan tubes = bo equal-
iz the air pressure on clther side of the ear dram,

Larynx

The inspired air enters the fergee, which lies caudal to the phar-
ynx i the space between the two halves of the mandible
(Fig. B2} The fumction of the hl.'_l.ln'-: is o n;'glilat-:- thies flow o
jases imbo thie r-l_-sp:iral:q;ur'_!.' tract and B prevent anvthing aother
thim g from entering the respiratory tract.

T T of thee tongue & arsched o ona side of the Feol 8 apperatus and
tha lamem iz the other, When imbubieting o dog or cmz, puling the toague
foiaaret wall slen puit the larndd foreand aind thie epigomis wall Tl

dowamesards, opening the glots sothat the tube can be'placed comecly,

The larymix is suspended from the skull by the foid aeearadus
(seed hapter 3), which allows it o swing backwards and Foreards
(Flg 5.3 The hyold apparatus is a hollow, box-like strictune oon-
sisting of a number of cartilages connected by mvscle and connec-
Hve tissue, The most restral of these cartilages, the opiglafns, i
compreed of elasbic cartilage and §s responsible for sealing
off the emtrance tothe ]ar_l.-'n.:-: :Hg]uf]i'r when an animal swalloavs
This provents saliva or fod from entering the respiratory tract,
cavs=ing the animal to choke, When the laryns redurns o its nesting
position after swallowing the epiglettis falls forwand, opening the
glodtis and thus allewving the passage of air o resume.

Laryngeal paralysis iz o condition seen in oler dogs, often of
larper breeds (e g, Labradors]. The vacal fodds hang within the laimen
of the lryns ard are urable to move out of the flow of aie The
results im inberferente with the paseape of air down the larymocand
trachies, which could resdlt in asphysdation during exeéross. It alss
couies & corstant roaring sound as the dog breathes.

Within the laeyes b= a pair of pear! Tpamen s, The mucous mem-
brame covering the inner surface of the vocal ligaments forms the
oocal folds, which project bilaterally into the lomen of the lofyre.
Whien air moves past the vocal folds they vibrate and sound = pro-
dced. These soumds canbe modified by Facbors such s the slee of

Fig. B.3 Lateradl view of dogs layrgesl area. showing the cartiages of
the hpoid aoparsius as they sopear on Xy
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e glottis and the tenseom of the vocal folds, resulling in a charac-
teri=tic pange of sounds (eg, growling, barking, puering)

Trachea

Friom the |.1.r'__cn1-:,.::is emters the Frociea. Thisis a Fmrm.rr::lnll.y o
tube attached to the caudal border of the larvngeal cartilages
{Fig. &4 It les om the ventral aspaect ot the niesck, beloaw thee
cr.f.-:_:phﬂ.g:us andd sligh!{_'.r by thie rig'ltl of it, and extends the Icngth
of the neck, passing through the cranial thorscic inet. In the tho-
racic cavity it enters the medinstinum and terminates at a bifier-
cattoer above the heart

The lumen of the trachea is kept open by o senes of C-shaped
rings of hivaline cartilage. These prevent the trsches from collaps-
ing when the thoracic pressure falls and the incomplete cings
atlow food boluses o pass down the oesophagus unimpeded
by the tacheal cartilages. The structure of the traches s fexibie
b allow mevement of the head and neck. The cartilage rings are
conpiched by fibrous tssue and smooth muscle fibres,

The trachan is Hned with cifialed neecoes epitbslive. The surface
layer of muais traps any foreign particles and the cilia “sweeg’ the
partiches and mscus upwards to the phanynx, where they ane spat
waat orswiallowed, [n some cases, such as in a dusty orsmoky atmoe-
sphene, the production of miscus may increase. This mucus iritates
the tracheal Hni:ng arid cmizses the animal to n;a,':l:lgh. The ﬂ.‘l.l:l!,"’l:;l?b'
reflex serves teoxpel substances such as excess macus and dust par-
Bcles rom the m*.-_pi ratory tract, Fm'.'cnlri.n.gtl'u-m frivm Lﬂh:-:'in.g thue
Iun.;'.;s. and is part of the andimal’s primary drhnn-x_'.q-lrm.

Tracheal collapse may be ween in some small breeds of dog
{=p., Torkshire Termers), and chue=s 2 chronic horking cough.
Thereis arisk that during strenuous cosrcike the trachea may flatten,
preventng the flow of irspired aic. This causes the dog to colapse
suddenly During the perbad of unconsciomsmes, the trachea relages,
aiF baging to flow agan and the dog Pecovers

Bronchi and bronchioles

The trachea divides {or bifurcates) into the right and left brosckr
ls:ng.]m'.vlrl'm:cfl. en1r.'ri.ng each of the |u.'r'|1,_r,:- E{E-iFEfﬁ‘-‘l.‘]:r'. A I'J'-|."_|.'
enter the lung Hssoe the bronchi divide inte smaller and smaller
Brunches, like a tree. This arangement =-tweeebone kown as the
hrarchal tree. The point at which each bronchuas enters the lung is
kv as the rood of the lung,

The bronchi are suppocted by complete rings of cartilage but,
as the branches becorme smalles, the cartilaginows support grad-
ually diminishes and then disappears completely, abwhich point
the passages are called Prosnciinles. The bronchiokes continoe 1o
branch inlo smaller passages throughout the lungs. Finally, the
smallest diameter branches are kowwn as the w'oealar ducls ansd
lead 1o the aloendi

The wallzs of the brenchi and bronchioles contain smooth mus-
cli, which is under the contral of the aubonomic nervous system,
The respicatory passages ane able to dilate to enable a proater vol-
urmne of airte reach the lungs {e.g., during exercise), or comstrict fo
their original size during ‘normal” breathing,

Alveoli

The abveplar ducks end as the afeeolir sacs, which resiembie
Bunches of grapes. Each alveolar sac consists of a large numbner
of alveoli, which are small, thin-walled sacs surrounded by cap-
Ulary networks [Fig. 85} The epithelial lining of the alveolus is
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Miial ity

Flg. B.4 Dhaprmn (lustrating thes trachea and lung postions

(A} Diaphragmarbe plewra

Fig. B.5 The lungs within the thoracic cwaty, {(f) The plewral membranes {B) The terminal ar- passages. (Fart B with permizscn from T Cokdfe,
1 Basmeit, 2001, Chrical aratorrry and physdiogy for welenrary techiniciara, 58 Loy, MO: Mosbry, p 220,)



calbed the pidmonary meadbrane, and 15 very thin bo allow gasenss
exchange with the Bood to take place, Chopmen im the imspired air
diffuses across the pulmonary membrane of the alveolus inbe the
blaad within the capillaries of the pulmaenary circulation. Simul-
taneously, it & exchanged for carbom diexiade in the bloed, which
i= to be excreted in the expired air from the lungs (Fig 5.6}, There

b ar

Brhudaad air

Fig. 8.4 Theexcharge of gases withn the alveolL [A) Inspiation; the ar
cortars hgh ieveds of coovpen and o ievels of carbon dicwde, Biocd
erterng the @veola caplary contairs \ow keves of coopen and high levels
of carbon dicxide. {B) Gas exchange occurs ooggen difuses from airin
the akvecius, where s ievel & high, o blead in the ateeo@r capifary,
whare dz me & Iow. Carbon diovide does the reverse, difasng from
akeciar capilaies inlo the sveohs (B} Beimtiar axdaded sr comars
s cotypen and more carbon doxde than ae present noroom ar MNéd
brezth brngs n b fresh supple of high osypenar. 0 th permssion from T
Ciokile, M Bassett, 21000, Cineal anatory asd physoksgy for vebernsy
techricans, 51 Lows, MO: Mosby, g 235
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are millions of alveel inesch lung, providing a large surface avea
for gaseous exchange,

The parts of the respieatory tract that are not involved in gas-
eous exchange (e, all but the abeeoli} are referred 1o as the doad
sparcy. Their function i to comduct gases ta and from the area of
gaseous exchange,

Coughlng is ore of the most comenon clinical sigrs of desease and
r'ru:.-'b-u dedfined a3 'a reflex action causing sudden exgpuision of air
from the respiratory mract”. & cough may be dry and hacking or maisz
and productive and the description of the cough is the firse step
towards dizgnosis. There are many causes of coughing and ehay
irciude et sided beart failure, foreign bodes, neoplesi, ingwonm
irfection and preumionia.

Lungs

The right and left !m:}:s | withuin thee thorack: I.j.i‘ll.lil_'!.' mn cither
side of the double laver of connective tssue known as the
ik riim (Pips. BT and BEE}L Exch Jr.r.nE conaists of the air pas-
sages (only the most proximal parts of the bronchi are cubside
of e lemggh, bleed vesmels and surrounding connective Hssue,
all enclosed within @ membrane called the pufteurry pleena
{Flg. B},

The lungs are divided into well-defined lobes by deep fissures
1F|H. 2.9 The ||‘.-'|:|:J1J.ng =dividied ko three lobes; H'H:l'l.;qi'll: |unl.|'
has four lobes. The lobes are peferred bo as the crdal os apiod,
sitiddie or centing. and coidal of digpferaganaiie. The fourth lobe

Fig- 8.7 Wentrodorsa! mediograph of a dog's thoree The hungs are fudl af
wr and appear dardoan the Xy
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Fig. B8 Laters radiograph of 8 dog's thoras The: uings
appear dark on the Horay due 1o 8, and allow the aiher
gractures to e vsualsad.

iobe

Flg. B9 The divison of the lungs ima ohes by deep fissures

of the right lung is the scoessory fabe; this is smalland bies on the
miedial surface of the caudal lobe of the right lung,

Thoracic cavity

Thie thoracic cavi:l'_:,rml.rnm'rrif.divj:ﬁed. :i:nl:u'l:i'beng.':l' and |'§|'i i:llﬂr-
ral cartiies by a dowuhle |:.:,r:r-:lfpl-:ur.:| kmeanvn = the mediesf b
Each pleural cavity is lined by a single bover of serous memibrane,
the pleure! senchinae (Fig 850 This secnsbes o small omosent of
serous or watery Huid, whose function is o reduce trickion
between the plearal surfaces a2 the lungs  move  during
respiration.

Dyspnoea or difficulty in breathing may resukt from anything
thist replaces the normsl wacuim of the plenral cavity, such as air
[preurnatharasd, blood (Fasrnathorad] or pis (pyathorad. The
shiliey of ehes lLing te inflaee fully will be impaired and the arimal wil
sheved seans of respiratory distress,

All the structures lving i the pleural cavities ane covered in
the pleural reembrane and b s named sccording 1o the sraciures
it is coverimg, The meural gaity lies between the bwo lavers of
pleural membranes and confains n vacuum and & seall volume
of pleural Auid (Fig. 8.5

Tupe of plewrd Stractres comered
Diaphragmatic Cranial aspect of the diaphragm
Pulmonary or Right and left lumjgs - outlines
visceril exch lobe

Costal or parietal  Inner sicke of the nbs
Mediastinal hMediastinum

Posl ol the organs in the thorax lie in the space between the
twn layers of mediastinal pleura; that is, the heart and its associ-
ated Blood vessels, traches and oesophagus (Fig. 5100 The medi-
astimm of the dog and cab i quite tough and forms a complete
barrier betweern the two pleun] cavitics, 1 one side s damaged
or becomes infected then, providing that the mediastinum
remaims intact, the effoct is imited o that side and the ether lung
can continue o funchon r:nn'na]!:,-.

The mechanics of respiration

Respiration, which may also be neferred 1o as breathing or pul-
menry ventilation, i schivved by a coondmatesd sedes of actins
carried subby musches. This brings about the aliernate expansion
and reducton e the volume of the thoracle cavity,
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Brachiccephalic

Craral

(A} (Bj

(<}

Fig. B.10 Cross-sachon of the thome i three difierent i=yeis, showong the poobars of magor srectures. (A) Sechon taken canal 1o the hea,
B} Section taken through the heart. {IC) Saction taken caddai 10 tha heart [Wh permission fom T Condle, |M Bamett, 2001, Ol anstomy and
phosciogy far weisnnary technicans, 5t Leds MO Mosty), potdi)

The lungs anz suspended within the thesacic cavity, which is which arizes from the cervical spine. When the diaphragm
divided into the rght and left pleural cavities by the pleural contracks, it Hatbens and increases the volume of the
miembranes. The Fh.'ur.l| cavitics contain a vacuum and, as 'H'l.e_'r thoracic i.—.|.-.'i1:_g,".
are totally enclosed, any merease in their volume will resultin 2. Extermal Odercostals Gl the intereostal spoces and are
nesgatve pressure amd amr will be sucked into the lung tssue inmervated by the fteroostal peroes (see Chapter 43 As
Conversely, if the volume of the pleural cavity decreases, the thew contrack, they Lift the ribs upwards and outwards,
Imcrease bn pressune will pushale out. This s the principle behimd thus mcreasing the violume of the thoracks cavity.
wispiertion and expiration, 3, Ieterel fdderoostinds fill the intercostal spaces and lie deep

Three seks of muscles are responsible for respiration; bo the external intercostal muscles, They are akso innervated
I Dhaperagiw is a domie-shaped muscular structure that by the intercostal nerves and their action is mainly passive,

formes the bowndary between the thoracis and abdorminal but during forced expiration they confract in conjunction with

cawilses {see Chapier 4], 1t is innervaled by tho pheemic nermo, the abdominal musdes to force air out ot the 'Ia.mEn.
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= |n iemxrcean {or inhaletion) the daphragr and exeemal intsroosml
rousdis contract and the volume of the theraoc Wty oo
Thee pressure in the pleurml coeny fills the ings ane pllled cunsords
and s sucked dorsn the trackea and ims the lung tesue

»  Exbroton [or exhairton 52 peasve process, The disphregm reles
and rogere ins doma shiipe, the omemal imeroostals nets: and She nbs
drep davererds The woime of the thomcie craty decreises, e
presaare n the plersl Gty nses the lungs collapss andalr s pushed
i and vt of the Trachin

Control of respiration

Duringe normal Life, the changing metabolic needs of e body

make demands on the respiratory system. As the Hasues are

permole from the organs invedved in the ntake and expudsion of

@ases, 0 comples system of control of resplration has evalved.
Within the pors and medulla of the hindram there ane resping-

Py cenfres responsible Por the contrel of mepiration and expirotion,

Theey ane the proemsiaris ard amrewstic confres, which conltrol expi-

vation, aod the iespimfory cenfre, which conlrals inspiration.

Impulses from e inspimtons cenfre ravel t the diaphragm via

the phrenic nerve and o the interoostal mascles via the infercestal

nerves and bring about nspication. Expiration is mainly passive
but impulses from the expiratory centres may assist in expimtion.

These centres inhibit pach gther and cannot work simaulkaneously.

They are responsible tar the bagic chythm of nespiration.

The rate and dq:rth of respiration is o trolled I:rl|. recephins
within the body:

& Slhedelr receplons lie within the walls of the bronchi and
bronchioles and monibor the degres of stretching of te
bronchial tree. When the lung isdistended they send impulses
via the vagus nerve b the inspicatocy centre of the brsin.
Further mspiration = inhibibed and expiration i stimualabed
via the aprewstic centre, Thisis known as the Herdng-Breser
reflex and prevents everinflation of the lungs.

s Clhienrorscepfors:

o Peripdarral are known s the atrine bodies (located in the walls
of the aorta, close to the heart) and Hhe coraiid bodies (lecated
im iz walls of the carotid artery),

o Cendral are tound in the medulla of the brain. This is the
matjor area for sensing carbon diexide kevels in the blood,

Both types of chemereceptor monitor the levels of oxygen

and the FH of the blood: for e:vzu:rnp|:,. h':_p_;h levils of cadbon

deoide i the blood lower the pH e, the Blood becomes
more ackdic), This change in pH = detected by the chemaerecop-
bors, which stimulabe an increase in the mabe and depth of espi-
ration. The carbon dioxide s expelled and the pH setuens e
niarmal.

The interrelaticnship bebween the confrol centres in the brain
and thé chemoneceptons bn the peripheral circulation enakle the
respiratory system bo respond rapidly to the changing state of
the by,

Diaphragmatic paralysis. If this ocours, the hungs are unable o
epand complztely and the animal 'will e=perence respiratory
distress. Causes indude injury &5 the cervical spinal cord, surgery,
phreic nerve damage and severe head injuries. Some drigs may
depress the reipirztory certres and affected arimals lave @ be
placed on a verdlator.

Respiratory definitions

When an animal is breathing narmally (at rest), the amount of
Air that passes inte and gt of the lungs dunng each respication
is callid the fdel polume Howewer, this is only a fraction of
ther actunal lung capaciky and miore aer can be inhaled |:|:1.|rir|3
farced in.up-jral'im':; this is the zlr:p.fm.l"{lr_r,' rcterie indlemee. Con-
l.r\cnnel].', it i presible to 'Fe_u'l:':l:'ll}' oxhale more air than i= E:-:Fired
during noemal respiration; this additional amaount of air is colled
the expdnidinry reserve tolume, However, even after the most foroed
exhalation there is always some air left in the lungs and airways
[otherwize they would collapse); this ks called Hue resddual oo,

The botal amount of abr that can be expired affer 8 maximiim
inspiration is calbed the pilal capecity. The amount of aic that is left
irx the lungs after mormal expiration is called the ferchismal resid-
i capacifty and 1L 18 this that allows gaseous exchange W take
place during expiration, The fefol fwag gty is the sum
of the reskdual volume, expitatery peserve volume, tidal volurme
and Inspiratory reserve volume. Muach of the adr deasn in at each
breath is pxhaled again beforo it roaches the alveali {ie., it is not
imvalvind in gaspoas exchange); this iz equal te the valume of the
comducting system and is called th dead space,

The repntfory mile = the pumber of bregths per minute. 0 the dog the
resting respareany At B 102 bresths per miree; i the an it W0-40
breaths per mirmnrbe



Digestive system

The digestive systeen of the carieoss B desorihed
monogaserie. Tha tract i relarively dhore, berause
meat i easy modigest and the: stomedh k5 smple,
The temth of the carnivore ane sharp, poated ard
poweerful and the jaw Has 2 scssor-Hoe action. This
erubiles et v be cut and torm off the bones of prey.
The majority of tha tract 5 a long wbs of yarying
diamaser; Each part has 3 similar stnscairs but shows
functianzl achptaticns,

Food passes doswn thie traon and is mixed with dgestive
piices by coordinated musoular movements known as

pnistzksis and riygthmle segma neaticn,

SECTION 1 1Y

POINTS

Chigrecpbde Lo CoLE N ez ane sacpatad by
ibringis e gares i the saomach and sl

intestre and by eominsic glands such &5 the paneeas
and zall bladder,

Cagesition resuks in the produchon of soluble
micbecules thit can pass thraugh the epitheliom of the
srnall intestine inte the blood capilleniss (aming adds
and misncanccharides) or beteals (Fatty acids mnd
ghpcaral).

The products of digestion are camed araund the bady
whers they are metibobeed ard used by the tissies,
Any urvanted or mdigestible food remains ar

s [Digestion accurs by the achon of ensmes, aach of
which iz specific te a particular food type.

The mamntenance of lite depends on a constant supply of energy

Fored provides energy and the digestive system has cvolved to

extract 1t from the nufrients taken into the body amd then to

excrete the mdigestible remains, The digestive proces oocurs

im scveral stagos:

¢ [ngestion is the process of taking food into the bedy; this takes
|'.l|.:|n|.- in the mowth.

o Dhgestion is the process of breaking down the food bnbe
srmall chorsdeal wiits; this occirs i e stomach and small
ihkeadi,

o Abzorption is the process wheseby the cherical unils pass inbo
the bbood and are carrded to the Hwer; this oocurs i the small
intesting,

o Mfatatisn s the process in which the chemical units ane
convertesd info energy for use by all the organs of the bedy;
this takes place mainly in the liver.

« Exvretion is thie removal of any remaining indigestible
maberial

The digestive syatem {Figs, 9.1 and 9.2) consists of the following

prarh:

o Chral covity or mouth, lips, ongue, beeth

* Pharynx

» Chesoprhagies

* Stomach

¢ Small mtestine: duodenum, jEunem, ileam

v Lorge intestine: caecum, oolon, rectum, anus

There are also sevesnl accessory glamds;, withowt which the

digestive provess cannot be completed:

= Sallvary glands

¢ Pancreas

* Gall bladder

¢ Liver

excreted in the faeces,

The oral cavity

Thearal cayvity (Fle. 9.5, also known as the mowth or buccal cay-
iy, contains the tongue, teeth and salivory glands, The function
of the oral cavily s as follows:

I Topick up the food: This & knanwn as prevension and invelves

the use of the Hps and tomgue,

T break up the food into small beluses to aid swallowing:

This is known as masticetion or chowing and involves the use

of the tengue, cheoks and toeth,

3. Lubrcation of the food with muces and saliva nu.l-:ins; it
e b sl low .

4, In omnivores and herbivores, digestion of carbolvdrates beging
i the mouth with the secrethon of sallvary eneymes. This does
nob eooud I camivores; such as dogs and cats, Becanse fomd [
biebd i Bl ol for a very shoet Gime bebore o 18 swallowed,

The cral cavity is formcd by the follewing bomes of the skull (=ee

Chapter 3

o The tncisioe bone and the maiille form the upper jaw,

# The psilaiine bore forms the roof of the mouth = the Wf paiae,

= The mwiedihly forms the lower jaw; the painsd mandible join in
the midline at the merdibelor symphyss,

The masdibles artsculate with the fsuporml bones of the skull,

formingg the demprrommeidibular el In camivores the action of

the point i3 scizsoc-lthe o shear Besh off the bones of their prey.
The upper and bower jaws are linked by skin, forming the
cheeks, under which He the soscles of wastioplion  {see

Chiapter 4) These muscles le over the lemporomandibaolar gpind

and glve strength b the batlng actbon. The entramce & the mouth

Is closed by the s, composed of muscle coversd [n skin, The

upper lip = split vertically by a division known as the patrem

{see Chapher 8, Fig, 81

2



SECTIOM 1 The dog and cat

Flg. 9.1 Onans of the dpestne spstem of the dog left Bleral view,

Thie entire oral cavity & lined by a ayver of mucous membrarse, [t
iz redlechod om bo the fawbenies, forming the gums, The mucos menm-
brang covers the hard palate and extends over a flap of soft tissoe at
the back of the oral cavity: this is the =nf pelele, which axtends cau-
dally between the oral and nasal cavities and divides the pharynx
imtes the arodntryrr and aosaplermx (Fi %3) (soe also Chapier §),

The tongue

The functions of the tongue ane

I To aid the ingestion of food,

1. Tocarry the receptors (taste buds) for the sensation of taste or
__qun!dilﬂm {soe t'h.'l'rltl.*:r .

3. Tobelp in the formation of o food bolus ready for swallowing.

4. To groom the fur, parbculady incats

5. Toassist thermoregulatice: The tongue ks esed (o apply saliva
ta the fur, which smoothes it dewn into a thinner and cooler
layer; in dogs, panting, during which saliva evaporates from
the torge, helps to ool the baoddy,

&, To produce vocalisation: Production of sound invelves
complicated movements of the tonguwe and lips.

The tangue lies on the floor of the oml cavity and is macde of striated

mwh:l':_ﬁb.rﬁ I'I.I.I'I.'I'I:i.I'IE' i all direchions. This cnables the ‘I:u-nE;u.l:

to make delicate movements. The mzscles are attached at the mof

ot the EongLee to thie h}'niﬂ b (e 0 hnpter B} and to thie sicdes of

e mandibles. The tip of e tongue s unatached and very mobile.

I anaesthetised aniral, the wiblngial vair, mirnirg under the torgus,
iy b used o IFtrayenols Tpecions or for cofdect ng bitod sarmfies,
wiile the sublingual srvery sy be wed for monitoring the puke rate.

Riztum

Senad il

|=jumum
snd il

Tha tongwe is covered in mucous membrmne. The dorsal sur-
face ks thicker and arranged in rough papillae, which assist in con-
trol of the food belus and in grooming. Some papitlae are
adapted o form taste buds, mainly found at the hack of the ton-
gue. Taste buds are well supplied with nerve fibres, which carry
imformation about taste o the forebrain (see Chapder 53 Bunning
along the underside of the tongue ane the paired suitingel veins

and @rteres.

The teeth

The teeth are hard structures embedded in the upper and lower
jawr and those of the dog and cat are described as being Fradiy-
dimitic, meaning that they are faicly low in profibe and they cease
b grow once they have reached their final size. Each jovw fiorms a
dvrehal drch or dral!rrr_llr; there are four dental arches in total. The
teeth pietee the gums b0 sit in sockets or aloeoll, The membrane
covering the gums is knoswn as the girgioel srermbrase of periadi-
tal irembrne.

Structure

All tpeth have a basic struchanes {Fg. a.4%. In the centre of each
tooth s a puip cowily. This contairs blosed l.—.lpilla.riu and nerves,
which supply the growing tooth In young animals the cavity is
relatively large but, once the tooth & fully developed, it shrivels
and containg enly a small blood and nerve supply. After a tooth
hiz stopped growing the only changes occurmng will be due
to wooar.



Biiie

Fig: ¥.2 The dpestree tract remowed from the body,

Fig: #.3 Later wiew ofthe dog's head to show the ol cavity/digestive
grsbarm,

Chapter 9 Digestive systam

Function

The teeth of & camivore ar: adapted o shearing and fearing the
flesh off the bones of thelr prey. There are four types of tooth,
which are Classified by their shape and position in the jaw
{Fig. %5} This Iz summarised im Tabkle 9,1

Malar abscess. This & sakd 120 occur when the roots of the upper
cammassnl teoth bacame infacted, The resuling abscoss bursts
through the bene ard the sdn to discharge pus just below tha aya,
Traatrane requires ramowal of the oo, which may be difficult
because there ars several roots ard they miny be deeply embeddad in
the maxillary bone,

Dentition

Dreas aned cats have two sets of teeth in thelr letime:

= Placidieaes denfitaon, also called the milk or temporary teeth,
afe present tn the jaw at bieth and erapt {push through the
gums) as thie andmal grows, They are usually smaller and
whiter than the permanent teeth and all owt as the adull eeth
begim e crupt,

#  Permanent devtibion, also called the adult tocth, are larger than
milk teeth and az the animal ages thoy show signs of wear,
Tl'ET laact a lifetirmes.

EIIJP‘EIII'I Hanqvaq'wiﬂiﬁ::pctieq H'.u.-l}rl:real:h;rnﬂ'i.ﬂ.nd thar

Epcies of amimal and are scuommarized in Table 020

Dantal formulon

Each species as a characteristic dental formula and this enakbles
the velerinary surgeon o monibor te numbers of beeth lost as a
rezult of disease or ageing, Each tvpe of tooth is reterred to by its
initial letter: | &= for inciser, for example, The fellosving numbers
show how many teeth of each type there are in the upper and
Tower jaws on one side of the head, The numbers are then mul-
tiplied by bwo to give the total number of teeth in the mouth,

Diog destal fommals
Permanent (BSCH ] PREYY, M2 3] < 1=41 oot
Drecaducie (133,08 100, PR « 3 = 20 weeth

Lt derid forrab
Permanert (RUE GV, PRI M| )52 = 5 eeth
Drecahecus: 1303, S 100, PP x 2 =26 e

Salivary glands

These are paired glands ying around the area of the oral caviky.

Thelr seeretions, koown collectvely as saliva, pour ko the cav-

ity wia ducks, Sallva contaims %9% walter and 1% mucus; tere are

mo enEymes in e sallva of the dog and the cal (Fie 965,
The posliions of the glands are

w Fugamabic: close fo the epeball within the orbit

o Sphiipmod medial to the mandible, under the mucosa
covering the anderside of the tongue.

= Namaditakar; candal to the angle of the jow; can be palpated but
may be mistaken for the mandibular lymph nodes, which ane
in this anea.

= Paroiid: between the base of the ear and the mandibular
plandks; can be palpated,




SECTIOM 1 The dog and cat

Enaenel - thirg whive

P Ton | ouIber COVBrTE
Danting = larmi i msn
— pare of the soaoth
Gaim
Cement — holds the toath
frmby in gthe pus
FRoat—

——— Pulp cvity — contains blood
capiltaries and necve b

A)

Fig.- 9.4 (A)Snaps and Srtueas of noser and fanire tath, (B) Shape and ferhaagef prormsian, mose and camessl teath
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¥ g 4 Pramalars 3 r"ﬁ-n'hrl
| Carina Carnasainl

Fig: .5 Skdll of an adut dog showing the permanent denttion

Production of saliva is confinueus but may be increazed by such
factors as the sight and smell of food [particularly in dogs), fear,
pain and irrifant gases or other chemicals such a5 organophos-
phates. Salivation also often oocurs just prior b vomiting and
may bea warning sign to the owner!
The function of saliva is
I To llrricate the fomd, making mastication ancd
swaallewing easier.
L Thermuoregulation: Evaporation of saliva from the tongue
during panting or from the fur when applied during

Table 9.1 Tooth types and functions

Position and
Type shapa Function
b (1) Lie in the mdsive bone o Fine ribblig ard
ghe upp=ee faa arad in the cutting meat: citen
rardible of the fwer ] dor delicats
jwe sl poimed wish 8 groceing
angli Foen
Canin=s [C) - Ore on each comer of Halding prey firmly in
‘o teeth” the upper and lower the mouth
jowvs; poareed, with a
smple curved shapes:
snzle raot deeply
embedded in the bone
Pramalars Flamer surface with Sheanng flesh off the
(M) — ‘chael seoviral podnes kv ag bons using a stisar:
1poth’ cusps ar wherdes; like actior: flatiened
Lisually hase been or sface hdps to grind
racts arrangsd in 2 up the flesh ta
trargulsr postion 1o ghe faciitate seallvsing
stabikty 0 the wbone and digestion
Modars (M)} - Sirrtlar shapss 15 Shearing and grirsding
“cheak westh prermclaes; wally laeger raa [MET Thess ar
with af beast chrae roots e modars in the
checidunus deraiton,)
Carnassials Larg=st t=eth in the jwer Very powerSil teeth
similar shape o other gted dose 1o the
cheek teeth: the first angle of the bp= only

leweer motar and the last
Lpper fremalar an esch
mde

fourd in carmivorss

grocming causes cooling of klood in the underlying blood
capillaries; this reduoes the core temperatane of the body.

3. In ommivores and herbivioes, secretions from the paretid
gland contain amylaze, which begins carbobydrate

digestion,



Table .2 Eruption times

Tooth type  Dog Cat

Dreciduous dentition

Inicisors T4 yeuehs Envre denciiion
siarts ta srupt at
2 wwesdios and 1=
complete by
4 wenks

Carines Sowenks

Premolars 48 wenks

Malirs Ahigant

Permanent demtition

Indlsors 354 mantis 12 wmales

Carines 5 & morths

Premiclars bt prermodais 45 momihs; “artable: il

remainder 57 monthe cluntition present

by B monehs

Malars 57 months

Sublngunl

Fandibutar

Fig. ®.6 Location of the walvary gands nthe diog

Pharynx

The pharynx forms a crossever peint between the respiratory
and dipestive systems. 18 is 2 muscular bube lined with mocouws
mambrane, conrecting the back of the nasal and oral cavities
with the oesophagus and the larynx and trachea, The soft palate
exbends candally towards the epiglottis of the lanmx and divides
the pharyns inte the nasopharynx and oropharms (Fig, 9.3 see
also {.'h.:.FI:L':' ﬁ]. Thie wealls of the Fh.ur].':n:c contaim diffuse areas of
t:.rmphni.d H=sawe known as the korsle. Their fursction i bo Fwﬂn:l:
the animal against disease (see Chapter 7). The most obvinus are
the palatine tonsik lving one on esch side of the pharynx ina
shallow recess. The Eusiachion or audifory fche connects the phar-
ot the middle ear. Ik enables the air pressure on elthwr side
af the tympanic membrane 10 equalize and thas maintains ghe
flesxibiliby and fumcton of the cor drum (see Chapler Sh

Chapter 9 Digestive systam

Flg- 9.7 Furcton of tha phanyms (AY Positrons of structires
guring seaicreing of food. (BY Postion of siruciunes dinngnosa braathing,

The pharynx conveys foxsd from the moath into the nr.':-upi'ia-
gus by means of a process known as degludifion or swallowing
{Fig. %.7). This occurs in the following stages:

I, The boee is rolled into o bolus by the tongue and cheeks and (s
pac=ed to the back of the mouth by the base of the ongue

2. The pharyngeal muscles contract ard force the bolus towseards
the pesophagus,

3, Atthe same time, the epigletis coses 1o prevent food entering
the larymx.

4 A wave of muscular contraction — persstalas — pushes the food
dowrn the WHJFI'I.!H'L'I.I.

5 When the food has passed through the pharyis, the epiglottis

Falls open and respiration starts again.

Oesophagus

This iz a ﬂ'.mp]-e tirbe that carries food from the F'hn.r].'n:u: by Hhae
stomach [Figs. 9.1 and 9.2). In the neck, the cesophagus lies dir-
=al torthe tracheas and stightly to the leftaf it It passes through the
thoracic cavity, running within the medisstinum, docsal to the
beart biser andd Betiween the two lungs. The cesephigus enters
the abdeminal cavity via the ecsophageal hiatus of the dia-
phragm, which separates the thorax and abdomen.
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Flg. #.8 Bepmsentation of peristsss, Muscuar cortracton withe the
tube forces the food bolus along,

The walls of Hwnﬁafd\agu are limed with :|:h'|:|!|"||$|."|1I LT
epitheliusr arranged i longitudinal folds. This protects: against
damagme by food and allows for widthwavs expansion as e
boluses pass dowre Within the walls are circular and bemgitudi-
tal bands of srcoth muscle fbres. Contraction of these musches
brings about a series of pevlalaltic wemes that force the food aleng
the kube (Fig. 98} Food can pass in the reverse direction -
anfiperiztalzis - soen during vormiting. The average lme taken
for Fooed W0 pass down the sesophagis = 153 s but thes
depenads on the dype of focd: liquids take a shorter time than
diry fosods,

Criagressts of condtions of the dgesnve ract may be helpad by the
use of a ‘hariumn meal’ or banum sorgs Liquid barum suiphate i
adminitared crally and a saries of mdiographs are takan cwar a
panod of spverad hoars: Fy. 9.9 shows the resule of the e of harum
as a corbrast mediom and dlustratos the aramomy of the caning

chgesstive ract

The abdominal part of the digestive
system

The miajerity of the digestive tract lics within the abdeminal cav-

il:_:.r and can be divided into thres Fa:rl::

o Stewuich: wsed to stone and mix ingeshed toed

& Seinll fedestinee the main sgbe bor enzymic digestion and the
absorption of nukments

s Large felesbine: the site for absorption of water, electrolybes amd
waber-seluble vitamins; any indipgestible vemaing pass cub of
the amus a5 faeoes,

Stomach

The stomach of the dog and cat is described as bemg Smpe
[e.f the compeund stomach of ruminanes; see Chapter 17}
and digestion is said tobe mowgasiee, The functions of the stom-
III'J.'I. Fill gy
I. Tor act &= a reserveir for food: Wild camivoees {particularly
lions) mny nnl}r eak every 3 dn_w: amd then rest while food
:ln‘r.-'l:,' djﬂnb:.
L To break up the food and mix it with gastre puies,
1 To begin the process of probein digestion
The stomach is o C-shaped, soc-like orgam lying on the befl side of
the cranial abdomen, Food enters from the cesephagas via the
oordias -.'|'1|'rirrjt'1' and keaves from the ir.:_.dm'ir th'n.rh'r [Fig 02}
The imner curve of the sac is called the lesser cwrmahiere and the
outer curve the granter cwrmehioe, The entire organ is covered in
a layer of visceral peritoneum or mesarery, as are all the organs
in the abdominal cavity, The mesentery attached to the inner cur-
vature is called the lesser smenbun, while that pttached to the
greater curvatuee is called the Srmf:r moeenefieme. The :=||1F|:|:'.lr ki
within Ih-eia.:.-rmnﬂ'he proater omentum. The walls of tha chom-
ach are thick and easily distended by food. When empty, the
stanach lies wwder the sibs but when full e stomach may
eecupy @ third of the abdomen.

Gastric dilatation and solvulus 5 1 condsion of larpe’
deep-chested breeds of dog, such & the German Shepherd and the
dachshund. It ocours when the stermach distends with gas and
hal-ferrrented food, becames unstable ard baists around o igell
preverdng the escape of the gas. The des aiffers eanrame discomfor
g may rapidly go it shook and dee if not treared 1o relieve tha
distersiont, I such cases, the stoarech fedls dght and droom-lke 20d
migy fill half the abdomean

Structure of the stcomach wall

The stomach can be divided irto thres regions: the mrdi&.ﬁ.un'lus
and pyforus. Most of the gastric glands lie within the fundic
regricn of the stomach. The walls of the stomach are lined with
mucuus membrane, the gastric mucos. This is theown inte deep
longitudinal folds known as rgee, which flatben out when the
stomach fills with foed. Within the mucosa are the gaatric pifs
[Flg. %10}, consisting of three types of cell responsible for the
secretion of gastne fuices;

& Gadet pedls are fonand In all parts of the stomach, They secrete
rucies o lalseicate the food and 1o peotact the stormach seall
from damage by digestive ensymes (il miligesiio).

* Chisfeells are found within the fundus, Thay secrete
e, the precursor to the active enzyme pepsin; pepsin
breaks down proteins to peptides.

# Prartefal cells are found within the fundus. They secrete
frydrochioric soid (HC); this creates an acid pH which enables
pepsin o work ﬂFEEt!i.'l.':l:,l-

Food embers the stomuch via the cardiac sphincter. Distension of

the sbomach stimulates the secretion of the hormone gestrin from
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Fig, 7.9 Barnam X-mey wres ((usratng the digestve
et {AY The barum {rado-opaque white matenal] &
n the oesophagas after being swallpeeed, (B) Barm
eribaes the sternach, () Barum sarts to ko the
#rnmach and arer the dundanurm

Contniied
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Fig. 2.9, cont'd |:'D} Meest oftha barum s noee mtho
sl imtestng (& small amount memans o the stormach
ansd sorns e antored the arme infa it |:I-_":|- Barum in

the colon ard mecium apreed by enema.

the stomach walls, which Inlfiates the production of the gasinc

Julces. Thwo tyepes of muscular mevement of the stomeach break

wpr e inda e bood with the fuices:

= Penafelsia pushes the food through the stomach (Fig. %.5) and
conributes e the rumbling of an emply stomach

= Ringtimic segmendalion breaks wp and mixes the Foed bolwses
{Fig. 2.1}

Gastric emptying

Food in thi= stomach is broken up and pa rI.'i:||'|_'!.l di.ge:bud_. result-
ing in :.!:-l.1u:|:|-|ik.|.~|ir|1.ri|:t with an arad pH known as L'.'Jyln.-'. Chyme
i= released in spurts through the pylone sphincter inte the duo-
denum, where digestion continues. The Hme taken for food to
pass through the stomasch diepends on the tpe of food. Liguicks
ray bake bt half an howr, while more fatty or solid foods take
about 3 b

Wombthng 5 the “recurn of inpesm and flulds against the normal
direction of swallowdrg an pesiscalen’, This s 8 very coimmen
prosentng s ared thers arg thres mpes!

Trie varmiting i preceded by salivation and 3 fesbng of reusea.
frdlewed by artive abdominal commactions and expulson of tha
sk, This may becaused by virsd or bacvenial Infactions, gasri
imtaton, foreipn bodies, traved sickness, endoparasites,
abdominal neaplasia ard many metabolc deeases,

Possiee ﬂ;l.m“:.rg wwﬂg.huﬂim is caused by overflow of
oesophageal contents (4.5, megaocesophagus or an oesophage:
foreizn body).

Frojsctie vomiting 15 3 violent ajecton of stomach contents.

This is characteristic of prlonc stercosss, & condon seen in
mneornates I8 oocurs when the moscke of the pylonc sphincter

it overdeveaped ard restroces the pasiage of chyme out into
the duadenum,



eoibedd gastrie
ars

Fig. .00 (A) Structurs of the stomach. [B) Enfargement to show a

Basing pit.

(B)

<)

Fig: #.11 Fhythmec segmentation within the gastromtestina! tract serves
i break U and e faod boluaes:
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Small intestine

The small imbestine = the mmajr saber of crm_','mil.' diﬁul‘i.nn and
absorption. It is a long, relatively namrow tube and may be up
to 35 times thee body length, Food passes along the small intes-
ting and s mixed with digestive juices by penstalzis and by
thythmic segmentation. It s divided into three parts, each of
which has a similar strochare but shows functional ::l:l..ip!n.l:iun&

{Figs. 9.2 and 9.9):

= The deodenan is a U-shaped tube with the pancrees Iving in
thve loop of B 'L, The duodenum bes m a fixed posibon s
the mmeserdery, e mesaduoadanon, i shoel. The panceatic duc)
leading from the panceess and the oo bile diet from the
gall Badder open inbo (1. Within the walls ane glands, kowsm
as Brunner’s glands, which secrete a misture of digestive
enzymes known as sporus enferimes, The dwodenum feads
in b the jejuanum,

* The jejunem and Senm are difficult to distinguish from each
other, They constitube a long fubs with ne fixed position as
the mesafefanue and mesaileum are long, allowing the tract
to fill any available space in the pentoneal caviby, Withan
thie walls ane digestive glanads known as the crgels of
Ligherkither, The ilewm ends at the docnecal function,
where it jping the cascum.

Structure of the intestinal wall

Each part of the small inbestine has a similar stroctwee (Flg, 9123,
The epitheliol Laver is folded into milliens of tiny, leaf-shaped
felds called willi (sing. oilfuz), Thedr function s o increase the
surface aren of the epithelium b maximise the efficiency of
the digestive and absorplivie processes. Extending from each
epithelial cell is a border of tiny wicreanili, which form a ‘brush
border” to further increase the surface area (see Chapter 2,
Fig. 3.
Inside each willus is
= A mebwork of bleod capillarices that convey small molecules
trom the breakdown of carbohydrates and proteins to the
liwer via the hepatic portal vein.
& A |:|.lm|:huli|: i:apil-.la:].' ktawm 2 & daclenl. Each lacteal
carries chigle, & milky fluid resulting from fat digestion,
Froem thie siiall intestine o the cisterna chyli in the dorsal
ablomen.

The poncreds

The panceeas is & pale pink, lobuksr gland Iyimg in the 77 of the
ducdienum, whose secnsbons are essential b the digestive pro-
cess [t lies outside the digestive tract and s descnbed 2= an
exdrinsic pland, The panceas has an endocrine - part  (s0e
Chapler &) and an exocrine part and 15 classed as a mixed gland,
The expcrine part secretes digestive ensymes and bicarbonate
inte the duedermm via the pancreatic duct (Fig. 9.2).

The gall bladder

The gall blackder lies withim the lobes of the liver and s a reser-
vodr for bale, produced by the liver. Bile contams bile sabts needied
for fat dggestion and is staimed vellow-green by bile pigment or
ditinchiy preduced from the breakdown of old erythroopbes. 1t is
seprished ik the ducdenum via bhe commar Bile duct,
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cpﬂi'm.un

Exocrine pancreatic insufficiency or EPL This &5 2 candinon
in which the parcrags fails to produce sullicient engymes to digest
the food. Levels of mypsin are tha mast significant because this
enryme achwatos the othior enmyme precursors. The condrion is
partauliry commen m German Shepherd dogs, Affected diogs are
thin, often ketharge, revenowsly burgry and they produce larps
amourits of fatty (steatorrhoena) slightly runny faeces. Treatment is
based on prawding syrihetic trypsin as a powder, ‘which i added
ko the food, but feeding the dog o mw pig's pdhcreasss has sk
proved successhil,

Digestion

Foscd is ingested in the form of proteins (polypeptices), carbohy-
drates (polysaccharides) and fats (lipids). For food to bea useable
sgaaros of CCTgy, it mustbe broken dosen into soluble molecules
that are small q.nn:ﬁh in be absorbed thn;mEh thie wall of the
small imbestine and into the bloodstream: this iz digﬂﬁuﬂ. In
mammals this process oocurs by the use of chemicak called
eviziies. Each moeyme is designed fo act on o specific material
iof subsirate, and nos on any other. Thisy are usieally named after
the subskrabe oo which they act; for example, lipase acts on lipads
{Eats) and maltase acts on maliose.




#n ermymie is 4 proten that aces @ a2 cetalyst increasing the speed af 2
reaArTice. S ergyras may be produced i oan inactied foemy knoanas o
precursar which must Be corverted 10 the actiee fomms by another snnime
hefiome ey can ok

There are four sources of digﬁl:i'l.rg ju:irﬁl l:l:lnl..'l-'ining thie
enEy s gastric iakoes, pancreabic juices, bile salts and inbestinal
juices. Digestion in the carnivere begins inthe stomach.

Gastric juice

This Is secreted by the gastric piks in response to production of the

hormare gistag From the sbeamach wall {see Chapler 6], Thootbalns:

o Miwcus is secreted by goblet cells to Jubreicate the food and
protect the gasteic mooosa from autodigesticn,

»  Hydrachioricecid is secreted by parigtal colls, This denatuwres or
breaks down proteing, making digestion ensier. [t croates an
acid pH of 1.3-5.00, which faclitates protein digestion

] J'-'rr:l.-:z'lmgrlr s serTeded h].l chied cedls, It is corverted to the active
eryme pepsin by HCL

¥ Pepaiit converts protein molecules wo peptides gmaller
modecules) by a process known as hvdsolvals,

The biguid food resulting from this process of gastric juice diges-

tlon = Kivown as oliae,

Pancreatic juice
This secretion s praduced by the exocrine parl of the pancreas
and aecurs in response fo the hormones clideeysinkinn and sene-
fiar (from the wall of the dusdenum} and gasinin (from the stome-
ach wally, and stmuli from the atonomic nervons system (see
Chaprter &) T8 contains:
¥ Bicgrlvoncht mewtrm lkses the ettects of the acid 0 the rh}'mz_.
allowing other enzymes B0 waork.
¥ [geative enzymes, many of which ane inactive precursors,
which prevents aulodigestion and destruction of the pancnes
1. Profrses act on probeins and include:
o Trgpsivogen, conwerted 1o active trypsin by anotber
enEyre, aterofingse, present in sucous enfericus,
o ijin;n'rr, which activates other CNEYNE Precirsers. ft acts
on peptides and other profeins to produce amino acids
A trypsin inhibitir within the pancreas prevents
sponfaneous conversion of trypsinogen o brypsin and
a.ul:-l,:d'tgcﬁl:iun.
1. Lipeaes are actrvated by bile salts. They convert fats o fatty
ackds and glyoeral.
1. Amnpdases act on stanchies, a form of plant carbohydrate, and
converl them o mallose,

Bile salts

The presence af chyme in the duodenum causes the gall bladder
o contract and prodoce bile. Bile emulsifies tat globules so that
thl:].r have a ]rlrg'n' surface area on which CREYIesE can act, and
al# activates lipases,

Intestinagl juice
Secretion of intestinal juice is stimulated by the hormone seceetin
produced m response fo the passage of chyme through the
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prlone sphuncter (see Chopber &), The inbestinal jukes are pro-

duced by

= Brunner's glands in the duodenam; the secretions ane known
A FMOCHS eRIETTONS

= Crypts of Licherkiihn in the jejunum and ileum.

A number of engymes ans present, many of which are also pro-

duced by the pancreas:

= Maltes oonverts malbese to glucose,

®  Suchase converts sucness o glhscese and fruciose.

= [achse converts lactose to gluoose and galactese,

= Epleridinese converts trvpsinogen to trypsin

Anrinaprilidaze converts peptides 0 amino acids,

Lipase comverts tats b bty acids and ghyoerod,

Praten (palpeptided comerted o arma-andy

Carbofrvdrrtes [ pabsacchandes and deacchandes) converied to
ghipean ard oiber smple sageny (monoasccharides)

Fts pamwerted o forty acd ‘and ghecerol [monoghoandes)

The result of the digestive process is that the basic constituents
of food are converled into small molecules that can now be
absorbed

Absorption

The makn site for absorption is the Vil of the small intestine. The

efficiency of the absorplive process b5 inceensed by

® The long bemgth of the small Infesfine

= The internal surface anen incrensed by the prosence of the villi
ared the epithelial "brush bordar?

# The fact that each villus is well supplied with blood capillaries
and lacteals

D'unnﬂ; rlh:nrpl:inn aminn acids and 5':rrq:l|.e sugars are abzorked

I:I].r the blood r.:pi.IL'lri:.g: and arecarrsed h].-' the h-rputi,r paxrta | v

o the Liver. Fatty acids and glyeerol are absorbed By the lacteals.

They form a fatty milky liguid known as clegle, which iscarmed b

the cistema I:i'l.}lil. byving in the dorsal abdomen {see Chapter 7,

Fig. 770 Here it is mused with lymiph and carrtied to the heart

by the thoracke duct, whese it joins the Bloed circulation.

Large intestine

This i= a shoit twbe of 2 wider diameter than the semall inbestine,

Each part has a similar structure to that of the simall imbestine,

However, in the lumen there are no villl and o digestive glands,

bBut there are more goblet cells. Thisse secrete muces, which fubri-

cates the faeces as it passes through. The large inlestine is
divided inko:

= Camwm is ashort, Blind-ending fube joining the ileum at its
j:.l,m_-tim with the .ap;vrrldi:ng colan: this s the feocacml jurction
(Fig. 2.2% In carnivores it has no significant function,

& Caloei e divided e the mr;'ﬂ'rifilr#, trirtberss and Jf.:n:tnn'ﬂl_g'
color {Fig. 9.1} according bo the nelative position in the
petiborteal caviey, but all are a continuation of e same anga.
The descending colon is held close b the dorsal body wall by
thie maesorodig. Within the cobom waber, vitamins and
elecirolytes are absorbed, ensuring that the body does not lose
exceasive wober and become debpdrabed,
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= Rechus iz the part of the colon runming through the pelvic
caviby. 11 iz held close te the dorsal body wall by connective
tssue and musche (Fig. 5 9],
= Awal spluncler marks the end of the digestive tract. Tt is a
muscular ring that controbs the passage of facces out of thae
baondy, It has bt parts:
a frfenng m:l.m'.q:l.llzlrdm-. fruni=r ring of srmooth mescles controld
i kv lunkary .
o Extersil aval spienclers Chuter ring of strinked moascle;
contrul is voluntary,
Thee lumen of the sphincter is constricted and Lned with deep
lemgitisdinal folds of mucous membrane that stretch fo allow
the pasaage of bulky (aeces

Drefoecation

The faecal mass passes through the large intestine by means ot
peristalsis, antiperstalsis, rhythmic segmentatiom and  infre-
greent but streng contractions known as mass movements. These
moviemients are iny |:||.1.1nl'.a.r1. but, as the faccal mass enters the puﬁ-
Wi i:.uwl'l.r ltl'l:bl:l‘ll.ﬂﬁ of the rectal wall stimubsbes -.-'vph.ml'.ar_','
:.l-r.*.un':h-uph brought about by abdominnl contractions. The anal
sphincter, which & noemally held tightly closed, relaxes, the
abdomiral muscles contract and the mass is foroed ot

Composition of faeces

Mormal facces have a coleur and sl that is characteristic of the

spocies. They are described as being “formaed” — the water content

is such that the Facces keep thedr shape (watery fasces do nat}

Mormal fasces contain:

# Water and fibre

s [Pead and 1i.1.':i.|.13 bacteria = normal commensals of the |.:||.'Er.-
intestine, which may contribute b e smell

= Slonghed inbestinal cells

= Mlncus

® Combents of anal sacs

® Sierpobilin - a F"tsmcntduri:l.red friam bale that gi'l.'ﬂ. faooes
their colour

Lﬂﬂﬂ_l'.rnm e Bt gl rAngs, thi AL F poase gea e and
sorx These are madified sebaceaus nds; which vary from pes td marble
size deponding on e spacied and breed of animed Thelr secretcs
coat the feeres us it pesses aut and the dheracerssc smell & uzed by
the animal foe tTermceial soet marking, parmicdaty i wald spacds
Irpeicted aned shed My be & probier indog led oo softer dists

The seqience of musde cortrRcion.and nerwoie-comral imaked:in
Ot R CITION MeUFES  CoCeTinarm s Dy TH Pieyins SYIET Ay 'ﬂﬂl’“-"ﬂ,gl-:l
to the spinad cord [eg. disc profapes or Sewsne tmurnz), My result in
foetal Protirenee o Daeal retenticn

Diarchoes s Fequent evacigton of watery feces’. The ks s
common preserting Sgn. it may be acute or chrorec and is an
mchication of some form of irgestnal disturbance, such as
maldipestian, malabsompeion, noreased p-mrnkliwgaswmal
irritaticn. Howewer, the most common cause of diarrhoea, in dogs
espedally. is dietary mismanagement. This can be easily comrected
by starvation far 34 b followed by a light deet of fish or dhickiesn
and rice for o forther 34k

The liver

The liver is the JJFF_"',EIE Ehnd in the I:rnd_'lr and lies in the cranial
abdomen. Thie cranial aspect is convex and iz in combact with
thi= r!iap-'hr.lgm. The caudal nqq.'l-l:d s concave and 15 in contact
with the stomach, ducsdenum and right kidney (Fyp 910
The liver s deep red in colour because it kas a large volume
at blood Huwi.nE I:h:nnuEth. It 1s divided mnto several LII'EE' falies,
in the centre of which is the falciform lganrest, This ds the
remaing of hekal blood vessels from the umbalicus and s of
littke sipniticanse [ the adult animal (see Chapter 7, This gaill
hindier lles between the lobes in the centre of the caudal aspect.
[t stopes Blbe, which pours into the ducdenum via the common
bike duct

Liver disease, Baciuse the liver has so many furcricns che clinizal
signs of liver disease may be non-specific and include yomaing,
diarhopa, waight loss, anterior shdominsd pain and pala faaces.
Mere speciic signe includa jaundice {(pellevang of mucous
membranes), asotes (fluid in the abdormen), sedems (fluld wnder
the skin and crrhoss {replacement of discased liver tissun by
fibrous thsue),

Histologically, the liver consists of thousands of cells known
as hepndicydes (Fig 90130 These ane nesposible for all the many
functions of the liver. The hepatocybes are arranged in hexagonal
liver nfwile: surmrounded |:|:|.' connechve hesue. Ru.n:n.i.ng rJn:n,:ugh
the lodrples: bBetoeeen the hepatocybes are tlmibe blood aimusaids
carrying blood from the fepatie porial wvéin. Each hepatocyee s
bathed in plasma, which percolibes sorees the kolviale to deadn inte
the cemdnz! otie, The central velns flow inko the Repatic vein and so
i the cawdal vena cava, Thus the prodoucts of digestion ave car-
ried From the small inbestine by the blogd bo every hegabocybe,
where they are used for metabolisen, The liver tissue recoives
arterial blood in e repalic arteey,

Baobween the hepatocytes are iny channels known as bile cane-
[aenaly, inbo which bile = secreted, The canaliculi form an inferoons
necting netwerk that eventually drains into the gall bladder,
There is mo direct connectien between the simuseids and  the
canaliculi,

Tha liver has many functions and is essential tonormal health.

I. l!"u'rh;ll'l_l,ufml'.i.- mielehalisrr Clucose i3 a sounce of CTRCRETY fiar
ﬁuhﬂd}'buiﬁmuﬂhb&umﬂb}lﬂﬂcﬂﬂ:mﬂﬂpﬂm
qﬂﬁehmm:mhn,mrﬂndb\fdﬂup.m Esocesis
glucose is stored as ghycogen {ghycogenesis) in the liver.

This 1 broken dewn to relense glucose (glyvoogenolysis)

when Blood glocose levels ane bow. In this way, the lives

keeps blood glucose kevels within 2 narrow mnge {see

Chapter &, Flz 6.3},

1. Preedeise melabolison: The liver has several important robes here:

o Frnnabirn of pasmn profeins: Alfain maintains the balance
of fluids in the body; filvimegen and profhrombin ane
imvalved in the blood clotting mechanism; glabmling form
part of the mmune mechanism,

o Rrgm'u'ullr:l r_|;|"aurr|'r:||| aefds Thers are 20 amino acid= that am
essential to form body protein. The liver cells use these
aming acids 1o make new preteing and as the "building
blocks’ of other arganic compounds. Amino acids that are
nok csacntial may be converted into more useful ones |:|_',' a
process known as fraisaneiaaiion.
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Fig. #.13 Strudtural organsaton of the lvar

o Prodiection of woee: Surplss aming acids cannot be 6. Foemabivt of peie red Mood celfs, The lver carries out thls

stored i the bedy and are converted by the liver o task paby in the files
arnrmonda and then b urea, This process s known as 7. Blorage of vitoming: Mainly the fat-soluble vitamins
denimabion. Urea i excrebed in the wrine. Ay I E and K, but some water-soluble ones may also
3, Fat owefabolizoe Fal is a source of encrgy for the body, The b slored
liwer converts fatty acids and glyoeral into phosphaolipids, B. Slorage of fram.
for the formation of cell membranes, and to chalesteral for . Reyulation af bodyy temperature aid prodiuction of heat,
bile salts. Excess fat is stoned in deposits around the body. 10, Dietartfontion of cerdin sebstances {o.g., alcohal),
4. Formation of hite: Stored in the gall bladder. I}, Defocifiontion wird confugatian of teraid hormones,
5. Deatraction of ofd red Mood cells: Haemoglobin = excreted as {Gee Fig. 913}

bilirudvinn i thee bile.
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o The fumetional unit of the kidrey s the nephent sach
kidniey contair ey theusards of pephrone:

®  Fach pepbeon = made of s=eeril parts, mich of shich
has a roke in modifing the glomerular filrets.

= Within the glormendar capsule of the repheons.
Hood passes ovar & fing figer, Witer and very small
partcles are remmoved, This is known s ubrafiltration
and farms whiat s known as the glemendar fltrage

= |arge particles such as.red Bood cells ard plasma
Eroteins refnain in the blood,

= The very dilute glormerular filtrate pasies down the
nephroens and undergoes 2 seres of modifications,
wibich residt i the forrmation of drine. T he find valume

SECTION T |

Urinary system

POIMTS

aof urre e sianificardly reduced ard reflects che ot
of the saracelular fusd (ECE) of the oy,

*  The function of the kidney i to regulate the woliame
and the csmotc concertration ol the bady fuds s
that they remain constant. This is ane of the
harmesstatic mechanizms of the body and & essential
the bady & to lunction nommalky.

®  Tha bilrey is alse responsible for the axcretion of
nitrogencas waste in the urine.

= Lirirse is stored in the bladder and remaved from the
bnd}rﬂnﬁamﬂ'ui

*  Lnire samples can provide useful disgoostic
mlarration

If the metabalic processcs of the body are W function effectivily,
the chemical composition and volume of the Hssue floild mest
b kept constant, The maost impertant fimction of the urinary
system — and principally that of the kidrey — 15 te maintain this
constant imbernal envirenment, described as ooesloses,

The urimary systern lies in the abdominal and pelvic cavities. Tt
i= anatomically linked with the gonital or reproductive system
and may be referred fooas the wrogedial sysan. Both systems
share the vrethra, which muns through the penis of the male
aned joins the vagina of the female,

The parts of the urinary system ane:
¥ A pairof kdneys
o A palr of ureters
¢ Bladder
¢ Lirethra
The functions of the urmary system are:

* Toregulate the chemical campasition and volume of the body
fluids - szimareylation

* Toremove nitrogenoeus waste prod ucks and excess waber from
the body — everetion

o Toact as an endocrime glamd by the secretion of the hormone
ery thropmetin (see Chageler 0)

The kidney

Thers are two k.in:lr:r.j.'s I'_l,'jng in the cranial abdominal ca\'il'_','. ane
o each sice of the midline ventral fo the lumbar hypasial mous-
ches {Fig. 10.7). Each kidney is closely attached fo the lumibar
miusches by a covering of parietal peritoneum. There is no mes-
enteric attachment, as seen in other sbdominal ongans, amd the
kidney is desceibed as being refroperitoneal. The dght kidney Hes
slightly cranial o the left because the stomach has evolved fo le

o the Left side of the abdomen, pushing e left kKidmey oot of
positian, Lying close fo the cranial pole of each Kidney are the
ovaries of the femabe and the adrenal glamds (Fig. 1002)

Macroscopic structure

The kldneys of the cat and dog have a chasacteristic bean shape

and the indented area = known as the s This is the point o

which blood vessels, nerves and the uneters enter and leave the

kidney, The kidneys are normally a deep reddish-brown but the
colour may ba atfected by any substance filtering throagh them,

Cin g lateral rmdiograph of the abdomen, a normal kidney can be

=een b be equivalent in size to approsximately 2.5 verbebrae

{Fig. 113} The smuscth puter surface may be surrounded by a

layer of fat, which acts as an energy reserve and protects the kid-

mizy! Froen extermal damaﬂc.

When examin ing the cut surkace of a normal !u'dne_l.-' cut lon-
gimdim!l}r, it is possible fo see fiowar bayers {Fig 1041 From the
castside irtwards these ape
|, Capaulie This is e profective laver of irregular dense fbrous

connechve fisswe closely attached fo the cortesc Ik can be easily

peeled sway frim a healthy kidney but any adhesions may
indicote previous infection or damage.

2. Cortex: This dark red cotermost layer of the Kidney
containg the nemal corpuscles and convaoluted tububes of
the nephrons,

3, Medulla: This is slightly paler than the cortex and it may be
possible to seo the triangularshaped pyramads, which
contain the collecting ducts and, between them, tissue
contnining the foops af Herde of the nephrons

4, Peima: This is basin-shaped and made of fibrous connective
tigsue, which gives it & whitish appearance. Urine formed
by the mepbuons dening inbo the pelvis and out of the kidmey
wia 4 single weeber,
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Wrinary badder

Urathes Uraehirsk ariliza

Fig. 100 The pestion of the urnary system 0 the bdch.

Renal failure: This may be acube or chronic and the conditian
affects the =ze of the kidney

In acuite rend failure the kidreys become swollen and painful o
palpate.

tn chronic reral filure the kdneys become gmeken, bard and da
not cairse pain when they re palpsted

Blood supply

Arterial blood is carried from the aorta in o singhe renal arfery fo
each kidney (Fig. 104} Thiscarries 20% of cardiac output, Within
the: tissue of the kidney, the renal artery divides into several irder-
Iitr arieries, which pass bebween the renal pyramids and into the
cortex. Here c.upilla.ri:sm.lppl‘_l,r the renal tubules and also E.i'l.'L' off
MLMErOUS :apﬂ:l.r].- networks kniown as gfrht:um.l'] l:'::irr:E. gi!mm-u
luz){Fig. 10.5). Each ghomerulus supplies an individual nephron.
The capillaries then recombine to foem intetishar temz, which
ertier the simggle rerad vein, This carcies venous Blood bo the catadal
Vena cavi.

Blood entering the kidney cares coyvgen, nutrients and waske
F-mdu-:-h from the tmsues of the body; blood leaving the kidney
carries carbon diowide prodisced by the kidney tissues, but the
nitrogenous  wasie  produces have been removed via the
glomeruli,

Microscopic structure

The functional unit of the kidney & the peploor {Fig. 10.5). Each
Fig. 10.2 Vorhrodoess v of tha urcganta gestam of tha hitch, kidney contains about 4 millien nephrons, which are closely




Fig, 0.3 Radiograph of the kdney ared. The baddes Fas baen nftaied
with 31 for oorirast and e Kidnaey [AMows) CAn D S8an 10 Ml e
goout 15 trres the ength of the lumbar wertalirae

Fibranm tiaun capaiia

Pabm
Areuse artesy ind wein
Migdally

lmperkabar arvery prd vain

Fig, 10,4 Parasspiial secthon thiough the dog kKidney,

packed together, They are responsible for the filtration of blood

and the producton of urine. Each nephron 18 a bong tubule

divided inbo severnl parts:

o Clowiernler capsale i a cup-shaped structure enclosing a
nebwiork of blood capillasios called the glomemilis (Fig 10L6)
The capsule may also be known as Bospme's capaule, The
capstle and the glomerilus form the reaal corpiscle, The
baserent membrane of the inner surface of the capsule, which
is in chese contact with the endothelium of the glomerular
capillartes, is lined by podocyte cells betvween which are tiny
pores (Fig. 10L6) These pores are of such a size that they will
allow the passage of fluid and small molenules, but restrict the
passage of larger malamales. The outer surtaceof the capsule i
continueas with the epithelinm of the proximal comenluted
tubnale, Fluid filtered by the capsule drains into the space
between the e layers and continues into the next part of the
nephron.

o Progiaml comrvolihed Sl 15 a long, bwisted tube leading from
the neckoof the capeule and Iving in tee renal cortex (Fig, 10.5).

Chapter 10 Unnary system

The tubules ave Loed in sivple coboida’ oe coliesnner epithelivm,
The sbde of the epitheliun directed ewards the Tumen of the
tubule is lined by fine scroailli formimg o rwsh border’, This
increases the surface area for the reabsorption of water and
electrolytes,

s Lo Herle s a Usshaped part of the tube leading from the
proximal cenveduted tubale and dipping dewn into the renal
mechubla, The tubulke is lined in simple geeamons epitheliom,
which is thicker in the ascending koop than in the descending
loop {Fig. 10.5)

s Diatal coreoolicded tubule 15 o shoet but bess twisted part of the
buibe than the proximal convoluted tubule. Ik Ties in the renal
cottes and (8 lined in cuboidsl epithelium witheat s
brush border.

= Coltecting duct: Each duct receives urine from several
niephrons and conducts b through the pyramids into the renal
pelvis, The ducts are lined in colusar epithelium,

Renal function: The formation of urine

Blood s filtered by the Ridneys and the mesulting Altrate
undergoes a sevics of modifications within the renal fubules 1o
produce urine, This urine is very different in compesitson and
vilumne froem Ehe original fillrate, Por evieey 100 Loof fluid filbered
from the blood only | Lis produced as uring; 99% of the original
filtrate is reabsorbed back into the blood, The changes made o
the filtrate reflect the status of the ECF and in particular that
of the blood plasma.

The physiclogied proceases ccouming inthe rena neshrons ars

= et 15 the paasaga of wenee fiorn 3 weakir to & sronpor soluson
Reroas B spira-permeable membnnge

= [Diffision s the passage of 3 saubstance from 3 high concerirstion
to-a bow comcemtraksn

= Baagbopean is the passsge of 2 substance from the imen of the
ronal tubides inno thernonal caplianies and 5o back anto tha deculEtion
this i an actve process-and requines erergy

= Sarrevdan i5 the passage of chemicil substmnces frem the renal
capilenes o the lumen of the tubales and cunt oF the bady in-the
urire this b an gt pooiss BN IEqURS Grergy.

Blood enters Hm!::idney and s carried o the ma:!i:".ariﬂ trren-
irl.g the Eim'nen.l]i.

Glamerulus
Bliod prossure within each glemernales s high becauseo

= The blood has come straight frem the senal artery and the
aaela, both of which carry blood under high pressare,

= The smooth muscle in the walls of the efferent arteriole
leaving the glomentlus is able bo constrict, under the contral
ot the hormone revitn, and thus mp.:l:.h': the pressure oo
blood in the glomeriles.

Hiﬁh pressure in thie plomerulus forces fluid and small mol-

ecules out of the Blood through the pores ot the basement mem-

brane inbe the copsular lumen. Larger-stesd pacticles such as

risd Blood cells, plasma protems and any substance beund o

profein mobecules Jeg, hormones) are retained o e blosd,

This process is known as wtvefilteabion and the filirate is referred
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Bramch of renal artery
Branch of renal vein

Cescunding limb

Liowap o
Hanl
e Ascending limb
Bibooed capdlary
ek

Fg. 18.5 A renal napheon,

b as the glmeruler fltente or primitime o, The glomerakor
filtente is very dilute and contains $9% water and 1% chermboal
solubes,

Proximal convaluted tubule

Approximately 65% of all the resorptive processes take place

here {Fig. 157) These am:

# Reabsorpehion of teiter aind sodivor Sodiom (Na') and chloside
(C1 ) wons are actvely reabsordbed from the filtrate into the
blood. Water s reabsorbed by camosis mnesponse o the
movement of Ma™ dons; B of all the Na ™ and C1 jons in the
filtrate are reabsorbed at this point,

:4_';

Eeatwaprption of glucase: I the normal animal the ghormeralar
fhlivate comtains glucose which s all reabsorbed back inbo the
b, 50 noemal urine does not contaln glucose. This
reabsorpten occurs up to a certain kevel referred boas the remal
iferesiolif,

Conceniralion af witmogewous tomsfe: The main waste product is
urea, produced as a result of protein metabolism by the liver,
Water reabsorption concentrates the levals of urea in the
tubaales.

secref ol af foxing and ceriain driggs: These ane actively secrebed
ke e filbrate, Peaicillin and it mose modern derivatives,
given therapeatically, ans secreted from the Blood amd carried
bo the bladder in the urine. [t s therefone g usedul ontibeotic for
this treatment of bladder infectons,
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I cases of diabetes melltus, there s oo moch glussss in ths
blaad (hrpergicoenvial. This overflows intg the goserular lilerae
and the tububes reabsort it up b the fimit of the renel threshoid,
The excess passes on down the twhules and out in the urine
gliccezins 15 -a diagnostic dgn of diabetes meflie

Loop of Henle

The furwchom of the b::up- ot Henle is o rr.-E'r.lla:l:r.- the conammitration

and volume of the urne according to the status of the ECF,

The glosmusrular filbrate flows first into the descendimg loop and

then it the ascending loop, both of which i in the medulla

(Fig. 10.7.

o [hesvesiliog foog of Henle: The walls of this tubule ane germaible
fir ke bt deo noe combadn e mechanism to reabsorb Ma©,
Water is drawn out of the tubuke by csmosis, pulled by the
concentration of Ma® fons in the surreunding aredullary
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tasue, The filkrate becomes more concentrated as it passes
dowm the loog and reaches maximoam concentration at the tip,
= Ascending loop of Hmle: The walls ane imperoeaiile o waker
but contain sedinm pumps that activoly reabsorb Ma™ into
the medullary tizsise and capillaries, This dreaws water from
the descending loop, Water cannet be drawn from the
ascending loop because it is impermeable, The filtrate
becomes l=ss concemirated because the Ma® ions have been
remanved.
The met result of this mechanism s thot the filbacbe is the same
concentration when it enters the loop of Henle as it is when it
leerves and passies inte the distal convoloted tubule, but it
8 rediiced in volume as water has been rermoved, Thas water
is reabuordsed inbo the blood: i has been conserved for use by
tha bocdy. IF the animal = dehydrated, mose waker is neabsorbiesd;
il 1t b= overhvdrated, more waler will be lost inothe filtete.

Distal convoluted tubule

Tt is hena that the tinal adpsstments are made to the chemical con-

stituents of the urine in response to the status of the ECF, Thisis

achieved by:

- ﬁr.:i:r.nrrlrl'n:l 11! eadiung (Ma” ) aad srerefion .;J_l;l"_pu].a:.g:ium Kk
Tha amount of mabd::_:-rp‘l:inn of Ba® iz much smalier than
arurs in the proximal comvoluted fubules. Reabsorption
of water by cemosis as a result of reabsorgtion of Ma’
vares and is controlled by the hoemaone efdosterine
F'rvnd:.md |:|:|.- the adrenal E]a.ndm K is excreled into the
LT oy r-ep!a-;:' the Ma® dones 1_|':i|.5. 107

= Regulation of ackd/hase balasice by B excrelion of hindrogen
[H") inaiz: The nocmal pH of Blood = 7.4
o I0pH falls (e, the Blood beoomes more acid due (o excess

M s, the kkdney excretes H ns info the urine via the
distal convoluted tubule, The pH of the Blood returns to
narmal,

o I pH rizes (e, the blood becomes more alkaline due o
reduced amounts of T ions), the kidney stops excreting
H" ions, retaining them i the bloed. The pH of the blood
falls to normal.

Collecting duct

Here the fimal adjustments ane made to the volume of water in the
urine in response b the stabus of tee BCF (Fig 10070 The bor-
mone anfidiveelic oo (ADH], prodeced by the posterion
pitultary pland, is abkle b change the pormeability of e doct
walks o waler,

Diwratics are dnsgs wsed t inredse the wolume of urine prodeced
and 50 reduce tha volumes of floid in the body, One of the most
commondy used = furasemide = i5 a Toop diuretes”, ‘which aces on the
Faps of Henbe, It prevents reabsorpoion of la™ so water 5 nat
reabsorbed by osmoss ard remains in dhe urine 23 i2 flows through
the tubades

= [f thwe andmal Is disbydrated, the volumse of the plasma and
ECF will be pechuced. ADH will be produced and the
permeshility of the collecting ducks bo water will be increased.
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Fig. 10.7 Zapmmmatic repesertation of the processss ocourmng n the different parts of the nephnon.

Water will be drawn theough the walla by the high
concentration of Ma® ions in the surrounding medullary tissue
{secretod by the ascending loop of Henlel, and into e plasma
and BCF (Fig. 10.7).
As a resull of the above processes, the ulirafilirate that passed
through the glomerular capsule has now become concentrated
urine by the repeated effects of reabsorption and secretion.

Diabetes Insipidus = caused by a lxk of ADH, whose main
funcion is 10 concentrate the urine as i/ flows through the collecting
CRICLY i responss 0 dhargges in the ECE Wiher this s lacking the urins
bas a very low specilic graviy and is almoss Boee warer. Thie min

chrical slpns are of pelydipsa and polyuria,

Osmoregulation: Control of renal function

[:.'h:l'nm'es;l.ljuﬁun ensures that the volume ul"l:l'bEFEum.u and the
comcentration of diszalved chemicals in thie I:ll.ur.rm and other kis-
zue fluids remain comstant. Homenstasiz i maimtained and the
body can function normally. Several factoes are involved in the
contrel of eemovegudation (Table 10.1) and it s acheved in
bwo wirys:

= Coatol of the amouant of wister est fromm the body

= Control of the amount of salt (SNaC1) lost from tee body

Control of water loss (Fig. TiL.#)
Water i lost by the healthy animal in urine, facces, sweat and
respiration, Yery small amounts may alse be lost in vaginal



Table 10.1 Factors involved in osmoreguiation

Controlling factor

Function

Renin (hormare]
Argiterunogen (phsma
proteir]

Angicamnsin [protein)

Aldosterons (hormomnes -

Antidiunetic Formone
AGH or wasopressin)

Osmorecsptors

Loy bibzesd prasiure
Dwteoied by barorecepbors

— — |

Produced by the gomenl of the kdrney in
respores 10 low arenal pressae

Conyerted to angotensin by the acbon of
renin

ks vasaCoraricton; stimulaces che
release of adostarons frem the adrenad
COriEE

Gecreted by the corex of the adrenal
ghard; acts mainky on the distal comealuted
tubules but Fas i lesesr effect an the
collecting duces; repdates the
reabmarsion ol Ma+ mis

Secreted by the poasterior ptaitary plird;
miainly affécis the colbecting ducis by
changing their permeability 10 water; also
has an effect on the distal corvoioted
tubules

Frund in the walli of the Blosd veissh:
mreRce arterial biood pressune

Found in the hypothalamus; manior
the esmotic presture of the plasma:

affect the thirst centrs of the bram
and nfluence che seoretion of AL

ncresed clmot presune
Dietectad by enmorecepiary

ncregsed ADVH secreed by
thas ptalmrior phsitary ghnd

Tairh senires in Srais
astivabad

r

Pardisaliliy of tha colosting
GUEES e ireora atand

L 3

lnreased reabdorpion of water
from the ducty nio the madula
md aicedstad Bood wawih

W

Walums ol ECF mchadng
el pluima PCFeaes

Rize in Blosd prasears

l

Fig: 1'0.8 Mechanism commiing the amount of wate- (o5t fom e

kidrexy,
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secretions and bears, If this water Loss i= oot replaced by food and
drink, or if the waler bess 8 excessive {2, In vemiting, diarthocn
o haemorrhage), the botal volume of ECF falls and the animal is
describod as beimg dehvdented

A dehydrred patiens wil showe
o Lowered o prestore At in the wakeme of BCF résais in g
el in bood plasme solme and coresquenstly 2 20 in Hood

[pressam
= A e i el peekeiie A (el n plasmd vokdmie renfs inoa e

nthe concermration of e wingin the Hood =nd 35 3 resik 7

e N the Gimats peeEee of the blaod.

Mote: Osmotic pressure is the pressure nesded o provent
it froem decumring 1 ls deperdent on the ruinber of partde
of undissohued moleculss and wone ma solsion: Blood presore @
ihe pressurg seerted on the melde of the wals Gf ther ameril bicod
wessels by the blocd k& is detected by barcre ceptom in the walls of
the hlocd wesels

In dehypdration, esmorcgulatory mechanisms will start o
wiork I:I"i|_:|. 1L.58). The fall in blood pressure and rise in osmaotic
pressure uil:i:mal:ﬂl}l result im an increase in the rr.-.1|:m.:|r|'.lh'|.1n af
water from the collecting dopcts, imder the contred of the hormaomse
ADH {see Chapier 6. The osmoreceptors also siimulage the thirst
centre in the brain and the animal feel the necd to drink. Both of
these pathways resultin a rse in plasma volume and an increase
in arkerial blood pressure. Debvedeated animals should be given
fluild parenterally (intravenously) o, in less severe cases, pro-
vided with secess bo drinking water. They will excrete rediavd
quantites of corcenfrated urlne,

Raised blood pressure will result i the opposite affiect,
and the animal will produce jncesa! quantithes of mose
ikt wrine.

Control of sodium levels
Sodivim is feken into the body b e Form of salt (M08 in food. It
Is bost i sweat, faeces and urlne. Sodium s found in the ordsed
forrin Ma® i all the boedy fuid compartments aod plays o funda-
mental part in determining artecial blood pressure. High Ma®
lewvals in the diet draw water into the plasma by osmosis, This
rivises blood volume and Blood pressurne also rises, Conversely,
if an amimal has a low level of Ma’, bess water is drawn into
the plasma and bleod vohame falls; this lowers the arterial Blood
pressure, The esmorcgulatory mechanisms ke stepe to cormect
this, resulting in o compensatory rise in blopd  pressure
{Fig. 10.5},

Foegulation of Ma® in the plasma occurs mainly in the distal
comvalited tubule and is contralled by the bormone aldecteron,
socreted by the cottes of the adrenal gland {see Chaptes ),

Excretion

Excretion i the removal of wasbe products from the body. These

are formed within the tissiees as a result of metabalic processes

and are wseless, surplus to the requirements of the body or poten-

I'ja.ﬂ_:,r harmiul to the |:|L'u:|_1_,' tissues. Excretion Ir:,' the k.ir]rrr.'-}':l

TEM OS5

= Waker: In varying amounts dependent on the volume of the
ECF and controlled by cemoregulabory progeses
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lere Bla” bewnh e plasma

*
Low arteriad Blood prewore

i
Freleaen of roran from the

plemvorui in chin kidneys
Angotensinogemn L J ¥ Argrasensn
|
L
Yasoooentricnon - Al deaterane released from
i adreral cortex
Blead pressure rhes 4

Kidney ciseasn can presend in many forms snd the sympioms e
relaed o the fac that ol kidney funcions are affecoed and tha
homeostatc mecharisms caase o work. Cheonic renal falles
cammionty oocurs in older cats and doge and develops whan the
nephrons are pradually mplaced by Shrous corneceres gssue as 2 nonnE
‘cld age’ change, Clrical sigrs, many of which sre related to nsing bewvels
e urea in the blocd, develop when 75% of the rephrons have ceased 1o
functon. Acute rengl falure is sudden, often cotastrophic 2rd may affect
amy age af arimal. Potential cusss indude imfection (e.g., ptospirosis),
nephrotoosns o g, antifreess) and urnary obstruction,

= Profucts of daterifoation: Hormones, cerain dregs and
prodsoms are inactvated within the Dver amnd excreted by e
krdnay.

Other parts of the urinary system

Bers an digesl eanvakinad
tubuies

|

Sumulaces increased MNa®
renbarpion

-

Water reibsarbed by samasis
and eroers blood vessels

-

Bleod prassurs rides

Fig. 10.% Medhanism controling sodium {and thererore blocd pressure)
m the kidney

® [nrgwric dones: The amount depends on the asmotic pressurns
of the bleed and other body fuids and is controfled by
smoregulntory processes,

= Nitregenous asle prodiectz: These result from the metabolizm
of protein taken inko the body in foed. Protein is broken
dowm by the process of digestion into aming acids, which
are carreed o the liver by the blood and converted inboe
body protein, Surplus aming acids cannot be stored by
the by, 50 umderzo a process of deempimadion in which
they are broken down, Ammonia, which s extremely
toxic fo the cells, especially those of the nervows system,
is formed as a bysproduct, Within the liver ammaonia
combines with carbom divaide in 8 servies of eactions
kaeawn as the omithine cypcle and vrea & formesd:

C04 + INHy = CO{NH; ), + HaO
[wred]

Ulrca passes into the clrculatbon and s carded fo tee
Kidmey, wheno ik s excreted in the urne,

The ursters

et formed by the nephrons ledves cach kidney by a single
ureter ab o point known as the hifes {Fig. 10.4), Each wrcter is
a narrow muscular tube runring caudally towards the bladder,
ane on each side of the mikd lime in the dorsal abdomen (Flg= 1002
and 10,2, Each ureter is suspended from the dossal body wall
by a fold of visceral peritoneum, the mesoareler,

LUlring iz pushed along the wbe towards the bladder by
peristaltic waves brought about by contraction  of the
smanth muscle fibres forming the ureter walls. Traesifioonal epi-
thefium lines the wreters and allows for expansion as urine
pisss :|!I|,1ng-

The bladder

Each ureter enters the single Bladder eleas to the neck. The e
bers underrun the bladder museoss for a short distance before
opening into the lumen ak an obligue angle. This armngement
acts as o valve preventing backflow of wrine along the wreter,
This area within which the tvo ureters onter e Bladder is
kiown & e frigoae (Flg. 1021 because there are thinese structihe
entering of exiting the Bladder: two urebers and the urethra.

The bladder t5 a pearshaped haollow oegan. The roanded
end paints crandally, whike the narmow end or aeck points cau-
dally and usually lies within the pelvic cavity, Its functicn s te
collect and store wurine, When full, the bladder extends mio the
abdemen, pulling the neck ventrally over the edge of the pelvic
by with tha ventral surface of tha bladder touching the abdome
imal floor; when empty moest of the bladder les in the pelvic
cawvity,

In cross=section, the Bladder consists of an inner lining of
trinrsthioennd epitfeed iy, which enables the walls tiy m-:pan-l:.l when
Fi“int; with unne. A submucosal ln}r\cr of elashie et and somolh
e b :trr.:nEel:I in fodds b alboa: cxl:!an:i:nn. The sminoth mus-
cle fibres are continuens with those of the internal bladder
sphincter. The bladder is surrounded by o Llaver of periliteni,
which covers only the cranial end Iying in the abdomen. All
wrpans in the pelvic eavity are surmounded by connective tissae
and muscle and are not govered in periioneuin.




Urodlthiasis is the formation of mireral stenes knoen as urglichs
or calcull in the bladder, Thase may cause a blodkage in the urinary
wract. Tha mose commmon sita for blockapa in tha catis st tha dp of tha
peiinis; tha Most comimon simas in the mals dog are &5 the urathra
bemndds crver thie ischial ardh and as it passes throwsh the os ponis:
Mockage is rarg in the femae amimal Because the ureshe =
sharter ard e distensible

The neck of the bladder emds b the Badder gifercier, whose
tursction is fo condeol e Bow of urine oot of te bladder and
down the urethra. It consists of bwo concentric parts
o [eternal spbrincter: mnde of anpooth muscle; under invelundary

cuntrol
»  External speinetor ring of striated muoscle; under voluntary

confrol

The urethra

The urethra i a tube that conveys uring caudally from the blad-
dar threaph tha pelvic cavity to the outside. [ks strachane varics
according o the sex of the animal, and in the case of the male ani-
mil, between cats and dogs.

o Pl The urethm iz s short tube, opening indes the floor of the
reproductivie tract at the junction of the vagina and vestibule
The opening & known as the extenml wrethsal orifioe and s
located in the contre of a small idge, the wnetfral idercle, This
is & useful landmark when catheterizing a bitch and can be
sevn when using a speculum.

o Male: The wethra s divided inbo twoe parts: the pelvic wretling
and the pewile uredim. There (s o difference between the dog
and the tomcat:

¢ [We{see Chapier 11, Fig. 11,1k Close to the neck of the
bladder, there are three openings into theunethra; one of these
s from thie r:lrwrﬂlrgln'mf and bweare from thee .n'r;'i'rﬂrr dncls or
pas deferens (one from each testis), The urethra nims caudally
ﬂﬂruuah thie ]:!L-I'.-'i: :wit}' as the p|:'|.1.".i|: urcthra, over H'I:e:lEr.-
of the ischial arch where it is joined by erectile tissue o form
the peniz. The penile urethra opens to the outside at the tip of
thie penis.
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= Toppat (see Chapter 11, Fig, 11.20 There is a shorl lengih of
urethra, cranial bo the openings from the prostabe glond and
the deferemt ducks, known as the preprostatic weathea, which is
nat found in the dog. The urethra continues caudally and
apens to the owtside in the perimeal area, wentral to the anns,
There s mo penile urethra lving outside the pelvic cavity.
Tl o the emad of the urethra are the openings from the
Flaii'l_-d budbopretioral EF.E‘II'Il.‘lH.

Frum the point af which the deferent ducts join it, the urethea

conveys both urine and sperm te the outside of the body,

Mictirition

Micturiticn (offen incormectly referred foas urination} s the act of
expedling urine from the Bladder. 1t is normally a reflex activity
but can be everridden by voluntary controd from the brain. The
steps involved are:

= Biadder distends with uring formed by the kidneys.

& Sipeich recopbors in the smineth muscle of the bladder wall are
stimulated and send nerve i.mpuhm. to cenkres in the
appropriste sepment of the spinal cord,

= Merve impulses are transmitted via parasympathetic nerves
back to the smooth muscle, and inifiate contrackion.

= Merve impulses also stimubate relaxation in the imternal
bladder sphincter and unine is expelled,

If it is imappropriate for the animal to micturate, the brain over-
rigless thie reflex pathway and prevents the bladder sphincter from
relaxing, At a more appropriate time, the brain stimulates both
the external and internal sphincters: they relax and uring is
richeasaed. "l."ulunlnr_',' comtrol dr."l."clnp& as the young andrmal
makiines; 1N Pup and kittens it is not :r'Ll.H].' I:ll.“u'E]DP‘l’.'d unkl
the animad iz aboat 1) weeks obd.

Urinalysis

Urine is derived from the ultrafiltrate of plasma so it reflects the
health status of the whole animal. The anabysis of wrine, or uri-
ml_'r'si:. i a useetful diﬂgn-ml‘i.c tool: Mormal wrine contains 1.m.|:|.'
water, malte and urea. The clinieal parameters vsed b evnlisbe
a .1!'-‘|I'I'I|'I'II_" of urine are shown in Table 10,2

Table 10.1 Mormal values shown by the urine of the dog and cat

Fofpunes moreazed wobame of wnne

OMiporin: reduced volume of urine

Tomecat vrne bes an unpleasant streng smell, old zamples smel armonacal
Crimivorous dist prodices sl unng; hechhvarous dhie praduses akaling anng

Reflects the concentration of une; exerose, high environmengal temperasures and
defrydration will case a rise in spedfic grasey

Clinical
parameter Mormal value Comments
Diaily vobame Dog: 20- 130 mifkg body wesght
Cat: 10-1 2 mif kg body welghe Anria abserce of uring
Apprarance Clear, yellow, charctenstc smell
pH 37
Speofic gravey (5G)  Dlog: 10181 060
Cat: 10201040
Froten Alone

Frovsinunag: presence of protein

My indicat= damage o nephrorns, ohronic resal failurs, inflammation of the urnary tract

Condird
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Table 10.2 Mermal values shown by the urine of the dog and cat—cent'd

Clinical
parameter MNarmal value Comments
Bloeed Muore Hipemtunk: presence of Blocsd
Hoemoplabinarks: presence of haemoglobin, due 1 rupbors of red cels
May Indicare davsge oF Efection to the umrary 1ac
Ghlucose Mone Etnmth:md’j.ms:
My indicate dabetes melltys or Cushing's di=ass; levels of glucoss in the fitabs exceed
the renal threshold and ewcess is swcreted o the unne
Eetones More Fanomai presence of kerones
May be sccompanied by add pH and smedl of ‘prardrops’ in uning and on thee breath
Bile Mape Biinihinima: presence of bie
Irdicitar of some Torm of live dissase
Cryataks and cass In anpl quaritigies, these ray be Crystallien o colioidal maberdal coalesons 10 S crars of the renal ubules, which e

eantidered 1o be pormal

fuahnd cun by e cere 10 large quardites oepstads ey foeem Lirgar caleull, uralithe oe
wanes and biock the i



Reproductive system

The male gonad je the tesis, resporalils Tor
spermatagereiis and the secretion of resnsterone
The mal= repro ductive tract conduces the sperm Fom
the tedtis inta the fermale reproducties tract during
mat'r_lg:

Tha fermake gponsd 5 the ovary, responsible for e
preduamion of ova and the secrenion of cesoropen and
progestEron,

The release of owad from the ciary & asseoated with &
regular cyche of inperrelated hormaral changes in the
ovary and the reproductve tract ard o the animal’s
bahaioural pattarmns; chie is knaswn s the

oBsEraLs Cvele

Fartlmation of the courm by Sne Spermataross oo
in e urerine pube and the developing embrmos

SECTION T |

POINTS

The extra-embeyonis reroranes snd the embeo
devalop from differert parts of the rapidly divding kall
of cals derved from the orging ferilised owam
Ceneticy i the science of inheritance and is the
miethad by which charecteristics are passed from ore
BenEration to another

Irformatian aboue these characteristcs s carrind on
the perms within the rucleus of avery ool

Geanes pass fromparars to ofspring by mesns of germ
el division by e, fertlisation o form a8 orgote
and coll dedgion by mitcsis to form an ambryo and
thien a feus.

The wetivity of garss within the indhadual folosa
Maruel's laws of inberitance, which anablies the
oifteome of selactve animal matings 1o be prediced

Erplent in the wall of the uterine hoers,

Beproduction is the means by which a species iz able to perpet-
wabe itself, IF animals lived for ever, there would be no need for
another generation fo take over from previous ones; in reality, all
animals become old or “worn out” and die and must be replaced if
the spevies is not by bocome extinet.

All species of mammal have evolved separate sexes and they
reproduce sevundly, This is in contrast to less highly evolved spe-
cies, which may reproduwce aieraully — producing offspring that
are identical to the parent. Sexual repreduction involves the
tramsber of E'l.-:r'u:h: maberial. Aftor nm‘lingspu:in]iﬂ:d germ ordls —
spepimafazag from the mabe and gty froim the female - fuse b form
a single-celled zpenfe. The zygote undergoes cell division o form
the embrg. The offspring resuliing from sexual repreduction are
genetically different from ome ansther and Trom Bwedr parents,

The reproductive system shares part of i stroctuce with the
urinary sysbem and the cormbined syesbems may be referved o as
the wrogenital syslem,

Male reproductive system

The mvale dog is known as adog; the male catis knowm as & boam-
cat. The reproductive system of the dog and the Lomaat ane gen-
ceally simllar; amy  differences  will be desceibed  where
appropriate (Figs, 11,0 and 11,2}, The parts of the mabe reproduc-
tive tract are

* Testis

+ Epididvmis

o [heferent duct, also called the vas debecens

¢ Urethra

= Penis

* Prostate gland, an acoessory gland

* Bulbuurethral gland, an accessory gland seen only in the
bixmcat

The testis

Thi testiz iz the male E-.'mm:l_. with funickions ax follows

|- To produce spermatozos {sperm} by the proces of
spermatogenesis; these fertilise the ova produced by the
Feamile

2 Toproduce a little fluid to tansport the sperm from e testes
Lrbes thve female tract amd to ald thelr survival

3, To secrete the hormene testosterone, which influences
spemmatogenesis, the development of make secondary se=uoal
characleristics and rmalbe behaviour patbemns (see Chapler &)

There ks a pair of testes, which, in the adult animal, lie outside the
body covity in the scrolwnr — & sac of relatively hairless and often
pigmented skin. Sparmatoponcsis ooours most efficiantly at boms
peratures bolenw that of the core bedy temperature, so the testes
arg carried ouatsiche the body cavity in o cocder environment, In
ther dig, the serofum lies between the himd limbs; in the cat it
is attachid to the perineum. ventral e the anus, Internally, the
=at iz divided into bwo, each part containing one iestis; the lefit
testis obten i'l.'m.;s lower than the righl: onee, Within the wall of
the scroham is bhe derbis minscle Inocold sweather this contracts
and thickens the scrotal ckin, mis:i.ns e bcmpﬂmhare: M warm
weather, e muscle olaes and the serobum becomes thinner
and thus cooler. A constant temperatune for spermatogenesis
is therefone maintaised.
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Fig. 11.7 Reproductae spstern af the tomeat.
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Sparmadtic cond
{deferent ducr, Mood vessels and nerves)

Lumen of seminilercus nutole

Spormarogeric odls

Calls of Lapdig - irnarstinal cabs

Fig, | 1.3 (&) Tests wathin sooium (B) Sorcaum remaved, PE) Cross-secton thicigh the seminfemus tubnies

Each testis is an ovalshaped strsctume wrapped in a double
lavver of peritoneum knosm a the Qmics semmalis (Fig, 11.3), The
testicalar fissoe comsists of mumerous. blind-mding fubules known
ag swnEnfereus dumedies, which are lined by bwo types of cells:

. ﬁmﬂﬂgﬂrﬁ: cellz divide I:'}' aienoer b |_:|-:|'L'u:'|:|.|p|,: immabars
sperm or .rpnrm:t‘hli:, each IFEI.'I'I.'IEtid contains the |.'|..1|:|||:|i.|:|
number of chromosomes |see L11.:IF'+Er 1}

® Serioli cefle secrede oesfrogen and nutients that prolong the
survival of the sperm.

Lylng betvoeen the tubulbes are the cells of Ly or Indesstitanl cells.
They secrebe fealosterone and are under the control of inderstitial
cell stimudafing Farmone [ICSH) {see Chaplor ), produced by
the amberior pitwitamny gland,

The coiliad seminiferous tobales make wp most of the testicu-
lar tissue and eventezally combine to form slightly lanzer efferent
duarts, These drain into the grididyims, lying along, the dorsolater|
border of the testis, The cawde spididyorss or (ol iz atteched fo
the cawdal extremity of the testis and is the point at which the
tempni'nu.m.- of thie destis is loweest. [t is here that Sperm arc skored
and u.rbd-erﬁn a Fren:-ud of maturation n:ﬂd'_l.r tor fertilisation
{Fig. 11.4).

%h: blood supply 1o the tesiis & vaa the festicular arfery. This
leaves the aveta in the abdomen, just caudal to the renal artery.
An b enters the scrotum, the testicular arbery i alongsice
tee epididymis and then divides be form the convolubed pargring-
foem plexies. This complicated capillary nebwork ensures that the
Blood = cooled before it enfiers the testiciular Hagoe,
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Fig. 1.4 A nonmd sperrat oesan, The acrossms protects the bead of
the spem and cortams enzymes that aid penetration of the tceamn The
et contaires the haglod number of chiorresomes. The midsdece
Cootang enzyrnes and mitochonding o provide erargy for moeeminnt,
Thix tall produces & poserll propuiha feoe

Testicular descent

In the early cmbryva, the wndifferentiated gonads develop inside
the absdomen <lose b the kidney, In the mabe, the gonod
becomes the bestis and a band of Hssue known as the gabernaci-
fune forms and runs from the caudal end of each testis to the
inside of the developing scrotal sac. During e gestation, the
kestes are pulled caudally by the contraction of the gubermacu-
fum and they migrate through the abdemen, The testes leave
thi abdominal cavity via the fgwing oo, a channel betwoen
the fitres of the external abdomimal obligue muscle in the groin
or inguinal area (see Chapter 41 As each testis with its associ-
ated bloed capillades, nerve and deferent duct passes through
the inguinal canal info the somotum, it becomies wrapped in a
deuble fold of peritoneum, which forms the tunica vaginalis
tFig. 11.3).

Thes teste: begin their dezcent into the serotem du ring earhy
necnatal life and should be palpable within the scrotum by
12 weeks of age in the puppy and 10-12 weeks in the kitten.
Fadliire of thes bestes b descend is deseribod as oryplorciils
the teshes may be retained in the sbdomen or within the ingul-
fual canal.

Cryprorchidism, Retertion of the tesus may be a heradisry
candtion and affected dogs should not be wsed for breeding.
Bilararally cryperchid dops are usually stenila but may have normal
sl libide (desira), As the dog grows cldar, tha retained tests i
mioee lkely to develop 3 Sertok cell fumour, the disgnostic sigrs of
which may be bilateral symmetrical alopeda, enfurgnd mammany
gardds {gpmancomasoa) and suractiversss m other mak dogs,

o oenrdhi! teroused whin coe et b retsned
o Bikstme] ergheorchict term Usad when both Tetex are retsned.

Deferent duct

The epididymis continues as the deferent dued [also called the sas
d’ufrmrs oor et .ﬂ'::,ﬁ-mu: Fgm 11.1and 112}, which passes ik o
ther scoodum into the abdominal caviey via the mguinal canal
within the speromtic anmd, The spermatic cord is wrapped in the
tunica vaginalis and also contains the testicular artery and vedn
and the testicular nerve. L:,ri.rﬁ within thecord is a sl:r'rp of muscle
derived from the internal abdoeminal nbti.qu-: muscle and known
au e cretnaater eicle, Conteacthon of this musele raises the tests
closer to the body in response o cold and works in conjunction
with the dartos muscle to malntain a constant emperature for
the Lesbes,

Duirlng ejacubation, the speem and fuid prodsced Dn the sem-
iniferous tubules nre propelled along the epididymis and up the
defaromt duck, which joins the urethea, AL s junction, the walls
of the dederent ducts are thickened and glamdulars the whole aves
is surrounded by the prostals glawd (Fig= 111 and 112},

The penis

The functions of Hw penis are to:

= Convey sperm and fluids From the testis into the female
reproductive rack during making

& Convey wrine from the bladder to the cutside via the orethen

The wrethra runs throwgh the centre of the penis and extends

fram the bladder to the fip of the penis. Tt iz shared by both

the reproductive and urinary systems {see Chapter 1L The penis

of the dog and the tomeat are anatomically different

The dog

The F.rr_ni.l rumes Fromn e aschial arch of I:i'-epch:i:, PAsses Crunice
ventrally along the perneum and between the hind limbs
{Fig. 11.5). The urethra Hes In the centre and is surrounded by
i layer of cavemims erectile tissame known as the corpis speigie-
sum peis, This 1s expanded proximally into the buib of the penis
and; tewards the bp, as the gl perds. Surreunding this wmd
serving o attach the penis bo the ischial arch is 4 pair of erectile
bissue crupe (Bing, orpsh, known as the corpus corvrrosyig s,
Thesse form the ol of the penids at it attachment o the 1schial
arch, The urethra mins in a groove bebween the bwo crura,

Crvemous sreclle Hsfue is made of connective SisUe perforxied by
cavems lined by enootheium. Curing sesl mrdpmen Thise cevers 8
‘wxth blaod under pressune and the Szsse becomes sngarged and erect
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Fig. | 1.5 Struciue of the pers in three lapery, with transyerss
sectiorn through the wethea (B Shows the wethes oy, (BY) Showes
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Within the tissue nfﬂwgl.:ru Fr.'n'is 1% @ I'LII'II'IIEHHFEI:' |:||:|nEr
the ig pesis, whiese funclinn is tn akd ertry ot the prenis into the
vagina of the bitch during the early stages of mating wien erec-
ton = only partially complete, The canine os penis lies doraal to
thes urethra, which runs through the “tunnel” i the bore. At this

perint the urethra cannet expand and this can be a common site
for wrethral blockage with urinary caleull.

Chapter 11 Reproductive systarm

Balanith or Balancposthitks, Moy dogs devedop an infecricn
of the lubricaong glands of the propuce, which resubs inoa
graenish-ylicw discharga, Tha condition ks 5o comman chat it s
consldared almost narmal and |s usually oaly ereared i tha rmuccais
marmirang becomes ulcermited and the discharge is Hood-staned
or smely. The dog will usually lide tha discharps away = a behaviar
comman in many mae dogs!

The distal part of the penis 3 contained within a sheath of
hairy skin known as the pregruce. This is suspended from the ven-
tral abdomingl wall and covers and probects the penis. 1t is lined
with muceus membrane and 2 well supplied with lubricating
glands. During making, the prepuce s pushed back to reveal
the zlans penis, Afterwards, the refractor peais priscle pulls the

penis Back inte the prepuce

The tomcat

The main parts of the penis are similar to those of the dog, except
that the cat penis is shorter and points backwards ~ the external
oprening is ventral to the anus (Fig. 1123 The glans penis is cov-
ercd with tiny barks, which elicit a pain reflex as the male with-
draws from the temale afier mating. This stimulates the mervwe
Fa&wa}r b the h}lpﬂﬂ'talﬂmus-, rml]ﬁnE i anvealakion n.FPrnxi-
mately 36 howrs later - known as frdueed oeulatioo. The oz peirds
s veninn o the urethra o the cat, During sexual excitement,
e penis engorges and points cranioventrally so that the mating
pusition in cats is similar o that seen in the dog,

Accessory glands

The function of the accessory glands (5 to secrete seomiral T,

which:

® [nerease the volume of the sjaculate 0 aid the passage of
spenm into the female tract

= Provide the correct environment for sperm survival

= Peutralise the acidity of the urine within the wretha

There are bwe bypes of gland (Figs. 1101 and 112k

= Prostade glivnd is Bilobed and les on the eor of the pelvis,
surrounding the urethra. In the dog, it s close o the neck of
the bladder; b the cat, there Is a short preprostabic weelling
cranial 1 the gland {see Chaprer 10,

Prostatic hyperoraphy. This means that the prostace gland
becomes anlarped and s not necessarily assoclced with cancer of the
prostate, which & ram in dogs and s, The condiion is linked oo
fewels of testosterane and hyperroply is commaon in uncasraned
clder dogs. It may obstruct the pasmge of farces as they pass down
the rectum. wiich lies dormal to tha gard within tha pebac caty
leading to constipation, This is relieved in the short term with an
enema, butin the long term castration wil belp tooreduce the size of
the gand.

o Hulboyrethral glanufs, found only in the tomeat, lie on either
Sicbe of the urethra, cranial to the Eeddal arch (Fig. 1120
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Female reproductive system

The female :I-l!-gj:- known ax a bitch: the temale cab s known as &
guieen. The parts of the female reproductive system are:

» (vary

= Llterime fube, eviduct or Fallopian fubse

® Liberes — uterine horns and body

® Coryvix

* Vagina

s Westibule

» Wulva

The peproductive tract of the bilch and qusen ane similar and vary
only i size (Fig. 11 6] The act is desianed o carry several fetuses
during a single pregnancy and §s sald to be Mrminte (o bormsh,
The bitch and the queen bear litters of young: they ane ool s,

The ovary

The ovary is the fermale gonad. The functtons of the ovary arnc:

* Toproduce ovi of eges ready For fertilisation by the spesm of
the male

* Tpact as an endocrne gland, secreting the hormones
cestrogen and progesterons

DOrvary wel vt
in the avarian bursa

IIl— Infundibuhim

Lirirary Badder

Wagrn

Clicoris
Wl -
Fig: 11L& Doral wew of the reproductive system of the bich, Wih

parmdson from T Cokibe M Basset, 2001, Clincd anatorry and
pHvisiogy for wetermary fechneians 5t Loua MOE Medn p 3300

There is a pair of ovarees, one Iving on each sade of the doesal
abdominal covity, caudal o the kidney {soe Chapeer 10,
Fla, 10,2} The ovary is held close b the kidney by the aoerien
o swspertsory Fgeme! (Fig. 11.7), which contams a small amodt
of smocth muzscle that allowrs the figament ta stretch in response
tor the weight of the fetuses during pregnancy, The ovarny s sus
pended from the doesal body wall by part of the visceral perite-
neum  called  the seseoeriwor,  which  also encloses  the
infundibulum of the uterine tube. Part of the mesovarium forms
a pocketlike structure known as the erarse bursa, which
mm.piel:r.l}r covers the VALY, Within thiz iz a =rmall opening
Allowingg o bo leave the ovary; this is a potentinl means of entry
of infection inte the peritoneal cavity,

The tissue of the ovary consists of a framework of connective
tissue, smooth muscle and blood i:a.FiHn.'ri.mq, within which are a
large number of germ cells and developing follicles {Fig. 11.8). In
an immature animal, each ovary i oval with a smeoth sutline
bk, a8 sexual maturity approaches, the ovary becormes nodilar
a5 theenlarging folliches protrude from the surface.

The uterine tube

This &s also Enown as the soud et or Fallopian lube (Fig, 1180, The
functions of the wterine tubes are:

= Tooollect ova as they are released from the Graatian follicles

& T Covey the ova from the ovaries to the utenine horns

& T proveice the cormect enviccaient for this survival of both
the ova amd sperm

Each uterine b is & narmow convolubed strochore lying close b
tha wvary {Fig. 1 L.7) The open end s funnel-shaped and known
as the @fiordibelum. It s moged with fnges-like processes
known as fimirriae, which spread over the surface of the evary
b capiure ova as they are relensed, The ova pass down the lumen
of the tulbse, which is lined with ciliated columpar epithelivm. The
cilia proped tha ova along the tube towarnds the uterine koms. The
niering tube s suspended by part of the visceral pertoneum
known as the mesosalpirr, which is contimuous with both the
mestvarium and the mesemetriom,

The uterus

The uterus is a Y-shaped structure lving in the midlice of the dor-

sal abdomen (Fig, 11.4). During pregnancy, the weight of the con-

ceptuses pulls the wberus ventrally and ak full term it occupies the

greater part of the abdomen. The functon of the uberus is:

» To provide a receptacke in which the embryos can develop
irbe fuall-besin fetinses

& To provide the correct envieonment for the survival of the
embrycs

* To provide the means whereby the developing embrvos can
recedve nuirients from the dam; this is made possible by the
oreia

The uterus consists of bve parts. A pair of afenne ores bead from

thar uterine tubes Each hom is aboot five times the ength of the

uterine body and, durng pregnancy, contains the developing

cmbl.]'m. The two borns jnin o tiarmt a short cendral ]:rm'l'll.r.
The wall of the wherus has three l&:,-'ﬂm.

1. Endorastriunr 18 e linbng of columnar mucous membrane,
plandulor tissue and blood vessels, During pregnancy this
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Fig. | 1,7 Anatomy of the cveran regon of the Stk (&) Laters v, (B Medal viae,
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Fig, 1 1.8 Longiudiml secbon through an cvaryto show cvaran scbmty,

thickrn= o Fmvi.de nakrition for the :'mi:lr].-n batore
implantation and to support the developing placenta.

L Mymsertien: comprises lavess of smooth muscle that
produces strong contractions during parturition.

1. Mesawectrivin or bromd lgaesend = a fold of the visceral
peritoneum that suspends the uterus foom the dorsal Body
wall and = continuons with the mesovarium and
miesosnlpiny

The cervix

The cervin is a short, thick-walled musoular sphincler that con-
mects the ulerine body with the vagina (Fig. 11.6) Running
throush the centre (= a marrow cervioel oanal, which s normally
tightly dosed and relaxes only to allow the passage of sperm
or fetuses. During pregnancy, the canal is blocked by a mucoid
phug, which protects the conceptuses from infection, In the non-
pregnant animal, the cervix lies in the pelvic cavity but during
pregnancy the weight of the conceptuses pulls the corvix crani-
ally and wentrally over the edge of the palvic brim.

Ovarichysterectomy, more commeanty called ‘spaying’, is
perfarmed by the veterinary surpecn to prevent umsanted
presnamncias and oestrous cycles. The surgical procedurs imeolves the
complate removal of the reproductive tract froem this ovaries o a
paint just cranial to the cerx Ligation of the major blood vessek is
exentid, particularly f the procedurs i performed during cestrus or
prezniancy 2 the vessels mzy be maremely well developed.

Blood supply to the reproductive troct

The bload vessels run within the mesovanonm, mesosalping and

mesemetrium, Thisy are;

* (i arbery arises from thes aorta just cawdal by the
renal artery and supplics the ovary, uterine tube and
uterine horn,

= [Uierivie irfery anastomoses with the ovarian artery and
supplics the caudal part of the tract. [t can be seen as a
relatively large arbery cunning on either side of the cervis,
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Pyometritks, Ths s a condiion seen in older undgayed binces,
atthough it ran occasionally coour in unspayed quesns, As a resub of
tha influsnce of propesterone tha uterus bacomas filled with pus. Tha
conditicn ks miost ofter sean in biches over & yoars of apa who hawva
revvnr bad puppees and may bave had 2 season within the predous
& weels: The brch presenes with polydipsia, pohyra and a g
discharge thas may be smelly, In some cases there 5 no discharge and
the bitch is extremely urseell and may be anorexic ard vomiting.
There are mary yarizbions to the general patem and the cordinon
should ahways be considered inan elderly entire bitch who has been
'belew par' for same tirme and bas recertly bad o seascn, The
treasmedtt |5 imrmediate ovarichysteractomy, which @hould be
performed befors the btch is too #l o tolerate a generl anapsthetic.

The vagina and vestibule

Thee vagima and vestibule form @ channel leading to the external
opening of the reproductive track = the i, The vagina beacks
Erom the corvix bo the externnd areffral orifice — the point at which
the urethra _rnuu Ii'r;.-mi:!mdurﬁw.- tract iF'iﬁ- 11.61% The vestibule
leads from the extemal urethral orifice to the vubea and is shared
by both the urinary and reproductive trscts.

Thie lumen is Hoed by atiitéfad afanammms aathefivm, which
urdergoes hormonal changes during the oestroes cycle, The lin-
tng eplthelium & folded longinsdinally b allow widthways
expansion dudng parturition and s sureounded by Lovers of
smooth muscle. These are very strong and during canine making
they Gighten on he pends of the male and maintain the ‘e

The spithedial cels limng the vagina undergs homonal changes duning
Thi cestrous cyele. Thate changes may be used asan @@ 1o The comes
aming of matng. The technique. lnown 25 vegiedd exfolimie oankgy,
v b ek e srmesies Troen vegingl s taboen every cthier olay
during pro-gestrus and eerdy oesines. The smears are then staned and
maamined rirrnsapically [elng for dagnosiic changes Inthe nall
thae prevade an indication of the g ol the cde

The vulva

The= wulva marks the extermal CEINE af the ||n:_|-mih'l tract. Bt

consists of two parts:

® The lafa comprse two vertical Lips joined dorsally and
ventrally; the vertical slit between them is known as the tw/loa!
clefl. Thiey are nosmally held closed © prevent the entry of
infection. During pro-oestrus and oestrus in the bitch, the
labia enlarge, buk this b5 ok seen in the oestrous oycle of
e dqueen,

o The cliforiz iz a knob-like struchuee of cavermous erectile Hssue
Iying in the clifard fassa just inside the ventral angle of the
valval deft. It is the equivalent of the male penis

The mammary glands

AEHumEh these are nnh.'l'.ri-:l:|_1_,"1:|:|r1 of the n:prndurti.w: tract, 'I:hn:_'l.'
are pssential b repreduction in the mammal. The presence ot
mammary glands i the defining characteriatic of the class Marm-
malin. All mammals feed their young on their secretions, known
as itk produced during & procss knovwn & letation,
Mammary glands are modified cutaneons glasds. In the dog
and cat, they are prisent in both sexes but are rudimentary in the

mabe, The glands le externally on te ventrol wall of the abdo-
men abd thorax, on cither side of the midline,

Ihe brch bees dve pairs af rammary gands
o Thia fuien hiss fonir poes of mpmmary gani

Each gland comsists of glandular tissue embedded in connecs
tive Hssue and lined by a seeretory apithelium (Fig. 11LY) The
milk Frnd:.hned drains through a network of sinumes that evenii-
nll:l.r form leal canls, Thise npen onto thie surtace oF =3ch heat,
known as & eal arifice, Each gland has one teat but esch teat
has several oritices.

Mastitis. This irflammztion of the mammary glards may result
from infection or from failurs to sudde the young puppies ar kittens,
such as may ocour f the Brer diss or il they ane weaned too suckderdy,
Mtk wdll cortitne to be seireted, buldng o in the ghinds, wnd
acting an a focus for infection. The ghinds will fesl bot, hard and pardul
b e mowch: The dem will become arorexic and peresxic and te
mrilk miby be watery of brove In coleur, showing eviderce of
dhots. The condtion should respond b aribistics bt shoukd be
prevanted by geadusl wearéng of the liver from 34 wesls orrwards

Lactation

This is Hue |:|rn|:|.|.1|:|!im ot milk and rm.rm.'l.”::,r DU duri'.r:g; preg-

mancy. It t= influenced |:|'_|.I thires hivrmones

- ]"'.rclll,;'ﬂ:lmmt iumbﬂdl:r_l,rﬂmmrpm luteum within the avary
and catsses cnhrgcmul.t ol the Mamimary E|an|:|5- dunnﬁ;
prognancy.

= Profeclii & secreted by the antecior pituitary gland in the last
third of pregnancy and stimoles the productien of milk.

= (lyptacip is secrebd by the posterior piteitary gland durimg
the last hours of pregnancy and enables the glands to release
or ‘let down’ the milk in response o suckling by the necnate,

Compasition of milk

This warics bebween differcnt species and is an impoertant consid-
eration wien Fun:'inE r.rl]:!hn.m.':[ animals, The milk |:u'n|:[1.1|:E|:E b}'

FMamnmary ghind

Secretory tissuo

Gland winus

Tieax sinus

Teat

Taxt carnl
Tast arilces

Fig. | 1% Serben through o marmmaey glased.



Table 11.1 Average composition of milk

Constituent  Quantity (%)

anes et

Fat -3

Pramsin I-15

Carbabydrate i-7

Mineraly |51 calcium phospbate, magres bm, sodiom,
potassim and chicrids
Mk is deficient in ircn and copper, races of odine,
cabalt, on and §ikics wre preasent

Vitaming AB B EK

Ik i dow I vitarers Cand O

BE. ik from a et contaens the amino acd taurne. Secyese i ke 8 apexlic
requerernank for this

this Bitch and the guesn & moere concentrated amd condaims naone
protein and twice as much fat as cow's milk. The average com-
podttion of milk s shown in Table 111

The first milk secreted by the dam following partuntion ks
known s codastric, & is rich in maternal antibodies, which pro-
ide the nesmate with | mmani by o dizeases owhich the dam has
biecs exposed. I8 s essentlal thal the neonnte takies in oclostiam
weithin the first 24 houes of Bife, During this teee, the peotein antl-
bodies can be absorbed by the small intesting withoul being
digosted. After 24 hours, normal protein digestion staeks and
the antibodics ave broken down and destroyved, Afler a Fowr days,
production of colostrum staps and the compoesition of the milk
remains constant,

The cestrous cycle

The eestrous cycle is the horthonic cvcle of events that ocoirs in

sexually mature non=pregnant female mammals and inclades

limited pericds of sexual receptivity known as sestres. The func-

tion of the cestrows cycle is:

¢ T produce ova meady tor tertilisation by the male
sperma ko

¢ To prepare the female reproductive tract o recelve the
fertilised ova

* To btk belavioural patterns in the femoeke that indicake to
the male that she is receplive bo mating

o Tostimulate the Female bo stand still and allow the male ho
miabe with her

For the oestrous cyele to achicve the aim of a fertile mating, the
timing of all interrelated components must coimeide. The pattorn
and timing of the oestrous cvele varies between specics - the
cwcle shown by the bitch is different from that shown by
the queen.
Each cyebe b5 divided inte phases of varying lengths
These are:
I, Pre-vestnes: peried in which the reprodluctive tract is under the
influence of oestrogen
2 Owstews: peried during which the female will allow berself bo
b mmated
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3. Mefossiras: also called dioestrus; penod during which the
tract is vunder the influence of progesterone

4, Arovstres: perigd between oycles during which there is litthe or
A vaArian an;!'n"i#].'

During the pestroes cycle simulimneous changes eoour ing

= The ovary and reproductive ract; includes ovalation

* The endecime sysbem; intersction betwoeen the hormones
ne:.‘l:rnﬁm, progestemne, follicke .-«:I:imu]alu'n.; hormane {(FSH
and |1.:hr:'mi:uin“ hormone (LH}

= The animal’s behavioural patberns

Owvary and reproductive tract

At birth, the ovary containg all the germ cells that animals will
ever noed; these act as i peservoar From which tee primary folli-
cles develog. At the onsel of puberty or sexual maturity, several
primary follickes develop b Form ripe Graattan fellicles. In mul-
tiparous species, there will be many follickes, divided bebween
the two ovaries, bul nol necessarly equally. Each Graafian folli-
cleconsizls of anesuar foemed by the process of meiesks amd con-
taiming the haplodd number of chromesomies (see Chapter 1)
This is suspended in fluid and sormounded by an gater layer
of follicular cells. The Graafian follicle secretes the hormane oes-
Lrogen {Fig. 11.5)

When the follicle has reached full size, it ruptures to release
the covum = the process of coulelaion, The ovam passes down
the uberine tube and H"r:n.-m..:i'.ning tollicular tissue becomes rear-
sranized to borm the corpa Jutes. The corpus luteum secnebes b
hormone prrigeteroe,

Within the reproductive teack, the uterine walls becomie thick-
enid amd more glandular to create a suitable environment for
implantation of the fertilised ova, The vaginal epithelium alse
changes and the bloodstained discharge, seen in pro-oestrus in
e bikch, comes from the lining of the vagonn.

Hormaonal changes

Cviilation and the oestrows cvae ane associated with 4 cyde of
interrelabed hormonal changes in the ovary and anteror piti-
tary gland {Fig. 11,10} (see Chapher 6

I, External stimuli swch as increasing day length or 4 rise in
envirenmental temperature stimulate the hypothalamus in
the forebrain. This releases ganrdotropiie relaesing oo
(GRH), shich acts on the anterior pituitary glamd.

2, The anterior pituitary secretes follicle siimalating hormone
[F&H), which stimukates a tew primary fiellickes in the ovary 1o
ripen inte Grasfian follicles.

1 The I'JPﬂ'LinE tollicles secrete LrCTensmey levels of Lr:;'.rilll.;'m.
which:

o Produces the behaviour of the female seen diring pro-
oessErs

i Prepares the reproductive tract foe mating

o Stimulates the secretion of 'efewsmg dormope (LH] from
the anferior pituitary gland

o Inhibits further secretion af PSH

4. Asa nsaltof F3H inhibition, oesdrogen levels begin to fall. LH
acts oo the ripe follices and brings sbout ovulation. After the
release of the ovam, the nemaining fellicular tissue becomes
lutemmised [Le., converted Into the compus Tuteum).
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Fecsiriories, Fig. 1111 Phaees of the cestrous cede of the bidh,

5 The corpus luteum begins to secrete progesierane, The
inl:ma:.i.nﬁ levls dpruﬁl:l.h‘:rm'u: nnd the I.‘I.ﬂl.'l'l:‘ﬂ:L‘nE levels of
l.'IlEi‘l'.I'l_:IEEI'I shmulabes :I'FIHHI'I.E behaviour in the bibch = she wall
allowr the male 0 maane her, "
. Progesterone is the dominant hormone during pregnaney. [k
o Prepares the reproduective tract b receive the fertilised ova
o Canses enlargement of the mammary glands
o Inhibits the secretion of GRH from the hypothalamus,
which inhibits FSH output and prevents the development
of any more follicles
8 the animal has net conceived, the corpus luteum regresses and
the |.-_|.'|:|-|: !:Ics'm:l aﬁain. The hormonal r'_g'l:lc of the gecen 5
:liE;hli_'r' different. The quieen = an andinced oeulilor =o progester-
one, secrobad by the corpus lutewm, will only be present if she
i arurbedd.

Behavioural changes and external signs

The bitch

= Bitches usually have one o two cestrous cveles o vear and
during the pericd of cestrus they ane desceibed as being "in
season” ar “on heat',

= The bitch is wroneesteois, meaning that during cach period of
pvarian activity there is only one period of costruz, and thare
is n recognised breeding seasom; bitches may come into
season at any time of the vear

= The bitch is a sponrtemenas saelintor, meaning that ovalation "
cocurs without the stimulus of mating and takes place around
the tenth day of the cycle (Fig. 11.11).

= Bitches reach sexual maoburity o puberty at about & months
but there s wide variation between broeds; larger breeds

mature significantly later than smaller bresds. Puberty is
munrked by the onset of the first season.

The phases of the cestrous cycle (Fig. 11.17) are-as folbows:

Pro-oestrus lasts for about % days, The valva becomes enla

wnd there may be a blosdstainal vaginal discharnge, The bitch

may wrimatbe more froguently, which serves o advertlse the

fact thit sl i= @ senson, She will be excitable and Aictatioos

with males and may by bo escage $o find them. However, if a

b bries B0 mount her she will growl and clamp her il

tightly b her eump fo present mating,

Clestrus lasts for about 3 days, The valva remains enlarged but

the discharge becomes stravw=coloured, The “Alirty” excitable

behaviowr continues and if a male dog attempts to mount the
bitch =he will. stamd still, put her tail o one side and allow
mating. Cewlebion takes place on day 10 of the complete crcle
ithe first day of pro-oestrus is counted as day 11 but there = ne
extermal =ign.

Metosstrus can be divided into bwo phases:

o Metassienz | lasks for approsimatedy 20 davs, during which the
vaginal discharge dries up, the swollen vulva shrinks and the
batchs behavioar retums be normal. Al the end of this phase,
the bitch appears fo be back 1o mormal, but inbermally the
corpazs futeum in the cvary contimues o secnele progesierone,

o Metoestons [T lasts for approsimately 70 days, There are ne
extermal signs, but the corpis luteum secretes
progesterone, which causes the body o remain in an
almost pregnancy-like state. In somae bitches this causes
overt symptoms of a il preghancy or peeudacyesss,

Antoestris Lasts for 3-89 meonths. The behaviour and appearance

of the bitch are nocmal and there is dlmost mo evarian activity,

Towards the end of this period, some of the primary tollicls

will began to develop and secnzbe cestrogen and the cyvele

begins again.



Psewdopregnancy (false pregrarcy or peeudocyesis) is linked tothe
Tract thhaet the: corpis Jneuen af the: bitch rorzing in the gvary for soout
41 dmp= whether che i pregmant or nal. Fropeserona leesls rerain bigh
and produce symtams 2ch = rrememial behsdour, enlegemem of
mammery gends.and lactsion. Progeserore levels are normally begh
in il b B clivical slpng oocur anly it cermen bifchas.

The gueen

¢ The queen is seasonally polyoestrons, This means that she has
sewvaral periods of cestras or peceplivity bo the male during her
breeding season, which is Bepically from January to
Sephember.

= (Cats are long day breeders’, stimulated to start cycling by the
increasing hours of daylight that oocur in the early spring.
Fhewever, many domestic cats comae into season all the vear
rouand as they live upder the influence of central heating and
electric light

# The e iz an srifuced ornbakar, muu.nins thak ovulation
OCTUr in response b mating. The Hp of the oecat’s penis is
corvirid ki by harbs, which, when B penis is withdeawn at
the end of mating, cause the queen & moment of pain. This
skirks o perve pathway bo the ypotholamias b the brain, and
ultimately back bo the ovary, resulting bn ovulation within
2 hours of mating,

* Voung queerns become sexually mature inthe spring after they
are b, This means that if borm in Septomber, they may b as
voumg as 4 months at the time of the first season in flanuary /
February,

Thar phases of thee oestrous cycle (Fig 1112} ame as follows

» Ohestnes lasts for 410 days but s very variable. There ane no
physical signs but the queen’s behaviour includes redbing,
rubh:ng aga.insl objects and dardagis [pul‘hng thi= ruamp in thae
air and the il 0 one side). She will also “call” = a lowd
pemistent yowling sound — to inform all the tomcats in the

Fig: 1112 Schematic af the pesrous opcle inthe b
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area that she is receptive. I a bomcal appreaches she will
crpuch down and allow mating to take place, As the queen is
an induced cvulator, oesirus may continue uniill mating
oocurs, Flowever, queens kept isolated from fomeats will
eventaally o mte the next phase.,

o Diiesdries lasts for abonat 14 daws, The queen’s behaviour
retarns o nommal ard the ovany remains inactive for a shork
peried. Mew follicles will begin te develop towards the end of
this period and the cycle will begin again a few days later.

= Anmvestne lasts for aboiat 4 moenths and falls bebveen
September and January. Durng this pedod the evary remains
inactive and the quesn is o ‘mormal’ cat. As the day kength
inereases, Follicular development starks and the breeding
season begins agaln. Commenly cats kept i warm, well-lit
houses will not show a period of anoestrus,

Falze pregniances mn oo in the oat bt ars vy e ohe queenis
Imgcad DUT OGRS RO CONCEMD. 3 COrPUS RiTEUm Ciispsn s in The gyvany and
Seneies progeserane which satdhes of father folicular developmem

After b 36 dag the'torpus hrteun megresses: i 1 cydies start wgain
Theere: mre ranely anvy dinical 9gns assnstrted] swith ths phencomisnon n cats

Embryonic and fetal development

The L'I-'!lﬁl'fl'rhl r.i:"l"llhf is the interval behween terblisation ot the
e and the birth of the oftspring. In the bitch and the queen,
the gestation periad is approximately 63 davs, although there i3
both individual and breed varation. During gestation, complex
changes dcour o the sygote thot eesull in o vieble neonate
9 yeeeks laber,

Definitions
It is important to understand the terminclogy applied to the dif.
ferent stages of embryonic and fetal development.

= Ertrenhngy tha suty of the dessdoprment of the embes

= iGomete: the male or femaie: germ e celk - speymiatozoa. (3permor ova

= gl the rulised ovuam

=  Emieem the sizge dunng which the majer orgars o forming

o Rt the siage at which fommahon of the migior intemal and essmal
sirctures: B comgkete until the tire of parturition

= Concepris the embreo or fens, the exts embnonic membeass and
the plecerts

LRV R R T T

Fertilisation and cell division

Each ovum relessed from the ovarny during evalation is coveraed
in an outer protective layer of follicular cells knowen s the caraa
raifiats and has an inmer ayver ot ghycoprotein known as the zov
pellicicds, The bitch and the queen are multipamus species (litter
bearers), so they produce several ova at one time, The ova enter
the infundibulum of the uterne tube and are trnnnp-::ﬂcd. dewen
the nierine tube |:|_'!.I muscalar contractions and |:|:|.' thar manremends
of the cilia of the epithelial lining,

After mating, sperm from the male ravel up the female tract
and fertilisation takes place within the upper part of the uiedne
tube, [kis thaght that sperm may live for as long as 7 days within
e tract, relying on e correct environment within the uterine
tube fo survive, During this period the ouber dcrnsome of e
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Fig. 11,03 Fertisaton of the oo (B Sperratoma approach
curty, (B) One spenm penetrates the cwum, (€, D) Cell dvision
otours by ritoss

speerm (FLg- 114) releases eneymes, which are oble 1o break down
the zoma pellucida of the ovum. Each ovum is then penctrated by
o spern, wiich results in g ferdifisation ranction, preventing fes-
tilisation by any other sporm (Fig 11, 13) The fartilised ovuam &
niv refermed to as o sygafe and cell division begins within a few
hiourrs of fertilisation,

Cedl division ooours by mifosis (see Chapter 1) one cell divides
it fwo, bwo inte four, and soon. The stage inowhich the cells ane
too numercus to count i called o owiorube. A Hoid-tilled caviby
develops inside the morula and the structure becomes a binsfa-
L'II.I'FJ. Daring this fime the ball of cells s I'n:e-ﬂn:lrﬂ.'in;;, a.un'i'.'mg
on fluids within the hamen ot e uberine tract, and & moves
Slenwly diwn the tract fowands the uierine horms

Implantation

Cnce in the wberine hornes, the blastocysts arrange themsehees at
ciual distances along the horms and may even cross from one
horn o0 another o achieve squal spacing, @ process known as
trmsuterine prgration. They then attach to the wall of the homs
|:|:|.' i.rwnding amid P.:rl:|:|.' dz::lzu_l,ri.ng; the h}lpcfh'nt:lﬂcd endo-
medriam, ﬂaHﬂ:ttﬂ'le*_.r arc S-E'.'J.IDEI}' i.'rni:!lu.n'h.'q:'. |'|rl;|7h.|m'ul':|'|m DOCLTS
14-20 days after ovulation in the bitch and 11-16 days after ovae-
Latomy in the queen.

Development of the germ cell layers

Within the Huid-filled hla:l."ru;:,.'xl:. miet osf the celle come io lie on
arie siche, forming the imner ool imass, A thinmer byer of cells sur-
rounding the fluid cavity form the fropfiablas! (Fig 11161 The
inner cell mass bisomies the embovo and, in the carly stages, =
i flat plate of cells, The trophodlast becomis the extra-embrvonic
meam biranes,

The cells now begin bo form three gemoall lagers, which even-
tuaily differontiabe nbe parts of the embeve and the different
meernbrancs:
= The inmer czll mass divides into the Folbow ing:

o A cuter laver or scladerm forms the skin and nervous

system.

o A middle la}'nrnr mezferm formms the musculoskeletal

syshem and oteer internal LTFATs,

o Aninrer laver of edodeni forms the lining of the digestive

tract and other visceral systems.
Cell= from the endoderm spread around b lime the tropholbdast
anad ferm the walk sac, In mimmals this does not contaln yolk
but im birds and reptiles the volk sac ks the source of nutrition
for the embrye developing in the eag
* Tha frophotdast lies around the outer part of the cavity

(Fig, 11.14) Between the volk sac and the trophoblast,

mesodermal cells split into two layers, between which is

amther cavity: one Laver lies close o the ropholslast and later
becomes the chortor; thie other lies close to the endaderm
yolk sac
The inner cell mass begins to curd arund and enclose the endo-
dermal and mesedermal cells, which form the intemal organs,
leaving the yolk sac and trophoblast to form the extras-embryonic
membranes.

Development of the extra-embryonic
membranes

The extra-embryonic membmnes surmeund and  protect the

embrve but do not form the embryvo itself:

* Yoik s Formed from the endodermal celis, bat shrivels to
nulhing siome fimee before birth (Fag 1114,

#  Chorfon: Formed from the trophoblast and the outer Layer of
mresodermal cells

& Asvrione: The trophoblost and mesoderm expand, amd
eventually push up and surround the developing embryo,
This Forms o flukd-filled cavity around the cmbeyo — the
amaiotic camiy — which is entively separate trom all the other
cavities, The outer layer is called the ammicn and is the sac in
whiich the fetus is delivered.

* Altentois: A balloon-like diverticulum starts te develop from
the endodermal cells, forming the primitive gut. 1t pushes out
trom the caudal end of the i:ml:!r}'n and lies beside the _','1}|L: s
I:Fl.g. B1.04) This s the aflarion, which collect: urine from the
tretal I-r.idnl::.rs- via a tube leading trom the tetal bladder, the
wrtcie. During developmoent, the allantods conbines bo
expand with fital wrine and eventually enciscles the fetus. s
mner surface becomes pact of the amuoion, while its outer
surtace fuses with the chosion and becomes the chorioailantorns.
Duirdng partieition, the chorioallantoi: may be identified as
the “waker bag”, which ruptired bo release the fehas within the
Ao,

Development of the embryo

s the inner cell mass grows, the cells begin fo curve undemeath
and the bead and trunk are formed. Insicke, the main body cavity
Gar cif i formed and laker it s divided indoe thorax and abdo-
men by the dinphragm. All the mternal organs are developed by
35 days) this process is known as organogenesis, After this, the
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Fig. | 114 Eany embryonc deveopment (seetexd asc). (A) The fertiised ool dydes by mioes to form a bal of cells, the monsa

[B] The momilz develops o cavty and i knoeen a5 the bastocyst [ﬂ] . qyer of endodeTnal pels starts 10 line the trophobiast {D) and foiTra
the bagrinng of the yoik e (E). Bods of mesodenm start 1o form as the immer cel mass starts to be prched off to form the emboyo mesoderm
(F}. Another space forme from the prmitve gut tube; shis 5 the alantoes (F) end the yok sac begine 1o mepreas Developing will fomoa band
wrourd the =wim-embnonc membmnes {H.}

fetus goes through a period of rapid growth until it reaches s The placenta
finnld sive prior to bicth,

The: bater stages of development in 8 mslione-siced boesd of - The placenta is a thickened vescular band that develogps from the
dog are summarised in Table 112, Kitbens are often slightly in - allantochorion around the centre of the conceptus, The allato-
pdvance of puppies of the same skage. chorion produsces small, fingerdike willi that burrow imbo the
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Table | 1.2 The developmental stages of the canine
_embryo and fetus

Timescale  Stage of development

5 rm lorg: forelimbs and hind liebs fee smad Buds
secking out from thi erunk; amnlen s complee and
chi allargeis b farmed

20 mim long. b are srall ovinders with evidenos
al & jpirey shape; ses are prgrmerted: soermal ear bas
a ridge af vsible skin

A5 mm leng: nar fap s destinot epelids partly covee
the gyes, dights can be seen on th pawi: exeermal
[prnialaare near tofinal pacitons; @cule {grus) kairs
are present an the upper i formation of internal
organs (organcpenssis} is complets

64 i bang: prominent serotal arvabol tesues; digs
wiidily sprescl splids ars Tissd: i Galickes and
acrde follicles present on the body, thivws present;
osstfication of skeletar st 45 duys

| D0 mm long body hair and cofour radkongs ans
developing

150 mm lang: bake covering 14 camplete: pads have
dienelopad

Ready far birth

3 wanks

o by

3 s

b ek

R
B ks

D wemels

endometrium of the uterme hom. Blood capiilariu i:n-'l.rer':nE thi=
membrane extend into the villl and come inko chose apposibon
with the blood capillaries of the endometrium. These form the
enarbermal and fetal pacts of the placenta, which are ol continuous
wiith each otlwer.

The vills develog o broad bands runnding arousd ehe walst’
of the conceptus, Mutrients and oxygen pass from the dam across
the placenta and into the fetus via the ambilical blood vessels)
washe products pass in the oppesibe direction, The smisleal cond
confains the umbilical artery and vein, the rermnants of the yvolk
s ard the stalk of the allantois conmected o the orachus, which
beads from the Bladder,

The placenta of the dog and cal iz restriched W oome zome and is
therefors described as h:ing & Zry lr#ﬂ.n'rrfn |:Fip;. 11,15}, Cither
spacies have more diffuse bypes of placenta {see Chapter 173,
Baobween the placenta and the membranes, at the edge of the pla-
centa, is an area where bBlood has escaped from broken blood
capillaries and become trapped, This is the mangina! nemetom
and it staing the parturient discharges green in bitches and
brown in queens. Thia discalbruration i normalf

Fig. 1115 The onary placental aftathment seen in dogs amd cals
(it permasson from T Cobille, |1 Bessent, 2001, Oimesl anatersy o
pHivisiogy for wetermary fechneiang St Loua MO: Medny p338)

Fundamental genetics

Ceenetics iz the science of inheribince and is the method by which
clsaricierabies of s an: passed trom one genesation to anokher,
These characteristics may be visabbe (e.g., eve or coat codour) but
alse may be the less obvious but vital characteristics such as
blood grouping or metabolic pathways in the liver — the ferma-
Hon of every enzyme of proten in the body iz controlled genet-
ically. The information that determines these characteristics is
carried by strochures known ns genes, Cenes are arranged in long
chains known as cheomosomes, which are found within the
mucleus of every cell In the body (see Chagiter 1),

Chromosomes

Chromesomes are made of the protein deorgribaruclaic aold
(DA which consists of bwg paralle] unbranched strands hwist-
i.nE.arnund cach other in a double helix. The strands are formed
by & secies of foarr amifne acds - sdenine, thymine, guanine and
r_-,-'h;hs-in-r - .arr:lngcrd in a 1.':1.r_|."|':ng sequence. The amimo acids,
which are also called bases oo nuclesticdes, form cross-links with
the: opposite strand to create a ladder-fike structure (Fig, 11.146).
Each base only forms a cross-link with o specific other base (le,
adenine only links with thvmine and cvtosine only links with
guanine), These are then referred b as bise pairs. The sequence
of bases on one strand delermines the sequence of bases on
theoppositestrand and this sequence or genedbs code determines
s makeup of cach gene along the chromeseme. The genetlc
codde withim each gene determines the type of pretein formed
by the cells,

In a pesting cell the helical structure of each chromoseme is
tightly codled within the muclews so that when the nocleus is seen
under a light micrescope it appears very dense. The chromo-
somes can be more easily differentiated when they uncoil prior
tex celdl chivision by mitosis or meinsis (see Chapter 1)

Chrompsemes are alwavs considered in pairs - one of each
pair is received from ench parent. Each species of animal has a
characteristic number of patirs of chromosomes within  the

:l Baii pair adanse
and thymine

Fig:. | l.l§ The doubie-beical structue of Dhl



Table | 1.3 Characreristic number of chromosoemes in
_the nudeus of 3 range of species

No. of Total number
Species  (diploid number) of chromosomes
Dog 19 78
Cat 19 £
Hureamn 3 A6
Hurse EF) &1
Shaep a7 54
O an &0
Fig 1% 2
Kargarna & 12

nucleus of every cell {Table 11.3). The total complement of chno-
memes is known as the dipleid aemiver, This becomes halved to
the haploid memier duning mescsis. Thus each groedr {gvam or
xpern'l.ain:.:u-:mll fosrrried |:|:|.' micdpsis contxing the hapiuid murmbeer
After ferblisation, d.urirq which thie nucleus of the ovum fussc
with the mscleus of the sparm, Hhe rﬁulﬁng sygole contains tha
dipdoid number of chiomoesomes and cell divisaon by form the
embryo bigdns,

Within the majority of chromesome pairs the chromosomes
are identical b one another and they are desceribed a5 being
freriodngedia {Fiz. 1117, Within each coll there is one pair of chno-
mioseemes that may not be homolegous; these are the sex chironm-
spes. The other chromes=emes in the cell are referred 1o o= the
aufasoeres and they nfluence all the characteristics that are not
corcerned with sex determination.

Sex determination

Within each cell cose pair of the tetal complemsent of chromo-
sumes ks the sex chromosomes, which are concerned with the
determination of the sex of the animial, These are given the letbers
¥oand Y. The ¥ chromosame 13 small and carries the = that
determine male charncteristics; there is very Lttle roomm for any
other genes. The X chromosome |s barger and cairvies the genes
that detesmine fernale characheristics, althoagh it may carry
other genes as well,

I the mamumal the female has two X chromescmes while the
male has an X and a Y, which means that the female has more
space fur genes than the male, To compensate bor this, ane of
thie X chromosomes of the female & inactivated and bacomaes con-
tracted, forming & Barr hady,

The male mammal & resportsibie for desermining the sex of
his attspring. During meiosis (see Chapter 1) within the ovary
or tesdis four daughter celis are produced; these ane cither sperm
orova, knman as the Burm crdls, 'ﬁwar:rm coells will be identical
by ome anothier but ditberent from the parcrit colls. All the Faim aof
rhromosomes split up and each e o 2 pair goes into the newly
formed germ cells. Thus the sperm may contain either X or Y
chromesomes while the ova will confain ealy X chromosomes
During fertilisation the sperm cell fuses with the ovam b pro-
duce a Zygobe, which will be etther XY or XX (Le, male or
feminlih.
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Fhgg. 10,17 Metaphase spread and kargotype of 8 dog The dog has 3
totalof f8 dhromnosores moaach el THE cheomesome sbread 5 froma
it A fermaie wiould have B0 sex chiromoscmies (bowed) mstead of the
X chnorresernes, Dith permisson from 5 Long, 20046, Vetenrary
genetios ard mepreductvg physioogy, Bdmburgn: Butterworth

Heirerianm, 2] 27

Wlale = Pemale = XY = XX

X ¥
X XX Xy
X XX Xy

This results in two male offspring (7] and two female (XX) off-
spring, meaning that there is a 500 chance of producing either
sex at cach mating,

Genes

Cines are the units af inheritance. They arg short sections of the
bas pairs making up the strands of DMA that are the chremo-
somes. The sequence of base pairs within the gene provides
the code for each chamcteristic in the cell and hence the entine
individual, Each gene influences ore characteristic, although
oach characheristc may be influenced h}f several Fenes. Thoese
are known as polygenic clreslerislic:.

In order o be able to dezcribe genws and the way in which they
furction it is necessary o leam a new set of ferms {Table 11.4).
A particubar gene will always be found at the same site on a par-
ticular chmomasoamis; this site i referred B as 8 locus (el foacl).
The process of gene mapping 5 aimed at identifying the locus
of every gene on every chromesome in the cell, As chromesonies
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Table | 1.4 Genetic terminaicgy

Term Definition

Chiploid nurber Blumber of chrgmasornas found ina normal cell

Haploid number tumber of dhromosomes found in a peom ol
(o or - sperm]; half the diploid romber and
resy gt from meiogs

Gt Eicher the: o ar the Spermatazocn; contang
ihix higpbaid munhor of chegmossmag

Zypate Hexuhs from fuson of the awim with the sperm
ard contars the diploid nurmber of
chromazsomes

PMiCeks Methed of cell distsion oooaring in soemanc
celh (L., all the onlls of the b ody excepr the germ
i)

Fsagis PMethioed aof eell division coourring in the gemm cells

Leug The pogitian of & gene oroa chromasomrd

Al A gere on the same bbous of 5 pairaf
Famolcgaus dhromossmes

Homargous persa identical perves on the sars locus

Feteroaypous Mon-idertical geres an the same locus

g

Dlarinant genig A are that svervide: s alila

Fmpessve pens A pere whose damctenstic & not expressed
when paired with a domnar gere bt will be
expressed with an dentical recessive gane

Phensope The outward appearance of & indvidual

Genotype The g=netc makeup of an individual

are fhowght of in homologmes pairs it follows that there will ke
amother gemae at the identical locas; this gene is referned to as
its allele

Cemes at the same lecus affect the same characteristic but they
need not produce the same effect. For example, both genes in a
pair may affoct eye colowr but one may instruct the cells o male
blue eve pigment while the other produces brown pigment.
Genes at the same bocus that produce the same effect (eg. both
broven eves) are said o be iomszygoes; genes ot the same loous
that produce a differnt effect (e, one produces blue eves and
one brown eves), are said to be helerozyyons.

When a gene Fll'\IDdLP:\lﬂ a characteristic effect it is said to bo
expressed. If only one of a pair of heteroxvgous genes is expressed
the gene is described as being dontmonf and the gene that is not
expressed i describved a5 being recessive. Dominant genes over-
ricke the effect of ncessive genes and the recessive genes are only
expressed when here 15 no dominand gene o overeide it (Le.,
when they are homoeygous), Occosionally there are cases where
alkeles giving different instructions for the same characteristie are
both expresaed e, Blood groups in humans), Sach genes ana
described a5 being co-dwminam

The majority of genes act ndependently of one ancther bt
SO genes can suppress e activity of genes at the same loci,
Thisse genes are =ald toeshibit vpeistisiz, Epistasis s seen in albino
anpimals and ocours when the albing gene suppresses all other
genes assgciated with coat colowr, resulting in a colourdsss or
white coat,

An animal may have an exernal appearance that = different
fromm what would be predicted by ils genetic makewp, The exber-
mal appearance of an animal s known oz the phenshge, The
genetic makeup is known as the gematype and this cam anly be
accurately appreciated by examination of the DMA, The pheno-
type of an animal is influenced not omly by the genes but al=o by
envirenmental Factors such as diet, disease and exercise. This
can be expressed as ‘phenotype — genoby pe +envirenment”. An
example of this might be a fat whippet; this breed is naturally
|E-|:nr.'ﬁ|:1]t_l.r} very thin buat can become tat [Fh.eru.'ll'_'.-]:!r.-'l I:':r' e

eating [envirenment).

Mutations

It is important to wnderstand that genes cannot normally be
altered and will pass unchanged from generation to generation,
The only reason that they may or may not be expressed imthe
pheratype & bocause they are dominant or recessive when
mixed with ﬂwﬁenrs trom another Ferm el (e, after divizion
3b_'.r meiosts followed |:-_1_,' fertalizatiom). [.']tl:n.'liunaJE_'r a Emel:ii:
rh'l.n;ge or mpfetior doet secur but this is usually a random
chance mutation or the pesult of chemical |:|:'|.a:l|‘||5;|. o damage
feg.. by radiation). These changes will then pass inbo the next
peneration. Mutatons may result in o hammful conditon that
could kil the affected individual [eg., development of cancer
cells), and then the gene will die out on the deaths of the affected
individual. However, it might produce a characteristic that gives
thir artimal an advantage that could emhance its chances of sur-
vival, such a= a change of coat colour, which might provide cam-
ouflage). The affected animal would then reproduce and pass s
beneficial gene on o the nest generation

Genatic nomenclature

The language of genetics con be expressed using o svstem of let-

bers, which can then be wsed fo predict the ouboome of mating or

croasing ane animal with a parboular genetypre o another animal

with a diffesent genotype

* Lenes are alwavs expressed inopairs, one of which comes
from the male parent and the other from the tomale
parent

& The individual g'r._-:lu:riv: rharscheristios am p;i'l.r-l,:n a relevant
letter of the alphuabet.

® The dommant characteristic is writben a5 a capital lethsr
amd the pecesalve characteristic is glven as a lowercase
letber.

# Thus, lor coai colour in the Labrador, where black colour
= dominant over chocolate, ane could wse the leters
B (Black) and b {Chocelate)

* A dog with the genotype BB is homaoeygous for that gone and
wizld have the phenotype of a black coat

- 'd""'l" with ﬂ'IE-HH'IEIL'J-'FE Bh ix hnrr-m.!}'gnus tisr that pene
ard woald have the phenotype of a black coat.

= A dog with the genotype Bb (s bomoey gous for that gens and
wiruld have the phenotype of & dhooolale coat.

Mendel's laws of inheritance

For many years sejemtists wene unaware of Bwe method by which
charactenstics were passed from one peneration to another,




although they recognised that childeen bore o certain resem-
blarce bo their parents. In the mid-19th century an Auwstrian
miomk called Gregor Mended (1822-1854], while working in the
garclens of his menastery, devoloped an inderest in plant and ani-
m:al breeding, From his observations over many years he devel-
oped his laws of inheritance, which led him fo be able to predict
the outcomie of various cresses

¢ Mndel's first o of inferilance states, There ane factors that
control development and these fackors retain their
indivichaality from generation fo generation”, This is known as
the bae n__|" .-vgn::;,_-.n!fﬂ.u and 1t may also be cxpmﬂ.md as ‘alleles
separate o ditberent J.;.ﬂ.me'l'n". The factors are the stnochares
that we mow know as Henes and the law means that genes af
thir same locus on homologous chromosomes separate ak
meingis to go into different germ cells,

o Slemiel's sevond Dnae of Inferifance sdates, "Each palr of genes ks
inheribed withoul being InfMsenced by the presence of other
geawes’, This s knowei as el of independent essortmenl amd o
mieans thatat meiosis each gene behaves independently as the
coll splils imbo o gametes. The arvangement of the genes in
the gametes is further influenced by the process of ceossing
over (zee Chapier 1), This kaw i frae in most mstances but
there are examphes of Unked genes that do not betavee
independently. These genes have locl that are nest to each
otheron the same chromoesome 50 at meinsis they are likely to
pass inte tho germ cills attached to each other. An example of
this are the genes for Blue eves and white coat colour — white
animals often have blue eyes,

Specialised types of gene

bioad genes follow Mendel®s laws and are passed an predictablyy
howewes, there arne some bypes of gene that may hove effiects that
are bess predictable,

Sex=linked genes

Catnes that are Incated on one of the sex chromosomes (e, X or

) are theredore most commonly associated with one or other of

the sexes. Most sex-linked genes are found on the X chromiseme

becwnseitis larger than the Y chromosome and has maons space to

carry . gerees, Sclinked genes are usually recessive; examples

include the Bencs F-n'rhﬂ:muphi]i:n, colour-blindness and arange

coat codour in cats. These characteristics ane almost .:ILWEL:.II Ass

ciabed with miales :t|.'|:h-emg]': 'HI-!;'_'..' may rmsinnaﬂ:,- affect bemales
T mechan=m of inheritance s

¥ If o male animal careies o sex-linked pene on his X
chromosome i will be expressed because the Y chromessme
has mo effect on it

o 1 a fernale animal carvhes 3 sex-Enked gene on ore of her X
chromasomes but noton the ether (Le,, she is heterceygous for
the gene), it will pof be expressed becase the gene = recessive
amdl pegquires wo gencs bo be expressed, However she may pass
it an b her olspring and she is describod as being a oarmer

# If a female animal has a sex-linked gone on baflr of her X
chrmmpsomes {i.e., she i.:-':‘u,:'mn:.:_-rlgl:-u.'.' tor the Fﬂt‘:l. it warall be
cxpressed,

Sex-limited genes
These are genes that influence a charackeriste that is seen in onky
one sex. These penes are switched on by reproductive hormones
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produced by e animal ak the onset of puberty {Le, oesteogen or
testosteronc), Examples of sex-limited gences includo breast size
in women and millke yseld In oows,

Lethal genes

These are geres that are incompatible with Life. An animal

that exprisses a lethal gene will die from its effects sooner or

later. They are wually recessive genes =0 affected individuals

st b homeeygous for the gene. Theee are three types of lethal

genn—
Classival Iethats Ailected individueaks may die in the wkernes or
very soon after birth, An example is absence of A tail - a form
of spina bifida incnts, Mans cals ane heteroey pous fior the gene
amdd omly lack a tail

= [Oefayed feifal: Affected individuals will die from a progressive
condition laber in life, Examples include polyeystic kidneys in
Fersian cats and hypoplastic kidneys in a mnge of species,

= Semi-iefil These produce mild sboosmalites that may not
necessarly kill the animal. An example & haemophilia, which
may bis tresaterd h'l,rlﬂm.'d transfusions nrml:h:hr rh:-thngfn-:h'lru

Selective breeding

Selective breeding is #oe term used o describe the selechon of
ceraln individuals as sted andmals for breeding vather than
allowing all anbmals to breed randomly. In theory this means that
beneficial or desirable charackerstics will be passed on to the
il gorieration while harmful or deleterous characteristics will
b bred out, but in Fact if seloctive breeding b= carvied out inoor-
rectly it cancreate even more problems, Using one’s knowledge
of genetics it is possible to predict the outcome of crossing ome
animal with another and so create an individual that s a perfect
representation of its breed and is not afflicted by any inherited
conaditions,

Monohybrid crosses

Matings inwhich only one charecteristc is identified and fellowed
through the generations are described as srovoinglerid crosses,

An example s spot colour in Dalmatian dogs. There are bao
variations in the spot colour —black, which is more common, and
liwer. Tha gene for black spots is dominant while the gene for
lwer spots is recessive.

Let the gene for black spots be represented as the letter B,

Let the genw: for liver spots be represented as the ketter b,

Exampile |

Mate a homozvgous black-spotted dog te a homoeygous liver
spaothed hitch

(i, BB = bh)

'L‘z.'ing a g:ri:i knowm as a Punmest SOUATE, W Can wiork ot tha
genotypes for the ficst filial generation, referred b0 as the Fl
geneTation,

Gres frame the wmale {in the spenn)

I B
b kb Bl
b bib B
Gretres from fhe femmle (in e oo

The F1 generation will consist entively of puppies with the Bb
genotype and their phenotype will be black-spotted,
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Example 2
Blate & heterosyaous Black-spotted dog b a heteroeymoms black-
spodted Biech.
{ie., Bl B
The Fi gemeration will be:
B b
1] EH Bk
b Bb bl

® The genotypes will be 18626 1bb,
& The phenotypes will be three black-spotted puppies fo one
liver-spotted puppy.

These is a 1 in 4 chance of producing the double-recessive
incividual when you use a monchybrd cross. When crossing
bwer animals that are hetermeygous for any characteristic vou will
always get the same rabio of genobypes of 1211 Stakistically, if
vou use a large sample of animals vou are mone Lkely o achieve
this ratbo. In a litker of four puppies vou might not breed the
liverspottisd puppy: however, IF vou produced 100 puppies
vou significantly tmprove the chances of breeding a liver-
spotted puppy.

Example 3

Pate a homoeygous liver-spotied dog to a heteroevgous black-
spodted Eriech,

(L, bl = Blb)
The F1 generation will be:
b b
B Bk B
b bl bk

= The genotypes will be 20B2bb,

® The phenotypes will be two black-spotted puppices to beo
liver-spotted puppies = there & an equal chance of producing
black- or liver-spoticd puppics.

Back-crossing to the recessive

Thiz is a kechnigque wsing test matings to ascerain whether an
animal ks carrying a particular recessive gene, This may be a gene
that couses a harmitul condition such as me sy progres-
sive relnal :th'nl:ri't\r of, i more miter casess, an unwanbed coat
cobour. A recessive gene will only be expressed §f an animal is
homoeygois for that gene. If the animal is heteroevgous, the
gene will not be expressed but the animal will carry the gene
amd may pass it on o s of=pring,

For example: progressive cetinol atrophy (T'RA) iz a condition
seen in breeds such as Labradors, Golden Betrievers, Collies and
Spaniels. It couses gradual deteroration of the retinal Blood ves-
sela and pesulls in blindness by the tme the dog s aboul
18 maonthe okd, IE s important to identify carriers of the gene
sin that they do not pass it on e their puppies.

Let thie gene for norminl =ight be 5,

Let the gone for TRA be 5

Thus dimzs with:
= the genotype 55 will have normal sight
= the genotype ss will have FRA and go blind by 18 months old
= fhe genotype Saowill have normal ight buk will be carress of

this recessive geno

The suspect bitch under investiga Bon could have the genobype
Seor 55
I, Suppose thi suspect bitch 1s S5,

hate her toa dog who s known fo have PRA and will

therefore have the genotype ss,

The Fl generation will bes

= &

] S 5s

% 4 EH
The puppies will be 255 — carriers of the gene but onaffected; Xss -
affected by e condition,
2. Suppose thi suspect bitch is 55,

Mate her to the known affected dosg ss,

The Fl gentration will bes

1 A
5 5 b
5 b S

Al the puppies will haove the genobype S5, meaning they will be
unaffected by PRA but because they will be carriers of the gene
thew would have to be neutered and not used for breeding, In this
gxample ita bitch produces puppies that are not atfected vioas can
s mpire that chie is hnmn.r__','Enu.u tor normal HE"II.'. it shi= produces
Puppies that are affected |:|_'!.I FRA she must be heterozygous. 1
e hl:_:l:q'rn;-'.].rgu'l.ls Bitch was mated ke an umdentified ht-l-m'm':_!.r-
gorus doyg the F1 generation would produce genetypes in the vatio
of 15525155, which means there is a 1 in 4 chance of producing
an atfected PUppy.

It is essenbal bo dentify carriers of harmful genes but in
practice fest matings are expensive and take time. Analysis of
pedigroes may be holphul, assuming they ane comect, buk mowa-
days DA analysis may be much quicker and much more
Accurate,

Dihybrid crosses

A dihvbeid cross s one inowhich fio chasacieristics are wdentbi-
fied. Each gerw obeys Mendel's secomd law of independent
assoctment and will move indeperdently. [t may be paired with
any odher gene, resulbing in a wide variation of genotypes and
phenotypes. This can appear very complicated but, as i the pre-
vious monohybeid cross, IF yeu cross two animals that are helero-
Fygous for both charackeristcs you emd up with a predictakle
ratio of penotypes, in thi= case of 92351 (Compared fo 1221 for
A morecdybrid cross) and the chances of preducing an animal
that s pecessive for both characted=tics = 151 {(compared 1o
31 for a monohybrid cross).

If wou expand this idea to crossing individisals with fferee
charactenistacs it is known as a frifppird cress, When you cross
twwey animals that are I'u_-tn:n,:c.l:}'gmns for all three characteristics
the predicted mtios of the genotypes ane 279993531 and the
chances of producing the one individual that is homosygous
for all three recessive choracteristics is 631,

This 'Ii'l.l:nr_!.' [T Exrrenut}'jmpi:-runt when a.l:lrmpl:inE to brrsed
ﬂ'l:-l:lvl'."rﬁ!:tl: e:n:ample nfa particular species or breed o just a per-
bectly healthy animal. The alm is b achieve homosvgoaity for
beneficial characteristics without achieving homosyviosity for
harmiul characteristios. Ik is important o undecstand the reduc-
i chanees of producing an imdivideal that is homoeyvgous for
large numbers of charachenistics,




Breeding strategies

Hundreds -'.l-cl:_'luum of seloctive I:l-n.'ed.intl; of cats and 1:||:|“= haveled
to the development of distinet breeds, A resd may be defined as
A Broup of animals of the same a{!ﬁ'iq‘s Fimkoed I'.I].' & st o common
characteristics’. Wihen an animal of cowe breed s crossed with
angther animal of another breed the result is a crosshresd or omoee-
Il;'.r.':n', which is a normal ferile animal that i:.cup.ahir: ol mprnﬂu—
cing and passing on the chavacteristics of both breeds ko the next
peneration buk will bear very litHe resemblance b i parents,
such as te Labradoodle, which resulls from crossing a Labradoe
with & Poodle, The appearamce of the Labradoodle is totally
unpredictnbde amd ind lviduals in the same Hiter will differ mack-
edly From ench other, The advantage of crossing two animals of
thie senne breed is that you can predict what the offspring will look
like When crossing bwo mongrels the assortment of the genes
may he completely pandom. and the outcome unpeedictable,
Tha skill of brecding lies in understanding Mendel's laws and
im =glecting the comect animals & be mated to each other
Randum selection could result in a Crufts champion but it would
be very, very hacky,

The aim of selective breeding is to achieve homozygosity for
all the FEnes which contrel the desirable characterictics.

Tar e:r.amplr_. SUpPPOES an amimal that i homoeygous tor ene
£ is mated to an animal that is heferoeygous for gene 2.
fiee, B8 = S
Then the FI generation will be:

z Z
A Z¥ ZE
L £r i s

1§ e of the homoeygous individuals is then crossed back to one
of the parants {Le., £Lx ZT), then the offspring of the F2 gener-
atiom weill all e h|_1m|,r.r}'g'nus.. Thi= parents of the F2 gﬂmr.ltii_m
are described as breeding true’ tor that charactenstic and the
outcomie is prediciable. When homosygesity is achieved the
characteristic is described as being fived in the breed. In attempt-
ing to reach this situation breeders will wse a range of breeding
strategies.

& ]rlfrrt'rd'r':r:.; is the mnting of two individuals that ang amore
closely related than the population as a whele {e.g., brother bo
sisher or mether b sond, The aim is o get closer and clozer bo
homozyinesity o fix the characteristic in as few generations s
posalible, [F the inbreading steategy s followed for too many
generations, harmiul genes may be Hxed as well as the
desiralle genes, resultng in o condition kaown as debieeding
depression, This produces weak, unhealthy examples of the
bread, 5o inbreeding = not pecommerded

o Chullerecdieg is the mating of teweo individuals that are less
clisely related than the population as a whode (e.g., father
i grmr-gmnddm:ghh ar b fitth coassing. This strategy
may be usedh b counteract the effect of inbreeding depression
As the animals used are only distantly related, the offspring
arc ii.ke|_1_,-' to be i'bebnf\m-::r'Enus tor both desirakle and harmiul
grres. Any meoessive genes will not bc-expn*ss:& in the
gEnotype, prndul:lng a healthier stronger individual, a
condition keown as fieid tipour o fetersis. This breeding
skrabegy leads o much slivwer fising of genes and it is less ey
fraccurately prodict the outooeme of & mating, An extreme
verabon of cutreeding i seen when bwvo unrelated broeds are
crossed, such as o German Shephend with o Dachshund, The
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appearance of the resulting mongeel puppies cannot e
predicted, alowgh they will be pesfectly healthy and sweill all
be different rom ome anether and from thedr parents,
Mongrels are often assumod to be froe from inharited
abnormalities.

& e |'Jm':|ri|zg 1= thi= Tn.11'ir|§; o two mdividuals that are mone
closely related than those in outhreeding but less closely
related than in those in inbreeding (e, molher to grandson
or mating second cousins). This strategy is the most
cummmh' used in selective brmj:ng because, u|ﬂ1nuﬁh it
fixes the characterstics mone sh_:-wl\r and the nl'El;l:!nng are |ess
predictabli, it has none of the problems aasociated with
inbreeding depression,

Congenital and inherited defects

Selective broeding aims bo fix desivable charscteristics bud it can

alzo pesult m the fixing of harmiul genes. These are associnbed

with poor health and in some cases evential death. Animals
may be born with a variety of harmiful conditicns but these need
mat necessarily be cavsed genetically,

- I.".:ulll.:l':lrn'.m' defects ame prosent in thi animal at the time of =
birth, They may be camsed by damage to the embryo or fetus
during the gestation peried or during parturition, such as
brain damape dwe to DEYEEN starvation d.urirq birth, or
cerebellar h}f]:mpl-.ﬂxi.ﬂ cansed |:|:|-' Ep LI tex bhi= fedire
infeckous enteritis virus during gestation. Because congenital
conditivns ane not carcied by the genes, an affected animal
may produce healthy offspring.

= {rlierited dafects are carvled on e menes. They are inherited
trom the parents and may be passed from generation 1o
generation. Most Inherited defects are caused by recessive
genes and will only be exprossed when the animal (8
horseeygows For that gene, Breedors of any species have a
responsilrility to know which inherited defoects exist im their
chosen breed or species. They should be able to idenfify
affected individuals and provent them from breeding =o that
the genes are not passed i their oHspring,

Examples of inherited defects in dogs and cats includy:

L r|'|'irl dﬁrlnsm i% seen i I:lrg'qr breeds of rlng ir.g., Labradors,
Colden Retrievers and German Shephends). Malformation of
the acetabualum or femoral head that form the hip joint causes
laxity in the joint, which eventually causes osteoarthribis, The
Eennel Club [EL) and the British 1|."-cI:-l.-i'il'l.:u.'_l,-' Associabion
[BVA) have a monitoring scheme to identify affected animals,
Doz with a high hip soore should not be used bor breeding.

= Elwne dysplasia is seen inoa mage of dog breeds (e g, Bassott
Houndz, Golden Betrievers, Labradors nod Mewfoundlaneds),
Sartous anomalies affect the elbow [oint, resulting
instability when weight-bearing, This causes lameness,
cabeparthiibiz ard pain. A KCAEYA monitenng scheme
idenlifies affected individuals,

* Eyr defoct: can be presont ina large range of anomalies (oL,
progressive retinal atrophy, collie oye anemaly and hereditary
cataracts]. Thi KO/ BV A SInfemational .".'«I'u:t-pdng S{'H:i:-l'_!.r rumn
A monitering scheme o identify affected mdividuals,

= Entrapion, in which in-tuming evelashies scrakch the cornea
andd cause conjunctivifs and keratifis, has to be treated
surgically. This is o pelvgendc characberistic oocurting in
breeds such as Sharpeis, Botbweilers and Labradors.
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E-l.'frn]'wm mrans the bower i.'_r'l,.‘aidj- dn:lnp dowrvards,
Exposing thie conjunchiva below the e, which oz |:|.|-|.l
and inflamed anct must be treated surgically. This is
polvgenic charcteristic seen m brevds characierised by their
soft, doopy eyes (g, Bleodhounds, Bassett Hounds and

St Bemarnds),

Cryplarchidism — redningd leskes — may be bilateral or
unilateral. The refained testls will be infertile and

may b mose likely o develop a Sertoli cell umour in
later life.

Dﬂhm iz linked to bloe = and a white coat and iz atten
seen in white cats and Dalmatizns,

Heemapatir i a defective cloting mechanism assocmated
mainly with mabe amimals, It is known as von Willebrand's
disease in dogs.

Fig 1118 Two breeds of cat that copnally resulied fom a genetc abaormalty {A) Mare cats, (BY Scotish foid

Titallegeirees an cade s 2 recessive R, HI:II'I.'IDI_!.I'EUH.L'I form
cavses A form of spina bifida and results in the death of fital
kithens, Heterozygous form results in varying degrees of
niblesseess, which i e bases of the Mans breed of cat
(Fig TL1EA )L

Fiet-clisten kitfens result from an aubosemal recessive gene
andd iz secn in Burmese kitkens, Affected animals hive
difficulby breathing and do not thrive

Folded zars 1 rets mesult from an incomplede doeminant gene.
Hteroey rons form has folded ears and this is the basis of the
Lenttish Fold breesd of cat. Hunﬂu}'guus torm hias pninh:!
swollen punts ard |:|.'|ir| on maverment (Figr. 11.186).
Polydaciipy s mulbiple toes, seen in cati. Such cabs are often
referred to as ‘witches” cabs’, [t causes few problems but
affected cats have very large feel
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Common integument

The comimon Fegumant b8 the suter covering of the
By and inchicles the dkin, kair, pads and chwe

The gkin comers the sbire bady and provides a
priotective layer.

The skin consists of owo lavars the apidermsis ard
dermis, under which is the hypodermis or subomcuiar
Lyper Ths basic structurs is alse seen in footpads
and claws,

W¥chin the skin are & rarge of ghnds, the secrecons of

Ciefae garida i ke body (2 reammiesy glands ard
anal gareds) are alss modfed don glards

Thee skin of the deg and eat is cowered in hai which is
derved fram epidermal calls. The hirction of heir & 1o
protect, to irsulate and o comemanicate.

The undarade of the oot & haidess and profoceed by
the foctpads, also derived from moddfied opidermis
The ercts of ehe dighs are protected by haed epldermal
SEFLICILF eSS ko B8 daws,

POINTS

which copribute o the overall Rincticn of the skin

The berm comming indegamreri refers B0 the outer COVEring of the
|:||:u:|}" Ik is sid to be the hrgm.l: organ ot the hnd'l." and, becauise

it has a wariehy ot companent parts, it haz a range of fumctions
The inbespament includes

o Skin

# Hair

* Foolpads

o Claws

The skin

The skdm covers the external surface of the body, Forming o com-

plete barrier agaimst tha external envirenment. Tt is porforated by

vanos natural spenings (e.g. the measth and the anuesl, and at
these podnts it Blends with the mucows membeanes lining the
openings The functions of the skin ane:

I, Prodection; Tt protects the underlying structures of the body
and, in specialised thickenad regions of the skin (e.g. pads of
the feet), it gives added protection against physical trauma. [t
also acts as a Ph}f:licn:l barrier 1o th:\-:t .:Eni.n.'ll: mvasion |:|:.-'
mi:rmrganisms_. and sebaceous Eland‘.s secTede an ﬂnti!:cplit
sebviam ondo Hhe surface. The skin also acts 48 0 waterproot
barrier; it is almost impermenble bo waker, preventing the
budy from diving out o from Becoming waterlogged (e
when swimming), Pigmented areps in the skin and hoie
protect against damage from ultraviolet radiation

L Bewsory: The surface of the skin iz well supplied with many
tvpes of sensory nerve ending e detect femperature, pressure,
touch and pain, This assists the body in monitoring s
external environment,

4. Production: Leraviedet light from the sun converts 7-

dlh}ld.rnchnl-ulﬂ'n] present i sebum inks vikamin O This =
activated within the kichmey and biver ang irncresees the uptake
and metabolism ot dictary calcium,

Dieigs, caes and ctber spedes of animal that are kept indoors withoug
acces to sunlight sy aiffer fom skeletal problerrs caused by the
fack of sirzmin O n their bodies, This f5ehen reflecred in the levely of
calcium in the Gores and tisues,

5, Starges Fat = stored under the skin s adipose tasue or

subcutaneous it Fat i an enengy sbore amd also acks as a

therrmal insulating Layer,

Thermareguletiors The skin prevents heat loss by diverting

blocd away from the surface by vasoconstriction, by erecting

the hairs to trap a layer of insubating air, and by having an

insulating layer of fat. Heat can be lost from the body when
required (e, by the production of sweat). Howewver, the skin
amly plays a minor role in heat loss in the dog and cat because

I:hr.-:," only have active sweat glands in their footpads and nose.

Fast of the dmtp:t‘hun of cxorssive |:||:u:|],r heatin :Eq-gﬁ- andcats

TS i F\H.I'IIIHE wh!dl I.'I"|ﬂ.:|' E.IID IH! Hmﬂtﬂd H"!l]'l

ariedy, pain and respirabory distress.

. Cammomcation: Production of pheromones, which are natural
soends used for Intmaspecific communbcation. Other ‘scents”
produced for communication are those of the clrcumanal
glands and glands of the amal sacs, The inlegument also
provides a rmeans of viswal commumication, such as when a
dogz rabses il hackbes when threatened, which is seem as a
warning of possible aggrossion.

1 Secretian Aorange of glands within the skin produce secretions
directhy cnto the skin's surkace. These include s =
prodhuced by sebacenus glands; sieedl = in the cat and dog
swenting omby pocurs from aciive sweat glards of the tootpads
and nosc; lernﬂﬂur:lm —'Frndunud |:|:|.' q:L-cinJi:nd skin ;_;hnd.'l.

Skin structure

The skin s composed of two lavers: the epdderinés or superficial
layer, and the underdying deeoniz (Fig, 12.1). The fypodermis lies
bencath the skin.
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Fig: 12,1 Stuciue of the gon

Epidermis

The epidermis is comiposed of stratified squamous epitielivm and
has multiple layers of cells that are continually renewed, New
cells are produced i the decpest lavers of the epidermis and
are pushed upwands fo the surface as 8 result of mitosis below
(see Chapter 1), The surface celbs are continually kest and these
doad cells or spwames are seen as scurf in the animal's coat, This
process replaces the cells that are lost dus to friction and wear,
The layers, or slvef, of the epidermis are, From deep o superficial:

Fhe eodour ol the dom sned ereerbor hair rig aot recesssrty be the same wrdd
his may b nofmed when chpping an s for & SupcHl epembon & &
bniprusting 1o nede thit B sk of polar bear  Black b the fr (5 whitel

I, Stvatwm bazale or germinaiimne: Consists of a single layver of
dividing cells (Lo, where the now colls are "manu factured'),
Pigmented cells or melanoceles, which comtain granules of the
pisgment melanin, may alo be present in aress such as the
nose pad or footpad or in colowrsd arcas of the body.

2 Stratiem groveleers The cells are Battened and the provess ot
infiltration of the cells by the structural protein kenitsa (known
as kermdintsativn) beging in this layer. Keratin provides
protection in lavers that gek extra wear (e, footpads),

3. Stratwm lucitver: The cells fose their nucled and boecome
clearer

4 Strwtumcornewor: The most superficial of the epidermal layers,
The cells have nemackei and are dead; they are fully
keralinized and flattened in shape,

The whaole of the epidermis is avascular and receives its supply

of nutrients from blood vessels within the dermis.

Inaress of the body that are covered in har, the epidermiz of the =skin mey
anly be g fewe ootk thack (=g the din over the chdomen). Horaeeer, in
aregy urpretestied by Rair (2 the leatpdi), the spiderme = mioch
thicker This can-exihy be ssen whsn cxaminng 3 cut pad

Dermis

The dermis s e decp Laver of the skin, upon shidy the epader-
mis sits (Flg. 121 10 s composed of dense connective ssue with
irregutarly arranged collagen amd elastic fibres, The dermis has a
generous supply of blood vessels, nerves and sensory norve end-
inggs The hair follicles, sebaceess glinde and sweat glands also
lie within the dermis but are formed from epidermal cells,

Hypodermis

The hypodenmis, orsubcitis or subcuticular layer, is notactually
piark of the skin, but iz a Laver of boose connective tssue and fat
lving beneath the dermis, [t also contains elastic fibres, which
gives the skin its lexibility. This i evident when we grasp a fold



of skin o the neck of & dog or cot fo “scoul” them. [E s the hypo-
dermis into which subcotaneows injections are given,

Dwrmeathtks is mflammeicn of the skin vis @ commion complaint in
dhogs are] cams and may e cousid by @ nurrber of chings, bur i is

scmetimes extrermedy dificult 1o ascartain ety what is causing the
peoblem. Allarge {atopic] dermanis may ks cavsed by food allergies.
fleas, dust mites and polien. Cortact dermantis is caused by an irritart
or dhemical with which the patlent has been in contact Affpcred

animals arm often fchy and may reb, Bk or chew the affecoed area.

Skin glands

Within the dermibs are n range of glands producing secretbons
directly onto the skin surface

Sebaceous glonds

These are alveslar of saccular glands swhose discks open bnbo the

base of the hair follickes. They secrete an oily substance called

sefmine, whibch forms & waterproof laver on the skin amd coat, ghv-

g thie coat’s “sheen’ and makdng the skin supple. Sebum has an

antiseplic guality that contrels backerial growth on Hae skin sue-

fnce, Some of the modified sebaceoes glands produce secrebions
thiat influenoe the behoviour of another animal. Theso are known

s pheromones and ane the soents’ that dogs and cats produace as

a means of communicating with other members of their own

AP
Modified sebaceeus glands include the following:

#  Tail glomds are found on the dorsal surfaoe of the base of the
tail. Theirfunctiomis believed to be conoemed weith individual
recagnition and identification.

o Crrrumuial Igfrr.u.rf.—: are lecatod around the entire circumference of
the anus They drain indo special sweat glands and their
sevretion i thoughtto contribute b the individual smell of a dog.

o el glands lie within the walls of the paired spherical anal
sacs, locnted on elther side anad just belowe the anus, They
produce a fowl-smelling secretion that = expressed during
defecation, coating the faeces and serving as a
territorial marker (see Chapler 9,

o Circumoral ghends arg found on the lips of cats and their
secretien i used For territorial marking. This can be observed
whien a cat rubs ik face on |:||:|jc1."|:l sach as furntbure and i
owr's |

v Cerumimoe glad2 ane found in the external ear canal and
SECTEtE CEThimen jear wiax,

o Sdetbonmiaie orfersal glons open on o theevelids and produce the
fatty componend of the tear Mlm al molséens the eye,

Sebaceous eyuts may develop when d ke follicle or akin ghnd gess
blckied by dire, scar tissue or 35 3 result of infection. Thay may

b comfused with other ‘lumps’ such a5 skin tamers however, they
arer benign and rarely problemanc, IF chey burst thay wil releass

o groy/hrown ‘cottage cheese’-ike substance,

Sweat glands

Al called sedvnferous glands, These are coiled glands found in
thie dermis, which are only active on the pose and footpads of
dogs and eats,

Chapter 12 Cormman mtagument

You may notice when a cator dog is stressed in the consulting
room, i may leave ‘swealy’ foodprints on the consulbing roem
tablel

Mammary glands
These are greatly modified, enlarged sweeat glands, which secrote
milk for nourishment of the voung {see Chapter 11].

Mammary gland tumaours are the mest common tumourd

in dogs. Maost octur in unspayed bitches over & years of age. About
balf of mammary ghand mours sre cinserois, bt even

ek WUmcrs can cruse discomiort as they erdéarge, and may
Became ulcerated; therefore, remove of the tumowr (1) &
recoirimended,

Hair

The possession of hair ar fur is a dislinctive chamcionstic of
marmrmaks, 1t covers the entire body of the dog and cal exoepi
in areas such as the nese and footpads, In other areas, such as
tha scrofum and arcumd the nipphes, the halr covering §s much
EPATSEE

A hair is o keratinised strocture and & produced by a bair fol
licle. The wisible part of tha hair, above the skin's surbace, is called
tha: fnzir sieaft and the part of the hair that lies within the follicle is
called the forr roal,

The hair follicle originates trom a pesg of epidermal cells that
grows diown into the underlying dermis, where i forms a hair
e pver a piece of deemis called the denval paplle (Fag, 12.2),
The F.upiil‘a Frr\m.rid:cﬂ the blood and nerve :1.||:||:||],' for the Erawing
hair. From the haic cone, the cells kemtinise and form a hair. As
ther hair GO Liph H.'|r1.1|JH:|'| th Epldl.-rh'l.iu- b the skain's surface, e
cells at the point of Hee cone die, forming a channel - the hair fol-
licle. The hair contimises o grosy until it eventually dies and
becomes detached from e Follicle. Halr growth 1s cyclical amd
crvce the hair b= shed o new hair follicke develops and a new hair
will start to grow,

Moulting
The shedding of hair, or saliing, is mfluenced by the annual

SCANCNLE, p.'lrhcuiaﬂ"; the environmental |:I'.‘-:I1'I|!-Lr-'.|!1ll'|'_' and |:|;|:|.'
lengeh. Mest dogs moult more heavily in the spong and
auturmn, while cats only moulk heavily in spring, followed by
a lightber loss of haire throughout the summer and aotumn, Heow-
evir, pet cals and dogs are usually kept nside centeally heated
houses with electric Hghting amd this confuses the naturcal sea-
sonal triggers, Mowlting can therefore eoour b somae extenl all
year round,

Blopecla i the ‘sbonormal’ bess of hain [t may be tha resuly of
allergies, andooring dsordars, an infastation of 3 ddn mite such as
Dernadey o & fungal infaction such as Argaorm;
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Flg. 123 Theformanon of haln (AY Cevalopment of thehar pagsda end
haer oo, (BY The folide =marts 1o dendop, PE) Sebacecus @and
develops and the deveopng har breaks thesugh the akon, (D) & ratus
Fair foilide with svoectoer pl) rmusde,

Hair types

There are three major Bypes of hair;

o Cpard hates ame the thick, Long and stiff hairs that torm the
vanter protective coat of the animal, They lie closely against the
skin amd sweep uniformly in broad tracts, giving the coatof a
o or cat its smocth appearance. The nature of the gaard
hairs gives the coat its waterproot quality. Water ‘runs off” the
coat unless the animal is submﬂﬁcd in water fora |ung b,
This prevents water from penetrating the coat and mnki:q; thiz
anmmal el

O gueard hadr grovws from each follicle and asseciated
with It k= a strand of smooth muscle called the ereector pili
mische (Fle 1230 The function of this mu=cle & to raise the
halr from its resting positon, applng a layer of Insulating
air. The mousscle k= stimualated o contract by cold lermperatures,
bt the hairs of the neck and back (hackles) in the dog, or theeo
af the tail i the cab, can be rnised in response o theal,

(In humans, the effect of the arrector pili musche is seen as
‘poosebumps’ on the skin.)

& 1Waol ates borm the mnermest, soft undenooat, Tht_'_'..' are
thinner, softer and shorter than guard hairs and mene
mumerous. Their number fluctuates, especially in winter, as
'I:h-z].' seree to keep 'Hﬂ.l:i:!ud_\' Warm b}' prnvidi.nE an iJ'HIJIJIiﬂE
ia}-‘:r. Thie thickness of the wood hairs varies betsesn breeds.
For example, Huskies have a very thick undercoat and are
well adaped to extremely cold temperatures: Dobermans
have a very shirt outer coat and oo undercont and have poor
tederance of cold weather, Then: may be a number of wool
hairs growing from one follicle and these are dssociated with
oo ard halr (Flg, 12.3),

Fig- 12,3 A puard hair and wosd! hars in a has folich,

& Tactele hars or tibrissae are the “whiskers'. Al called smus
hairs, H'Itl.'-].' are much thicker than _Eu:m:i hairs and pmh'u:l-r.-
vutwards beyond the rest of the coat. They are specialised
hairs that grow from follickes found deep in the hypodermis,
The tollicle & surcounded by necve endings that ans
responsive to mechandcal il such o3 touch or movernent
anvd provide sensory information from the environmsent
Tactile hairs are mostly found on the face, principally on the
upper lip and near the eves. However, they are also foumd in
othier areas, which vary bebaween species, such as the clusber of
tnctibe lnirs on the carpus of the cat and the tuft of whiskers on
a da's chieek.

Footpads

The funclion of the footpads or digital pads is to peotect the
underlying prints and to acl as shock absorbers as the animal
walks or runs. They are covered by thick, plemented, kerati-
nigtd, hairless epidermis. The surface of the dog's footpads
iz remghened by conical papillae, which provide traction
during walking. The pads of the cat are muwch smooather, Inside
the pad, a digital cushion formed from thickened dermis
and tatty vascular tizsoe absorbs the impact of the feot hitting
the ground at speed. Sweat glands open fo the surface of
thi= pacl,
The dog and the cat have seven pasds on each forepaw
[Fig. 124}, These are;
* Fipe digital pads: Ome covers each distal smienshalomgel joid,
mcluding one associated with the dew claw,
= Metacarpal paid covers e plalnsgeni-melaansan jeon; this is
|.'|L'£1I"|D-5I'I:'|Pl:‘d i Ih&dng and round in the cat.




(A} Feraliml: (B} Hinad liarib

Fig. | L4 Footpads on the fore (A) and hind i (B) of the dog,
Thae & no tasal equivalent of the cerpal pad

o Carpnd pad, or sfop pad, les past distal to the corpal foses and

profects this area when an animal Is unning at high speed.
Tha hinad paw has only five pads: one mam metatarsal pad and
four digital pads (Fig. 124}

Diistemper, a disease of dogs, causes thickening of the footpads
ard the nosepad, and wed m ke called Hardpad', |5 poody
urdarstood why thie chusative vine has this efizct an the pads,

but the disternper wirus alss affects the respiratory, cerral nervous
and gastrointestinal systems. Inothe UK, tharks to widespread
wacciration this sernnous disease s Uncommon.

Claws

Clawes are composed of modified ker timised epidormis and form
the horny outer covering of the distal or third phalanx of each
digit, inclusding the dew claw, where they cover the ol process
(Fig. 12.5). Their function is bo profect the distal phalanges durng
mli.inﬁ and wr.'iﬁhl: bmri.nﬁ'a.ml Eir Frm"i-clr.- E;rip.'fheduw.unfﬂ‘m
desg are thick and strong while those of the cat are fner but musch

Chapter 12 Common ntagument

Fig. 1.5 SSructure of the claw.

sharper and are used as weapons of offence. At rest, the diaws of a
cat are retracled into pockets of skin by elastic ligaments that run
from the second and third phalamges, When the cat wrsheathes ils
claws the action of the Figial flexor mieele overcomes the fensien in
the alastic ligaments

Each claw gronws from aspecalised region of epidermis called
thar coromary barder, which s underneath a fold of skin called thae
claw fidd. Thie claw consists of twe hard, laterally comprossed
malls with a ventral groee between them filled with sefter homn
Jorwn as Hwﬂ.ﬂmvurulardemi:qrquﬁ:* lies at the base of
the claw and bleeds o vou cut the claws oo short.

The dirwy groes cosfimdgusly snd normel 'weer snd tee’ usidly
presentt thern from groving 100 long, However, in manyp dog the
claves can et vergros s, H keft thasy cincur sound and perstae
the pads Special care shoold be ke with dew disws if present, beciize
they arg e by comact with the ground and do not ges wam demn

by wialking,
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ECTION 2

Comparative
anatomy and

physiology

Birds 151

Small exotic mammals |65
Reptiles and fish 179

The horse 191

Dromestic farm animals 21 |

This section describes the anatomy and physiology of soma of
thie less comman species of pets, horses and the commaon species
af tarm animal. In some cases thers may be less detail than in
Section 1 It is assumed that, h.\l.'ing studied the anatnmy aned
physiology of the dog and cat in deail, the student will be able
tis ;lp-]:!l]- this knnw]r.-«:lEc amd appm-ciﬂte oty the similarities and
the differences betwemn the various species.
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Tha birgds are a unigue growp of vartehrates. There ana skt 8500
knowm species in the world, all belonging te the class Awves. They
are considersd to have evolved abonat 1538 million years ago from
this thickly feathered Ardsrerplenys, which links reptiles b birds
Birds and reptiles have much in commen, such as the ability to lay
egEs, but me other class of animal has feathers, The posscasion of
feathens, and in the rna.in.rrl}r nl!'rpenicﬂ- the aI:tiEit].- bes ﬂ].'. i= the rea-
s For thpdr success. Flight allowrs them to colonize new habitas,
find mew sources of food and escape predators, Much of their
pratomy and privysiolegy has evolved o Gcilitste life in the air.

Musculoskeletal system

The skeleton of the bird (Fig. 13.1) is unlike that of any other
group of animals and it has developed from the evelution of
powered fhight. A combination of & reduction in the fotal nurmber
of bones and the fusion of many jeints has resulted in g sheleton
that Fmvin:lus aul:rung base for the attschment of the FHEHI: mnss-
ches. Although the skeleton must be light encugh bo enable the
dewwnward force of the wing b lift the bird inte the air and bo
keep it airbome, when comparad o mammals of & similar size
birdz are not exceptionally light.

Main features

Bone structure

o T Hghten the skeleton the cortes of the Bone b ouch thinmer
thar in mammalian bores and many long bores are hollow
Internally, Hghbweight struds create a honeycombed interior
and relnforce the bones (Fig, 13.2)

& Miany of the larger bones are panamaelic: they are filled with air
contained i membranous air sacs that connect with the
respiratory system, These cut down the weight of the skeleton
and s aid flight. The number of preumatic bones & redueced
in diving trirds as they restrict the ability to stay under water

Skeletal modifications

# The stermum |z extended into a laterally Matbened kel
{(Fg, 131}, whidch provides & large surface area For the
attachment of the major flight muscles. These are the pechoral
muscles responsible for the powerfull down streke and tho
srracorasoid muscle responsible tor the upstroke. Flightless
birds {ix., ostriches and emos) do not have 3 keel

¥ To coumberact the action of the flight muscles and to sopport
the wings o large bone, the corecsid, lics betwoen the keed and
cach shoulder joint (Fig, 1511

® The saribeer of jids in the body is reduced. This is particulardy
see o the vertebral columm and results in o clgld brunk b
support the action of the flight musches.

o The sk s long and meobile and containes morne cervical
viertebrae than the 7 seen in all mammals; there may b as
many as 2% in the swan. A long neck makes up for the lack of
flexibility in the body and enables the bird e turn its hesd
right round, creating the wide range of vision necessary for
survival, to catch food and to proen all parts of its body,

* The number of coudal vertebrae are reduced and fused
borming the fail or pygosl e, Some flight feathers are attached
bis thie tadl and play an important part in flight. balance and
display. At the base of the tail & the drasgel or e glinnd,
which = essential for keeplng feathers oiled and healthy,

& Theere ba 4 sdmgle toay cavify; eds have ne ddaphrogm dividing
the thorax and abdormen

= There is mie floer w0 the pafvic covily, which makes the pelvis
mor: distenzible to facilitate the passage of cggs to the
outside. Egg laving enables birds to reproduce without the
nieed bo carry the develaping feties around internally. This
would increase the body weight and severely restnict the
abaliey bo fly.

Head (Fig. 13.3)

= A lightweight bk covering the mandible replaces the teeth
amd reduoces the weight of the skeleton, Each species has a
characteristic beak shape, which is adapted fo its sating
hatsits,

& Hehween the mandible and skull s the Lp.l.udrull:' B, which
alkenwes thes bird to open its month wide and makes dislocation
of the jaw very unlikely.

= Many birds also have a joint known as the craomofcnd e
beteoeen the upper beak and the skall, This increases the
mobility of the beok during Feeding,

® The orlif is large and thin-walled b lighten the shull and te
house the large eves (Fig. 133), Because misch of the bird's
brain is concemnad with visual intormation, the eyes connect
with large optic lebes in the brain

Leg and foot

= Some of the bones ane fused, forming a Dilsoiaraies and o
farsomeatitirsis, bul the sHile joint b= similar 4o that sten
ramimils,

= Most of the muscles of the keg Tie high up on the leg or on the
body itslf and control mavements by means of long tendons,

o A digrital flevar Gemdor (Fig, 15.4) runs in a tunnel behind thae
intertarsal joint and supplies each of the digits. It is
respansibyle for bringing about the perching reffey, seen whena
bird lands on a branch: the toes automatically flex and tighten
om the branch, preventing the bicd from falling off.

= Post birds have theee toes poanting forwards and one
pointing backwards, which = an adaptation for pesching and
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Ak (first digit)

Majer metsarpsl
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Ll-p,ptr mdile
Lowear mandibis
Carvical virtab s
Coranoid '_l e Ly Tharaci variebrin
Lntesrobi pracidd
Coctygml
wErtpkran
Comphace rib Fiaifyln
|chiery

FHg. 131 Skeatonafa typical bard [hawi]. [‘u".."rl,h parmuspon Fom T Cokalia, [M Bassatt, 2001, Cincal aratomy amd physicingy frar e 1Ay
tocnricians, 5t Lows, BMOCE Moshy, p 355

Lartin Wing

Hollow cenmre * The bomes of each Forelimb (Fig, 1355 are reduced o o
humsernss, a separate radivs and ulna, fizsed carpal and

Beny iarus metacarpal bomes and bwo digits:

o D.llgéf 3: The main di@;il: is attached b the fused mr.-h-::up:d
bonez and carries the primary feathers,

Fig. 13.2 Lompituding’ section thraugh an qvan long bone. The Bofry & Digit T: This foems the aluls or bastard wing and earries a
SNAS serva 1o strengihen the bane fewe feathers. 1t i essential for controdling take-off amd
landing.
helding prey, however, parrols have bawo Loes pointing * Mestof the wing muscles ane found en the body or at the
forwards and fwo backwards. proximal end of the wing and ong tendons attached lower
= The shape of the feet reflects the lifestyle of the species ducks down the wing comired movement, 15 the Dight muscles
have webbed foet for swimming: raptors have strong talons war located om tha wings, the oxtra weight would mpeds

for catching and killing their prev. flapping flight.



Dientary Cadrate

Lrgoirane weh
Fig: 13.3 The antormy of 1he bird skul| {Barm o).

Fig. 134 ntertarsal ont nthe awan eg The dgtadl fexer tendon
s (n A tunnn! within tha rmetatarss! bong, (T attaches 10 the camdsl
aspect of the gigas and 5 evpartant iy the perchang refls

& |neross-section the wingjﬁ lliaiﬂ:lr curved from front o back
foeining an ‘aerofoil” shape, This creates Lift as the bird flaps

ibs wings.

Introossews catheterisation: This is o method of providing
fid therapy to birds vik 4 bane

The optemaum site i tha ulnp o the prosimal dhistarsis
becanise both these bopes have 8 redilary casty from shich
fluid cam be rapidly shoorbesd, The wdvartage of using 3 bone &
that the cacharer Is bass |kely to pull out ared iF bodoss,
haerncrrhage t5 loss likely 12 ocour,
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Prevention of flight. |t s seamenrmes necessary e resric

2 captive bird's abifcy 1o fly and this may be dore in one of

DA VR

I. Pindonimg: Tha and of tha wing = cut off ae the carpais (La,,
the 'hand’ s cue off ). This is wmElly dong when the thick is
=10 days old and & permanent beczuse e bones do not
grow back,

2. Wing clipping: Primary feathers 510 are cipped using a
pair of sharp scissors; vecid ourting into the quick of the feather;
ﬂmxﬁrﬁm:rhﬂdippud.\*i:hduthhﬂh!ﬁ'dﬁmitﬁﬂ,
ar bath may be elpped. Chpping doss nok prevent flying
ciarpletely and the feathers will grosey Back at the rext mouk.

Feathers

Feathers are the distinctive feature of members of the class Aves,
They devedop from epidermal celis ina similarway to the hairs of
mammals and the scales of reptikes, Feathers are made of keratin
and create a strong but lightweight covering over the wing and
the body,

All feathers have a simalar strschure {Feg. 13.6). The central
haft or ractiz is filled with bloed capillaries during growth but
later, as the feather matures, it becomes hollow . O mther sice
of the shaft, the tame consists of Borbs and interlocking harlides.
Thisse hook begpether f0 forne a flatened, wind-resistant sumaoe.

The feathers must be kept chean in order to function effec-
tively, Birds constantly groom themselves o "=ip up’® the bac-
Bules and b apply the secretions from the preen gland at the
Base of the fall, which keeps the teathers waterproof.

There are several types of feather (Fig. 1361
o Flight faethers: long righd feathers attached o the wing and

Lhe tail:

o Primeries: attached o digit 3 and to the fused

mietacarpal bomes (Fig. 13.5); usually 11 feathers but
number varies with species; provide the major thnest
during flight

a Serordiries: attached to the uina; shocter than the

primarics
= Cordoer or coverd fatliers: cover the rest of the wing and the
oubermost liver of the body to produce & smooth outline:

shorter and more flexible; the lower part of the vane (closest o

the skin} is fluffy
= Filoptnonee and doeen @atlers: He close e the body undemeath

the contour feathers, forming an insubating layer; they haveno
barbs so they are Auffy, Filoplume = desigmed to break up,
creating dust thal absorbs swent and dirt ond keeps the

hird cloan,

Birds abways shed duss from thelr foathers and this may be p searce
of pathepans. The soonetic raspirateny deaases peimacoss |5 caused
by the microorganism Chlamydophie. (farmedy Chiomydia) psittoc
and is spread by feather and fascal duse. Auvcéd inhaling dust from
siepcted asos

Moulting

Addult birds moult once & year, wsually after the breeding season,
The ofd feathers are lost over a pericd and during this time the
birds are vulnemble: fight s affected and processes such & ogg
laying in domestic hens may cease, Producticn of new leathers
roeduites energy =0 feod intake, particularly the protein mequire-
ment, increases, Any nutritional deficiency may resultin stunted
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Fig. 13.5 Bird in flight shpwing the stuchume of the wing foreimb),

frather growth or poor colowration. Feathers are used for flight,
for insulation and, in some specics, for display, Captive birds
may be kept for their beauty and for showing,

When handlirg birds i iz eszenrial that the feathers are not damaged.
They are only roplaced at the next moult so the abiity to fly may ba
sericushy impaired, whilst the cwner may ba arnoyed thas their
appearance has beer affected.

Wlan preparing birds for surgery, avoid plucking the feathers = s
witll affect the bird's abilty to kesp warm urgil the next mouk. Damp
the feathers with water or spirit and part them to reveal the skin,

Flight

Most of the surface of the wing i coverad with flight
feathers, forming a light but strong structure, 1t is slightly
curved, the dorsal surface being longer and convex and the
ventral surface shorter and mere concave. This acreforl shape
En:lu:rn!n; maximum lift and minimum dJaﬁ an the wi.ng
mives H'tmuEh the air. Air FIH‘i:I‘lE over the domsal surface
hias o kravel faster than the air passing under the wing, result-
ing in lower pressure over the dorsal surface, which generates
lift. The lift Force must egual the weight of the bird i Bight is
b OCur
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Rachiz

Warne —|

(ELY]

(B0 1 3

Fig. 13,6 (A} Genaral shuchim of 3 feather, (B) Four types of fathen |, Pamary angd comtour, L Doy 3, Ficpume, {Adamed wilh
prnssen fom T Covile, M Bassety, 2001, Onéical anatorny and physieogy ioe vetennary technicians 5t Lous, MO Mosby p 347,

Comibrol of light i breughil abowt by lting the leading edge of
the wing and the formation of slots behween the feathers; for
prample, separation of the primary feathers and the alula allows
LT AT 'Ihn:r.lgi'l,, which maintsins a smooeth air flow on the dore-
sal sarrface, s :lnl;r-t'.'ls:ing lart. 1§ thie .a_nglr-l,:l’r tlt i% greater thinn
15" then fift is reduced and the bird stalls or falls out of the sky

Wing shape affects the type and speed of Bight. Soaring birds
such as the albatross orbuszard have broad wings that maximise
lift while the wings of many E,'.Ln:h:n birds are short and allow
rapid bursts of Aapping fight. The wing Hps of the buzzard
are slothed to reduce hurbulence while the feathers on the edge
of & barn owl's wing ane fringed to rsduce the noise of the wing
beat as the bind approaches ils prey.

Invglidiang flight the wing iz held =Hlland ato Jow angle so that
thi= brirc ually loses height. Birds such as the albatross actu-
ally lose very litthe height Becavse of the size and shape of the
witig and because they mnke constant adpestmonts fo the angle
of the leading edge. Species such as the vulture and the buzzand
make vse of thermals or upwards warm air currents, which
allow thiem te soar and gain hetgit,

Iy flagping or powered flight the bird's body s held almosi
stationary and the wings ame meved rhythmically up and down
tor generate forward thrust as well s 1itk Thie main power & pro-
vided by the large pectoral muscles, which extend from the keel
to the humeres and make up to 0% of the body mass. In strong
flizrs ssch as the pligeon the muscles are deep nsd because of their
high myoglebin aontent and their geod Blood supply. In species
such as the domaestic fowl and the h.1r|n:r_'_l,r thie musscles are almost
wihits and are i:.ipa:l:!l-e: of Pn:rd L'H:i:nj_li Fl:rwr.-rl:uJ bursts of I:'Eil.]hi that
onky last for a short time,

At tabe-odf maximum lift is helped by runming or by launch-
ing; frem a branch. Tis londd, the toil is used as 8 brake and the
wings are extenced indo the stall position. The s are extended
boabsorks the Foves of the dmpact and in perching bBaeds the Qesor
tendons contract as the foot grasps the branch,

Special senses

The avian brain is barger in proportion b i body than that of all
wther vertebrales except mammals (R, 1370 The basic division
of thae braln dnte foee-, mid- arad hirdbeabn can be dentfied and
the hind- and midbrains are siinitar o those of mamimals, The
parts of the forebrain differ becawse the bird needs a different
range of senses in opder 0 survive, Within the bealn, the conteal
centres for sight (optic lobes) and hearing (cenchellum ) are well
developed while those for towsch, smell (olfactory bulk=s)and taste
are small and underdeveloped.

r——————— Cprebeal hemisphere

Kactary
kb (clfactory

corerod cantre)

Ot nerve
Oipiez lobee

{wsies gl
|

Muadiilia

Fige 137 Lateralwewo! a brd's brar (Wb permisson from T Colvie,
P Basserr, HH L Clinical anetomy and plhyschogy for wetarmasy
tedhnitiare St Loum MOCE Meshy, p 35900
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Main features

Sight

This is & hisghly developed sense and |s essentlal if e bird s going
ko be able to By ok high sposd and for altitude, search foe food,
escape From predabors and find o mate. The optic fsfes are lorge
amd occupy e majority of the midbmin (Fig. 1277 and much
of the skull is adapted o housing and protecting the lrge eyes,
Thercarhits determine the shape of the oyewhich indinmal spedies
can be round (e.g, in hawlksl, or flat (eg., In swans) [n nocturmal
apecies, e eye may be tubular ond the pupidl iz arger in relation to
the retina, enabling more light 10 be gathered at night.

The eves till the orbits, leaving reom for fow eye muscles asso-
cinted with movoment. Birds have to move their heads rather
than their eyes to pick up an image. The position of the moes
on the hewd vanes scoording to feeding habits predators sudh
= owls and haweks have Fornveard-pointing eyves producing binoe-
ular vision but a redwced stee of visual fueld, while seed-eabers
have h:tl:m|[:f F!|.'|rr.-|:t cves that Fm'l.'jl:[c monocular vz but o
wide visual field in which bo locate Frr.'da'h:rm.

This striactuine of the eve (Fig 13 8) 8 slmilar to that of man:s-
eals buk with a few differences:

I. Thesclera forms the sutermost protecive laver and continues
in the Front of the eve as the franspanent comea. Ak the
juriction of the cornea amd sclera is a ring of smiall bones
krvown as the solerolic pivg. which relnforces the relatively
large ciroumference of the eye

In zome species of desdng bird, the pictitaing membrane has o clear
hadfucksiee’ it et This b gt 1o a ek ds s ferm oF 'Cormaes |ins' 1o aid
EEION LndsT WaTeT,

A bires can comrd thes sieof the pupl sobermnly, the pepldlany Igt
respanse ar pupiley reflexc iz net 2 good diggnestic ndicear af braim ar
R TunTion

Fig. 138 Struciure of the avan ewe. M germssan fram T Cohdle,
I Bamsett, 2001, Cirvcal aratory and plysokossy foe wetennary
techiicians, 51 Laws MO Masby, p 3600

2. The comen s protected by an upper amvd lower eyelid and a
rictifefing nrembrane, sinilar o the third eyelid soen in the dog
anad catl. This & thin and transparent and washes molsture
over the cornes b keap it clean. Tt s suppdied with striated
minscle s the bird is able to move the membrane voluntarily,

3. Thee iris is bormied by stmelad muscle in confrast to the smeoth
miusche of the mammalian is, This enables the bird to control
thix sive of the pupil voluntarily,

4, The vitreous humoar in the posterior chamber of the eve is
similar o that of mammals but contains a ribbon-like
structure attached bo the rebina koown as the peclior (Fig 13.8),
This is thought to provide nubrition for the inner struchanes of
the eve.

5 The retinag contains photoreceptor cells — rods for night vision
and cones for day and celour vision, Mocturnal birds have
e posds thir divminl bieds, Svian vislon is superior to that
of mammals for soveral ressens
o The photoreceptor cells are musch thicker than those of any

other vertebrate and result in a much miore highly
definsd imiagpe.

o In mammals, each nerve cell 15 conmected bo several
photoreceptors but in the bird each photoreceptor cell i
cormected fooan individual bipelar nerve cell so that each
rod of cone & represenbed mdividwally i the brain.

o The retlna has o sebatively poor Blood supply, becaiss
Mowd vessels interfere with the passage of light to the
Tetini.

Hearing

The structure of the ear & simpler than in the mammal The sars
are found on the sades of the hesd fust behind and slightly below
the eyes, There are no exkernal ear pinnae in eoy species — birds
stich as the cagle owl that appear bo have cars actually cnly have
tufts of featherss,

Thee ear conslsts of the extemal ear, which collects sound and
carries i & the mdddle ear. This s a simgle bome; the cofiela,
which transmibts 2ound o the Inner ear. The inner ear is imiblar
b that of mammals and comprises the membranous canals
responsible for balance and the cochlea pesponsible for heaving,

Macturnal species have an exbremaly well-developed sense of
hearing, which enables them to locate and catch prey in dark-
miess, Barn owls, Tt athe, in particular, have asymmetrical exter-
nial #ar openings (which help in the vertical location of sound),
large eardrums, columellae and cochles: and a large acmastic
centre in the hindbrain,

Taste
This |5 a poady developed sense in binds and experiments
have shown that the percepliom of tastes siech as bitler, salty
and sour s speces-speciic, There are relatively few taste buds
anad they are distributed around the sides of the tonguee and soft
palake,

Smell

Little is kraown about the avian sense of smell but it is thought
o vary bebween species. In passerines and binds of prey i
ig very poor but the fermales of some species Jeg. mallands)



seenebe an odouar that stimulabes e mades b breed, Other specles
e, quail and albatross) use the sense of smell b locate fopd,

Touch

The zkin i.l:quli.ﬂ! with SMEOCY NEVE u'bdi.np: that are consi-
Hve to hisat, cold, pain and touch. Touch may be used to find food
and toasch-sensitive endings are found around the beak and
miouth. Others are found at the base of the feathers and enable
the bird to pespond fo the smallest movement of (ks feathers.

Chapter 13 Birds

Respiratory system

The respiratory svstem of birds (Fig. 139 = VETY diffirrent trom
that of maminals and is taught o be 10 tmes mone efficient. £ s
aclapted bo meet the needs of the bird when flying at speesd and at
high altitudhes, where oxygen levels are bow, without the bard los-
ing consciasness, Thene are three main features:

s There is mo diaphragm dividing the body cavity inte thorax
and abdomen,

)

Fig, 11.% The respratory system of the bird in sty (8) and remueed fiom the bady (B).
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= The lungs are faicy cigid and do not expand as by fill with air.
= Al free spaces In the body cavily ond within the major bones

{e., femnur amd humenss) are filled with membranoews alr sacs

connected to the respiratory system.

Air enters the system via a pair of nostrils or s leading inko
the nagsal cavity, and abso through the meuth. Some birds have a
cleft in the hard palate known as the dwos connecting the oeal
and nesal cavitses. The nasal cavities contain several mucosa
covered cichae, which h-::'lp o warm amed Hilber this :insp-:irﬂi air.

S dbding Binds do not v exeemal rares bocauss this wolld alews
wwater | emer the arvays dunng diving They nommielly rehy on mouth
brseethireg, I the bk = ted to prevent the bind S pecking dunng
treremnent, thare i a rig of ephyasrtion:

Aldr passes throwgh the gl tis on thee Door of e aral cavity and
into a complex by, which does not possess vocal cords, The
tracthen is made of dgid interbocking rings and &= relatively long:
km somne species i ferms colls, Adr travels dom the brachea o the
point where the trachea divides into right and left prmary -
chd, At this paint there s a swelling known as the spring, whose
siee and shape varies with the species, The combined effect of air
passing through the laryns and the svriny preduces the charac-
teristic seunds associated with the species.

Imtubathon, Birds are gasly intubned for anzeschesia becausa

tha glotis af the base of the tonpus is easy to see. Always use an
urciifed the to prevent rupeure of tha complata racheal mings.
The catncda 2 sacs iy also be incubated after indwction by injection
urbrma:lt in cases whore oral or beak surpery 1 to be perfiormed

The primary bronchi lead ints the rebatively dense lumgs,
chomely applied to the dorsal body wall. Within the lung tissue
this Beronchi divide into furtser smaller bronchi and into cvlind i-
cial parollel bl known as pasalvoschi. Adr capillares sus-
rounded By pulmonary bloed capillaries perforate the walls of
the parabronchi and it i3 here that gaseous exchange takes place.
This process is the same as oooues in mamimals,

Leading from warkoss bBronchi within the lungs ame thin-
walled wir sacs. Most birds have nine air sacs, which penetrate
the spaces of the body cavity and the inssde of many bones
(Fig. 1249, They ave ngd Invelved in gaseous exchanpe and they
are thought toack as a peservolr of alr and o have a bellows offect,
pushing air back through the lungs. They alsa lighten the weight
af the skeleton and so aid flight

Mievar adminisner madaation to s biedvis an intraparitoneal injecton
because there is a rsk that an air sac will be penetrated and it
may rupture. Fupare of an e sac will impaie respimson and may
affect the bird's abikey to fiy.

Abr sacculitis. This s an infectian of the thin-aalled ar sacs of the
bird aid is often caged by the corrrman furgus Acpengile fimipatis.
Furgal spores are found within the rapred air and ey come from
ustances such a5 moukly iy, The kingus Torms plaques on the airsas
ansl esermelly thiey Pusture, resulting in Pessiratory disiess and
ultirmately death. Do not provide avian gatents with hay, it is beter w
ke theem o Pewspeger even ehough this mey seem less comforoakde,

Respiration

Duri.nﬁ rﬂpiml‘inn adr  circulaies :nnli.nunmr.]].' and passes
ﬂm:mg:!'l thi= |ur|E.': bwice -[J'i|:=:. 1L, Most BRI E:t:.:hangr
oocurs during the second passage. This system ensures that
thw: péemioval of oxvgen from the mspired air occurs with maxi-
mum efficiency.

A their respiratory systern s so efficient, birds reace rapidly o
nbalaticon anpesthetics and anaesthesia may lighten or deepen
mrrich mece guickly than | eepectedd,

= lmspimation: Alr passes through the lungs and either enters:
o The caudal air sacs and inflates them, or
a The Fmrnbrmu'hi. whiere FAstTas r:-:d'l.'lngr._' tnkes pln:ﬂ,*;
this air then passes inbo the ceanial air sacs and
inflates them.
* Expiratian
o The absdominal musscles contract, squeesing air from the
caudal air sacs back inbo the parabronchi, where further
paseols exchange takes place,
o Adrin the cranial air sacs passes straight through the lungs
anid out

Circulatory system

The circulatory system follgws a similar plan to that of the mam-
mal. In order to provide for the high metabalic rate of the bird,
ther bieart im P.:.rﬁ-l:ui.ur miust be able to pump the blood to deliver
CEVRET and nulrients b the Hssoes quil:l:.l_',r and :Ffi.cimtl}'.
[n a resting chicken blood takes only & seconds to traved arcund
the by,

Main features

Heart

This Is a four-chambersd pump Iying in the crantal part of the
thoraco-abdomimal cavity and Ik & quite similar bo the bueart of
the marnmeal. [t k2 covered in a pordcardinl sac that sticks bo sorme
of the inbermal surfaces to hoeld the heart in place. The vight alrio-
vantricular valve has no chardae tendinee and 1s merely a thick
muscular Hap of the myocardium,

Circulation

The arrangement of the arteeies, veins and capillaries {Fig. 13.11)

ig similar ty thot of mammals with the following differences:

= Revml porial systenr: Valves at the junction of the ilisc veins with
the caudal vena cava <an divert bleod retuming from the
cavdal end of the bedy cither into the kidneys, so excreling
wasty products, ar into the candal vena cava and 5o o
the heart,

& There isa I:lrgl_': [al [1%8 | ,'a;uppt!r' ty Ehies r'I'ig'hi mascles and wirqu_,s
wia the F.:'rjn;!.rm' and (et arferies.

#  Heat loss from the legs and feetof many terrestrial and aquatic
species B reduced by a counber-curment system of blood
viesaeds in the bower Timlb= Body heat in the arteries of the
limbs is transferred to the blood returning to the heart in the
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voins, which lie '|:|an|.|h:'i to the arterics. This means thot the
I:E;:s arsd deet are heptnna],n:dmi.ng thae temperature Eml:iienl:
behween the blood amd the evternal air, s boss beat is Inst from
arens that are not inswlated by feathers.

IFtraen o injections o bload wamplire can b carrisd out sing
the oot or e veim cn the rsdial shde of the wang (Fig, 11 11}
o o the el o, the jugular vein in the nedk and the
medial metataesal wein on the ciudal aspect af the leg.

Biood

'.I'heer_l.rﬂ\rn:].'hﬁurmd blogd calls are oval and mackaated, which
i= different from those of mammals bot similar o those of
n:piil:::..

Digestive system

Th basi pathem of the digestive tract is much the same betwieen
species of birds and the upper part shows adaptations for flight
(Flg. 1215, The majority of the bract s suspended between the
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Fig, 13,10 Diagram 10 show the passage of air through
this lungs and awr sacs durng respiration; (A) heporaton,
(B Expiraton,

w'mE:. in the I:rnd:,' |:a'|.'i:l'_:,r 1o contralise the WL':iEI'II, r.-.naEl-!i.nE the
bird o lml.-F ks balance and remam stable in Hiﬁh'l: without
e pse of a loag tail

In-patient nubrition. It & wital o understand thiat the shape of
2 bird's beak Is adaptad to the oyge of focd on which it o mely
feeds. Wyhen feeding Ir-peatients there B no beneficin offering a
Eird the incormect food because itwill rot be able toingest it
{25, & buzrard will noc be ghle w eat pearus), & well-swocked
wdan practee should have & range of specied-Trierdly food npes,

Main features

Ciral cavity

Tha h:el']'!,hn!r}' W bones and mumcles have boen uF]:b:n:l |:|'_|.I
a beak and |j3_h ter bomes and muscles. Birds are unable to chew
their food but can manipulate it and break it into small pieces
using the beak and the hoggue. The shape of the beak vares
according b specws and s suited B the particular foed fype
{Fig, 1) Selivery glardd are present in most species and
the saliva containg muciss, In some species, such as the sparrow,
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the sabiva is alse rich in the ensyme amylase. Taste fuds ane
found towards the back of the oral cavity and their structurne
ks similar to those in other species.

Oesophogus and crop

Food passes down the cesophazus on the right side of the neck
kst e crop (P, 12130 The cesophagus s thin-walled and dis-
ten=ible o allosw the passage of relatively large pleces of food.
The crop is a diverticulum of the cesophagus, Iving oulsade
the bedy cavity on the rght side of the cranial theracic inbel Tt
varies in size and shape aceording to the diet of the spocies -
grain-eating birds have large bilobod crops while i eawls and
insectivores the crop may be rudimentary or absent.

The crop i=s principally a stoage organ but in some species
(e, doves and pigeons), the epithelial lining proliferates and
sleayghs under the mfluence of the hormene prodactin bo preduce
“crop milk', Thiz is rich i proteins and fat and is used to foed the
voung for the first few davs after hatching
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Stoamoch

Fepd passes inbo the stomach, which has bwo parts:

I. Proveniricilus is lined by gastnc glands that secrete pepsin,
hvdrochloric acid and mucss. Here food is stored and
mixed with these digestive juices,

2. Giazzard {temlricatis] is a thick-walled muscular organ in
which mechanical digestion oocurs. By means of powerful
contractions the food & ground up and mixed with the
digmtive juices. The presence of grit in the diet helps the
phyzdcal break-up of the food, In species that feed on sofber
or liquid foeds, th gizzard s mainly o sborage ongan.

Small intestine

Food leves the gizeard by the pylosus and enters the small intes-
ting, which consists of a deodenum and ileasm {Fig 13330
Bevond this there is ne clear delineation inte ditferent parts.
The pancress; consisting of three lobes, lies in the duodenal loop
and podrs s secretions inbe the ducdeniom vin free ducks. The



Fig: 1311 Exdended wing of a bird showing the brachal or basiic
vemn on the medal sde of the wing.
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Fig. 1313 Dipeshve sysiem of the pipeon

liver & bilobular and relatively large and some specles {e.g.,

chickens, ducks and geese), have a gallbladder.

Aquatic speoes. of bind that ingest sippery fish havs: relatively . poory
dipekaped saivary gands white those specks eating & dry det hioe well-
gevelaped ghrods
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e

Fig. 13,04 Dfarence in beak thage betwean spece

Large intestine
This consists of a pair of blind-ending e, originating at the
functian of the small and large infestines, a rectam and a ciodca.
Bacterial digestion occuss n the cacca, witlch are large and prom-
inent in bedvorows and granivorous species and owls Buk e
redimentary or absont in camivorous and nectivorows species
{eig, hawks and pareods),

Thee pecturm is short and terminates al the cloaca — the common
exit from the body cavity shared with the unnary and reprodoc-
tive systems,

Urinary system

This consists of o pair of symemetrical kidnevs lying in a depres-
slon of the fused pelvic bones {Flzs. 13,15 and 13.16% A pair of
trebers corties ueing fo the oubsdde vin the cloasca, Thome & oo
bladder in the bind. The kidneys are relatively larger than those
of mammals and occupy sbout 2% of body weight.

Birds excrete nitrogenous waste resulting from protein metab-
edbzm b thee form of wrss acid and urates, This |2 similar o reptiles
but different from marmimals, which excrete ni lrogenous wash a8
upren. The waste maberials are suspended in urinary wator result-
ing from glamernslar filtration and the resolting semi<olid unine
lezves the kidmeys via the wreters, In the cloaca it mixes with fae-
cal material from the digestive tract. The material then moves by
retroperistalsis into the recium, where further reabsorpiion of
water tikes place, eventually producing a small volurme of *drop-
Finﬁ:". Meormal Bird dn.'q:!pinsx |:E'i§;_ 1311 7Y consist of whibe orates:
and greeny-brown faeces surrounded by clear wrine

Hery fpecess of marre e hnve B S5l gond thist snsises hem 10 ded
wrth o salt water ensranment inmos brds it i locrned above the eve and
smihates large quariies ol sedium chlarde. In 1his way th Gemotc
concemiratian-of the body fuids & maintzined within nammal it
Termetris spooes rak onthe kidnee 1o vegld.:m salt lenk

Reproductive system

Female

Thie tract comprises a pair of ovares and ovidocks leading to the
cloaca [Fig. 13151, However, in many species it is only the lefit
side that s Fully developed and Functional, the rght side being
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Fig. 13.16 Lycgental spsiem of the male bid,
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Fig. 1115 Fepoductve trart of the hen

£

vestipial Ova develop within the ovarian tissue and conszst of an I

viacyte and & yolk surrounded by several bivers of cells. During "\

the Breeding season one ovum is rebeased at approsamately 24 h

intervals unkil the clutch is complete. v
Doemestie poultry, derived from the Bed Jungle Fowl, have —————— Livirme [clanr liguied may

been selectively bred to lay eges over long perlods - wsually abaarh into wdbatrane)

for 4+ weeks per vear, Wild binds will By a clulch of egps of a

stze appropriate o their species and then begin incubation. Some  Fig. 13,17 Compenants of brd droppings,

species may lay several clutches a year and their success &

targely dependent on the weather and nutritien,

We'hite and semi-salid urates.

The domestic hen takes approximately 24 h 1o pmduce an egg and 2 Magrun is the largest and most glandular part of the

hening laid It she then sans agan The awersge han ks J00-375 eqps aviduet. The majority of the albumen is added here,

u yebr, Hens |y fewer eggs in the darker marths of the pear but 3. J=thmes The walls consist of a thick Layer of circular

production inareases & the diy knigh increiecs muscle. Inner and outer shell membranes ane formed
here,

Theovum is carried away down the left oviduct by peristaltic 4, Shef! glard or werws: The walls consist of longgitudinal
contractions. The oviduet is divided inte distinet regions, sach misck lined with goblet cells. The egy takes up salts and
one of which contributes to the final egg: water into the albumien and the shel]l membranes becorme
L. Infiendibalum is the funnel-shaped end of the oviduct that calcitied. Calcification cocurs over about 15 hand

cavity. Pertilisation takes place here and thee fiest layer of The completed epg posses through a sphincter muscle nio tye

alburnen = added. migina and then fo the oubside via the dloapd,



Male

The hn-l;l:nmi:lrlwu a Fa.i'.ruFl'.ufﬁl. each one coriniscted to the cks-
aca by & s deferens (Fig, 1116}, The teskes bie inside the body cav-
rl].r and are attached o the h;h:F'l.r wall cranmial o the L:ldnl.-].rs In
sesomal breeders, the sise amd ||'|'“L"I|:;|"IEIJE this teshes may incrense
during the active breeding sessson.

"\p-:'n'na‘l:-u:.-'nn are Fn:h:tu:uﬂ writhin the 5I:TJI!EI:|‘-HI'EILLF hubules of
the testes and pass through a senes of convoluted tubules bo
the duchie defereiss, where they are stored. Mature sperm are
transported o the cloaca by a a8 deferens leading from each
beshs.

Within the closca & a modifled area of tesse forming a phalfus
or rudimsentary penis, which becomes engorged with leomphodue-
i reating, In many spocies somen ks ransferred inbo the vaging
al the female by positioning the engorged phallus against the
everted cloaca of the female. Species such as diacks, geese, ostrich
and rhea have a well-developed phallus that iz capable of enec-
tlen o introduce sperm directly inte the female deaca,

Sexual differentiation

It is not always ensy to differentiate between the sexes of binds
but in some cases, =ach as captive breeding programimes for
endongered species, it may be important bo be able to do this

Chapter 13 Birds

The value of some species (eg. lorge parrols) may be increased
by knowing the sex of an individual,

There are several methods available, which depend on the

EPECLES]
s Seyial dimarphiza; The twio sexes exhibit a different cobeured
plumage. This differentiation is only passible in some species:

o Sexually mature female budgerigars have a pinky-brown
cere aboee their beaks while the cere of the male is blue.

o Female cockatiels kave horrzontal bars on the underside of
the fall; the neale loses thise at about 1 year ald,

o Mlablard drakes have an ridescent Blue-green head and a
miaroion breast; the female’s head is Broven and ber feathers
are & speckbed broven with a blise wing patbch,

o The adult male pheasant has a red face, green head and a
long pointed til; tho fermale is smaller with mottled brooen
plumage.

& DA fz:l']']rg;,': uuinE a blaod :a.mplc or cells taken from a

Browing feather

» Sirgfeal seving: The gonads within the body cavity are
examined endoscopically under a general anaesthehe.

As this technigue s invasive amd requires expericnoe amnd

o general anoesthetic, it is less frequently performed than

DM A testing,

[t b= thie femalke Bled that determines e sex of the ofspeing rather
than the male a= in mammals,




This page intentinmally left Hank



Small exotic mammals

For the benefit of this book, small exobic mammals are taken b
imclhede any small mammal that is net a dog or cat, These “small
furries” may not always seem to be exotic but in most first-
opinion veterinary practices they areat least ‘out of the andinary”.

The rabbit (Oryctolagus cunniculus)

Rabbats belong to tse mammalinn order Lagomorpha. They were
ariginally classifed with b such as rats, mice and kamsters
a= members of the order RBodentia boecause they all have chisel-
shaped inclsoes that are open-rooted and continee o grow
throughout the animal's lbe. However, rabbils have two pales
of upper incisors while rodents hove only ome pair, leading o
the reclassification of rabbits (and the related hare, Lepus curo-
pens and pika Cehafora privcepsh s loganrarphe,. Eabbits are bue-
roaving herbvorous animals that live in large social groups. They
ame readily preved upon by camnivores and much of their anat-
amy is adapted to sensing danger and making a rapid escape,

Tabfes 141 anmd 14.2 givie physickegical and meproductive
paramuers for rabbits,

Morphology

The wild Furopean rabbit, Onctalegnes cusdoidus, from which all
our modern breeds are derived, weighs about 2.5 kg and is cov-
cred in brown Heked fur, offen described o5 agoati-cobouaned.
This colouration creates & dappled effect, which breaks wp the
outhine and helps camouflage the individual. Selective breeding
b lisd b thee rerrt of about 50 breeds of demestic eablbit
i the wethl range of 1-8 ke, with a variety of fur bextuees and
colours, many af which would be unsoitable for e in the wild

The fread t= rounded, with long. black-Upped wupelahi aer pin-
mac st high on either side, They are large, representing appros-
imately 12% of the body surfece, and wvery wvascular, which
enables them fobe used as a means of thermoregulation. The pin-
nag are extremaly mobile and are designed to pick up soands of
danger, The lop breeds of rabbit have been developed to have
ears that hang downwards

The ey are protuberant and set on either side of the hesd,
providing a wide range of monecular vision to detect predators
Eabbits ane crq:um:u.]n.r lactve at dawn and dusk), and their
xi.gh'l: i a.d.a;:!l!l:d e lonwer Ii.EhI: intensities. The |'|'p.'r are soft and
covered in sonsitive hairs. The upper |:'|:r i divicled 1:|_l.r a deep phl
friim, which enables the cabbit to nibble grass very short.

Mature female rabbits develop a large fobd of skin under the
chin known s the denelip from which they pulll fur to L thedr
nests before giving birth, The skin of the rabbit = well supplied
with seenf gliads, which are used for terriborial marking, They

can be found under the chin, at the anus and on either side of
the perindum.

The forelexs are relatively short and wsed for diggimg, whike the
hind fege are longer and provide the propulsive force for the char-
acteristic hopping method of lecomotion, They alse kick the
enrth away when the pabbit is digging its burrow, There ane five
toe=s on each for w and four on endh hind fook. Each toe ends in
a Il'l..'.tI'F claw, those of the hind feet I:\:l.ng ||.1|15' amid straight.
The feet are entirely coverad in fur and there ane no footpads.

¥When the rabbitis at rest, the entine plantar surface of the hind
bmb from toes to hock mests on the ground, When grazing,
among a group of mbbibs there will always be one or bwo stand-
ing uprighton their hind legs, waitching for prodatoes. I danger
threatens they will thuemp their hind bepgs on the ground b wam
the ¢dhers, Both of these behavioural pattems can be seen in pid
rabbits, Rabbits have shost Nulfy fails with wahite undersides. As
e rabbit runs the white cobouration ‘flashes’ fo warn the rest of
the group of possible danger

Musculoskeletal system

The skebeton of the rabbit (Fig 141} = delicote and makes up
enly 7-8% of the bodv weight. This i i contrask to the skeleton
of the eat, which makes up 12-12% of body weight. The corbes of
thee lose bBones ts rormally thinrer than those of the cat and older
caged rabbits may additonally develop osteoporesis from Lick
of exerclse and low calchum Intake,

Wvhen hanchng Al rebbms, partouSr i MuET be TEhken 7o pravent
struggling, which may resut in fracursd fmbs or qpine

T amber of vertebrae in each part of the vertebral column

Is: CF, T12-13, L7, 54, Cdis
There are a few differences bebween the shebeton of the rabbit

and Hhat of the cat:

s The scapale is more sharply triangular and has a
prevounced hook-shaped suprahamate progess on the
actormlon (Fig, 14:2]

* The ecelabulum or socket of the hip joint comprises tho
iliurm, Bchium and an scoessory bone, the os acetabuli,

The putyis is not involved in the tormation ot this socket,
A% is seem in the cat

# Inthe feeliond thie radies and ulna are completely fused: in
the cat they are separate bones,

® [ bl Jived limale the filsuila s half the length of the dbia and
iz fused with it in the cat they are separate bones,

= Rabbit muscle is also a much paler pink than the muascle
of cats
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Table 4.1 Physiclogical ard behavicural parameters of

rabbits and small rodents

Golden

Rabbit Chinchilla Chipmunk Gerbil Guinea pig hamster  Mouse Rat
Suoraps ] [ i -5 4-8 i-3 4-3 -4
Wlecpuan
(years)
Adul | QO -BODG 400600 0120 S0-&0 T50- 1000 (L] 20-40 $00-B00
weight {g]
Bady temp. B3 JE0-390 &0 EA4-F90 ME 31375 rLs 184
(4]
Respiratary 3540 4080 i 0140 W3- 50 T4 100-250 FO-| 50
e
[breatisd min)
Pulpa rata 110 00— | 50 i} 250-B0H 130 194 28045 500 &00 LE0- 450
{heat=! rmin
Dhietary habgs  Herbvoroos,  Herbworoas;  Omweorous; Omeivorows; Herbiverous; Drewoirougs; Dmmvorous;, Oemesorous;

toprophagic  coprophagic  coprophagic  coprophagic  needsvtamin  coprophagic  coprophagic coprophagc

C: coprophagic

Mabural Social Sociak Socil dumal  Social; Sacil; dimmal Seditairy Sociak Sogial
bahawaur orapiiscular eyl ninctiirnal nactiral nacturral nacturmal

Table 14.2 Reproductive data refating to rabbits and small rodents

Rabbit  Chinchilla  Chipmunk

Reproductise Mo orue Seasomaly Seasorally
PR SHIEEFOLN Py PekytaEnE,
cycla birseds Trom hreeds from HMach
eregrmbar 1o 1o Sepitsimber
Mzreh
Length of Everyd days  30-35 days 14 days
oestrous opcle
Typa of Weluced: Epﬂrlﬁ'm.n Cpontaneail
aulaticn CHELTS
withir [0 b
ol matng
Geatation -2 i 16-32
period {dan)
Awerape liter 13 -3 -5
i{rdd
Tupe of poung  Alrical Prosocial Aliracial
mi hirth
Weaning ape 46 &-4 =T
[wepehsh
Age of senml  S-Bmontfs. B months |2 mapiin
Aty
Digestive system

Eabbitz are herbivorows and kave been likened o *little horses”
in that both the rabbit and the horse are hindgut fermenters:
the main chamber for the breabadown of plant material
is part of the large intesting. Unlike the horse, however, the
digﬂstiu{' systom of the mbbit allows for r:lpid PSR ot
food through the tract and mapid elimination of fibre This

Guinea Golden
Gerhil pig hamster Mouse Rat

Polyoostioas  Polyoestrous  Polyoestreds - Polsossirews  Palpogstroas

46 clays I15=Fbdays Every 4days 45 dayn 45 dioys

Spontarecis  Sponaneois  Spontanedus  SEONIMASGLE  SPEORIanEOLE

14-216 63 15-14 1711 -1z
14 pras 7 & 13 &-11
Aliricial Precocisl Adericial Ahiricial Alirieial
-4 -4 -4 18 days 3

10-12 weeks b-100wmdks.  G-F0 wesks 3-8 weeks 50 wesks

has enabled the I:-:ui].- size and wejE’ﬂ.r of thie rabbit to remain
small, which allows the animal to show the speed and agikity
necessary o escape predators. By contrast, in the hosse, fibre
rereing in the gut for some Gme necessitnting the evolution
of a large-volumed fermentation chambers amd consequently a
large body size (see Chapter 1o}, The digestive tract of the ralbit
[Flg. 143) is relatively long and makes up 10-207% of body
welghtl,
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Trisrgular wapuls

Fused dibula aned tbis

] . =
e T e

Short fikuda fused o vba

Fig. 14,1 Soeieton of the rabbit shoseng rrsn festures.

Supralhumete proces

Fig. 142 The scapuia of the rabbe compared to thar of the can

Oral cavity

Tha vpening of the moewth is small and s designed for nibiding
grass, the tengue is relatively large and theoral cavity is long and
curved, making cxamination of the cheek foeth and intubation
for ansesthesia difficult. All the teeth (Fig. 14.4) ane open-rooted

Fused radios and ulea

and grosy contimweously throughout life, They must e kept worn
down by hard or fibreus food maberials,
The dental formula is:

(21, C0/0,PM3 /3, M3/3] = 1 = 2B total

MMalocclusion. H che teeth arn misakgned or the det does ot
indude sfficient fbrous material the et will o wear propery
and the rabbi will suffer frem 2 range of problems sssociabed
with difficuilty in eating and in dosing tha mouth (Fig. 14.5).
Mabaerlusian is ore of the mast comimion reasons for rabhits
beirg presented to vels but © @n be prevented by ircluding
farge quarstities of pood-quality bay n the diet. Treatment of the
avergreown indsors includes burring them off with 2 special type
of circular burr or cipping them by using strang rail dlippers.
This |atter & not recormmendied becouse the teith map splic
Pengttieiays leavirg them apen to irdecton,

The incisors have enamel only on the owter surface, which
wegars mone slow |y than the Inmer surface, creating the characlbers
istic chisel shape needed for nibkding plan maberial, In the wpper
jaw the econd pair of incisers are vestigiol pegs and lie behind
the first pair. There are nocaning teath and the space bebwoen the
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Ciesophagus

Seomiach

Parcreas

Dusdmnum
|ejunum and
jlmm

Appardis

.
rotunddus
{Erangitisn
of ileum
indo cascum|

Ca=lon

Anal glands

Flg, 14.3 [Cegestve gystern of the rebbt

tncisors and the cheek teeth 1s kiowwn as the diastema The preire-
fars and sivlars - cheek beeth — are flatbened table feeth for grind-
ing food, The faw moves imoa ciecular Fashiom by force the food
agatnst thelr roughened surfaces, The lower leeth groaw atla faster
ride than i uppes teeth

Stomach

Thiz is @ simple, thin-walled chamber that acks a2 a meservoir for
food and is never truly empby. There are well developed carduac
and prelovic splinclers. Kabhit: are unable o vomit becavss of the
arrangement of the cardia in relation to the stomach,

SEmall intestine

Thie dunwleras and feam ame bogg and bhave a melatvely small
tuimien. The ibeum Eerminates ot the ceecum, where there &= a

Famifiary cheek meeth |5t mamillary incasar
| i Ind inisior
-3 malars ¥ premnaolars [peg taothi
N

et

|

g x

|

s

¥ malirs Fandbubr inouor

I pn-mnhnf

Mandibedar ehaik Lo

Fig. 144 Morma! demthon of the mbb,

Fig. 14.5 Inceor malocciuean in a rabiot,

rourdded structune, the saocriis ofemdus Inside this the mucosa
is arranged ina network of lymiph follicles and this area is often
kmown as the fdeagrear] forsl,

Large intestine

The carcum is the largest ergan in the abdominal cavity and lies
on the right side, [tis Blind-ending, thin-walled oo saceulated
and coils around the other ongans, folding i on el these tmes,
[t terminates in o vermiform appendix, which contains abundant



lymphotd tizswe, Food passes on imbo the colow, which i also sac-
culaled but shorder, with p amaller-diameter lumen,

Digestion

Fabbits are herhivorous, monogastric, hindgut fermenters. The
imjgested plant materal passes down the tract by perstal Ge oon-
tractions and undergoes enzymic digestion in the stomach and
small imbestine. The |:l.a.r|:i:|.||._l|r l:li.EEtE-lj material enters the cae-
cum, where it mixes with colonies of microorganizms responsi-
bl tor the fermentation and breakdoen of cellulese foamd
within plant cell walls.

The nivw semi-tiquid material passes into the colon, Con-
troctions here poss fluid back mio the cascum for re-use
in the fermentation process and also separate fibrods from
tor-fibrous mateslal, resultang in the production of tivo types
of facoes:

o Hurd filveous pellets are produced within 4 h of cating,

Fibre passes rapidly through the digestive tract and is
cesential for the skimulation of guk function But has mo
nutritive value.

# 5ot pelers or casvotropies are prodoced within 3-8 b oot
eatimg, otten at night. They are covered in muoes, greener, low
in fibre and high in protein, vitamins B and K and velatile
!':l'l'l'_:,' ncids. l'_".um.rh'nphn are eaben |:|j|'e-|:|:|_1_," trom the anus - o
process ktiown as L'ntrl.fnT.l'r_:.l ar cu'Prq'Jl.nlg'ln Th-E].' are
swrallowver withouot rhth-Th: e oicl covering protecks
thixm from the stomach acid and facilitates absorpiion of
the putrients i the small inbestine.

In this way, nuttients produced by microbial fermentation are

made available ko the rabbit. Food matecial passes through the

digestive sy=dem bwice n 24 b

Respiratory system

The rabbit is an obfigate nose breather, meaning that it mus!
breathe threnagh its nose, (Mouth breathing is often a poor prog-
nostic signd The nose twitches 2120 times per minute but
cemses under Erm-cral anacsthesia. The Eb‘Hﬂ is small and digti-
culk to zoe becanse the view i impa'trn:l '|:|:|.' the rl.*hti.'l.nel_'lr |arE;|.-
bongue. This can make intsbabion difficult and precaubions must
be taken o avioid retlex Laryngospasm.

The thymus gland remaing a considerable size inte adult e
It Hes ventral bo the beart and runs cranlally to the thoracle inlet
The thorack: caviky & quite small and breathing mainly mvolves
the diaphragem, The lungs have three loles on each side; the cra-
nial lobes are small

Urinary system

The ]r.i.-:ln.ﬂ_'f: are mipapiﬂabu. mEa.n.inE' that a :ﬂnE!n: mEE'IJiL‘!I.'_'.'
P}rmmid drains into the remal FIEEU'iI. and ureter. In the dos
thie umeters drain into the bladder; which i tough but thin-
walled, and the urethra empties inte the ventral wall of the
vagdne; i the buck the ureters dmin low down on the neck of
the bladder.

Urine

In the normal healthy rabbit this can vary in calour from deep red
to yellow or white. It may akso vary in turbidity from clear to
cloudy (this & due to the presence of calcium), The kidnoys
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are thie main roube for te excretion of calcium, and serum levels
dipend on dictary intake - excessive intake may cause calcifica-
tion of the aorta and kidnoys,

Reproductive system

Male

Themale mbkbit is known s & buck, There are e testes, which in
the adult male lie in e almest hairless scrotal sacs cranial go the
penis (Fig. 1LEL The testes descencd at about 12 weeks of age but
the inguinal canal remains open; there is no s penis. The buck
has no nipples.

Female

The fernale rabbit is kngwen as adoe. The reproductive tract of the
dioe is krommuafe, meaning that it has bwo separate uterine: homs
designed o hold litbers of yeung (Fig. 1470 There i no uterine
by and vach hom has its own ceredy opening it the ayiva,
The mesometrivm is @ majer fat storage organ. The doc has four
or five |:u|i|:: ot nipplﬁ.

Righs kidn Left kidrey

Urerer

Bladder

Semimal
wid izl

Waseudar

gand

Prostate gland

Bulbourathral
gl

Fig. 146 Urogenial spstem of the male rabbd.




Right kidevay
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Single remal pagilla--
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HMunsmitriim Literirm hern

Gladder

Fig. 14.7 Urpgentsl syestem of $he ferale mbbi

The female rabbit i an fiducsd ooaiclor and does not have a
wiell-defined cestrous oyele. There are periods of sexual receptiy-
ity awery 46 davs, Owualation ccours within 10h of coitus. Thi
ame of sexual maturity varies with the breed: smeall breeds are
mabiare al aboad 5 moenths while larger enes mature as late &=
& months. The young are alfricial they are bom hairless, deat
and blind and are tetally degendent on their mether for the frst
few weeks of life, They are probeched from the environment and
predators by a warm, furdined nest but if dizturbed the dam may
et them,
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Wikl rebisi dees only Teed their young once o veke a day, leavirg
thern safie in their tnderground ness, When they retuen the individual
kits fead only for fav minutes ard this period gets shortar as the W
miature, This pattarm s alto sean in pet rabbics ard csmaes may ba
concemied that the dam is reglecting bee young, If the kits are
apperently thnving thers is not a problem,

Sexual differentiation

This can be difficult in young rabbits and ts easser after the festes
aof the male descend Inte the scootum (Fig, 14.8)

= lle: The penis can be easily extroded and has a pointed end.
Buscks ovrer abspait 5 weeks have lrge relatively hairless scrodal
sacs comtaining the retraciable esbes, They lie Tateral and
ceaninl bo the penis,

* Female: The gpening fo the valva is slit-like. Only the doe has
fesn ks, :mu.ull:.r :iEhl Fa.ir:.. whuch lie .al-uu'lE the ventral thoracic
and abdiminal Iﬂ:ldl.r wall.

I s ety of placeral masmmils the sorotum les caudal 10 the pani
Hauever i marsupials wnd incthe mbbit the sorstum les frnal to
1he peris.

Caesarlan section, Yhen  cassarcan secoon is performed an a
doe, @ separace incision must be made in sach werine ham, The

ooncepiuses canrot be pushed from ore hom irto another becase
the prasenco nf:n-'.it?.tﬁlb:lﬂnflﬂ ham Blocks their passape.

Small rodents
This group includes the small animals that are among the maet
popular childrens pete rats, mice, gerbils, hamsters, gwines
pigs, chinchillas and chipmunks. They all bedong to the ender
Redientin = derived from the Latin radere, meaning bk gnaw =
the: common characteristic of which s that they have prominent,
}I'EHD‘H"-CI:I‘I,JIJI'EE' incisor locth with an npen Fu'lp 1;.|:|1.-'.i'l:_'|r. This
means that the beeth conbinee bo Erow H.'|n:||.15h

out the animal's

life and to maintain them at a noroal leagth the anirmal must
goaw o hard or fibrous food material.

Fig. 148 Sexing a abbd (With perminson from B OMalley, 2005, Clincal aretamy and physology of cadmtic speoes. Ednburgh:

Bamver Saunters,)



Tl Bodlentia is oove of the lasgest orders and comprases $0F of
all mamraks, They can be divided indo three main groups:

o Sdyomorpes are the mouse-like rodents. They anc all
omnivorows and can be further subdivided inbe
o Mouse and rat: surface-living redents
o Cerbil and hamster: bl.l.r'.r\-.-.-wi.r:E rodenits

o Scturneorphs ane the squlreel-dike rodents. They and
omaivorous and the group includes the chipmunks,

»  Hystricomaorphis is o term velated o the meode of reproduction
Thiz group includes guinen pigs and chindnillas, They both
hiave a long sestabion period amd produece precocial young:
they ane herbivoross,

Tablas 14,1 and 14 2 give physiological and reproductive param-

eters for small rodents,

Myomorph group
Meorphology

Mouse (Mus musculus)
The mouse i the mest familiar and wickely diztributed rodent in
the warkd. It iz sociable and may [0 kept in small Rroups. The
house metse s abouk B-8 cm in length, excluding its bongy til,
which is usually the same length as the body, and weighs about
20— g. It has a small head with a pointed nose and a split upper
lip. Ar d nround the arca of the upper Upa. are several |r.rr|E,.
thin whiskers, which help the mouse bo find s way around in
the dark, The ears are very delicate, shortand rounded. The eves
are barge, dark and protuberant and provide a wide ramge of
mromocular viskosn, Thele sight s poorly developed and they
are photophobic. The long prebensile tadl s almost halrless
e covened in visible seales blioe hevee four toes on Hhwe front fect
and five on the hind feet; each boe ends in a small claw, Fermale
miloe have seven pades of beals but they ase absent in the mabe,
The nateral coloue of the mowse s greysh beown with a ligh-
ter underside, However, as a result of selective breeding, pet
mice, known as fancy mice, can be found ina wide range of coat
lengths and testures, colours, colour combinatiens, and with red
or black eves.

Rat (Rattus nervegicus)

The genus Retlus contains about B0 species of rat bt it is the
beown rat that has been developed into the pet or laboratory
rat, It is a seciable animal and benefits from the company of k=
pwn species. They weigh $10-800 g, adult males being much
larger than the temales. The body shape of the rat is similar to
that of the mouze bzt rats are= :nnubdrmbl}- |.1rger. The prehensile
Eail &5 thick and razrp-tik.g and covered in scales. As in mice, s
have trr teses on tee boretees and foee on the hind feet, each end-
irgg i a small claw. Bemale rats hive five pairs of teats bt dhey
ame absent in mabes.

Ralluz nuri:'e'!,;ﬁ:l.l.-: =5 nn'l:l.ouJ].' browm bast selective brmdi.ng has
produced fancy rats with a wide range of coat cobours, patberns
and eve colours.

Hamster (Mesocricetus auratus)

The st commaon = of hamsier keptin captivity is the goklen
or Syrian harmster which i a sirictly solitary species and is also
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mocturnal, In the wild mcividuals only come togedher o mase
and the young leave the nest a8 soon a8 they are independont,
I kept in groups theee will almest certabnly be bloedshed,

Audualt hamsters measure 12-15 cm in length and weigh aboud
10 & The head and bedy merge into one anather, creating a
rivinded, stocky shape. The nose ks pointed with a divided wpper
lip, The eyes ane dark and protuberant and the delicate cars are
large, rounded and erect. Sight is poor in bright light and is
adapted to tho low light levels asseciatod with their nocturnal
bchaviour. Hamstors have large cheek pouches extending from
the oral cavity and reaching as far az the seapula in which thiey
carry Foaesd fﬂ their larders. The tail is short ancd |na:g11tl'1::|nl
There are four boes on the forefect and five on the hind foet, cach
ending in a small claw. The female hamster has six paies of teats
bt 'I:hn:r' are absent i the male.

The matural colour of the en hamster is a rich Evnh:tcn-
Brown or orange on e back and white or cream on thie under-
sdcle, There = often o darker patch on the cheeks, The fure = shor
and thick and 15 designed o keep the hamster warm i the cold
nlghts of the Syrian desert. There = a scent glamd on each flank,
which s et prominent in the male and 5 used o mark ferel-
tody. Pet hamsters con be found i a variety of coat codours, tes-
tures and bengths and a variety of eye colours

Other species of hamsker mav also be kepd as pets, They are
the Chinese hamsber, Cricednins geisaus, amnd the Ru==ian hamsier,
PMrodopus saegorws, They are emaller, often seld as “dward ham-
sters, and have a light grey back with a black stripe aleng the
gpine and a white underside. Bath these specics ane social ani-
mals and maw be kept in groups. Mixed-sex groups will broed
wirll and single-sex groups, particularly males, are likely to fight,

Gerbil (Meriones unguiculatus)

The gedbd] belongs to a family of burrowing redents often called
sand raks. They ane sociable animals, living in groups in e wild
and in captivity they are happier iF kept im small colomibes,

The most commaon species kept as a pet is the Mongoelian ger-
Bil. When adult it can reach §-10cm from nose o the base of the
tail. Thes il is long and covered in for with & hatted end and is
usnally about the same length as the body, An adult gerbil will
waigh 5060 g, The body is short and thick and at rest the gerbil
sits upright with its Enn:l:'gx- ot the gronanad. The head iz broad
with black prmrul:l ing s and the sars ane small, reanded
and covered i fur, The foreles are short with fiveclawed toes
and used o hold food. The hind legs and Lrge furey feet with
four-clawed toes resemble those of o small kangamoo., They
erable the ﬂ;e.rl:li.] to stand .Fil'l'!'l.l:,' in the sand of the desert and
b movie with a characberistic jumping motion. The femabe gecbil
Bas e pairs of feats Bt they are absent i the male The male
bas a scent gland surrounded by & bald paich on its abdomen,
which 12 pubbed on the geeund 1o mark tereitorial boundaries,

The natural colour b reddish brown with dark guard halrs,
This agout colouration breaks up the anioal's outline and
camouflages it in the dosert environment. The gerbil's underside
I8 a lightes beown ar crearn, whidh serves to reflect hoat from the
ot sand. Pet gerbils can o be obtalmed inosaryving coat and oyve
colours, although patterned gerbils are less commmem,

The different species of smal rodent shauld naver be kept in the =me
cege, @thivugh I & somesmes possibio 10 keep aunes pie 2nd rebbits
togesher - opimans wary!
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Digestive system of myomorphs

All these rodents are omnivorous and thedr teeth and diEEiti\'E
tract reflesct their al::iEil'_!.' by mak & wide range of bood material.
In p.'lrl:il:l.l:la it is% thee ahal i!t].' ot thes mamase and the wat boeatalmost
anything that has enabled them o adapt b amd survive ino most
of the world's habitats.

Dentition
The myomorphs have o commen dental formula;

(111, C0/0,PMO/0,M3,3| = 1= 16 toal.

The mesars ane ].'L-llq.'-“'—nr.:rl.ge-sl:nim;d, with the chisel uh.nPe
NECessary Foxr gnawinﬁ' amnd niH:!|:i.nE hard food materials. Thr_':,'
ars -upnmmi:-'l:ﬂd, which enables them o groay continuously
throughout He animal™s life. The solars are flatbened tsble teeth
wsid for grinding food material. Onee the permanent dentition =
i wear the pulp cavity closes over s the maolars di net confinue
b0 erovy. The space Bobween the inclsors and the nwolar beeth is the
digsfern and i occupied by the cheek Hasue,

Drigestive tract

The slomach b= simple and digestion is momogastric, The lining
epithelivm s mainly non-glandular in rats, mice and gerbils,
There is a ridge bebtween the oesophags and the cardinag region
of the stomach, which makes regurgitation of food material
almast impossible. The oreshine iz relatively long, which allowes
trme for the: di-EcﬂI:im of |:||a.n|: material. In mest species there i
noyspecifically adapted argan for the microbial breakdown of cel-
halose, @ = seen in herbiven=. However, the kamster has a dis-
kirct fore-stomach similar b the rumen of the cow and sheep for
this purpose; the contents of this chamber haveahigh pHand are
rich in microorganisms. There is no gell Wadder in the 1ot

Problarrs wigh odergrovm indsars are the most cammon resson for
epyial pesderts to be presermed oo the wet Symptoers inchide s
salivarien, dasing at the mouth ard Sfficulty In siing. The meatment
5 £ Elip the masors or neduce thernwith & surgicd Burr, The condeion
cin ba prevented by providing food chat must be gnimved.

It i urnecessary 1o sarve smal rodanss price 10 andesthesia — the
stemach B impoasible woemgry as it usually conteins ingested fascal
pebets. Regurpmanion and choldng is unlialy o be a sipnificane sk
Rodarts hawe a high metabolic rate so stanation may resultin a fagal
hypoghicsamn.

Al the m}rmnnrph.: shomar 'uar_:.rj.n.g dL‘EI’L‘ﬂ- aof rupnl_p.'mgm |t -
ing their own faeces), which is a natural behavioor pattern. The
Eaecal pedlets may contribube a significant proportion of nutrienks
b0 e diet and are rich in vitnmin B, produced by microongan-
sms living in the cobon,

Reproductive system of myomorphs

Male

The adult male of this group has twio bstes inoan external
seroturm. I many species the inguinal canal remains open,
allowing the testes to sheink and retum bo the abdomen during

thwe coon-bireeding seasoa, The testes of the Chinese hamsters, Cn-
cebrlus grisews, remnndn imbernad, The reproductive bract is complox
and cormprises several large accessory glands, An e penis Les
withim lhe tisaue of the penis,

Female

Fermales in this group have a Bioopmuide uberus, with a pairof long
uiering homes and litthe or mooatering begdy, This amangement has
evolved to contain large numbers of developing embryos. The
stages of the rodent eestrous oyele can be ascertained by micro-
.:.':L'-Fi: examination of v.:lﬁ'i:uil SIMCACS I:L-xﬁJH.ati\'r.- '|.':|.Ein::|| |.':|.'1:-|.'-|-
nﬁﬂl The fermale hamster may Fmdu:e ﬂ.:]:h:u: amounts of
vaginal dicharge, particularly around day 2 of the oestrous
eycle. Mating may be confirmed by the presence of a ‘copulatory
plug’. This is a creamy gelatinous plug formed from the secre
tons of the male accessory glands; 1 remains in the vaging or
may Foll onto the cage floor,

The females of all these species of redent are polyoesires and
spentaiemin: canelafors, Specific details ane mentioned bn Table 142,
hiyomosphs ane sesually reatuee aba young age (He mouse reaches
sexual maturity at 24 weeks, for example), and prodece larae lit-
ters of young, Both of these features contbribute o the success of
rodents in creating “population explosions’ over a short period,
The negnates are altrisal; they ane iotally dependent on the mother
for several weeks and are born hairless, blind and deaf. At this
stage they are wery vulnerable and ane kopt hidden in sorme form
of nest. 1f disturbed, the mother may exhibit canmibalism.

Sexval differentiation of myomorphs

Mz a peneral nile, the anogenital distance — e distance bebween
the cpening of the- anus and the opening of the genital tract (penis
of vulva) = 18 boger o the male fuan o e female (Fig. 1493

1
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Fig: 14.% =nmal methed of sexing rodents, The anopenital distance is
farger m raled than in ferrales



There are ne teats o the male, There are also some species-

specific indicalors of sex

I, Adult male hamsters have large extemal festes; which are
refadned i the sorotum by o pad of Fat in the inguinal canal
This makes the rear outling of the male conical when viewed
from abwoye. The female has no serotum so the rear outling i
miane rounded,

L Newly weaned mabe gerbils have o pigmented scrotom.

. Sesually mature male gerbils hove a promisent ventral

abdorminal scent gland.

4. The testes of male harnsters sheink in e winkes when
temperatilies and Lght levels may be [oawer: Bhis may case a
mixle 10 be incorrectly identified as a female,

Lt

Hibernation. A& tempersnes of ioeer thon 555 hamsers maoy emier
TEFTI PG iAry FeCermaTion and alrpear 1o be dead, The hoart beat and
respirazan fal o almost undetectahle mtes, Mever bury 8 homater unkess
vore arg: cortan [f B desd! Thees havs been rany seportad 508 of
hamnaters dippng ther way ot of 2 grove.

Sciuromorph group
Chipmunk { Tomias sibiricus)

Morphology

The mast comimon of the 24 species of chipmunk tobe kept as a
pet iz the Siberian chipmuank. Adults reach 12-19 cm in length
with a bong bushy tail of appreximately 11om and weigh
T0-120 g. The fur vares from doep brown be gravish light chest-
nut The dark prominent eves are set on either side of the head
andd are outlined by a white 5tr'tpr with am inmer dark ._-:Mi'.u,ﬁ Mrt
ning towards the ear, The small, furry ears have rounded tips
andd are sed high on the head, Running aborg, e back from the
na.pr.-{:F the nock b the base of the il are five dork .-|-1:ri|:|-r.': with
b |i3_|'|1:r.-1: ancs in bebwesen. The tatl is covered i.ntl'lEh.‘ll.ll:El‘L'}'
hairs tep d writh whibe At rost the :hipﬂ'u.mk sibs upright sup-
praated by the hind feet and uses the Forelirmbs for holding food,
similar v the familiae “squirrel” position. Chipmunks have cheek
pouches extending from the oral cavity that are wed to carry
food pathered from the woodland foor b0 storage chambers
within their nests, The female has four pakrs of teats but these
e abgent in the male

Digestive system

The :hipmunk s an emnivore and has a similar dentition and
bypee of digestive tract bo that seen in the myemorphs.

Reproductive system

Fremale chi:qu.n]-::L are :m*:!n:lru'r]n'!lr Fn?l_:_.tu'.cirurcs and s;.n:lrri.nr:lmuﬂ
otnilators: The brr.-ﬂding soason 15 bebtween March  and
‘_-'-:'pl:embr.-r The teste= of the male descend into the sorobum
in January and begin spermatogenesis. The femabe advertises
her willingmness to mate by a persistent chipping nolse on the
pecondd day of her 3-day oestrous cycle. The reproductive tract
of both sexes follows a sunilac patbern to thatof e myomocphs
(Table 143,
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Hystricomorph group

Guinea pig (Cavia porcellus)

Morphology

The guinea pig, also called the oy, nl'iE;in.'l.'hnd from South
Anmerica, where itis still used for food. They are a sociablie species,
living i large herds, and they are diumal. Adults oeasane
2035 cm, the mabes being larger than the females, and weigh
FR0-1200 g, The body = short and stocky with shert legs and oo
tail, There are boer foes on esch forefoot and three on the lisd ook,
each ending in a shoet, sharp claw, The nese b8 rounded and the
moaith is small with a split upper lip onwhich there are long, sen-
sitive whiskers. The ears are small, very delicate and virbually
halress. Guilnea plgs have a good sense of hearing and can detect
frequencics higher than are detectable by the human ear. The eyves
are prrominent and situated on cither side of the head, They have
keen eyesight with the excellent peripheral wisben neccssary o
spot predators, Thew alse have an excellent sense of small,

The natural coat of the puines pig is short and smooth wiath
dark brown tcked or agouti=coloured hairs providing the came-
cuflage necded for life on open plains, Selective breeding has
resulied in a varicty of ooat kengths, oolours and patterns. Thae
=kin has am abundant supply of sebaceous glands along the dor-
I-II. SIJI'F-"H:L' .'Il'l:d :H'l'_'d.ll'.l'd H1E' S, fhe II.I.'ITIP l'l'l.ﬂ}l' I:ll! I'Lllllhl':d
aEﬂin.H Ehige En.'n.uui ns a means of mnri:'tnﬁ e +ﬂrri11.1q.-'. Rath
mmale anc 1'¢1rn..'|[-|‘gui.nm pigs. hawen Fh'li!' ufil,'mg ing‘l:inﬂi TI.iFr.L'I["I-I.

Skeletal system

Carinen pigs have large lympenoe lflae, which can be palpated ad
the base of each ear. They have 32-36 vertebrae: CF, T13-14, La,
S2-3, Cd-6. There are 13-14 rils, of wihiich the Last two wre car-
libagimous, A small chamicle attaches between the scapula and the
manubrivum, In the female the pubic spmphisis remains ffbrocar-
tilagimous umbil about §pear odd, After this tme (8 begomes osal-
fied, making mormal parturition difficalt inoan eldesy
primigravid [first litter) sow, [n younger sows the symphysis
relaxes and a gap can be palpated just before partarition,

Digestive system

The guines pig is 4 moonegsstric herbivens with a large
cavcum for microbial fermentation of plant materal, The dental
fermula s

IS 00, P M3 2 0] = B0 ponal

Both the incisors and the cheek teeth (premadiors and melars) ae
epen-rooted and continwe e grow throwghout the animal’s life
{Fig. 14100} This can lead to dental problems if they are ned swom
down by the appropriate fibrous food. The incizoes are normally
white. The space between the incisors and the check teeth is
called thee dldastemee and is filled with the chievk fssaee

In guirea pigs wiith malocclusion, the mckrs in the lower jas tend 1o
grow mad iy and lacerate the side of the tongue, while thase in the
upper |aw grow laterally and lacerate the irsde of the chesk. Both
result in excessive salivation and dysphaga

Tk vl vy i small and norrow and containg the relatively
large fosrgre. Theee are four pairs of salioery glands, which empdy
inte the oral cavity near the molars, The sof) pelate ks conbinuous
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Fig. 14,10 Ractegraph of & gures py's skl sheweng dentition

with the bose of the tongue and the aropharynr connects with the
restof the pharyicr via a bole m the soft palake known as the palalal
aaHp,

The towreh (Fig. 14.11) & simple and & Loed v a glandular
epithedlun. Gastek emptying takes about 2 b, The imtestinal tract
mieasres approximstely 2 m, The seall infestine les malnly on the
right side of the abdommal cavity while the muoch longers farge
intestine fills the contral and left ports of the abdomen, The most
slgnilicant organ i the cavcwm, measuring 15-20 ooy, which (s Ehim
walled and sacoulatad with many Lateral pouches ereated by thick
bands of smooth muzscle. At any one time iF may confain 65% of
the gut comtents, The capoam comtains micreorganisms that ane
responsible for the breakdown of cellulose in the plant cell walls
and tor the addition of certain nutrents such as vitamin B

Crazoghiglis

Gl bladdar
Liwar
Bilm dust —
wioemach
Trandvaris
oibar
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Drascanding
colon

Fig. 14,00 The dgestve syetar of the gunea pg.

vWhen aoempiing to pass d fesding nube through the palaral cstiom
o T ansophings o Hh Banan pg ol sure B decs noet sl 1o one
ide and demape the wrrounding westular soft polxte

The ttal time taken for food bo pass theeugh the digestive
tract 5 approximately 20k bat it may take as long as #ah
i coprophagia = taken Inbe account. Guinea pigs exhibit copro-
Jwerae or cacentrapy and may be seen beeat softer, mone mitccid
caecetrophs direct from the anus between 150 and 200 times a
day. The liver has six lobes and there is 8 well-developed gall
bladder,

Tz | o the guinen fig 14 unalse to symthesise vitamin © anddeficiencies
vy ccour B the aniral doss not recoee & daily detary soure n the
formi of fresh greeneny or Symahetic supplemenss. Symptoms indiede
a-dull reugh o, 55 gt and lameness pein onomousmert, dierhoss
apaneis and gener hethany

Urinary system

Each &idney hias a relatively large renal pelvis with a single
p.'.tg:!i.ll:l- Thi= eiriige prvgxlu::cd h:,.' thie g‘uinm pig iz alkaline, thick
and often a clondy white or yellow. The presence of crestals in
uring is a normal finding.

Reproductive system

= Male: known as a boar. The bang festes ane able to be retracted
I:hru-lagh thi i,mui-nrr'l canal, which remains aeen I:l'.rm;ghnlﬂ
life. Im mahire breeding boars the large testes e in the
&Crodum om edther side of the {5en ital rrFrq:nin-g. ]n![-mali:,- therm
e several &tmﬁnyghrld: thi= Inng, codled vesicular glan:d:s-..
prostate, coagulating glands and the bulbourethral glands.
There isan of penis and caudoventral to the urethral opening is
a P-I:ﬂ.ll:l'l m‘lta.in.i.nE bwio ]'-::-m}l r";l.ll'rs or Fruil.-c'h.-l.m. which
evert externally during erection of the penis.

* Feoirle: knoawn as o 2omp, The uberus 18 Feovimitly and
consksts of fwo long ulerine koms, a shoet body and a
cerviy leading into the vagina

The femake gulnea plg s polyosstrons and a spentaniois omilalar,
Cretails can b2 fownd in Table 142 The gestation peried is
63 days, which & long compared to that of ather rodents, and
the woung are precocid, meaning they are born fully furred
with their eyes open and can be independent of their mothers,
This enables them te eat solid food almpst immediately
after birth, although for thi first few woeks they also suckbe from
thwr mothier. Th:'!.r ane born in the npen, mpmbu-rl:rrl I'.I:r ¥ nest,
and have o manoe arcund o escape predators if necessary.

Sexual differentiation

Cuimea pigs are easy o sex and this can be done almost from

birth,

= Mdale: Mature boars have clearly defined testes, The penis
can e predapsed by applying gentie pressure at ifs base,
cranial to the arethral opening.

*  Femnale: The perincal tissues torm a Y-shaped depression.
Thee wualval UPL"I.'LiI'I.ﬂ lie=s at the intersection of the Y, with the
aniis ok the bage of the Y. [f predsure is applied cramal to
the vulval opening, there will be no penile profapse.

Buth sexes of guines pig have a pair of inguinal nipples.



Chinchilla (Chinchilla lanigera)

Marphology

Chinchillas orlginate in the mourtaines of South America and
wiere dmprorted inbe the U fo be bred for their fue, Nowadiys,
with a change inattitude towards the wearing of fur, chinchillas
are mainly kept ns pets. Chinchillas ave almost extinct in the
wild and the only speckes likely to be found in captivity is C
fewigem, They have a compact body with short limbs and a
short, bushy tail. They weigh #00-300 & and the females are
larger than the males, The nose s pointed and there are long,
sensitive whiskers on the divided upper lip. They have dark,
prominent eyves on cither side of the head that are adapted to
sping in poor light and lacge, round, delicate ears. At rest
thi= chinchilla sits up-:r?gh: suppurtrd h'l.l its !n-:rgr himd feet
and uses its forepaws for holding food, They have four clawed
toes on each fore and hind paw and the paimar and plantar sur-
taces of the heet are hairless,

The natural colour of the fur s |:|h.1r.-3n::|.'. The tur s soft and
very derete, which is due tothe fact that as many as Gl hatrs may
BT from a iingl.e folbele. When Hated up, thie ehinchilla
appears to be guite lange but under the fur the skeleton s rela-
tively small. Selective breeding has produeced & range of offer
col s,

Digestive system

Like the pumes pig. chinchillas ane monogasteic ferhioores with
a large capcum for the breakdown of cellulose. The demtal
formula is:

1 /1,€0/0,PMI/1, M3/ = 3= 20 total.

Testh are pn:_-.grnl: i the j.11.\.' at birth. Both the e and the
cheek teeth {premaliors and malirg] are open-rooted and grow
contimuousdy througheut the chinchilla's life. The chisel-shaped
incimors, which are }-‘cﬂumr than thise of the Euim:'.:l ?iﬂr
hawve been n.1:lru"|nr.'|:| Qs growing as much as é cm in a year. The
cheak teeth are flatbened table teeth for ing fibrows plant
materal, The space bebween the ihcisoes and the cheek teeth s
ko as the dutsleria, As with all spectes of rodent, dental prods-
berrs are ome of thee most common conedithons seen by veterlmary
SUFEEONS,

The oval covily is small and narcow. Like guinea pigs, the base
af thie tongee is continuous with the soft palate and the entrance
by the pharyny s via a small holbe, the palafol vefiue.

The skemach s relabively Llarge and simple. The inlestine =
ot and has evolved to digest plant material. The cascum i= long
and coiled and holds a smaller percentage of the total intestinal
contents than in the guinen pig or rablrl, The colon is spooulabed
Microbial fermentation accurs within the cascum, resulfing in
the tormation of cascotrophs, which ame rich in nutrients such
as vitamin B The chinchilla exhibsits coprophagia but digestive
studies showw that, while the sarinea pig ingmﬂ:s- bith r.mml'm[ﬂu
andd faecal pellets at intervals threnghout the day, the chinchilla
anby comsumas faccal pellets af night and cascotrophs between
f am and 2 pm.

The chinehile has evchad b0 surde on the mlatively poor bt bishl
fhroie dist of prasses found hegh up in tha Sndes & hesthy diet for
ohencihla. ghouid thenefore-indudi hgh lewals of flne @nd proton Treats
such 25 apples, figs end miftones miust be gven in modersan |t s nat
unczrmman for chinchalas 1o dis fom constipation ardiarrhesa. cased by
o ower-ndulzent cwner.
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Reproductive system
= fAdite: Theee is mo troe scrotum. The tesfes remain e the open
inguinal canal oe in the abdomen. On edther side of the ans
are by pesfamal sics Inowhich the caudal epddidy mis can e, In
the presence of & femabe the lestes swell and become very
obviows, The pewés, which may be LE am long in the aduly,
iz easily visible beloow the anus, from which it is separated
by asmall area of hairless skin. [t & supported by the presence
of & small bone known as the bacufur
& Fromde: Thee uterus consists of teeo !nng wleringe o, each
of which erminabes in o cerotr. This is similar to the rabbit
but different from the strocture seen in the guinea pig.
The: bwo cervices then bead into the :inEL: Ty Both male
afvd fermale chinchillas have theoe pales of marirary glands:
one inguinal pair and bwo lateral thorscle ones, The feats
bend fo protrede sideways, allowing the voung to sit
bestde the dam and suckle.
The female chinchilla is samomally podestaoies and & sposidiateois
cmeietar, Detalls can be found in Table 142 The gestation perl-
wd b= 111 days, which is exceptionally loog for o member of
the rosdent family, The young are precocial (born fully furred
and capable of living an independent Life); however, they con-
tinese o suckde From the dam unbil they aee weanced at aboul
68 wonks.

Sexual differentiation
Chimchillas are quite easy to sex and this can be done at birth.

= il As with many rodent species, the anogenital distance
is longmer in the male than it is in the female (Fig 148,
There is a hairless band bebween the penis and the anus,
The penis can be extredied by gentle pressune at its base,

= Femafe; The anegenital distance is shorter, A relatively
|a|.'ge urinary FuFiU:L lies close to the anus and can be mistaken
tor a p-enis..; however, there = no hairless band betvesn it
and the anus. The opening to the urcth is oo the ip of
this papills and the opening bo the slit-like valva is
immediately caudal bo it

The ferret

The domestic ferret, Misteln patoniug fwee, 8 a membor of the
order Carmivaraand the family Mustelidae. Other related speces
inclode badgers, olbars, stonts amd weasels, all of which are long-
Bodied, agile creatures capable of producing a characleristic
pungent smell from their anal glands and frem numerous seba-
ceous glands distribuied within the skin,

Moy people supgest that removing the anal glands of the ferrer vall heip
o e nge the: Terrehy' sl horesver, becauss the smck s #ho prodinsd
by riz s=baceous glands. descentng’. 2= it & o, will nos belp the
pobiem

Fermets are most r!nnel:.l related to the Eu.'rnpmn Fnlml. LA
fedit pudivriais, found dn parts of the UK and northemn Europe. 1t is
almoest certain that the Egyptians domesticated the polecat o
produce the modem femet. Although working ferrets are still
wsed for hunting radsbits and rats, nowadays ferrets ane becoming
more popular as pets ond in the USA there may be as many as
7 million pet ferrets
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Morphology
[hie ferret has a Hexible, bubular Imu:l:.' with short IL-ﬁh amd & |-::1.13_.
thick tail. This shape enables it fo go down rabbit holes and to
sOu e Ihn.ulgh apininggs ina cage o7 in thie hiosiE, sirsteps muast
b taken to prevent escape’ The meck i3 long and muscular and of
approsimabely B same diameter as the rest of the body. The
fesud 1= relativedy small with small ears set wide apart on tho
croven. The oves podnt forward amd are also set wide apart, pro-
rtd:ln:q Bunocular vision: howeyer, ferrets’ ‘I:":I-'I.'tll.|'."'||1|: b= poor and
adapied to the ks light levels found in tusmels,

Thie dags are short amd wsed for digging and traction, but the
ferret B oalso able o climb and may scale greal helghis, There
are five toes onoeoch ool ending in non-retroctable daws; in
woorking ferreds these are kept long. The first digil on cach fool
has anly bwo phalanges while the other digits have threas

The skip of the feeret = thick, especially over the neck and
shoulders where it provides protechion against hites, [ s well
supplied with ashwoeows gloeds, which are the main source of

Lumbar vertebrse

e crpeal variebr e Sasrum

Tharack verekre

the ferret’s body odour. Ferrets also have o pare of well-
develoged aral glands, which produce a vellow serous secretion
wilth o strong smell, The fr ks thick and in the past this hos led o
ferrets being used in the fur teade, The natureal colowr is a cream
undercoat with black guard hairs, black feet and tail and a biack
mask an the face. This is the colouration of the poelecat and in the
ferret ks knoavn as “fitch”, Other naturally occurring colowrs are
albino and sandy ¢r cinnamon, Selective breeding of pet ferrets
haz bod to the development of about 30 other colour variations.
Ferrets mowlt i the h|1rinj_| and autumn and the tur may vary
bebween thie seasone: it may b shorter and darker in the summer
mivthes and 'I|_1ngw and ligghter in the winder.

Musculoskeletal system

The peneral patbern of the sheleton (s shown in Fags. 1412 and
115 The vertebiral formulba = C7, T15, L5-6, 53, Cd1 8. The spine
iseatremely fexible and alliwes the ferret B bencd at an angle of ai

Coragal werinbras

Sl

|-shapad o peni Heok

Fig. 14,13 The skeieton of tha fermed,

Fig, 14,13 Whole body radogragh af o riale
forrat,




least 160", Ribs 1-10 attach to the sternum and the remamder
fowmn the costal arch. The thoracic inded is very small and the pres-
ence of any abnormal mass here may inferfere with swallowing
amd pespiration (Fig 1412

Digestive system
The fervet is a true carnivore and this is reflected in the anatomy
af its dentition and digestive ract {Fig. 1414} As in other

Laryns

PR F R F R

Right lung

Dinederaiin

Jujurreite

(A} e

Chapter 14 Small exotic mammals

carniveres, the beeth are very sharp and are adapted for shearing
Pesh off bone. The dental formula i

[12/3,€1/1,PM3/I, M1 72| =1 =34 togl.
The incizors are prominent, the upper incisors being slightly lon-
fer and covering the lower ones, The camies are large and the
rooks are |-.:||'q5crﬂ1..1.n the crowmn - H'u:}rm:}']:lc-v't:ibk wihenr
the mouth iz closed. The third upper premelars ane thi Jarﬁn-l:
cheek teeth and are knowen as the cormessiele. The deciduons teeth
erupt at 20-28 days and the permanent teath at 50-74 days.

{pulied
ferward)

Fig. |04 [A) krtems anaterry of the famale el (B) Digestve tract remsved,
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In common with other carndvores, the length of the digestive
tract (Fig, 14.14) & short; this resulls in a shorl gastroinbestinal
transht lime of 34 hin the adult animal. The stonach s simplo
amd small buk capable of enormous distension bo hedd a large
amaount of food prior to ite digestion. The pyloms is well devel-
oped. The stomach lies withima curve of the six-lobed o in the
anterior alslomien. The ferret has a pear-shaped gell Madder and
its parcres has teeg limbs that are connected close to the pylones.
Ferrets are able to vomit,

The smaall fihesting is approximately 190 cm in kength and con-
=gigtn of a dundenum_ileum and jejunam, which are almost indis-
timguishable on gross examination. The large intestine s
approgimately  10em in length. There @5 po cascum or
ilesraecal valve

Urinary system

The laft kidney Hes caudal bo the right and Both lie withiom the rot-
roperitoneal fat. The cranial end of the left kidney iz covered by
the caudate hobe of the liver. The bladder is small and in the male
the base of the Bladder and the adjacent urethra are surrounded

|:|:|.' tha Fm:nd:ll:vl.- El:md.

Reproductive system

= Male: kmown as a fob, The male ferret has a [=shaped os penis
Iving within the caudal section of the penis and dorsal to the
penibe urathra (Fig. 1812} Thie b fesfes are carried externally
in the scrotum. Seooal maturity is usually reached during the
firat spring atber birth, at about 4-8 mamths of age. Oimee thie

bestes have desconded the inguinal ring closes and they ane
nok able to be refracted. Spormategenic activity increases
writhin the semind ferows tubules of the beskes from
December bo July and the testes became notiocalihy
enlarged in proparation for the breeding season from
March to Augist The opening of the prepuce &= on the
ventral abdomen ina similar position to that seen in the
dog- The male ferret has teats. A castrated male ferret is
knowm as a haldrle,
® Feoele: knoawn as a _r'JI']. The uterus consists of a P.ni:r at
L-mg uberine horms with fo uterine bnl:l}-'. a l'_l.l]:u.n:.'u]i tparrinaly
neferie, :I.l.'l.'ph.-d ey pu'nd:.nn: littors of VRV, Th:m'mge
Litber sawe is 8—10 kits but lifters as lange a5 18 have been
reposted. The telvg lies on the pecineum, ventral w the anus.
During the non-breeding season, it is small and slit-like, but
during oestrus it becomes swollen and resernbles o small
doughnut.
The femabe ferret i sarsonally prlipesioons and an Induced ovalalor,
[F the jill 4= roated, ovalation goowrs within 3040 h of codtus, The
gestatica period is 42 days,

Postoestrous anaemia. Becasa the il & an induced coulater,
# she b5 rog mated. she will raman in sestries dor the entirg
breeding season and the asssclated high cestrogen levels may
result in beng marmow deprassicn and anaemia. This wialy
corrpces ftself ot tho end of the breading season but if ic necurs
for sewaral paars in succession i may resl in daath, Treatmang
mnchudes smemediate spaying and if very severe, 2 blood
transfusian and miersve cuo,
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Reptiles and fish

Reptiles

The Class Beptilin includes about 6500 specles, all of which breed

on land. The Class is divided inbe four Orders of which only bwo

ane significant as far as exobc pets are concerned. The Four

Cirdders are as follows:

»  Riymchoophn'in inclades the fuatara; very rase and wnlikely to
b kepl in caplivity,

*  Crocodilin includes the crocediles and alligators; rarely kept

# Chelorn incledes torinzses, ‘l:l:n:lpi.n:. amd turtles

o Sipimnta mcludes Suborder Savria (1% families of Jizards),
Suboeder Serpentes (11 families of snakes) and Suborder
Amphiskacna fone family, not kepd e caplivity ).

These animials share rany aratomical and physlobegical features

&0 general reptilian anatomy and physiology will be discussed

first, and any specific adaptations will be mentioned in the sub-

sequeent sections on lizands, snakes and thie shelled reptiles,

General anatomy

Skeletal system

Beptiles are vertdbrates and have an internal beny skeleton that,
bo some extent, shares the basic skeletal plan exhibrited by mem-
bers of the class Mammalia, However, there ane disbnctve mod-
theatons In the skeleton of Hwe snakes, fortoies and turtles that
will be discussed later.

Cardiovascular system

The fwuirt has threes chambers rather than four, Thene s a8 righl:
and left atrium but onky ane ventriclke. The ventricle is function-
ally, but not anstomically, divided into three subchambers and
rectives blood from both the rght and left atria, Deoxypgenated
blowd from e rght atrium ks directed bowards the pulmonary
arbery. but Hwe oxy blood seburming from the lungs to
the ventricle may pass either fo the serkic arches or to the pulmeoe-
nary clreulation again.

Acslgniflcant feature of a repile’s perpheral circuladion & the
reindd portal system, which transports blood from the hdnd linmbs
amned il directly to the kidnevs, This has clinical implications when
imjecting inbo the cavdal halfof the body, as some of the dug may
b excrebed i the wrine Before reaching e systemie ciroulaton

Respiratory system

Giaseoas exchange ocours in the same way as it does in mammaks
but the most signiticant difference i the anitomy of the respina-
bory svatern of reptiles compansd to that of mammals & that rep-
tiles lack a diaphragr. As in the bind, the body cavity s not
divided into two, Resplratory infections are common in repiiles

bt Bsecanse thoy lack a diaphragm they lack an active, expulsive
cesgh reflex and these infections can be severe or even fatal,

Digestive system

The more specifie features of the digestive svstem of Lizards,
anvakes and chelonians are covered separately. However, in gen-
aral, the digestive system terminates 1 a commes exil, the clmca,
consisting of three parls: the coprsdenm collects the faeces, the
wrnidewm cellecks wrinary waste and the procledism ks the final
chamber that acks as a collecting area prior b the elimingbon
of the waste,

Urinary system

The paired Bdpeps comsist of nephrons without loops of Henle,
Thes means that they are unaldle to produce concentrated urine,
Chelontans have bladders, which may cocupy up bo 25% of
therir Boedy weiglit Mot all lizards have Bladders, althowgh a blad-
der s presernl o the green iguana (fgaann igaam ). Snakes do nit
have bladders, The urine may change within the Badder so uri-
nalysis in reptiles may not be an indication of kikdney function, as
it s in mammals,

Reproduction

Reptiles are onfparous, meanig; tey lay eggs. The yolk of the epg
provides thi noudshment for the developing young, m condrast
i mammaks, whene e young are nourlshed directly by the
mother via the placenta. Some reptiles are emeioipirons of
“live-bearing' they relain the developing young within the
epr, which rermaing in the oviducks, and appear to give birth
tex Live ind ividuwaks. However, the nutricnts ane st obtained from
the volk of the egg inside which the young develop.

Dystocla or 'egg-binding' = commanly seen in rapiles: |t can
oo for 3 mumbae of reasoes, such as lack of 2 suitable recting placa,
stress, <alcum deficlency and infection

For o few digye-beforz-and ofter ecdyss repoles can be eealy demaged
and handling should be kept toa minimum. Changes i the nonral
sheelifing pattern may be o indeation of pooe bealth ) same §pecis

The Integument

The skim of rcp-ﬁlu iz thick and keratinizsed and is Fm‘tﬂthﬂd by
scales or homy plates. Reptiles grow by a process knows as eody-
atd, during which they shed o stough the obld skin. Beneath this is
a new laver, which, fo start with, is qulte soft and casily dam-
aged. Evdyais varies with spocies and may be pactial shedding,
as seien i lzards, of entire, o= seen in snakes,
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Thermoregulation

Rieptiles aneactothermnis, meaning they are unahle 5 regulite ther
imternal temiperature and are dependent om the extesnal environ-
mient t raise the body temiperature and increase their mietabelic
rate To do this they ernploy a ruember of behaviowral patiems,
such ns baskdng in sunlight or spreading themselves as flal as
possible in order to increase the surface area exposed 1o the
sum, Each species has a preferred body temperature (PET) or pre-
ferred optimum tempesatire sone (POTE)L This is the body tem-
perature at which the replile functions most efficiently. Below
the FOT digestion and reproduction are impained and  the
immune system does nob function so that repfiles kept at low
temperatures are maore U!-'.l:'l].' tev become all. The :u:t".r.ant:j:l;u af
beingecbul:l'u:lrmic'u. thata reptilit.'dnﬂ nob wasbe energy on main-
Enining its bodky temperature and theretone requires less food.
Plammuls requine a constant supply of food while some reptibes
cien Fast for sevenal weeks at a time. This fct has enabled ceptiles
to cobomise niche environments such as bt arid deserts and also
enables them to survive hibernation and eold bemperatunes
kit Bether tham mamimala,

Tortoises, terrapins and turtles

Tortolses, turtles and berrapins ane members of the Order Chelo-
nia. (MB: In the USA all shelled repliles are seforeed (o as Lue-
thes,) They are characterised by 3 hard auter shell consisting of
a domed upper part calliad the carapace @nd a flatber ventral part
calbed the plastrop (Flg. 151} The shell forms & bony bax’ that
protects the soft internal parts of the body. The shell is covered
with homy plates or scufes, which are named according to the
minst adjacent part of the body. Tha scutes grow from the outsido
%0 that an annual rirg d-r.-'l.rﬂl.u:snpa:- alomg the Furiphnr:,.'nl: pach one,
making the overall shell larger. In some species these “growth
rings” can be used W estimate age but as new shell growth
may be intecrupted by reduced nutnbion, seasonal change and
hibernation, it s not a relisble method.

Anatomical features

Skelaton

Chelonians are wortebrates and their skelpfon resemblos thatl of
other vertehrates. However, the pectoral and pelvic girdles ane
within the rik cage and are crientated vertically to buttress the
shell (Fig. 15 1) The ten vertebrae form part of the onder sorface
of the carapsice.

witien honding, repties vou shouid Beaaadre that the o, dugslsh
creansne that o tae o of the cags will asonswarmnup i nyeer hands and
oy sk iendy haros e ererdy o makn § dath e frisad e

Cardiovascular system

Chelonians Prossess thie normal I'L'FI:iJi.‘II'I three-chambered heart
and renal portal system. The outer shell of chelomians makes aes-
culeation of the heart difficult, bat it may be aided h:.l pl:ttin-g a
damp towel amound the shell.

Intravenocus injection or blood sampling may be carried cut by
uesing the: ipulor veir in the neckl or the dorsal venous drus, which i
in the midlice of the tall an the dorel e

Respiratory system

The Agid owter shell of chelonlans provests the body wall from
expanding durmg breathing. Respiratton s accomgplished with
the aid of lmb and head movements, which maove in and ot
and alter the internal pressure in the body cavity, Chedonians
breathe throusgh their exfernal nares or nostrils, so mouth breathing
may imdcate a pespiratory probiem, The ghettis licsat thirbase of the
tongune, and the trachea sshiort, which allows the fortoise to breathe
when the neck is withdrawn: The lungs ane positioned dorsally,
below the carmpiace, and aid buacyancy inaquatic speces (Fig. 15,1

Digestive system

Chelonians do nok have beeth and depend on theis hoeny beak to
cukoff pleces of food. They have lavge, fleshy fongues that canmst
protrude from the mouth, The oesophagus funs down the left
side of the meck and joins the stomach, which lles transversely
across the body (Fig 1520 The small intestine is relatively short
[compared to mammals) and the colen ends in the closc, which
is the common chamber into which the uregenital and digestive
systemsz empty.

Stomatitis ar 'mouth rot’ & an icfection of tha aral cavity and is
3 wery commion condition of cheloriars and snakes. This condition
= ofton tnggered by factors such as strass, trauma, malnounshmeng
and poor hiesbandry, It is commonly seen in chelonians fllowing
hibsrrasion and & often the caise of pesthibernasion snarexia
syndrome.

Urogenital system

[n chelenians the ureters ooowduct pelatively wnconcentrabed
uring from the kidpews into o thin-walled wninary bladder
(Flg 1521, Male chelonbans possess a single, lirge penis thal pro-
trudes from the floor of the cloaca,

Sexuval differentiotion

Most species of Chelonia are sexually dimorphic: thene ane vasi-

Isle differences v exbernol features suech as colourstion, tatl

IE":I"IEH"I. shid] st amd :||"|||i;'l|‘.=. Features nclude:

* Male trrboises have longer bails than females {Fig, 153},

= The plastron of the male is concave boennbde him bo mouant the
domed corapace of the female

® Tha cansdal scute of the female may be curved upwards o
albenw hier to clevate har tail dornimng mating,

# The mabe terrapin has longer front clows than these of the
female,

Lizards

Lararcks :I:u_'.ltmg o the Suborder Sauria, which inclades abooat
A7 ditterent species classiticd into 19 tamilies,

Anatomical features

Skeleton

The skeleton of the lizard follows the basic vertebmte plan, but
there is no sbeenim (P 154). Mest Heards have four legs and
most species take their weight onall their legs; however, some
species, such as the basilisk, can run on bwo legs, The anatemy
of the limbs imdicabes the mode of locomotion.



audal wind

Wertebraly {5}
Flaurals 4]

Margrabs {11)

(A}

Progecred pasition of kidnay {laceral view)

Fig. 15,1 #ratomy of the tortose (Testinds spp, (A) Carapace, (B) Plastron, (€) Yertral v of skelaton, (D) Left sde vierse of

skplmioe, (B) First part of infesting! fract, {F) Pestion of the kidreys,

Many spedes of lird Show ooy, Thises e sl to dhed ther tal o
'z defence agrinst predatorz. Once shed the @l leeps squirming and

distracty the pieditor whils the Bzsrd suns awmd A replocsmsdt bl ray
grovw bt it b often o diffecsn cofour and may be shrunken; memally the
e BCamErT wertebme ane cardlapnos rether than bor, IF & ized =

siressend o [ the tsl i3 demneged i may Rl off; thes must be consderad
when handing or Injocing o tha tal ruscle. 45 a msul of tomomg the

Integument

Lizards have thick, scaly skin and grow by shedding e skin
{erdysis), In lizards the skin comes of f in pieces and some species
will eat the sloughed pleces. The family Skinkldae — the skinks -
shed their skin in one plece; they are covered In scalbes that fit
tightly together, producing a smooth stoeambined cutline. Some
species of lizard, such as chareleons, are able te change the ool-
our of their skin. This is due to the presence of crametapfons in
the skin and helps to camaouflage the lizard, Members of the
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Fig. 153 Determining the s of chelonars. (&) femoe e
(B) Maka. Tha tall of the male 5 onger the plhstron & eoncave
aned he claacal apening & lulbers down on the fal, Fig. | 5.4 Seeleton of o lmard,



family Cekkonidae — the geckes — are charactensed by having
lavwers of overlapping scales or bmeflaoe on the underside of their
feel This ennbles them Lo grip on be appaorently smooth surfaces
such a= glnss,

Special senses

The var |5 responsible for beth hearlng and balance, The tym-
panic membrane ls easily visible tnoa shallow depression on
the skde of the head and is covered by a thin layver of skin that
iz shed periedically with the rest of the skin, The e is protected
by an evelid in most species of lizard and in some species the
lpwepr lid is transparent ko allow vision even whon the lids
ame closed,

Cardiovascular system

Lizards podsess the typioal repidlian tiree-cfasnmberet bt and the
vl prfal spstem as previously described, They have a large ven-
tral abdominal vein amd care must be taken when making a mid-
Lme incisien,

Intravenous injection or blood sampling may Be camesd
ot by using the wentral vanous sinus, which les m the midline of
the wentral mirfyos of the @il but i should ot be used 0 speoes
that are able to shed their téll. In larger species the cephalic vein
an the faroimb rmay bo used; n smaller species enough blood
for a blood smear may be collected by clipping 2 toe rail,

Respiratory system

The dinphragr is absent and breathing 12 accomyplished by
expansion and cortgaction of the rik=. Inaddition various species
of lezard al=o use their lungs, which ane highly fexikle, for ds-
play, threat, buoyancy amd vocalization.

Digestive system

Lizards domot chew their food bl tear ioff in pieces that areof a
swallowable sime, Most lzonds possess simple conical feeth,
witich do not slt in sockeds as they do in mammalks and which
may be plevradontic or acrodenbic

= Plegrodonpis: The beeth that are attached be the inner sides of the
mandible, Species indude the lguanidae, These teeth ane
regularly shed and then replaced.

o Acradimns: The testh are attachead to the 'nii'i.'nE ll_H.'lEE': ob the
mandible. 5]:',-1::['5 includie chamelesans and .1g.1mi|:|s.'l1ﬂ-r
feeth are not shed biat wear with age,

Tha flm_g'm' s wsed to 'taste” the environment in conjunction with

javodiagie's orgun i the roaf of thie mouth.

The digestive tract of lzards varies depending on the type of
djr.-tr which Ay be insechvorous, carmivorous, kechivonoas or
omniverous depending on the species (Fig. 15.5). The slomach
iz simple and elongated, and o orecist is present in hedblvorous
species. The digestive tract teeminates in the bepical reptilian
claca.

Uragenital system

st species of lizard possess a urinary bladder (Fiig. 15.5). Made
Heards possess poired copulatory organs called lewriseres
(Fig. 15.6). Each hemipenis = o hollow skructure with a closed
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end that les invagmated in the base of the tail, posbecior to thwe
Cloaca, The hemipenes are stoved in an inverted position [n the
base of the fail, Only one hemipenis i wsed during copulation
and is erected by filling with Blood. It is then inserted mbe the
cloaca of the female, The shape of the hemipenes varies with
the species. Femmmie Heands Llay eggss They have a pair of cvaries
and oviducts baat there s no wherus, The egigs pass ot of the body
via the donca [Fig. 15.7):

Same species af leard corast emirely of fermzles and reproduction &
b mresans of potherogenesss in which the woung develop from an
urrferiiised tge they e Al femide

Sexval differentiotion

The methusd of dH:.-rmEr:i.nE the wex of a lizard 1= d-l.-pem:lunt on

& Sl J.Llrrulrp]n.rnt !‘.-'I.a.n}-' :Fhucir.r. show differences in shape
ard colour bebween the bvo sexes, Males may also show
display patterns such as flashing colours or the use of
erectnbde crests by attract the femabe.

= fgseaf il farl: Males may have a more swolien base b their
tail, inskde which lie the hemipenes,

o Preseice M_fr.l.m:rr.r]' ar I|'.l.r-m.r|.|1|' poriss |:F|;_|:.. 1581 Difterent
species show various poatterns of pores on the inner surface
at the inguinal regiom,

Snakes

Sriakes baloog te the Suborder Serpentes, which includes around
2400 spesies divided between 11 different families.

Anatomical features

Skeleton
Snakes are leghess and have an eongated body {Fig, 159 They
have a complex skull, which is described as being bnetic; this
means that the bones of the jaw are loosely connected and the
two halves of the mandible are joined by an elastic ligamant
to allnw wade Eﬂquﬂll‘iﬂl‘l I:Frp'. 15110, Thess teaturcs cnable
the snake bo ingest lange items of prev. Snakes do not have tho-
racic limbs but a fewe possess x'('srig:'aj pl:_:l'l.'il: limbs, seen &% evters
nal spurs in the pelvic region of species such as boas and
F_l,'l:hl:ln.s.

mi::.nn!mha:man}' terichrie — numbers '-'ar_','.l"rnm 15 b over
4000 - all with a similar :|'|:|:_|:u.-. Each vertcbra Rives off a pair of
ribe, which are fused b the vertebra but ars nul:j.mnud irt th ven-
tral midline; there is no sterrm.

Integument

The epidermal scales of the integument show differences accord-
ing tworthe region of the body. In the dorsal and Lateral parts of the
bocky the scales are small amd on the ventzal surface they are
larger and thicker. The tugh, smooth skin of the snake does
nob grow with the snake but i shed pedodicolly, usually in
e plece bo reveal a new skin underneath {aedysis). At the time
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Fg. 155 memal angiemy of a lizard

of shedding the snake skin may have a dull appearance caused
by the lifting of the old euter layver of skin. Snakes do not have
moviahle eyelids, as are seen in mammaks, but the spper and
lenwer ewelids ane fused together o form a fransparent spectacle
uver the cornea. During oodysiz the spectacle becomas cloudy
prier fo being shed along with the rest of the skin, Just beforg
:hnﬂd:i.na the snoke Ly be withdrawn and ancrexic and han-
|:Hinirr should be l:ep-t b o minimium.

Special senses

The :}lﬂampm‘tﬂdﬂd |:|:.r H1.E::|:l:|:'l:|-:|= l}rjnsw:rﬂwmjrhn:qf
thir eomera. Tear-li ke secretions are Prndl.l:ed behween the coimea
and spectacle, The earof the snake has no tvmpanic membranes
and no middle ear cavity. Soane species of snake, such a8 mem-
bers of this family Seuliae — the boas — have heat-sensitive pits on
the upper jaw that are used to detect their prey. These are so sen-
sitive that they can pick up heat changes of 0.001°C.



Fig. | 5.4 \bogenital systern of 8 rmale leard,

Cardiovascular system

Smakes possess the beplcal rephifian heart, and have both seal and
Negamtic paertal Circulafions, The heart s generally located at about
one thind of the kength of the body {Flg 1501}

Intravenous injection or klood sampling may be camead out by
usng tha wangral wenous sinus in the midine of the @il The jugalar
wein miy alss be used but this may require 8 small inclsion o
visualisa it

Respiratory system

In most snakes the Ioft Jung b2 preatly ceduced in siee or even
absent (Fig. 15.11), Only the anterior part of the lung is fumetonal
for gasems exchange The posterior part is avascular and fume-
tlons as an alr 2ac that may act as a reserve during perlods of
Apnoea,

Digestive system
Enakes are ttally camivorous and possess six rows of unditfer-
entiated feeth, which are replaced continuously (Fig, 1510}, Some
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Fig. 15.7 Lyogenial systemn of & ferrale lzand

speckes may have modified S and some are able 1o produce
meno from special glands that le above the oral caviry, The
venom §s delivered to the prey by the fangs, The fongue 15 thin,
forked and mobile and ks able o protrode some distance oul
of the mmouthe Tt is vsed for ol faction — the snake “lasbes” the envi-
ronment and the iongue is then brought inte contact with Jacob-
sen’ s organ i the roof of the mouath and infermation i conveyed
bv a branch of the elfactory nerve to the brain, Because the body
of the snake is long and thin the crgan: are arranged along its
length rather than across the body (Fig. 15.01) The stomach iz
elongated but the ivfesties are relatively short, roflecting the
carmivoros diet.

Lragenital system

There is no wrinary bladder in snokes and the wrebers empty into
the ierodedin section of the clided. Male snakes possess invagi-
nunbeed henepedes that lie in the base of the tal just caudal to the
vent. The hemipenis evaginates into the cleaca of the female o
trarsmit sperm during copulation. Pemales of very slender spe-
cles of snake have enly one oviduct and ovary,

Sexval differentiation

The maethed used to determine the sex of a snake depends on ifs

spCies,

* Seywel dimorplisor In some species it is possible o
differentiate between the mxes by looking at the calour and

o Tl fegtle: The tail is measured from the vent {the exit of the
cloaca} bo the tip of the tail, The male usually has a longer tail
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Fig. I5.8 Seaual dffzrerdiation n lzards {A, H} Giockos: mabas havg
anal or preamal poies inthe npunal e, {C, D} .I"q@m:;: mscs hawe
fermom! porms

than the female and tho area arcand the vent may be
naticeably swollen, This area houses the hemipenes.

® Size: Inosomwe species the emale is larger than the made

®  Lse ofa profwe: This requices experience and groat care. A& well-
lubricated Blunt-ended rod s caretully introduced ko the
cloaca pointing towands the tail. In the male, the probe will
trovel o lomger distance down the cloaca thas it does |n e
fornale,

Fish

Fish are svtotherae vertebrates that live and breathe i water and
miove with the aid of fins. There ane over 30000 species of fish,
which makes them the most oumereus of vertebrates, They
range in size from the tiny Philippine Island goby, which miga-
sures less than 1am, o the whale shark, which measures up to

16 an There are twe groups of jawed fiske the airifleginoss fiak
{shnrks and vavah and the bear =, which includes all the oma-
maenial fish likely 1o be kept In capbivity, Within the bony fish is
the group krosan as the Teleosts, which comprises 20,000 species
divided info the lomer Teleosts, such as carp, salmaon and catfish,
and the higher Teleasts, such as porch, sticklebacks and mackerel,
They are found ina wide range of kabitats all ever thw world,
Many groups of fish keptin captivity have boen selectively bred
(.5, geddfish], which has bed to the development of an enormous
range of fing, eves, colour, tails and size. All teleosts have a sim-
ilar general structure,

General anatomy

Musculoskeletal system
The ﬁr.l!'rfnrnr :.hapc-ul:a fizh makes it streamlined for I-'Il‘-l'II'I.'II'I.'II.I'IH
Ln-|:|:|rr|.-r.r|:||:|r|. 15 tacilitated i:}' :I'I.'ILLEdE' blocks or m_l.nr.um‘# :IITJI'I.EEd
on gither side of the axial skeleton (Fig. 15.12). This enables the
body to bend laterally and generate the propulsive force toe move
forward. The cratduin i rigid and articulates with the bones of
the: jaws and opercula apparatus, The number of serfabe varies;
ribs in the thorscic region articulate with tw verbdbrae and sup-
poct the lateral walls of the body caviey.

Fish possess fir, which are responstble fer the fishs ability b
manaetyte and remaln stable in the water. The fins consist of Hs-
sue siretched bebveen rays, which may be sUiFand unjolnied or
soft wlth many artioulations {Fig. 1% 13, The fins are atlackhed o
amall masscles, which fold or extend the fins e produce rapid
precise movemenis. The shape of the caudal i or il provides
nn indieation of the swimming hobits of the fish; For cxample,
a forked tail emables the fish to perim at contimuos high speeds,
while & truncated taill is seen in sow-moving species buk allows
them b make fast dashes,

Muep@ecy in the water is achieved by a gas-filked s bndder
in the bady of the fish, below the vertebral column (Fig. 15.14),
The ipn.-.if'n: gravity of the Teleosts is greater than that of the sur-
rounding water so there & 2 fendency to sink if they remain sta-
tionary. By aH:ennE thiewiilume of airin the swim hladder the fish
can rise and remain in one place — they achieve neutral buoyancy
dispite pressune chamges in the water, The swim bladder has
evolved from the primitive lung of the lower Teleosts and is a
thin-walled diverticuliam of the foregut. The structune varis
depending on the species:

& Logeer Telepsds: The swim bladder is linked via a poneumatic
duct to the foregut and |5 deseribed as being iearsosfomons,
This by pe occurs malnly in shallow freshwater species, The
swim Bladder k= pelilled by rsing fo the surface and taking a
miouthful of aktr, In bottem-living spectes the ssem bladder
miy b redeced, enabling them to feed on the iver ed.

= Hipher Tetmsls: Thete is no connection betiveen the foregut
andd the swim Bladder and the bladder is said to be
Phgzaclistops. The swim bladder is filled during larval
development, when there may be a fempomry connection
with the Fuk, or it may be filled i:r'r agas E;J.:md within the cells
of the sac. The gas, which comsists mainkby of carbon diowide, is
retaried in the sac for fife by ik impermeable walls.

Swim bladder problems are refatively common in aquaruam sk
['hey presart 2 an inability to flaat upright, to rancemTe ar o
siim belcvay the surface. Ufortunately thene s very litle reatment
far the. condition
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Integument
Fish have a :l:ni'].' skin covered |:|:|.' a la_l,.'\:i' of WEIRLLIE, which has a
fungicedal and bacberioodal function. Damage to the mcus oov-
cant lead to skin infectons asd o the formation of uleers
This layer is refecred bo as the cuficle or glamoatyx and it
improves movemnent theough the water by reducing frctional
drag. The scales are Aexible ooy plates on the skin and are
arvanged like overlapping reof Hles.

Special senses

Teleest fish have the same speial senses as mammaks vision,
urrl.-r.'l| tasho, l'IL‘-H.I'I.I'IE and balance. '“1.:1' alssy have & fabernd Tie -
fent {I g 1. 15 'I'i]n. This consiets of a sories of shallow dhuannels run-
ning over thie surface of the hnl:h' along the lateral micllime Ad
irbervals along the line ase small dumps of hair cells with tips
that are embedded in a gelatinous cup or cupula EF these hair
cedls are mavved by outside vibrations ey tramsmit the ndorma-
bt do the brain of the fish, which brings about the appropriate
response. The function of the laberal line is b detect distudbance

""iaqqiqﬂﬂ"ln.,, e

I.|
|l.|| X

or vibratioms in the water caused by objects such as other fish; the
lateral line therefore provides a ‘toach at a distance’ sense. This
aidls the fish in both the detection of prey in the water and in the
aviidanoe of predators and i theught to be invedved in the abil-
ity of large shoals t0 mowve simultanecusly so that they almost
behave as one large organism.

Respiratory system

O of e meeet nodeable features of fsh s their abdlity 1o breathe
in water; this is achieved wsing a specialized syvstem of gills
{Fig. 15.15).

The gill pystem invelves five lakeral gil! slits on each side of the
pharyngeal wall. Each gill consists of a skeletal gl ardy support-
ing highly vascularised @il flomerds. Projecting from these are
fine secondary filaments or lameliae, At the point where the gill
slits open into the pharymx are sHff elongated projections from
the gill arch knesn as g2l rekers. These act az a soreen i protect
the delicate gills from partickes that could damage them, The gills
are coveraed |:|:|.' ]:!n;l:ul:l:ive ﬂal:u called the u]ﬂerr.‘uﬁr {uins;. AT
]rem:l. Water = taken in I'J'ln.mEh the mouth and passes over e
E.il:ls-.. whhera EASETES eyrhanpe takas pL:nu and OKVEET Passes
ity thie blopd, Carbon dioxide passes in the opposite dirsction
and water is Forced out troisgh e opercula

Circulatory system

The heart is a long, folded organ comsisting of an atrium and a
venirichs. The circulation is described as being sérgde {(the mam-
malian circulntion is deuble) becase the blood passes through
the heart once por circulation. Blood leaves the ventocle and is
FIJI'HPEEI H‘Imﬂﬁl‘l the arteries o ngﬁﬂs wbvere it F'u:h up -
gen. It confinues arcnand Ehe |:||:|-|:|1.r through the other Organs,

where it picks up nutrients from the digestive syster and then
delivers axygen and nutrents o the Geues. In rehamn it collects
caribset dioxide and corries this bo the gills whens it s eliminatsi.
Waste products are also collected and excreted via the kidreys,
The blood then Bows to the atrbum of the heart in the vedns,
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Fg. 15,04 Imemal anstoery of 2 bony fish,

Digestive system

The digestive system of Teleest fish varies according ko the bype
ab daest I:F'lg. 15.14:. The method of :fn;qﬁm'l. |:|:|_:r|=n-ci| la.r:E-:-l}r
upn suction tacilitaten I:IF profrusion o the jas. Hewever,
predatory fish have et on the front of their jaws and the roof
of the mumath and also throat eeth just in front of the ossophagus.
These are weed for catching and holding their prey, which is usa-
alby swallowed whole and head first. The gl reders on the inner
surfoce of the gills prevent the food from exiting the mouth
through the opercula. Food passes inte the slosmch, which ks
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Laceral line

Pecteral in {paired]

Spinal cord

tizbe-like, and then mbo the drfeting, which is a :i.l'rlp]e tube of
a unitorm diameter. The kength and structure of the digestive
tract varies greatly according to whether the species is a herbi-
vore or camivoee: the gut s Jonger in herbivorous species than
in carmivoroaes ﬁ'-Fl!'l,TIE;. Waste materiak are evacunicd from the
Foctrerd and s,

Urinary system
The kighpeys lie veniral bo the spine and in some species they may
zit like a saddle on the swim bladder (Fig. 15.74). They have a




SECTION 2 Comparative anatomy and physiclogy

nemiber of functions including excretion, haemoporesis and the
secpction of hormones.

Chamoregadintion varles  between  freshwater and  maorine
fish, In freshweater, the surrounding waber is bypotenie so wabar
passes into the body fhokds through the @lls The kidmey
compensates for this and prevents the fish from bursting” by
encreting large wolumes of dilute urine. In the marine en-
vironment, the situation is reversed: the surrounding water
iz fypertome, so water is lost from the bedy by passive diffusion
through the gills, To conserve normal amount: of water
within the |:||:||:|:.r thip I::'-dﬂ-._'!.' excretes =mall volumes of
concentrated urine.

Mitrogenous waste is excreted by fish in the form of @,
This & extremely toxic and is only produced in animals that live
ina w-.:ll:cr_:,r enviranment, which dilutes it The miost jmpﬂrl:.u.nt
wite n‘nitmﬂcﬂmﬂ. evcrekion in feh is IhEEiJE and not the kid-
HevVs as in mammalks

Gl skedaton A % Figh kept inca Capme Snvironment in the formoof 3 tank miss be

| fiaman chezred aus reqularty to prevent the ammenia zoreted by the Kdnes
iprimary timellas) Buiding up and damagng the fiens dan and fing and eentuclbe bdling @l
Gall arch ——— 1he Enk inhabeterrs

VAT Bow Reproductive system
The majority of Telrosts have separshe sk however, there iz
wide diversity in the reproductive patterns and some species
may even exhibit parthenogenesis and hermaphroditism, Ferti-
lisation may be:
(B #  Exterpaiz The female lavs her wggs in the water and
Whater B they an: fertilised by the male sperm o ol this mbal
l i% known as dpanming, Yery large aumbers of eggs are
Hosth produced because so many are lost bo predators and
the moving water. The egpgs may be scatbered, deposited
I mests ar buried in the mod at the bottom, Mouth
brooders collect the fertili=ed eges in thelr moath until
they hatch, after which the young may s the open mouth
s a refuge
= (pfermal: This B soen in live-bearing spcies such as
Euppies, platies and swordtnils. The make possesses a
vapuleiony organ, wsaally o modified anal fin, to introduace
Opartuilar ciey hiz sparm into the female. which retaing the fertilisod
eggs in hier body. The modified fin is known as a gomipsdim
and i= a means of dentifving the male. The female stores
this mrilt in her oviduct for several months and several
brocds can be produced from a single mating. The young
Fig. 15,15 The gl spiem af a fsh, [A) Head with tbe cperculum may be nowrished within her bedy (vfefparons) or the
refreed, (BY Structure of & snge gl (€Y Horgonta! socton 1o show s may hatch and the Iive voung are then expelled
drection o sweater fow throwgh the buccs cavty, (i dprims .

Cpercular cany

Gl sk

Ciperoelu

(<)
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The horse appearsd in is earlieat form 55 million vears agoe as
Eoluppais, a small, mulbbced mammal about 30 cm high. 1t had
four toes on the foreliml and theee on the hind limk and &
welght-bearing pad under the central tee on each foot. [ teeth
wiere capable of chewing succulent leaves. Dunng s evolution
over 8 pericd of many millions of vears the number of bees
recluced amd the central third foe became encased Inoa simple
hoot, This species was sequentially replaced by several others
with similir skeletal structures and increasingly efficient teeth
suitable for caling grass.

Crering the Lower Plicoene peried 10 million years ago, Plio-
oz, a fully hoofed animal thres timaes the size of the original
Enhipparz, emerged and, by the time Homo sopiens had evoldved, it
had become s, a recognisable horse, Equns appears to have
originally come from Morth America, then migrated soathwards
and then spread into Asia, Atrica and Furope. It became extingt
im the Americas 8000 vears ago and the difforent species of Equus
ﬂ.c'.'elq:led tn Asia, Africa and Eump: = a result of the different
climates and ferrains.

Thaer cliymestic heyree E.liun.rt ritxiles is a socinble hnrl:l-ﬁ\'ing ani=
mual, which — because it wild ancestors might have fallen prov to
many different carnivorous species — still mefing 16 primitive
imsdinet b ruam, The horse has the ability o move very fast, an aspect
thant b boen fuirther developed by selective breeding, Much of ik
misciloskeletal sysbem is adaphad bo spesd: the single-hoofed aun-
tral digit where weighi s bome on the bee, the well-developed mus-
cles hlgh up on the hind quarters and the sequences inowhich the feet
are lifked from the ground o brime abeat the difecent speeds of
brcomotion. Becawse o herd of borses st always be prepaced
for sudden flight they are reluctint o lie down te sheep, and this
has led bo the evolubion of the suspensoery and slay apparatis,

Haorses evolyed toroam large areas in search of food. This was
mainty peor-quality grass, which was eaten comstantly {grazed)
and digested slowly, The flattened table teeth, which grind the
grass mto boluses that can be easily swallowed, the long length
af intesting providing moom for the slow digestive progress of
tough fibrous ingesta and the large coooum and colen designed
to provide a chamber for the microbial breakdown of collulese in
thi= Flant coll walls all enabled the koo o codonie and survive
in its ecological niche.

Mhach of the anatomy and physiology is similar o thatof the dog
and this chapter & designed o highlight the differmcoes. bebaen
thitser b sgpecies, not o describe every aspect in repetitious detadl.

The skeletal system

The eguine sheleton (Fig. 16.1) consists of two separate sections:
¥ The axial skeloton comprises the skull, vertebeal column, ribs
and sternum.

The horse

Catherine Phillips

® The appendicular skeleton comprises the bones that form
the Hmbs and include the pelvis, which attaches v hind
Limily, amed the scapala, which atbsches By forelimis to the body,
The function of the skelston s W0 peovide a dgld framework for
support, probection amd movement It also provides a storage
Facility for minerals, principally calcium and phosphorus,

The skull

The equine skull (Fig. 16.2) & made up of approximately 37 fused

bones, Frm"ndi.n.ﬁ a n'Eid structure woith minimal mevement; the

coly moving part is the temporomandibulars joint, which s esen-

Hal for chewing. The majer compoients of the skull ans

= Mandidle forms the bower jow

= Maxille: formes the wppor jaw

= fracisior bare or pre-mayilla: howses the inciser teeth of the
LppeT jaw

& [Irinf; the eve socket, tormed by contributions from
spveral bomnes

o Frnd bt forms Hywe forelsead

w Masn! horres: Forrn the nasal caviky,

The functions of the skull are!

I, Toprotect the none delicate organs of the head (e, brain, eve
and inmer aar

2 To provide attachment for the hyoid apparatus, which
suspenids the tomgue and the lagns

3, To provide support tor the dentition

. To provide attwchment For the muscles of facial expression

5 To form an opening for the entey of ale and food

B

The vertebral column

Thie vertebral colummextends from the base of the skull to the tp
of the tail and consists of approximately 5 individual vertebrae
{Fig. 16,1},

The function of the vertebral column ia:
I, To form o st but fesible rod to support the body
2. To house and protect the spinal cord
3, Te provide sites of insertion for muscle:
4, Ter provide a means of attachment for the pebvis and ribs
The vertehroe in the horse (Fig. 16.3) are grouped into regions as
they are in the cat and the dog, although the numbers of each ver-
'II‘III.I I'I.'I.ﬂ_'r IIE d.i:H:EI.'EI'I!.

ertnbra forrinil Tor the dogand gat 8 T LY, 55 Cg 20-03
Veriebrd formuls for the borse OF. T 18, L, 535, €4 15-20
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Cervicall wertebran

Theraoe veriebrae

Prosdral phaleo FI}——- L Prazimal imarnaid

Middie phatany, (PI) 5 (_',"
Dintal phafans rﬁ}@i Bttt

Arcessory capal bore

Flg, 180 The skeieton of tha horse. With permsson from Y Aspenall 2006, The complete testbcok of vetermany nursng Londore Buthe racth-

Hangmarn po 134

The vertebeae {Fig. 16.3)in each region vary in siee and shape,

which relates o their mevement and hunction,

= Crroical perderae (7 are found in the neck, The first teoo are the
atlas {C1), distinguished by its large, wing-shaped proccsscs,
and the axis [{:I}_. d'u:ﬁngu:i:hﬁ] I:f.-' a pruu'ni:rrr.'nt cramnial
process known ag the denz. Thess vertebrae have a large range
of mation because they are not inhibited by spinous or
transverse processes. The remaining vertebrae (U307 all
fedlenw & mimilar basic pattem (see Chapter 3}

Whobbler syndrome is 2 develaprental condition of the vertabea
in the neck prasenting commonly 2% ataa andSor bind imb paress
and in some cases 3 rendercy to knuckle aver i the fetocks,
particubirty of the back legs: i B partculary seen in poung large
brrses ard may be nssociated with & rapid growth rate, Treatment
miy inciide sddressirg te ardrmal’s nutriten and in some cases
copdcal gurzery rmay b trhed

= Theracic nertetvar (18) Form the dorsil boundary of the thorack
cavily. The first 7-8 vertehrae are covered and protected by
the scap*u.l.l. The thoracic vertebrae have Irrrsw: .5|:|in|:||.|5

processes, of which T4-T9 make up the nvthers of the horse,
The transverse processes have small scosmmodating facets
allewing for the connection of the ribs, The spinous processes
make dorsoventrl flexion restricted and lateral flexion
mimimal. It = the thorace vertebras in combination with the
miuscles that be beneath that support the rider's weight
Lurabar verlelrie 5= normally 6] are lecated m the lou area
anl play o role inthe protection of the kidneys. The vertebrae
possess lange ransverse processes, which restrict lateral
miovement. The spanous processes are much smaller than
those of the thorsele verdebrae; howvever, dormsoventzal flesdon
sHIl remadns limibed.

Sapral perleiras (B fused 1o form the spcrum) are Found in the
cronapr area at the root of the tail, Fusion of the vertehirae in this
area means that movement is highly restricted, The pelvis is
attached to the sacrum by an Imteresseous ligament, which
forms the sacroiliac jeint.

I.:nn.-_.\'gm! or rawda! verfnbree (15-21% AVETARE 18] have a basic
shape with very small spinous and transverse processes.
Towards the end of the tail the vertebrae ane ligtle moee
tham rods, which allows Er\ui‘ makilite of the tail.
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Fig: 182 The equne skul, (AY Literal vievw, (BY Dorsal view, Wil permussion Som Y dspmall 2006, T
corrplel textbook of vetecnary nursng. Londen: Buttersorsh-Hanemann, o, |35,

The ribs and sternum

The horse has 16 ribs, although this may vary in seme individ-

wals (Fig. 1 1) The ribs play anessential role in housing and pro-

I!ncrﬁns the vital inkermal argans of the thoras. The ribs may be

mpnralu.'d into bwi Froups:

o The ﬁnl-!'uiﬁhl rihs are the ‘true’ or “stemal” ribs e those that
are atbached directly bo the gfermum),

& Tl firsal ten pibs are the 'false’ oF ‘asternal ek (Le., those that
are altached via cartilage or through one another 1o the
sternum). These form the costal arch.

The appendicular skeleton

The forelimb

Lk ther bz, the horse hisneclavick: or bony conmection bebhveen

the thorax and the forelimbs, which are mensdy attached by mus-

cular slings, allowing for shock sbsorption during lecomotion.
The bones of the forelimb (Fie. 16.4) ane;

o Scapale is a large, fat triangular bone. The scapulae
spine divides the bone down the middle, each side

allowing for the insertion and attachment of the
suprasplnatos and Infraspinatus muscles, A wing of
cartilage les at the peoximal omd, allowing for furthes
attachment of muscle and connection with the thovacic
sling. The scapula meets with the humeros o form

the shoulder joint

Huwmerus articulates with the scapula and the radius and
ulna at the shoulder and elbow joint I'E'!FEEHTI!'.'}I- The
anghe at which it lies allows for great shock absorption
during mavement (Fig, 1611, The humerus is one of the
strongest bones in the equine body.

Reufiies ared whine are fused in the homse. All equine speces
bear weight on digit 3, which is the central digit of the
primordial pentadactyl Bmb. The weight s then carrsed
up the strong, single fused bone, The olecrancn process at
the prosimal end of the ulna forms B point of e etbow,
The radius, which lies on the medial side of the fused bone,
bears most of the weight (Fig. 1a.4).

Carpws (Fig, 16.5), known as the foee, s made up of

eight =mall benes arranged in bwo rows This amangement
further assists in the absorption and distribution of the
concussion that travels up the horse's foretimb.
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Fig. 16,5 The equnz carpus {With permissen from Vo Aspinal, 2006, The complebe tesdboak of velernary
rursng Londere Butterwerth-Hememann, p. 134



The carpus is the equaivalent of Hw human wrisd and the

bones are arcanged as follows;

< Llpper rong: runs from the medial to lateral surfaces — radial
carpal, intermediate, ulnar and accessory carpals. The
accessory carpal bone lies behind the ulnar carpal and does
naot directty bear waight,

o Limoer miids These bones simpl}r relate b the mfl‘.al.'arpml':p.
which Lie distal bo them amd are numbered from 1 bo 1Y
ruemning from medial to lateral

o Mfstavarpals: There are three meacarpal bones (im0 e borse,
which may be numbered 24 OF these the thind or losge
metacarpal, alse referred o as the coron bone, is fully
dewveloped and is the welghl-bearer, Metacarpals 2 and 4
are much smaller and e on either side of the canmen bone,
They are referred to as the spfmi s,

»  Pholmgges {posteries and pedal doorel; The horse takes it=
veight on the equivabent of digit 3 {the dog and cat bear
weight en digils 2-5 - digit 1 being the dew claw). Three
phalanges form the digit, Starting from the proximal end,
the first (proximal) phalanx is known as the by psfers,
the second [medial) phalanx is the shord pasfers and the
third [distall) phalamx & fihe pedal e, which is encased
in e hoof. Yital gamients and tendons mn down and
arcund these bones, providing movement and support
fsee Fg. 165
o Fetfock jodind (metacerpopfalangeal foit) les between the

cannen bonge and the long pastemn.

2 Paatersy joint (proximal inferpdalomngenl joint) lics botweon the
long and the shoM pastarn,

& Eu;fﬁ:l I|'|'l.i|zf {dizfal irrjmd'mhngml j.;:l.l'u.'] lies bebwoen the
ghaart pastern and the pﬂd:d bone amd incorporates th
antmca e bomae,

¥ Sednminads (provisnl and dizfal): There ane three sesamoid
bones i e lower leg There are two proximal sesamaoids
located at the back of the metacarpophalangeal or fetfock
gt and the distnl sessmold or wericulir booe Hes ot the
back of the pedal bone and 8 encapsulated within the hoof,
The function of these sesamoids §s e act a2 0 pulley system
for the tendons that pass over, reducing friction amd
improving effickency of movement,

The hind limb
The boawes of the hind limb {Fp. 16.6) are os follows.

Pelvis
The pelvic girdke (Fig 167 links the spine and the hind limb and
I= composed of three large flat bones: the privs, the tsohir and
thiz ilikne, The pubds forms the Aoor of the pelvis with the ischiuwm
Iving caudal to it The tuber ischii can be felt at the point of but-
ook, The ilinm is the bnrgest bone in the pelvis and is the upper,
almost vertical portion. The réugs or fuhera zsacrades of the ilium
can be felt at the croup and the Juber covae forms the points of
thie hip. All three bones meet o form the acefabulum or hip
socket, The hip fainf is formed by the head of the femur and
thi= acetabulum.
¢ Fenir is a bacge strong booe that provides & large ares for
the attachment of mojor mouscles of twe hind limb. These ame
lnrgely responsible for generating power and lecomotion
it e horse,
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Fig. 1646 The egune fend limb,

= Falella is the equivalent of the human kneecap, Tt acls as

a pulley for the tendons that run ever the stifle joint
betwoen the femur and the tibia. The =ifle joind s formed
|:|:.-I the dzctal femur, Fm-ximal tibia and p:l'rella.

Tilwr d?ld.ﬁh.lhl: The tibea rans doswn dlaﬂunall}-‘ trom the
Fermur i the hock and & the larger of the two bones allowing
For thie attschrment of the major muscles responsible for the
maverment of the lower beg. The fibula is much smaller
aevd Ehisvrer and les aloog the loteral border of Hee Hivla,
[k taprers bo o point af the lower third of the Hbia, where

it = fusd bo the bibia.

Tirzue {Bock) ks composed of six soall bones, sormetinmes
sgven, The bones are arranged in three rows, which are
tightly boand By ligaments, The bones of the upper row
are thee fai: and the calcamees; the cemdral farsis makes up
thie mighelle ponw; thae thind row B made up of the first and
second tarsal bone, which are fused, and the third tarsal
bone. Finally, the fourth tarsal bene is housed in spaces
in the middbe and lower rows. The En:l:l.-' o the caleaneus
is pxbenched at ks ]:lrm:im.'l[ el i form the hdvr caleors

or peint of the hock, o which the Achilles tendon is
attached,

Mefacirils, phodurge and sesaminds: The arrangement of
the bores distal g Hue hock Folbows e same patbern &= in
the forelimb 1F1|q. 16.6).
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The muscular system

Ligaments and tendons

Thes muscular system s made up of stiated muscle that is
attached to the skeleton and is under vnlu.nhr_l,f control. The
function of muscle 1= o br':na about movement.

The arrangement of the supecficial museles covering the neck,
thorax snd abdomen (Fig. 16.8) 18 similar to that in the dog and
cat, with the obvicus difference that many ane better developed
b pring about the vapid bocomotbon characted=tc of the horse,

The limbs of the borse ame superbly adapted for speed,
although at rest both the fore- and hind limbs support tee body.
The Forelimbe, which shoubd be more or less straight, carey about
B of the weight and absorb most of the shock during locorms-
thoey, especially when landing from a jump. The hind limbs are
more angled and provide the main propulsive ferce. Details of
the most significant muscles are shown in Table 160,

The hamstring group of muscles - the Biceps femoris, semi-
tendinesus and semimembranosus — creates the well-rounded
croup area of the bady, Their action iz to extend the hip and flex
thi stifla, which provides the main forveard thrust and i respon-
sible for the speed of the animal

Soft tissues of the equine lower leg

The haarse is a prey animal and during its evelation it has devel-
aped the tum of speed necessary to escape predators, To reduce
wetight and bulk and improve manoewyrability, there is listle or
nex muzcle below the knee (canpus) and bock {tarsies), The lack of
PRI 2% o Fm‘h:cﬁw !u}"r:r =umﬂh that thisse stroctures will be
vitlnerable to stress and brauma.

Thi= harmse haz evolved from a three- b foar-toed, -dn-ErI.i!-:r ani-
mal into the large animal taking its weight on one digit that we
recopnise woday, The central digit is encased in a hoof while the
puter toes ane reduced ko vestigial appendages that no longer
ceach tw ground, This arrangement adds o the horse’s ability
bo rum fast,

Tendons, tormied from dense connective tissue, attach muscle te
bem. Their function is to harness the pall frem muscle contrac-
tion that brings about mevement. They arg less clastic than mus-
EI.E f‘lb’l‘ﬂ Il.l.'l.d J'I.ﬂ'l:'l! a Fﬂﬂr HDI:HJ II.I.FF'!:r’_. WI'I.'HZI'I I'DE}I' I1.I'||'I'.' i -I'.'.H:E'Et

Important tendons found within the lower leg (Fy 169
it e

o Dpep digilal Tevor lendon puns from the deep digital flexor
mscle down the back of the lonb, over the canmon booe
and the prosimal and distal sesamolds, [Lattaches bo the
thind phalanx (P3 or the pedal bonel Tts functon s b flex
Ehe Boe,

= Swperficin digital Rexor fewdon rons from the superficial digilal
flexwor musche down the back of the lmb, passes over the
cannon boene and provimal sesamaids and then splits into
twai with one branch attaching to Pl and the other o P2
Its functivm is te fex the pastern joint

Ruptura of either the deep digeal flexor or the supericial digtal
flexor tendons may be disastrous. The chnical spns indude a nsing of
the tos and o dropping of the fetiock joint.

= Cormmon digitel extersor temdimn runs from the common digital
pxtensor muscle down the front of the limb cver the canmon
bone and inserts on P, 2 and 3. Iks functien is to extend the
prastern joant and e tos,

#  Lateral digilal evlersor bewdog lies on the lateral side of the
cormon digitel extensos tendon, running down the limb over
thes cannon bone and attaching te P11 function i to assist in
the extension of the pastern joint

Ligaments attach bone o bone and are similar o serscture o

terdons, They ame relatively less elastic than tendons and,

bBecause they also have a poors blood supply, healing may kake

4 long time.
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Fig. | 6.8 Supedfionl rusces of the horse. (With permssan fram KM Dhes, WO Sack CJG Wensimg, X000 | esthaok o
vibernary anstorty. 3ed-edn. Phiadelphia Pac W Saunders, po 37

Table 16.1 Important muscles of the horse

Muscle Action Origin Insertion
Brachiocephalicus.  Movement of head sl nede. Prorscts  Wing of atlas ifirst cervical vertebra)  Humerus and shaulder
ook and sapends shouldee :
Starmacephakcus ’Hnm of kead and nisck foreards Stermum Mandible
1l derwaeimnds '
Ahombaidous Radees shoulider Fluchnl kgamene and ancipial bens ZScopular (carilagn ar progimal end)
Spl=ar Elevates and feves the neck Behind the poll {at the bas= af the Begmning of the traperus muscle (start
£ ] af thomoc verebras)
Trapegic Elevazas and mpwves shouldar Opcigital Bong, last carvical vartohra Lpine of the scapula
(7 ared fiest | D thoracie vertebrss
FTI)
Langissimis darsi Fleoes the back and trunk, supparis the  Bium, saomum and thordc veriebrae Thoracic vertsbrae. last few cervical
head ard reck {sappores the nder's '-u_td:ltEEI—i"J, bmbar vertsbrms and
. o :
Lagkssinmes dorsi Bapraces Sarelimb: mnd flises dhoulder Thoracic ard lurier wartabeme Humear.e:

Coindiaied
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_Table 14.1 Important muscles of the horse—cont'd.

Muscle Action Origin Insertion
Crefiaid Ahducty forelimb, Neskes shouldesr Spin= of scapula Fromamal humenus
Prtraal :\“Tm;srd reeracas Tordlimb, nbducis Ctarriim Hurmwiis ared :a-:npt.h
Supraspinat.s Eatends forelimb Scapular spine and cartfage Frosamal humenss, point of shoulder
bnfraspinas Ahducts and rotstas Torelimby Eeapula, cadi mepect Hurriiiy
Triceps Eutendk elbow Soapula and humenas Ciscranon process of the Uim
Superficial ;Iumlk Fless and eerands fip, Fl.ﬂ: hidree] Firea Tuber cosas of the pelis Premirnad end of cthe femur
tepsards the bedy
Bip=ps fermons Extends the bip, Tlexes the shfie and Sacrodiac |pint and tuber ischis of the Femur; pasela and prosimal ok
extends the hack ek
Laminendineaas Expanck cha b, Tlees the sofle pnd Tubws ischii o tha pdid Proirnal ibia
extends the bock
Semimembranosus Extends the fap and flexes the sbfle Fedars Chstal f=mur and tibia
CiasIrPsonerg Fleeizes she stifle anel esgends the hock Fernur Hestk

= Suspensory [gamend, a very important structure, is often
referred to s & modified muscle, bocaase it is slightly more
lastic than othar lignments and tendons doe o the presenco of
some musche tissue. The suspensory ligament runs down the
barck of the limb close bo the cannon bore: to the level of the
proximal sesamapids, wherne it splits into teea, The bvo bramches

Carpal check
Large meecacarpal
{eannon bane) i
Gmall zal
{splnt bane) Stk parrkery |ipamest
mTaTundm Deep digial fmoar
senden (DOFT)
Laterad digral Suparficial dgitd

exERnEar twiden

Fatiaen joms Annubir ligament
First phadams

ka
Lng priear) Bromch of suspensary

ligmiant

Pastern joint
Secand phalsns
{short pastesmj
Coffin jont

Dadtal psirmicid
Third {diszal} {rarvicular)
phabin (pedal

Leanin)

Fig. 167 Lol view of the lower foreimb thowing bores. joinis
terchans ard |igameants,

run gither side of the fetlock joint (metacerpophalomgel joint)
b the front of the limb, connecting with the extensor tendon
at the level of P1(Fig. 1659 The function of the ligament is to
support and suspend the fetlnck and prevent over-extension,

* Metial patelln Ygmments origanate from the tibial tuberosity ad
conniesct fr the medial border of the patella. This is a crucial
component in the stay apparahes required to lock the equine
stifle while resting,

Uperard Azation of the patella |5 o rmedhanieal copditian
i ehe redial patela lgament, The lim beoormes locked In
exterdion and the gatert demonstrates lameness in the

affecred limb,

= Cheok Hgameents! There are several im both the fore- and hind
Limbr, Thasy are;
o Carpal check figament
o Radial check ligament
o Tarsal check Ligament
Chesck lzaments comiwct ligament bo tendomn and thelr function is
b prevent sirain or over-extensien of te joint, The carpal check
ligamnel Hes just below the carpus and attaches the deep
digital flexer tendon to the suspensary lignment, which in
turn is attached tothe back of the cargmas (Fig, 1650, Thae fersal
ofeck Fgament pocuples a similar position an the tarsuas, The
radal check figamar! lies higher up the forelimb on the back of
the: distal mdias,
The ligaments and terddens in the loaver fore- and hind limbs
work in conjunction with a varety of muscles wform the suspen-
sory apparaius (Fig 1610} The hinction of the suspensary appa-
ratus is to suppoert and suspend the limb and fetlock joint and
prevent over-sctension and colia of the limb. [t conzists of
theer suspensory, afersestmimidea, coflaterl seammoidean and distal
sesarmidsin ligaments, which are attached to the proximal
sesamnoigd baores,
In additien, the suspensory apparatus also contributes o
the sfay apparilics. The stay apparatus involves the coordination
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Fig, 16,00 The stay apparabus snd suspensory apparatus of the hind g (Woh permesson from W Aspeall, 2006 The
corrplele texibaok of veterinary nursng London: Butterwarth Henemann, g, 141.)

of vardous muscles, ligaments and tendons in both the fore- and
hind limbs, which locks the limbs and jeints Inlo positon,
enabling the hosse o rest and sleep bn a standing position.
The stifle joint of ore Hmb becomes fully locked when most
of the body weight is taken by that limb; the oher resis on
the oo of the heof This conserves energy, bul every few
Frimicles thie horse will shift s weighit to the other limb whon
the musches begin to tire, This frait is unique to the horse and
has evolved because, as a prey animal, the wilkd herse muost
be able to make @ rapid escape from predators but still masst
be able toorest, Lying down to slecp would make it more vulner-
able fo attack.

Structure of the foot and hoof

The equine foot 1= 8 comples and important stosciuare. Thene
5 a4 saving within the equine industry: ‘No feot no horse’,
maning that if the foot is injured the horse will not be
able to woek and there will be ne point in keeping it
Knowledge of the anatomy of the foot and iks care is extremely
impuortant.

External structures

The invbernal structures of the fool are strrounded by a protective

externil capsule called the o (Fig, 1611% This is a tough outer

covering of epidermal fissue knewn as born, which is insensilive
and overlics the sensitive dermis, The insensitivity of hom
enables domesticated horses bo have thelr feel trimmed regularly
and to wanr shoes held in place by pails knocked into the wall of
the hosf. The hoof prvvides grip, absorbs concussion and pro-
miotes circulation.

Tt consists of the following parts:

# Frog s a small, nangular wedge that plays an important role
in bbeecd ciroulation, abserption of concussion and o a cerfain
extent grip.

¢ S should be concave in shape and support and protect the
structires within the fook The thickmeas of the sole vares

From horse to horse but generally the hoen of the sole is less
thick than the hom of the hoot wall and s theeefore
susveptible o bruising.

= fFuills of beel are located at the back of the foot and
wark with the frog and sole e assist with circulation
and expansion of the foot whaen it makes contact with
thie groaamid

& LSeil rl_fd:lm i= the F-m'n!:un theer sede where the bars make
an angle with the wall of the hoof {Fig. 16110}

® Hirs allow for expansion of the foot amd provide strengti,

= Coperel o coromary farnd s the point from which the horm
tissue grows and extends. Hom can take 912 monihs to
grow down from the coronet Lo the tp of the toe on the
grownd surinoe, The bood wall is slightly thicker al the oo
tham the hieed,

= Wiile e marks the boundary bebween the internal and
external structures of the food. The white line is used as a
guide by the farrier when nailing shoes onbo the hoet. 1t is
sensitive and, if it iz penetrated or pinched by an incorrectly
positioned nail, the borse will become bme,

= Pertape forms an ouler layer o protect the hoof and mainkain
risture kevels, which prevent the hoof froam becoming dry
andd brattle,

Internal structures

Insidie the hoed are the mrore sensitive Gssues [Fig 16.01), These

consist of

= fones running from the proximal end te the ground swriace
are the short pastern or second phalans, the pedal bone or
third phalane, and the navicular bone or distal sesameid
(Fig. 16.11A):

. ﬂ[gildn' rushir ix 3 wedpe-s structare that sits just
above the frog and fills the space above the heel of the foot
[Fig W10 It assists with the absorption of concussion
and encourages circulation around the tissises of the
Fowt ard fovees loml every Bime the foot impacts wikh

the ground.
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Fig. 16011 Farts of the equne faol (A) Lateral viewt ol the dstal par af the foretmb. (B) Dssected view ol the reationships of the hoof to
the underipng regons of the carum. {ﬂ] W eghtteerng srace. [Wih permession from 'Y Asginall, 2008 The complete testbook of vebermary

ruiang. Lendore Butiewarth-Henemann, p, 134))

& Laleral eartileges are bwo curved discs of cartilage attached o
th F'El:l.HJ bone that can be felt :i'u.'ll: abiorve the coronet band.
They work with the digital cushion b asist with the
circulation in the foot and to absorb shock. In ywounger horses
the cartilages are highly fexible but as the horse ages they
become moee fibrows. In cases of extreme trauma and
Frnll:mEm:E COHTC 1SS0 I]'rr."_g,' muy l;dl.—il"_'lr_, c.uuui.ng l:rrd:!]r:'uu
witth o ruoes.

= Cornn ks confinuoss with the skin of the lower leg at the
coromed amd is the sensitive modified vascular dermis of the
feot, which 15 mamed according s the insersitive parks of fhe
b that it underruns (Fig. 16118k
o Permaic conem supplics the peropie with nuirients,

o Corvary ot produces and nourishes the hood wall,

o Loty coviums consists of the sensitive laminae atached wo
the pericsbewm of the pedal bone. These interbsck with the
inzensitive laminae of the hoof wall. It supports the pedal
bone and therefore the weight of the horse,

Lardinktis & & painful inflareenanny condion affac g dhe liminae of
the haal |t B most cammanle dsocated with cvepsaight ponies b
cai affect amy age oF sex oF Ay horse of pony. The patent will be
unilling ro move and the affected boowes will fiesl hae o0 tomch 1€ |5
theaight to ke associpted with feeding axcess starch sudh as cooues in
bush spring grass or in feeding begh levels of grain, Treasmart ndudes
alrering the diet, reducing tha patiere’s diary immke by keeping itina
sabile during the day [starvation mast be secidad hacase ths may
ez to hyparpaemiz), theuss of aralgesics. severcly reducad exercise
and hosng the hoowves with cokd nunning water to pase the pain. in the
worst cases the pedal bone may drop ar romte dowmsards and the
hoof ray fall off w5 the ataching laminae break up

o e creduen attaches the sole of the pedal bone o the bomy
sl of the foot.

o Frag corion provides nounshment bo the digital cushion
and functions with the frog.
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Fig, 18,11 The gsts ol the horse, (A) Walke (BY Trot PC) Gallog, (D) Cardes

Locomotion

The sequeence in which a horse 1ifts its foeet from the ground i=
described as being its guil, There are three main types of gait,
witich define the speed at which the herse moves {Fig 16.12)

o Wall is the slowest gait, daring which 2ach foot comes down
separately and weight is taken equally on all four feet, which
are litbed o at a fame.

¢ Trot: The body is altemately balanced on diagonally epposite
foot {ie., ekt foretoot with n'Eh:l: hind foot and r'nghl: forefoot
wiith Left lird Foot).

¥ Gallap: During a gallop there & a flaafing ploze inowhich aone
of the feel ane on the ground and they are gathered under the
body. When the horse s galloping there are never maore than
twoo begs on the ground at the same time, A cfefer s a slower
form of the gallop in which both hind feet are sl on the
ground when the fiest fonefoel returns w0 the greund.

The nervous system

The nervous system of the horse responds bo external and imber-
nal stimuli and works closely with the other body systems, par-
ticularly the endocrine system. 0 maintain homaoenstasis witfin
the body.

The structure and firnction of the mervoas E:ll":‘szm, which s
largd}r thie samie as that in the :t‘ng and cat, can be broken down
inibe several component parks:

s Brgdie housed within the erandum of the skull

e Syl comils housed within the central canal of the vertebrae

s Periphieral werves: located throughout the body tissues
extending by the perpheral and distal anatomy

For further details of mervouwss sysbem structune and buncbon, see

Chapler 5,

The special senses

The harse is an animal of Bight, relyving heavily on all its senses o
sarvive. The special senses are closely linked to tvwe behavioural
remponses and it is impertant to remember that oo amount of
tradning can remove the natural flight response, which makes
the horse a volabile patient to handle and nurse.

The ear

The ear i an important argan of the body, which enables the ani-
mal to hear and provides it with the sensation of balance, Tha
arjgan is divided inte external, mddle and inner parts, The exer-
nal and middle sections are responsible fer twe collection ansd
transmission of seund waves to the inner eor, which transforms
them into nemee impuf::ﬂ.h: bcinl:-nrplrhn:l !:!_l,.' the brain. The mid-
dle andd inner ear are enclosed within the em | bosne B
skl aswd vmly the pinaa and theexternal partof the auditory canal
are actually visible, The pinna or ear flap is triamgular and colled
distally into a funnel shape. Inthe horse it s quibe mobtle and can
B turmed in the direction of sounds. T alo plays an imgsorkant
part in the facial expression of te andmal, allowing the veterinary
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piurse 0 understared the behoviowral snd emotional state of the
patient and predict any pespemse B0 exlernal stimali,

The guifarm pouch les within the skull of the horse and s a
thin mucosal capdoventeal pocket or diverticulum of the Ewsta-
chian (auditory} tube that connects the nasopharynx to the mid-
dle ear, There is one poech on each side of the head and coch may
be foand between the base of the skull and the atlas (C1) and the
pharynx and the beginning of the ocsophagus. There are many
important structumes that lie very dose to the guttural pouch,
inclzding the carofid artery and cranial Aerves IX, X, X and X1

Guttural peuch disease. Repubr endoscopy of the guttural
pouches & recoonmended o check their bealth and that the vizal
structures bring close to these deficate seructures are not being
dermaged by infection. Conditions of the puttural pouches incude
ermpypema (pus-filled), tympary (air-flled and dstended), mpcos:
(huingal irfection snd neoplatia sich as mefanamata, Strapgles faised
by Strepiocnrcis sqin el may o imvelve the guttural poaiches,

The eye

The eye is thie organ of sis:hf lesebed writhin the orbiatak cavity of
the ehkull and nuppl':-ud: h}' the optic nerve (1), which carries nerve
ir.rr:|'.||.|.|5ﬁ g:u;-.rwnl.‘rd 'b:r' Eigh'r riys tov the braim, In the horse the
eveball s compressed from frone B Back and s wider than it
i high. It is proportionally larger in relation o it size than the
cye of other ;Fecir.'ﬂ. Ench l:'_'.rd:!.ﬂu 15 Pn.'uﬂ.in.:'nl: and its |'|i.5h
up on the side of the bead, a position alse seen in other prey ani-
mials such as the eabbit and the sheep. This gives the horse 4 wide
eange of monocular vision and allows it b put i head down o
eat while keeping watch for predatoss (Fig. 16.13), There is only a

Blind spot

arraw ramge of 33
ar Brostular wisien

Fig. 18,13 Range of visen seen in the hoose,

amall area of binocular or 30 vsion in front of the bead, whach

bl

Noaws thie horse o judge distances, butb this i further redeced by

thar size and shape of the mweele

Thee basic struciure af the oy =3 similar bo that inothe dog and

cat, with the following differences:

The comnea is relatively small and oval,

The choreid containe a tapetum hucidum that les dorsal tothe
npte dise and = Bluish green in colour

The ciliary musche, which i nesponsible for albercing the
shape of the lens o focus images oot reting, 5 poorly
devetoped and weak, which meams that the equine lens s
wieabbe o accommodabe as efficiently as those of the dog amd
the cat.

The iris is gemerally dark brown and the pupil within it 5 a
horizontal eval shape but becomes more rounded as it
contracts, Mewbom foals have a rounded pupil,

O the miargins of the inis, particelarly on the upper part, there
i a curly, faneshaped structure called the corpora nigra.
witich is thought to provide additional shading for the nefina
o Jimeit thies en try iod Eigh'r.

The retina is often described as being a ranp reting, The
mmprr.-.:.-:r:d sh.npe af the |:'_1_,'L-b:t|! miears Huat all F.url:i i Hhe
reting are sl equidistant from the lens. The upper or dorsal part
of the peting (& farther away and & used for near vision, whle
the lower or ventral part 8 cloger o thae lens ancd 8 wsed for tar
vision. This makes up for the weakness of the clbiary muscle,

Tl pesivion of the syas on the hopd, the compressed hips of the
epabigll ard thewaskomess of the cllary moscles means thae tha barse
does notk locate and fodus images an the reting 35 readly 35 some
predator speckes. This 15 not 8 problem for a prey speckes tat doss
notneed 1o canch s fodd; however, when @ horse s being rigden and
& expecied o jump chymcles a1 spoed it rust be allownd 1o 500 tha
chstacln from a distanca using it bnooular Tacling s it pees closar to
ﬂm’-urnp, e jump goes ot off fociss and it kas to ramamibsr the
details: K then has to adjust tho carrape of s head to locate the
image an the appropriats part of is recna determined by its distance
from the jump, This raplairs why 2 horse may move ies head upand
down 25 it approachss the ump.

The blood vascular system

Az in the d.-;.'ﬁ.nnd cat, the biood vascular :].'ul:vl..-m is divided inkes
fosiir mgdn parks:

Blongd is very similar in struchure and function, although the
diagnestic paramebers, which are bevond the remitof this tev,
ire different

Meanatal Boerythralysis. This & 2 bload condition affecting
necnztal foals, The mateenal entizadies ransferred wa the coloserum
amack the foal's erpthrocytes and cause anaemia and jaurdice. In
sewere ises Bhis miy Pesult in the foal's death, A Blood mransfusion
iy be necestiary nnd 3 gelding may ba uied as the blood donar,

The hewrt is an ieregrular, laterally compressed cone with the
larger part Iving on the left of centre of the mediastinum and
thoracie cavity. The sk vares with the slze of the horse sl
its fubion; thee beack of a oroughbeed i Lagger than thatof o
draft horse This is aresult partly of inheribance and partly of



trauning, but it may affect the arrangement of the organs
arvound it The hearl wsunlly extends from the second o the
sixth inbercostal space. Aparl from ils slze there = litde o
distimguish it Froem the canime or feline hoart,

The most commen arhythmia of $he horse & mtmal Forllssan, which &
ChArEEnEed by an o s resnng et el HorEes didgniced wih Ths
canditicn mey be brought beck to norma sime dythm by the use of

aquanidire: sulphatg

o Cireploding ensures 8 conbineous flione of Blood boall the body
colls to deliver nutrients and exygen and to remove waste
Frudu:h:. It :nmp-r'eu::- Ty vessals, some of which have
more climical :iEni:I"im"u:e for this veberinary nurss tham others
but all plaving an tmportant park in the supply of the animal

Pdareral heart i i Ther hoese ranges Tror LS 1o 4 beats per rringEe
ot rest

T horeis able 1o incnease: the mie -t 2300240 heats per rmimmo
AR e SNERTHE.

Pai'ge st is mensured by applying pende digital pressures 1o the foood ormery
i I s upvegrdh: ot eny gned. i rostrdl B the angle of the e

Venenincture & achicved by usng the lage extemd jupdar ven 2= itrums
dureent The marck: Ths can b rabsed By ood ding ot in-the sentral part of the
o prooye

o The lpmphatic spstom s responsible for reluming exoess Hssue
flusd im the foimm of by ovpd from the ssues to the decalatboe, Tt
also meonitors the presence of any forelgn materal in the
bymph by passing it throogh the lymph nodes scatbered abang
the course of the lvmphatic vessel= Some superficial lvmplh
modes can be palpated as a part of a noemal health check, The
parntid fymph rodies are not wsually palpablo but there an
numeres rardiiela nodes arranged inoa frward-pointing W
and lying within the imtermandibular space. The
redropiergrgenl wodes are arranged in groups within the
pharyngeal wall and drain all stroctures within the upper part
of the head. In cases of equine strangles, abscessation of these
noches may lead o inbection of the guttural pouches.

The respiratory system

The respiratory system provides the structure and mechanism
for ouymen within atmospheric air to be taken into the lungs
for effective gaseous exchange and for carbon dioxide produeced
dur]ng ol] metabolism 'h;:-b::t.-xpr_"lkld' wial thie Iung.::. T'hl_-p.ﬂrn: ot
thi= system are similar to those in the dog and cat

The muzzke of the horse is large but the two mesal chamiers
within arc much bess upﬂl:i.mu than m:iEhr. b m-:l:l-m;l:cd,, ms the
reseree parh of Hwe cheek tosth and the extensive F\I!T.l.ﬂ.H-‘.lI.
ginnses oocupy a considerable amournt of space. Air passes mbo
the chambers via twio fange flexible nostrils or exlernal mares,
which are able to dilate during perods of extreme exercise o
imcrease the volumeof inspiced air. The alar Gl forms the ventral
miargin of each nostril while the dossal margin leads intoablind-
ending pouch calbed the false aosinl, Each nazal chamber contains
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dorsal and ventral sioiwdidnaies or covchine, which are delicabe,
colted bomes coverod by nasal muoosa. The ethmoturbinates
vearmn, filter and humidify fhe air before it reaches e trachea
and are importont in the detection of smell, The right and left
nmasal chambers extend caudally and communicate with the
pharynx, The rostral part of each nasal chamber is divided into
three arens called the dorsal, midithe amd eenfon! meains

Ethmoidal hasmatomata may deskog n the sthmoturbivats
region. These lesdores affect the perdormenos of the hors and ane
uaisly accompanied by & rasal discharge ard respiratory nojse
They may be remaved wirgcally ar by laser ablaton va the
frostomaxilary opning,

Thee ead of th horso has an extensive system of ale-filled par-
wawal simuses, which cornmunicate with the nazal chambers, Their
Furction is to warm, flber and Bomidify the mepined air but they
al=o help to reduce the weight of the skull. They consest of
® Frontal gis lies in the dersal part of the skull medial to the

orbit, There is an opening mto the maxillary sinuses via the

Sropfomarilfary opeeiry i the floor of the sinus,

& Thm Jrrnlrl'll'rr@' Sl LS OCCUpY A Iargl: prl:lp:rrtil:u'l of the upper
jawr, The caudal cheek teeth are embedded within them. There
iz o natural slit-like metoraailory opeiy into the middbe
meatus of the nasal charmber.

Sinusitis. The sews system of the head is susceptide to irfection,
which may spred from ghe nasal chambers or from teoth sbsoeses,
Under normal ciroimatances the siuses shoild deain fresly e one
another ard then irto the rasel chambers bue if infected they may
bacame fillad with dischargs and drainage andSor irrkzarion miy
e pacescary. Acoass o the roote of the teeth may also be gained
through the approprate sinus.

Thez: size of the maalery anuses thanges 2= the horss apex They
eriange conskdarshly aftar Hith i chesd teath 'erupt. This proces:
corinues 2 the terth migrzte forwards and come o wear,

The pletrpiny s divided into three parts:

s Masopharyay is located at the caudal part of the nasal cavity
above fhe soft palate, The epenings b the guitumnl pooches
are in the lateral walls,

* Oropharyny is located at the caudal part of the oral caviey
belmy the soft palate

L r.drll.lr.ll!:_"n-r:l.lmr!,m:r e feenads from the ﬂrupha!}rn:-: to ﬂu_*i,'g;lming
ot the oesophagas,

Thie feryrex in the horse is an imporiant stracture that often fails to

function normally (laryngeal hemiplegia) during exercise, neces-

sitating surgical intervention in the performonce horse. This
structure forms the opening for the trachea, The laryox 5 com-
prised of four cartilages, which form a dgid, box-lke struchure:

s Epiglolliz a flap lving on the rostral part of the lacynx that
covers the glottis and controls the Bow of gases inko the
resplratoey tracl

= A pair of aryfeneid carfilages

= Cricoud rarlilnge: forms the ventral Floor

L ﬂ.lymf:! mrh'ﬂuwr:
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The larynx = suspended froan the skull by the bupedd auparaius,
wihich albowes it b0 swing backwards and forwards during respi-
raliom and swallowing. Within the lumen of the larynx are tho
ool folds, widch are the edges of the mucosal outposchings
knowm as the lateral ventriclos,

Laryngeal hamdpkegia This is useally lefr-sded and may ooour 0
somes larger horses. Afected anmals may berefermed to as 'roarars’,
a5 theey produce 3 sarident nolsa atinspiramon. The scard is produacod
hrﬂmpaﬂizanilr e the passive wocal folds, which resuls from
paratysis of cortain muscles. I left untreated, zir flow nto the
respiratary tract is affeced, which may affect the performance of tha
kearse Treatrment, 2% in the dop, is by means of a fie-back, Qid-
fashioned dlbermatives induded averson ard extscn of the affected
lateral ventride by mears of an op=ration Enownas & Hobday after
Sir Willam Hobday, who pioneered the technigue.

The lower respiratory fract, comprising the trachea, bromchi
ard lung lssue, s slmilar mostrectuee and function 1o that o
the dogy amd cab

The digestive system

The horse is a herbivorons prey ﬂFnriru and miust be able to take
ﬂlghi: at any msment. The wald horse evolved o roam over |ar;;,_';=
aress in search of food, which largely comprised poor-quality
flbrous vegetation that would be eaten constantly and digested
sleawly. The anotomy and physiology of the digestive ract
(Fiz. 1614 reflects both these fundamental facts and bears sim-
ilaraty o et of the rabbit. Other hedbivorows species inelude
cattle and sheep and thelr digestive tracts are desceibed in

Fig, 16,04 |stersd wiews o4 the aguna

digestive fract (WVith pesrrisian fnom W Aingl
A0, The caompise iextbook of veterinary pursing.
Lerdon: Butterwaorth-Hefrernann, p, 145]

Chapter 17, The paris of the tract are similar g0 Hhose of the
dog and cat; howewer, the act is propovtionally much longer,
because fibre takes bonger 10 break dowen, The horse ks classed
as a hindgut ferreenter, meaning ead the cacoum and colon
are adapted to provide & chamber in which micnobdal fermenta-
tion of food takes place

The oral cavity

The muzzle and lips of the horae are highly mobile and sensitive,
The whiskers located around the muzzle area are used o feel for
and assisd im the selection of suitable vegetation. The lips ane then
s to gather the food inte the horse's mouth ready for masti-
catwm, The tongue is long and very supple: [te upper surface is
covered in a velvet-like layer of delicate papiliae. The larger
papillac wsed for detection of taste are fewer in nomber than
in carmivones.

Dentition

The dentiton of the horse 1= clearly adapied w the mochanical

breakdeswn of fibre, The horse has large, (lal “table” toeth and a

huge mandibke that plays a major rele in mastication. The tem-

porcmandibular joint has & motational movement, which allowes
the teeth to grind the food between them.
Hexrsers have fweo sets of teeth during their lifetimes;

& Dlecidpoas or ol fevtic are 24 inctodal angd are gmdu:ﬁl'_l.r
discarded over the first five years of Hife.

* Perautieni dezil begin fo erupt from the age of 23 years. The
fudb st will be fully erupted amd “in wear” by the age of 6 vears
iFig. 16.15) The adult horse has between 36 and 44 teeth; the
tobul number depends on the sex of the indivedual,

Lrver Splesn  Large  Smal

calan  infaitin
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Upper jaw

Fig. 1815 Teeth nibe upperand iower|aw ofa +-pear-oidhorse. (Wyith
permnssen from VoAspingl, 2006, The cormplets textbock of wetennary
nursing. Londong Butteresorth- Hainervarm, p, 136

Diental tormaula for the aduft male horse (with no wolf teethie

[I/3.C171, PM3 /3. M3,3] « 2=40.
Drenbal formula for the adulk female (wath o wolf feeth):

(13,300, P33, M3 /3] < 2 =38,
The tooth bvpes are;

® [Inciors are located at thee rostral end of the upper and lowcr
jaw amd are responsible for cutting grass as it is taken into the
miuth. There are 12 incizore — six i ench jaw — whidh ang
ml:-uﬁuri.wd :bm.'-n:iins o thewsir pnui.ﬁl:m as centrals, laberals and
COHTITS l!]":ip;. 16.15).

¢ Cupiires are rudimentary teeth and often Fail o eruptin mares,
althenagh they may develop in Z5%. In stallions these tashie
develop at around the age of 5 years and cnse no problem.
They erupt in the space, known as the dinsfeon, between the
incisors and check teeth, closer o the comer inclsors than o
the premolars {Fig. 1615}

*  Premoloes ard mnders (cheek teeth) are fattered toeth primarily
wzed For chewing and grinding up the foed into particles
small emovagh to swallow, In each jaw there are six premiciars
and =ix mdars, In addition, eelf feetit (Fig, 16015 may develop
at between 18 months and 5 years of age, These are small,
vestigial teeth that develop in front of the premolars, wsually
in the upper jaw but spmetimes in both the upper and lower
_i.:w:. '.I‘hc-].- areotten removed becanse I:i':q- Can CaLse p:lin and
interterence with the bit.

Equme tewsth are desacribed 2= '!!I.I'I.E .IJ_Ill'iI.IM'!I:IHfJL_ H1m.r do not have

a |:!:|I'|!"I' of enamal owver the top or woclusal surface. The enamel

casing of the sides s folded, which increases the amountof kard,

wiearable matedal. During life the enamel and the softer dentine
provide an effickent grnding surtace, which wears down & the
beeth grow and the animal ages. These charmges ave desceibed var-
boviasly as marks, stars and grooves and they canm be used o glve

S I}tndn
,_.f‘::'rr"r - —-EIm:dqt_/ :

Drenone -

El:n.n:hr?l - # g | T b s

danting - ki i yEars ol age - x Irvluimd ik

2 0 yenrs af
Pulp cavity * - \
/ == Enamnel
(A} ————a | yrars of age =

[hental wear
{pudp ity
{pulp cardity)

Fig: 1614 [.A.] Longiudinal sechan through an inclsor tooth

{B) Cross-sechions ndcats the ppeamnce of the ooclusal surfacs
as the tooth wears down, (With permrission fom W Aspratl, 3004,
The compiete textbook of veterirary nursng, London:
Butterscrth-FHeirerramn, po | 35

an indication of the age of an individual horse, although this
should never be considered cnhn'l}- Accuraie -I_[':IE. 1 16). Each
tooth has a huge crown reserve, which enables all the teeth o
grow comtimmmsty while the eochisal surfaces are worn down
by e much as 2-5 mm a year by the mastication process.

While in the mouth, the food umlxr.'d: with saliva to lubricabe
ard stick the food together to form ik inte & belus. The bolus is
formed os the food particles are chewed by the molar teeth
and movement of the tongue around and against the hard palate.
Cinee sufficiently mastbcated the Bolis s passed o thie back of the
mgaith, towards the throat ready fog swallowing. The process of
swallowing invelves the dsing of the soft palate b allow the
bodus b travel lewards and threugh the pharymg; the epiglotts
then ¢loses over the traches toprevont any focd items from ealer-
ing the lungs and causing the horse 10 choke, The Bolus then
bopins k= joumey to the stomach via the eesophagus

Oesophagus

The oesophagus is a mascular fube that extends from the throat o
the hoese's stormach, passing through the thoracic cavity amd the
diaphragm; its length will vary in relation to the size of the horse,
the average being 1.5 m. The bolos is pushed along the oesopha-
s by s wave of muscular contraction known as peristalsis,

Stomach

The stemach (Fig, 16.17) of the horse is described as being simple
and iz similar to that of the cat, dog and rabbit bat verny different
from the compound stomach of ruminants (e, oows and
:J'H.'L'-p}. 'L'?iE,Lal.'nq_:n, a4 in the :in-E and cat, 1% .lrn:'.lr:law.drl‘:.

The buprse has evilved as a trickde feeder, ﬂahng tittle amd often.
Thestomach is relatively small in comparison feo the size of the ani-
mal, kolding 7-14 1, and & approximately the sime of a rugby ball
when empty. Food passes from the cesopbagus inbo the stomach
via the cardiac sphincter, which prevents food from being nenar-
gitoted Aoy ingested foxice are difficult bo get nd of and often
poss through the whole system and they may be responsible For
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Fig. 1617 Diagammatc represertation of the equne digestive tract (With permission from V' Aspinall, 2004 The complete

tewtbook of weternary nusng. London: Butterworth Hesnerrarn, p. 143

inducing oolic, which is potentially life-threatening, The stemach
empties when it is two-thirds full so foed spends a relatively short
amount of time here, resulfing in minimal digestion, Food passes
frovm the shomach Ii'l.rm,t:h thiz prloric sphincter into the =mall
imbesstine and is now refernad ooas chyme.

Small intestine

The small intestine s divided bobe three sections of varying
Length, although it is difficult bo bell whens each one ends and
thi next begins:

* Dhowdeawe: approvimately 1 m oin length

= [epiapn: approximately 30 m in lengih

e [l gpproximately .5 m in length

Th total lengrth may range from 2060 27 m depending upon thi
size of the horse, and the dinmetor ks st wider than that of an
average garden hose. The small intestine ends at the ileocaecal
junction. Digestion and absorption of soluble foodstufts ke
place within this area.

Large intestine
The large intestine sccounts for 655 of the volume: of the diges-
kive tract anc it i hese that microbial digestion of celludose {com-

plex carbohydrates) takes place (Fig. 1617} This eccurs mainly
i e caecum and cobon and the process is similar fo thot seen

in rabbits, Mammals are unable to produce the cnzymes neces-

sary b break down collulose found in plant material s they rely

on Hw]:rem of mi:rn:rshni:mh by ey i, The min:l'un.rE;n.inn:,
chmsisting mnin]}- of bacteria and , Are !-Fﬂl;iﬁl: ey thie
horse’s diet and horses are highty sensitive to dietary change,
which should abways be intsoduced gradually. Volatile Fatty
acids resulting frem the process are absorbed into the blood-
stream and wsed s CTETEY. In addition, microbial ljisﬂ'l‘.il:ﬂ.‘l aly
produces heat, which keeps the animal warmm.

The large intestine 5 divided inte three sections:

& Copcury I5 a large, sacculated, Blind-ending sac {(Fig. 1617}
runung along the venteal part of the abdomen. [t
approximately 1 m lomg and can hobd up b 35 Lof ingesta. The
miaterial contalns about A% witer but by the thme it reaches
the cobee about 30°% has been reabsorbed  through the
caecal walls,

*  Colan is where the majority of micrebial digestion coours. The
colon can be divided into:

a err;gn CIHOT 15 lppru-xi.m.ahnl}r im Jpns.und may corikain
up b 100 L {F:H. 'lﬁ.'t?}l. Eocd remains here for 3685 he
In order tov allpw thie organ bo sit :nml:nrl:tllz.l writhin
the abdoaninal cavity it is folded wp, givieg rise B0 for
distinct but comtinuous areas. The gl teinlrad colow runs
from the: Heocaecal function cranial ly owards the stemm,
where i mokes a turn at the steens] fenere and then
becomes the M7 porbeal colion. This runs back fowards



the pelvis and then rmakes another torn at the pelmic feeane,
Frorn here the Ioft doesal cofes runs back cramially towards
the diaphragm and turns again at the diaphrrgmatic fevire
bafore becoming the rigih dorsal calim, which then travels
acress the abdommen as the tronsmerse colon, These bends
can cause impaction of waste food materials, particularly
at the pelvic flexure, as at this point the dizmaeter is
dramatically reduced from 25 cm o aboat 5 om o while
undergaang a 1THF furm,

T dructie of e lrge colon 18 desgned Bo Show down the padsage
of food to presdde suffciert time for microbial digestion. This warks
weed for horses bapt oltsoe and eating grics but stabled Forses iy b fad
on a mmuch dner det and are urable o move around 23 ey, whech cn
kead o inpactions, particularty 5 the pe ke flesune. srd subsecperily oolic,

o Snrll colow leadds froms the transverse cobon and is equivalent
to the descending colon of the dog, Tt i narmpswer but is
simillar in length. Microbial digestion is of kess significance
but the passage of ingesta slows and hurther water is
absorbed giving rise o relatively dry faeoes.

& Rpctum continues on from the small colon and & a short
sborage area for freces, which acoumubate before passing out
of the anus. [is kength s approsimately 30 cm.

Although the micnoorganiems foled wehm the Geousm and colon prodce
aclded nutrerts such i arnino eohis; horses, untle ol hinckut
fermenters fuch 2 the rbit do not nomally practse coproph aga (eating
ther dar Dimced), Podk iry eal {he faeces ol adut borses bl 1hes s
probzblye an attenpt o colonse ther awn args intestines with
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The urinary system

The parts of the urinary systein of the horse are the same as those
imany cther mammal and the system carries out the same fune-
tions, playing an Important role in homeostazis by maintaining
water and electrolvie balance.

The kidney

The two kidmeys are located In the abdormen, ome on elther side of
the midline close to the diaphragm. The right kidney les ventral
tor thie Last B or three ribs and the first transverse process, The
beft kidmney lies caudal bothie vight and is bcated ventral to the last
rib and first two or three lumbar transverse processes, [ncomtrast
b otheer spacies, the kidneys ane not the same shaps, The right
kidney is heart=shaped while the left Kidney is miore bean-
shaped, Both kidneys are smooth in appearance with a deep
notch at the renal pelvis. Each kidney weighs approzimately
400608} g, depending upon the size of the horse.

lnhzrn:lll].' ach h:i.n:lnz}r showsa unip}lmm'idal ﬂmiEn'.l:h:]:}'r
amids of the midulla are fused o form one and Eheie n.]:!ie:.l,-'.l: are
fused ko form a common renal crest (Fig. 16.1E)

A ureter carries urine from each kidney to the bladder. Each
ureter is wide at its origin but narrows further down, The uretess
berd codally as they leave the kidnevs and follow a bwistiog
eourse over the dossal abdomen o resch the bladder wall close
b s meck.
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Fig- 1&. 18 Dol section though the squine kidreny, semi-sthematic.
{Radrwn from KM Dyoe, W0 Sade, O)G Wersing, 100 Textbook of
weterinary anatomy, 3rd edne Priladefphin, PA WE Saunders, o 542,

Ruptured bladder Durng foalng there s 2 rsk of ripturng the
bladder of the foal & 1 & defivered. The affecred foal will apoear
narmal afper birth but soon afterwards it will eease suckling and fail 1o
produee drine, Within 36 h the sbdomen distends and the feal may
suffer from respiratory distress. The defect must be repaired

surgicaly,

Urinalysis

Horses produce approximately 200 mL kg /day of urine. [t is usu-
ally pabe yellow in colour and may be chear or cloudy depending
ont the amount of caleium carbonate being excreted. The wrine is
misrinally alkaline {pH =9} because of the high potassbuim content

of fresh vegetadion. Skabled horses may produce urine with a
slightly laver pH.

Urlnary tract abstructbon, Ths may o<our inthe horseand Isa
result of calouli formed from calckim carbonate crystals. Afecred
irdividiuals may showw haernaneria after exercise. Diagnosh &
confirmed by rectal palpaton of the bladder or by ulrrasoncgraghy,
Thee calouli may e remosed urgically o In the mare this may e
done marealky,

The reproductive system

Male

The parts of the reproductive tract of the male horse or shallion
(Pl 16019 and it associated hormones are similar o those seen
in the male dog and cal.




Fig, 1619 The reproductvg orgars of the salion, (Pedrawn Trom KM
Crpce, WEE Sack, CJG Wensing, JO00R. Taxtbook of wederirary aniatormy,
Ird edn, Philadelphiz, P& WE Saunders, p. 561

Testis
In the normal stallion there are by lestes present within the scrp-
tum, which is licated between the hind legs (Fig. 146 1% They are
egg-shaped anad reach their full size of 8-12 cm atapproximately
2 years of age. Onoe the testes are mature they are responsible for
the production of spermatoesa (sperm) and of the male hormone
testosterone, Sperm are comducted from the testis up the epidid-
ymis and vas deferens during ejaculation and enter the urethra
just caudal o the meck of the bladder. They are then deposited
in the reproductive tract of the mare by the urethra running
within the penis.

The testes of the colt foal may ke present in the scrotum at
birth or Ty detcend within the ficst 2 weeks of Life

Accessory glands

The accessory glands are responsible for the production of sem-

inal fluid, whose function s to provide nourishment and an effi-

chent tramsport medium for the sperm. There are three sels of
glands:

= [Prosfafe partially soreounds the cramial end of the wrethra al s
puncticm with the neck of the Bladder. It secretes a clear fluid
that cleans the urethra ang newtralises the acidity of any
remaining urine prior o ejaculation. The prostatic secretions
make yup the bulk of the seminal fuid.

& Srminnd nesicies or oesicndor 1-gl'rrmi,:: ame a p::ir nf smooth-
surfaced, pear-shaped glands located on either side of the
bladder. Their fluid is introduced into the dsculate in the
same point at which the vasa deferentia enter the urethra,

= Bullvscrelera! giands are paired glands that lie just dossal to the
urethra as it passes over the ischial arch, leaves the pelvis
{Fig. 16.19) and becomes surrounded by erectile ssoe,
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Uearing hem

Wuhel lnbae

Fhg. 18.20 Dorsal vierw of the reproductve ergans of the mam
[Badrawn from EM Croe, WO Sade, CFS Wersing, 3002 Textbook af
weternney anatomy, Ard edn Phiadsiphia, PA: WB Saunders, p. 555,)

Penis

The penis is the male organ of copulation, which in the stallion
lies venbral b the abdominal ‘bvl:d].' wall betwesn the himd JEEH-
(Fig. 16,19} [t consists of cavernous erectile ssue surrpunding
the urethra and is supported by a pair of muscular crura that
attach it to the ischial arch. The glans penis or the free end has
a distinetive mushroom shape. The widest part or conona B somme
distance from the apex, through which the wrethra projects
within a ceniral fossa, The body of the penis i long and capable
of constderalde exlension. during erectiom, When nol erect the
pends ks housed within a prepuce for peolection. AL rest this is
throwen into mumerous folds, which allows for the erection of
the penis. There is no os penis in the stallion,

Female

The parts of the reproductive system of the female horse or omre
{Fig. 16,200 and their associated hormones are the same as those
in the female duE and cat.

Ovary
There are bwo ovaries, [ving one on either side of the midline in
ihe dorsal abdomen and venlral to the area of the fifth lumbar



verbebea, I companson bo other species, the ovaries of the mare
are quite latge — these of a lorger mare may be B-10om long
Although they are basically bean-shaped, fhe free border i
deeply indenbed 1o form an ‘ovalation fossa” from which the
mature folliclkes ovulate. The developing fellicles and corpora
futea develop deep within the ovarian tissue and are sursounded
by a vascubarised Layer, This means that they ane not particularly
prominent and may be difficult to identify by nectal palpation
The gvaries are largely inactive until the mare reachos sexual
maturity at asound 1-2 vears of age.

Granulosa cell tunnowrs are the most common type of ovanan
tumoiur and may affect any age of mare. They are usually benign, slms
prowing, unibatersl and secrete the harrmones inkibin andfor
testosterone. Chnical sgrs ndode irmegular or ek of an oestrous
cyde, stallion -fke behaviour, including aggressan and mounting other
miares, ard development of male characteristics such as 2 crested
ek and increased mustuler develspment

Literine tube

This is alzo referred to as the oviduct or Fallopian tube, There is
oame Jeading from each ovary o the utering hoem, O, wsan by
one-or two at a time, expelled from the ovarian follicles are ini-
Iia[lj.' cnughf b].' a ruru-u,-l-ﬂ'lnpr:rl rlr_;h.lr:l.n'JTn:.ll'J.urr on thie end of the
uterine tube. They then fravel down the tubes, which are aboat
Fmm in diameter and 10 om ong. Fertilisation gcours within the
uterine tubes and nn]:,.' fertilised owvn pas I‘hl.'\CH.I:Eh the wberatulb-
ular junchon. imbe the whenis; urtfertilised ova are reabsorbed.

Literus

The mare |5 uniparcus (natecally glves birth to ene foal at a timep
This is reflected in the shape of e wieras in iat it bas @ large body
and s short, divesgent olerine homes (Fig, 1020, Compare this
bo thie bicormuate uterus exhibited by multiparous or litter-bearing
species such as the dog, cat and rabbit (see Fig 116) The embrypo
will develop inanie of the horns and may migrate from ome hometo
the otiver up to the time it finally implants in the wierine wall ot
about 40 days. After this the developing foal will gradually occupy
space in the bady of the uherus as i grows,

Multiple pregnancies: The shape of the 2gure uterus means
that the mare & not adzpted to producing more than cne foal at

a time. i two ova are femilzed there is naufficient room for thems
bt e grow i Rull term, B ithe seteriany surgesn i able to palpate
bevor eimbryos per rectum, e or she will take ibeps to sbort one
of them to avoid the possble death of both foals later on

Cervix

The cervix ferms a tight, muscular sesl between the wberes and
the wagina that only relaxes during oestrus and paruniticon
The cervix is Tem in length and 4cm in diameter and when
soaled it plave a crucial mle in preventing wherine infoection,
Tha caudal part of the corvix projects inko the vagina and haz a
le e AppEArance that i= atheched IJ-_'!.-' thi i:'h..'mging hormeres of
the oestroas oyche.

Vagina
The vaging of the mare is an elastic, muscular tube 20-28cm
bomvg and approximately 15 e in diameter, The distal end s
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revegnised as the vestibule, marked by the urethral opening
at the cranmial end and the <litoris within the vulva at the
candal end

Vulva

This is the visual external part of the marg's reproductive tract.
The vulval lips situated just below the amus form a final soal o
thar tract. The clitoris is very prominent in mares in oestres

Mammary glands

The two mammary glands or udders of the mare are small and lie
oy thie ventral surtace of the caudal abdomen armd cranial part of
the pelvis, They may be hidden by the hindguarters. Each gland
has a singbe small, eylindrical teat and i covered in spamse hair,
The skin is wellsupplied with sebaceous and sweat glamds.

The oestrous cycle
The oeeset of sexanl maturiby in the mose occurs in e spring bol-
lowing her Bieth so there is a wide range of onset from 12 o
1B moaths of age. The mare s desenbed as being o boug-diy
hepeder, meaning that her reproductive cycle s switched on by
increasing howrs of daylight, which affect the hypothalamus of
the brain, which n turn begins 1o secrete the same controlling
hormanes that eocar in the cat and dog (see Chapter 111 The
brecding seascn mens from early spring o lake summer. In the
modern breeding industey the mare's oestrous oyele can be
mamipulated o start breeding much earlicr in the year. Within
tha brovding season the mara will have many parieds of cestrus
or receplivity to the sfallion and = theretore described as being
srvsirialiyy ;m-l'_mu-;frmm. The mare s also a .qmr:l'ﬂrrmu:: 4ll:1.|.'.|:|f-||r_|.l.'
she will pvulate without the stimules of mating and always at
approximately the same time of the oycle.

The csestrous c_'.-'rJr.- lask: 17-71 dn}-':... al Ii'u:ruEh SOITIE MAres may
have a f_!.ﬂ.‘JE that lasis a= ]nnﬁ as 35 dn._'.m-: there is individial
variakon.

During this period there are two distinet phases;

I. Cleafrus, often described a2 being “in season’ or ‘on heat', lasts
For approxmately 3-5 days, The mare is recephive o the
atallbon arsd will indicate this by ralstng her tall, standing with
her hind legs apart and squatiing, urinating more freguently,
and In the presence of a stallion or o “easer’ she will
rhythmically contract her valva and expose her dlitoris, which
is krown as “winking”. Crulation ocours during this phase,
uswally on the penultimate o last day

2 Dhimeslries lasts for 14-16 davs and duaring this phase the mare
iz non=receptive and behaves normally. Towards the end ot
dipestras new Follicles start o develop in the ovany and to
seereke the hormone cestrogen, When eestrogen in the Blood
reacties |'|.|.Ei1. enaugh levels to stimulate the |:||:'|1.1\'i:u1.:m|.:li5115
of oestrus, the mare progresscs mito oostrus nEa.in.

Dunnﬁ;'l:hc shorter d.:_'_r'|iE;|'|t busars of the winter months the oes-

romws i:_g,"clr.-.«: coase and the mare i descrbed as ]:H.'i.ng annedfrone.
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Domestic farm animals

For the purpeses of this chapter the teem “Farm animals" will be
taken bo mean those species of animal that are kept to provide
food or other products such as wool or leather, The term ‘domes-
tication’ redfers fo the process in which a species s altersd genet-
ically by generations of sclective breeding to accentuate
characteristics that are of benefit to humans. As a result the spe-
CLes ul;maﬂ}r becomaes clepcnl:ten! on humans and loses it .1|:|iJi.1:3.'
to survive in the wild.

The chapter will describe cattle, sheep and pigs and will high-
light the important differences inanafomy and physiology from
that of the dog or the homse. The domsestic fowl or hen, being a
bird, is coversd in Chapter 11 and the horse n I'.11.1|:|-1.|:'r 16,

Introduction

O the approsimately 15000 species of mammals and birds, onky
A are used as sources of tood and Feveer than 14 Specics cur-
n:nl:l.}" sccount for HP: of | livestock Prﬂdurﬁpn. Ik b=
thought that Hee first food animals bo have been domesticated
were sheep and this probably toek place in the Middle East
between W0 and 700 B, atter the domestication of the dog
and bong bofore that of the cat, The ovidence fhor this =
the discovery of lange numbers of bones of T-year-old sheep in
o seltlement in whal & now northern vag, Geats were dom-
caticated soom afterwards and these twospecies became the staple
food of the nomadic tribes because they are able bomove aeeund
im sparch of grass. The domestication of cattle and pigs is associ-
ated with the development of more settled communities, which
probably ccourred soon after A0 BC I & thought that the cow
wins first bred by humans in western Asin and the pig in China,

The cow

The conw (Bos fanrus) (plural, cattle] s the most common type
of domesticated ungubate (hoofiod animal), The teem ‘ox’ (plural,
coven) is synonpmons with the word Scow’. The word “cattle’,
roeaming several cows, is rolated tothe word "chattels’, ariginally
maaning property, indicating that cows wene a sign of wealth

Cattle belong to the order Artindactyla, even-toed ungulates,
andd to the family Bovidae and are descended from the extingt
Auroch (Bos priovgening), T is widely accepted that demestica-
tion of the Aurech occurmed scpu.mbnl:}' in bwo areass in the Meoar
East, E;nrl.n-g rize o the l'l.'I.ETI.'FItﬂ:I. Hoz fenras, and in the Indian
subcontinent fo the humped Bos fadices or Zeba

The maim reason for the domestication of the cow was bo pro-
vide a regular supply of fresh fissd. Hunting for food largely
deperds on luck amd i more animals are killed than can be eon-
sumied then the surplus will quickly deteriorate, Keeping several
catthe means that the 'Farmes” has both a living larder and a sup-
ply of dairy produces, In addition, these animals provide dung to

manure the crops and after they are killed they provide leather,
hom, bone and fat for fallow candles, The immense strength of
the bullz also meant that they could be used to pull wagons
and ploughs, which improved crop production.

Musculo-skeletal system

The skeleton

The skeloton of the cow consists of the axial, appendicular and
s:plam:hnii: skedetons (Fig 1710, The bones of the skeleton ol
thesamebasicplan ssen in the dog witha few functional differences,

Axial skeleton

The shull The bones forming the skaalil (Figs, 172 and 173 are
thee samna as they are im the dog but thee relative preportions are dif-
terent. The nasal and oral parts of the skull are bong sis they are in
the horse, The fremtal bones are exhensive and fomn aboat half of
the entire length of the skull {Fig. 172 and the entire roof of the
cranium. The posterior borders of the bane form the cenfral frovdel
ermaneirce, with the parictal bores (Fig- 17.3) and this is the highest
point of the skull. At the junction of the posterior part and the lat-
eral border of the frontal bone on each side is the hoen come ar -
cegeud siwme, from which horn material dnrelnp-u. Each hom in
elongatsd, pigmented and conical in shapeand the siees curvatune
and direction of the homs varies amaorg; individuals and bresds.

Hoem s the towgh outer covering of epidermal tissue contain-
ing a high proportion of kerating which makes it both hard and
insenzitive. Below the epidermal loyer is the mone sensitive dére-
s, which = atbached bo the hom core. Hom grows froem e der-
mis by means of hom fubules in the same way as the hom
fxrming the equine hoof, The hom mateelal at the base of the
hom ks =0t aned slighily transpasent amd B mose sensitive than
the rest of the om

Hornz are found in both sewes af camtle bix thase in the bl ars
ruch langer, Linkkn the artlord seen in the desr family, hormg am rat
shed and repleced mmudly, Sare beeds of catte [ag, Aberdesn
angosand |ersgys) are naturslly poled (hormiese) DUt mg st R farms
which ar= aaally removed when the calf & young to maks handing
aasior awnd safer and O prvamt r.hrrugu 1o oibets i the beed

The nasal cavity is much smaller than yeu might expoct from
the size of the skull and is T!'I.ﬂi]'tl.}" tilled with coiled turbinabe
bones. In the caudal ]:uu'l: ot the c.'l'l.'i.l'_l.r the nasal IEF'.'IJI.TI does
mat resch te the floor, 'Fnrmi.nE asingle median channel that lrads
from the paired nasal chambers into the nasopharynx.

Thesystem of paranasal sinuses within theskull is very com-
plicated and is poorly developed in the young calf; it does not
reach Us full size for several yeass, The masillery sfoas occupies
much of the upper jaw above the cheek teeth, The froabal sinue s
large and comprises several compartments of which the caudal
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Fig. 17.1 The skeleton of the cose (After § Simon, |0 Grossran, | %5 Aratomy of the Domestic Animals, 4th edn. Phiadel phia
and Londom Wi Saunders, o 125
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Aratory of the Domerte Anrrals, Sih edn, Philadelphia and Lenden; W8 Ssunders, p. | 31)



Huckal wnimeras

Processus ooarnus

Maodila

il ol

Fremauiila
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I= the most important. & Les madnly within the frontal bone,
cowers the dersal port of the brain case and penctrates into
the horn core, When adalt cattle are dehormed an opening into
the sinus is exposed and this s potentially an aeen thal may be
attacked by flics, leading to fly strike, Toavoid flies and damage
by trosts, adult cattle should be debomed in the autumn or
spring, If the procedure is done on a cold day, il may appear
as it “smaolke” is leaving the horn core as the warm air in the
sinuges condenzes in the cold outside air. The romaining holo
soon heals by second intention,

Dishudding rmeans the renoval of the ham buds inoyourg catees,
It = carmied out before tha calf is 2 months old and as soon as
thi keorr bud can ke seen. it should only be dane usrg a heated

irom undier local araesthetc by a tramed competant stodoekeeper,

Dehorning mears the remaval of 2 fully developed horn It should
ot be o routine procsduce and shoald afly be done for the animal
ard the herd's weatfare It should be performed by 2 veterinary
jurpean under 3 local araesthetic Because it irolves cuiting and
sawdng sensitive tsaes, The sensitive dermis of the horn & supplied
by thve Corrwal neree, which divides o two Branches that supphy
either sde of the horn base. The site for the nerve Block wath local
irpesthetlc B midwiry wloig 4 lne deiosn betwesn the tog of the ape
g the bace of the horn,

khickml dresrtszulim
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Filge | 7.3 A o skl doesal v, Sruses opened
(e § Sason, [O Grossman, |B8%, Anatorvy of the
Crornaesstic Anirrals, Hadn, Philadephia and Londan Wi
Saureders, o 144,)

Cormunl drertculum

M comgartmant
of Irantal sinu

Poarorboml diver oiilum
Supraorbiml faramen

Minor compartmieg
of frantal sinue

Qirhit
L pimal arag
Maso-hbnl canad

Cawry of dorsal
rurbinace bone

iHumane Saugheer: The anatamy of the froms smas is nefevent 1o0the
techmqus used in'the bumans daughter of catte, Flicsmen of e mipove
Bl guar i3 b Thie iirtssrsect o ol tebs g nal brwss rueeeng Tromm the |itersl
carthits ofesdh mve fo the hess of the oppasite hom The bolt-then passes
through the shaliceest part of the frontsl sinis e B routs b the brdin
Thee e of any ather site may lead ta the: bakt being lodged inthe sinus and
At in the bran

Yertebral column The vertebral formula for the cow s CF TIA
Li 85 Cd18-200 The shape of each vericheal region conforms to
the pattern previoushy described; however, the cervical vertebrae
are shorter than those of the horse, the thoracic vertebrae are
larger, the lumbar vertebrae are longer and the sacrum, consist
ingy of five vertebrae, is much mone fused than in the borse so
it is less easy o distinguish the individual spinous processes.
The 1820 cocoygeal vertehrse are mger and better developed
than in the hoese, The first 53-6 have complete arches and :pinuu:
processes anid rr.-la‘hu.'!".r Iﬂl.':;l’.' transyverse procoases, which iz in
contrast to the almost tube-liks :n:c:,-Heu] vertehrae ot the -|:|n|5'
and eat.

The curve of the vertebreal eolumn is difterent bo that of the
barse (Figs. 17,1 and 16.1), giving a mudh mone bevel outline. This
is prartly diue o Ehe fact that the Hps of the spanows priesses froim
the second Hworack: verbebra o e middle of the lumbar spine ane
almost in-a straight line. The cervical curve is very slight and the
promonbory created by the fop of the scapula and the spinous
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processes of e first few thoracie verbeliae s more pronounced.
The promentory of the sacenm k= alsoe mone obwvious, especially
im individuals where the sacrum s Hlted upwards, The neck
has & preat degree of mobility, which allews the cow bo rakse
amd lowrer its head and to Jick its flank with its fonguoe.

Ribs and stermum The cow has 13 pairs of ribs, of which § are
sternal andd 5 are asternal. They ave wider, flatter and less curved
than those of the horse. In many individuaks there may be a 14th
rily, which is usually fleating and may correspond e an addi-
ticeeal thesacic vertehm or ke the first lumbar vertebra, The ster-
num consisis of seven stemcbrae and it i wider and flatter than
that of the horse.

Appendicular skeleton

Asoa Eunuml rule cattle bead boss active lives than horses so
h1.nw|rc'|p_;r.'- of the detailed musculabure and sleebatal anatommy
of the limbs is bess important. However, catibe are prone bo infee-
b amd trauma of the feet, which is often related b the bepe of
hussbandry o which they are subjected. Lameniss problems may
cocupy aslgniiicant propostion of the werk of a large ankmal vel-
eritary surgeon particulady on daicy farms.

The forelimb The upper forelimb Follows e same pattem a5
that of odher marmmalks and consista of e soopula, the rumerus
amd s sssociated muscles, and the whale is enclosed within
the skin of the trank s that, in most breaeds, il fils clesely o
the thormcic wall, The bony landmarks, such as the prominent
spine of the scapula and the point of the shoubder, are relatively
easy o palpate as the muscles are bess well developed than they
are in the horse, The action of the lange shoulder jeint is mainhy
fleion and extension. There are synowial bursae asseciated with
the tendon of the tricops as it ataches to the alecranon of the
ulna, These may become intlamed and be a cause of lameness.

The original plan of the lower part of the limbof all mammals,
birds and reptites has five digits and is known as the pehadaciy!
trf, Thrur.ﬁh the of cvolution this pl.:ln has modified
a.m.'-rdjng to Funchion =o that noas the dnpg and cat bear wei:E:I'il:
on |:|.'i5i.|:. E-S{::rel'.'lmph-r 1%, the horse bears hﬂptmwdjgi.t.
nunther 3 {see Chaptier 16) and s deseribed as an ocdd-toed ongu-
Loite, whibe the oo bears weight on two digits, numbers 3 and 4,
and is described as am ever-toed ungelate, The remaining bones
ofF the lowver Hmb have either disappeared completely or have
become merely vestigial, meaning that they are prosent in a
reduced form and have no fuiiction, This has an effect on the
amiomy of the bones of the lower ferelimb, which ape also mod-
ifed o bear welght:

Thi radiks 5 short and velatively broad. This = the maln
welght bearer. The distal end les mearer be the medial plane than
the proximal end so the bene lies slightly obliquely in the fore-
limb, causing the forelimb to incline medially and the foot to
imcling laterally, This produces o ‘knock-knped” appearance,
wihich dioes ot seem o interfere with locomotion,

The elna is shender and fused at its distal end bo the radios.
(Cempane this b the separate radivs and ulna seen in the dog
and cal.) Tt projects below the disfal radivs, forming the stybeid
procuess, which aids the :L'll:il!i-‘u}- wf the c.:lr:P.ui }nint

The CHrp consikts of six dhort bones :II'I'.'I.I'IE,Ed tn bwo rows.
The Fn,:l:-:im:.l rowy comprises the madial, intermediate, ulnar
and accessory carpals and the distal roiw consasts of the fused soc-
onck and third carpals and & separate fourth carpal. The bones ane
Uerkasd By symwvial foinks and most of the action, which s Hexkon
and extmnsion, = between the distal radivs and ulne and the
prosimal carpal bones.

Metoparpals comprise a single large carmon bone resulting
from fusion of the third and fourth metacarpals amd the divizion
is quibe visible skeledally, There is alzo o small metacarpal bome
thatis about 24 cmoin length and lies against the prosimal lataral
border of the larger bome. 1t doces not articalate with the carpus
and is the remains of metacarpal 5

Thet third amal fourth digids are separate {Fig. 174} and fuily
functional and each consists of three phalanges and three sesa-
meid bomes, The second and fifth digits are vestigial and consist
of one or bwo =mall bones E_-r'i.nﬂ behirnd the fetlock juu'nt
I_rrbuhl:.:lrp-u-ph.ilar:gml jointy that dio not arficulake waith any
wiher bone, They domot make contact with the groond and
may be referred to as the dow claws.

* Firsd plafaier s relatively short and naroew.

= Secord (ridalled piotany b= about tvo-thinds thee length of the
first phalans. The (krst and second phalanges are enclosed in
the same sheath of haley skin, which extends o the comomets of
the hoof covering each oe,

= Thivg phatmer is shaped like the hool in which it lies and ks
simikar to half of the aqui,rw honE {Fi|.: 17.5). It has fgar
surfaces: articular, axial {in the cleft betwaeen the toes), abaxial
and the sole surface that takes the weight,

Within the et and embedded within the fibro-cartilagines tis-

gue of the lvwer limb, there are four In-rr.wr':m] seRimnrds - b

associated with each digit on the palmar surface of the fetlock

j1_1i:11|:'l"1g. 17.06), There is ailso o diial sesamond E'_l.-'i,ngl;u:l the pn-l,m:lr

surface of each coffin joint; this is the equivalent of the navicular

bone of the horse.

The joints writhin the foot of the cow follow a similar patbern bo
that in e equine foot and only allow flexion and extension:

s Fetlack joinl i bocated betwoen the metacarpus and the First
phatans. This i the first duplicated jolnt within the
hevweer limks

Sraguk

LA rm

Foncbun

[} () L
Fig: 1 7.4 The fomelmb of the cow. (&) Bones of the foremi,

{B) Radus wrd e — note the Rsed dagl end () Datal Gl
wosght 1s ebmn on digity 3 and 4,
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Fig. I 7.5 The mgital seston of 1the bandne foot, spitting the lateral
dgit [Fepreduced with permisson fram EPM Cree, W0 Sadk,
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Fig. | 7.8 The bonesaf the dital padof the foreimb of the me
partar wiew. (Afer 5 Seson, 0 Crossman, | 287 Anatormy of 1he
Diomestic Anmals, “th adn, Phiadelphe and Londom WB
Sasnders, po 1500

Chapter 17 Domestic farm animals

= Psfer foind i bocated bebween the Grat and second phalanges,
= Caffn joimi B bocated beween the second and third phalanges,
The hind Bmb The peloie givdle of the cow comprises the lium,
ischium and pubris, all of which make a contribastion to the sce-
tabulum, which forms the socket of the hip joint. The girdle is
rabust and angular, resulting in thee chamcterstic bony appear-
ance of the hind end, which & alse partly due to the poor devel-
gpment of the muscles areund the croup (oot of the t@il), The
‘pin bones' or tubwer ischii (Fig, 171} are triangular, easily pal-
Fu.tnl:l and Fn.'ljud: well above the vulva on either side of the il
The sacro-sciatic H.Eamcnl: runs from the dorsal H'EI" of each
tuber mchii B0 attach o the saorum and forms part of the raof
of the pelvic cavity. The “hook bones” or tulber coxae ane very
obvious on either side of the sacrum and lumbar spine and the
line conmecting bodh bubwers 18 at an angle bo the horizeneal mdi-
cating the slope of the pelvis, This angulation bas an effect on the
way i which the femur is set in the hip joint, which affects the
condormalion of the hind lmb and a tendency 1o concussiee
traurma if abmormally tilbed

The socnsoatc ipament i noocoversd fny musde, which makes © =z to
el st ey et ng For safteming price o cabdng. Solfem kg results from
the changes in hormenss arcurd the tme of birth Strewching of the
safrerind Braenans Bl tames the paseage of thir calfrhwagh the bt canal
Thex pomermml sgn of this 15 that the cow's tel droops: due 1o reduced
suppan by o ligament

The head of the relabively short eylindrical feradr is smaller
than that of he hesse and it sits in the acetnbalum supporied
by the rownd Fioamaent ko form the fap joint. The action of the joint
5 principally fAexion and extension. although there 1= also a
degree of rotation associated with flexion, which makes sure that
the stifle joint does not Impinge on the abdemen,

The shifle jmie! fovmed by the distal fermur amd e prcedmal
tibia is similar to that of the horse, The padelle = long, narrow
and wery thick

The plan of the lewer limb reflects the fact that weight e taken
o dhigits 5 and 4.

Vil s the enly weight bearer of the Iower limb,

Fitwla is much reduced and consists of twe parts = 2 nudimsen-
‘I:.n]," Fn:!u-:irnul end, which i fused with the |almh:|:|n|:l1_,r|r.--|:r|: thie
tbia, and at the destal end a :q:m‘l:e and Fa'lpa]:!l-e: laberal mallpo-
lus (Fig. 17.7). The Fn:n-:imnl surface of this bome articulabes with
the distal end of the i and the distal surfsce pests on the fib-
ubar farsal bone

Titrsusz — consists of Gve short bones (R, 177 arranged in
thres approsimate rows The largest bones ans
= Tilwn! farsal (talus): articulates with the Abalar tarsal and dee

Fused central and fourth tarsal; part of the proaimal sow
= Fitwilar tarsal (calcameous): articulates with the tildal farsal and

bears the luber calcis: which forms the very sbyvious point of

the hock te which the Achilles fendon attaches; part of the
prrocimal rosw

®  Cenlral and fousti leriils fuged to form a large bone {Fig, 17.7)
that extends across the width of the tarsus and articulates with
all the bones; forms the middle row

 Fled tarael- smmall boone that articulabes with the central

tarsal and distally with the metatarsus; part of the distal row
o Sevonul ard Heied farsale: [used W torm a sieall bone

which articulates cistally with the metatarsus; part of the

dlistal oy
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Flg. 177 The right taris and adiaoend biones of the o (B8 Medinl view, (B) Dorso-atem| ves, (AfberS Geson, |
Grosmman, | 969, Analomy of the Dioenestic Animaiz, dth edn. Philade'phia and Londeorm: WE Saunders, p. 154.]

Thi bones are linked by synovial jeints and the action of the hock
fodnit is flexion and extension. The conformation of this joint is sig-
niticant in animals selected for brﬂed.i.ns and the prints of thi=
hocks should be vertically below the pin bones when viewed
Erexim the back and e side, Abnormal posture may kad o prob-
bems in becomotion and may potentinlly damage the tendons and
:l].-nm.":ul structures of the di.g.il.u.

The skeletal anaboiny of the hind foot & similar to that
deseribed in the ferefoot. The single metatarsus is bieger than
the metacarpus and in cross sechon s cbwiously four-sided,
which gives the kower hind limb a much more substantial
appearance, Research has shown that there is an Increased inck-
dence of hind lmb peolslems, which bas rever been explained.

splanchnic shelenon
Mhﬂudnﬁamﬂ.mrﬂu:‘ﬂw}mi:ﬂaﬂhbﬂ &= detined as thinse
bones thatare located in soft tissues and are not attached to the siael-
eton itself. In the apw it is represented by & paie of bones: known as
b s ctelis within Bhe heart{ Pl 1785 They Hie sithin the fibrmes
kisis e saarronidingg, the afroventricular and arterial openings and
thew consist of slands of fibrocartilage in which there are nodules
of b, wibndch, it is assumed, add extra strengbh b e Hase,

Muscles and tendons

The= function of a muscle and its fendinous attachrment o bone
B ‘h:-l:u-.in.E absnat ||:|-|:|:|r.r|.-|,:r|'.i|:|nr:|'n|:E in Pm}r.'q:rncim this is priJ'rla::i!].'
b escape Fmﬂ.rl:m’:. Hivrses rel'_'.'mspeed butasa :pﬂ:il:g. R L -
Fie is mot desi tor FUNMing task, relying instead on =i and
the numbers in the hend for prodection, Thas the muscles in the
hiwse that are linked to running and jumping are well developed
and those in the cow, exactly the same anatomically, are much
bess developed. Hewever, some breeds of modem cattbe (e,
Hereford, Aberdeen Angus, Charolais and Limousin} are kept
tor food, which means that as o result of many vears of selechive

== Baruc valve
— (g3 cordis

Fig. 1 7.8 The chorsal viesw of the base of the boving heait after
ramoeal of tha atna The cssa conds on both sides of the aortc valvg
haua boon expormd, (Feprodunad with pormgsen fom KM Dyoa,
W Sk, ClG Wersng, 2002 Textbook of Vatarnary Arafomy
ird edn. Phiadelphia, Fa&; WB Saundors, p 2349

breeding the musches of the lumbar spine and the neck and the
Fn.'q:-:in'l.ul F\.‘Il‘l’.‘i- of the limbs have boen dr.-vc|npud b i:!n:du-:r: thie
choicest cuts of beet. Thos the names and locations of the misscls
[Fig 179 are the same but the relative sies will differ from other
species and the digree of development will vary bebweon brseds,

Muscles amnd tendons of the lower limks

The muscles of the lower lmbs of the cow hove a similar arrange-
ment i those in the borse except that the cow has two digiks
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witercas the horse only has one, which aliers lhe way in which
tenddons of the digital fexor and exfensor muscles insesl on the
bones {Table 171 Fgere 1700 illustrates the arrangement of
the tendons as they pass down the limb and then split up to
allach e the digits

As mthe dog and the hosse, the bellies of the musches supply-
img ther bonwer limbs attach on the upper parts of the limbs and
their action s brought about by means of long tendons that
atiach to the appropriate bones lower down the fimb, These fone
dons are relatively superficial bot are protected from trawmatic
damage by the overlving skin and by swowcnind shealfhs wrapped
around them nri:l_'.r |'.=l.|.|.r.'n1r.'_, which Fu'n'."i.n:lr.'-n miore discrete cush-
poaning. When the muscle contracts and the tendon moves the
synovial fluid lubricates and prevents friction (Fg. 1711}

Irflameration of a burda, ar buritis, or of 2 tendon sheath ar
tencsynotis |5 quite comman ared it b mportact to know the
anatomy of the area i arder to disgose which structurs is affected
Irdlarrameetion of these structires presents as swelbig, pain, beatand &
reduction or loss of functian of the joint or muscls,

Inferidigatal lignmets prevent the two toes from splaying apart
as weight b= taken on them, The fibres of these strschures pass
betweeen the two digits al the level of the proximal phalanges
and then bower down owards the distal pholanges,

Teterasspmus mescle is located on the palmar and plantar sur-
faces of the lower limbs lying along the length of the metacarpas
or metatarsus (Fig, 1712 This flat muscle i= fleshy in the young
animal bt eventually becomes a completely femdinous band
running from the carpal joint distally around the structures of
the foot. Tts five principal branches link with the three extensor
tendons (Figs. 1710 and 17.12) and terminate on the proximal
spgamoad bones. This struchere forms o “wling’, which s temeed

when the fetlock s overextendied and the fool takes weight
The superficial digital flexor musche asslsts i inberesseus 0
preventing overextension of the fetlock joint;

The haowes

Az a member of the order Artiodactyla, the cow bears weight on
twn toes (digits 3 and 43 and each digit is enclosed in o hormy case
or hoof that protects the sensitive intermal structures, (MB: Horn
is the insensitive kerafinisesd epithelium from which hooves,
claws and homs are made) There are four hoeves on each Timb;
the two dewclaws, which censist ealy of a wall and a bulb ansd
are of e siE'n.iEi.cancL-_. and the two chicf diEih:, which confiarm
to the shape of the distal phalanges {Fig. 17.13).

Each hoot or claw may be considiersd b have three surfaces:
& Ahavial or cuber surface, which is convex from side to

gide and 15 ridged which may indicite uneven hom

production
= Axial or interdigital surface, which s concave amd also rdged
* Growmd surface, which consists of a slightly concave sole

pointed at the front and a wider softer bulk at the back, which

i= contimuous with the skin
Thie tws claws curve tonwards each other at both ends, touching
each other at the bulbs and sometimes at the apices (Fig. 17,13,
The latesal claw is usually larger and it tokes the majority of the
= wciﬂht — 1t may vary i the hind foot.

The strucherne of each claw is similar to that of the horse and
conaicks o

Peraple is partof the derms or corium that torms the hoen ts-
sase o ther wnll and lies in a 10 mm flat coronary band above the
cartnary birder of the hoot. [t i partly coversd with hairy skin
and 15 inbermediate o consisbency between the soft epidermis
and the hard o, Stthe back af the foot it is wider nod merges
with thie bualbs of the hoof. The corlum Heelf continues undes the




Table 1T7.1 Muscles of the lower limbs

Muscle
Fare Xmi

Extensor group

Extensor campi
radializ

Exlepsor carpl
olliguas
Coarmnran digeal
EX T

Maedial chgital
Bl

Lateral dighal
fibaro -ty

Fleoar group

Fiewor campi
radales

Flewar carmpi
ulmans

Lhraric breradic

Superficial digital
flescsr

Deep digeal
mwar

Hird kil
Ertentor groug

Larg dliggtal
e

Medial dginal

Lateral dignal

e GT

Shait digital
Flesenr group
Percreus lonpas
Ferores 18riis

Anteror tibals

Superfcial diptal
I

Dleep digtal

Tlexar

Origin

Lateral condgls af the hurmerus

Lateral Bordder ard dorsal surfaos of the
rufig

Lateral condyle of the humerus and Sam
the wim

Laveral condyle of ihe humens

Lateral ligament of the sl jeing, lkoeral
tuberasity of the radius, ard the wina

Medial candyle of the humerus

Meadid camdede af the humerus snd medal
surface of the alecranan

Lateral condyle of the humsems

Medial condyle of the humenus ard 2 nedge
an the posterar surface of the radig

Hedidl condde af the humerus, medal
surface of the clecranom, postenar surfaoe
of the progmal radas

Coisdal seface of the distal Térmur; shares s
origin with the peroneus tertis

Caeadal aarlzce of the distal fermar, Shares it
oerigin with the peraneis perois

Lateral kgarnent of the stille gint ard ters
oorchde of the tkhis

Caithal sirface af the femur

Latemal condyl= of the dbsa and on the
fikraus band that represents the shaft of the
fibuia

Comactnl surface of the distd Temur vaith the
lorg ared roediad digicak eenensars

Lateral surdace of the tbial biberosity and
Crest

Corsal surfaoe of g eoid-shaft of the fesmur

Lateral condyl= af the ok

Insertion

Metacarpad tberasity
Head of the medial metacarpal booe

Third phatarce

Secard and third phalanges af the medial digit

GSecard and third r.iuhn_gﬁ: al the prescial dﬁlt

Proreimal gnd of the medial metcarpus
Proxinal edyge of the accessary carpal bane

Lateral surface and prostmal border of the
accessory carpal and b Brge metacarpal bons

Prosamal extremity of the second phalans and the
it extresiity af the first phatang

Carnlage of the third phalanx

Tendon sars as it passes aver the hods and &
baund by two anrealar garnents, B reerts on b
thirel phakans.

Tenden sans as it passes aver the: hook and &
baund by two anralr kgarnenes. b reerts on the
recond phatana of the redial digt

Fasses over the lateral surface ol the hodk ard
ity on the dacal surfase af the secand phating
of the Eareral dight

©in the tendon af the long dige estensor

First tarsal bons and on the promal end of the
large metztaral bane

Prosinal end ol the large imetatarssl ond the lsed
sacondd and thisd tareal b

Medial aspect of the hock inserting on- the
m=tatarsal bons and the Sused second and chird
tarnal borins

Prasimal extramity of the second phalars and the
st exiremity af the Bt phfana

Cartilage of the third phatane

Ewtends and fooss the:
carpal joint

Extends the cirpus

Excende the digis.
Adducts the digits

Exterids ihe digns.
Abducts the digits

Extends the digits
Rbducts the digits

Flezms the carpus and
extenids the elbow

Fleaes the carpus and
extends the elbow

Pz the carpus and
epends e Hiow
Flecers the digitz and the
carpus and sends the
elow

Flexes the dighs and the

arpeit and extends the
ko

Esends the digits, Nexes
1he hads ond assmts in
fiwimg thee s2ille joird

Exuends the digins, Texes
the hode and - assists in

Thaing the stifle joint

Expemils tve digits and
Texces thie hock

Axsnis the |ong digtal
D

Imwardly rotates the hock
faint

Flews (e hock

Flexms the hack

Flesps he digits and
eternls -t hooks part, of
this Bckilled tendan

Flems the dhgits and
extends the hode

to the digha run on the domel wrlics gf the Emes Bevnr tendom o the digis nm o the pelmar or plestas surfics of @ bnb,
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pverlving horm matecial as the sensitive coronary corium, which
supplies the hoen Bissue with nutrients allowing it b o It s
b well developed than in tye horse, which resalts inoa weaker
tmion bebween the ouber born and the corlum, which may be the
reasan why the cow has evolved a greater welghl-bearing sup-
face than in the horse.

Wail forms the greater park of the abaxal and axial sarfaces,
The distal border makes contpcl with the ground along the
whole length of the abaxial surface but, because the axial sur-
face i= slightly concave, only the toe of this part of the wall
touches the ground. The wall thins out as it becomes the bualbs
of the heel.

Sie i= p pelatively smoeth area within the angle bedveeen the
abwxial and axial parts of the wall [Fig. I7.13). leis separated from
thi= weall I:r_l,-' thue gligte fine, which is Eﬁﬂ.‘fﬂ”}" !iEl‘ltI:‘T in cobour. This
area iz sensitive and iz an area of weakniess, so infecbon, ]:lcnr:l'.m—
ticn o l'ln.li:-ingl:l_l,' objocts guch a= stnnes may resultin larmeniss
Infection may track wp into the corium and bresk out ak the coe-
onary bamd. The lateral hind claw s more commonly affected.
The sole gradually memges o the bulb in the centre of the
foot — the exact location of the junctien depends on the extent
oof the digilal cushion, which livs beneath the bulb [Fig. 17,12}
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Hull iz the main weight-bearing part of each hoed and i takes
up the greater part of the ground surface, 1t is relatively soft bul
the grenter thickness of the epidermal lissue increases ils profec-
tiveness. The tendon of the doap digital Hevor s separated from
the corium of the bulbs by a digital cushion, which is a mass of
fatty elastic tissue designed to abserb concussion during
Incomation

i @0 achake coaw, horn tissue prows 2t the e of approsimatsly

= mmymenth fram the coromary band and this is balanced by waar
from the ground surface. The angle that the wall makes with the
grourd should be approarmately 45-307, Overgrowth of the tssua
may oo at the toe, whidh shifts weight orte thie bulks of the heel.
This charges the angle with the grand and owergrowth i
eupoertated becawse wear |8 reduced, resulting in twisted and
dedormed toes. Overgrowth of the sole is most often seen in the
bind feet, usoaly on e ateral claw, Routine ssseiiment of cattle
feee and corrective trhimming to rebum the foot to normal sioe
arud shape st be cartied sut regulady by the vetednary surgenn
aF a qualified oot e

Digestive system

The cow is a herbivors: i.‘l::ix.'ud.lpd'n:d by mak Fl:hmi' miaterial. The cell
walk of plants consist of complex carbohydrates such as cellu-
lose and, because ne mammal produces an enevme capable of
breaking these down, initinl digestion relies on the action of
micre organisms living within a fermentation chamber adapted
From parkof the gut The stomach of the cow, in the cranial pact of
the digrstive system, & descrdbed a8 being compound and has
evalvied to form tweo chambers, knowen as the mimen and the
reficulum, oF the rumenoreticulom, giving eise o the borms
‘ruminant’ and ‘cranial fermenter”. The rumenoreticonlum con-
tains an enomous population of mices erganisms, There ane
about 2550 Billion bacteria and J00-500 thewsand prolosen in
a millilitre of ruminal Ouid, Table 17.2 compares digestive sys-
tems of other types of herbivorows spocies. Examples of caudal
formenters are descobed in l'_'h.'l.rlhrn.' 14 ard T

Ciral cavity

The size of the oral cavity is shorber and wider than in the hosse.
The fips are thick and Farly immobile. The cendeal part of the
upper lip and the area bebween the nostrils form the piezzie or
pranum rasolabiale, which is hairdess, often plgrmen bed (depend-
ing on breed ), smooth, cool and damip due fo the secretionsof the
nasolabial glands, The lewer lip s also hairless but te remainader
of the area surreunding the mouth &= covercd in normal hairy
skin and tactile hairs used as sensing probes,

The fargue may be pigmented with & wade root and oy and
a narrow mobile tip, which aids prebension and the formation
of a food bolus. The posterior part of the back of the tenipee
ferms an elliptical prominence, which is made ebvious by a
transyersse d-r.'-prm in front of ik In front of this Fn.'-:mjnn:rbn:
the zurface i= coversd in numerous I:-.-.-uEh backw.ardvpu.inting
papiliae. Thess are {‘:I:h'Em.El}l' rough fo the tnuch, which also aids
in prehension. On the surface of the prominence are & variety of
ditferent shapes of papillse, some of which have taste buds at
their base,

The ferd palale & wide and usually pigmented. The incisive
bBone 1 covered in o thick layer of dense connective tEsee
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Fig. 1700 (&) The ki tarsis of the ox with
syncyial shaaths and bursae mected rmaedal viw,

(B} The distal part of the lmb of the oo with smesial Superficial
sheaths |npacted: plartar viesw, {After 5 Seson, L
|0 Gressmian, | 969, Anataormy of tha Domestic Asimals, Buirss
Ath edn. Phiadaiphia and Loncon WA Saunders, B i Lk
R X0 trrsz
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covered o homy eplibelivm ard forming the desla! pad. This
tn kes the place of the upper incisors and ks used to break off plant
miaterial before it is chewed and swallived, Towards the junc-
ticn with the soft palate, the hard palate is covered in a series
of serrated ridges and at the back of the cavity the covering of
the palate becomies smaedth,

Thi= satiswry glandz, consisting of the parotid, mandibular and
subdingual glands, seoreke a fluid that consists mainly of mucus
and water. In the covw there is no amylase and the main function
ot saliva s by lubricate the food, form a bolus, neotralise the acid
tormed |:|:|.' ruminal micre I,'.H'Eﬂ.l'l.‘i.ll:n;',l and it rmuy mel: R

sl :Fn:H'l.ErlE in the rurmen.

Teott
The dental formuls of the permanent fecth is
[H0/4, C0/0,PM33,M3/1)1 =2 =31

There are na incizors or canines in the upper jaw and there
ane :i.ﬁht imctsors m the bower _Iaw I:Frg 'I:..'-".]-'Ijl. Thess are
arr. in a continuous fan-like arcade that iz uppmd ey
the dentall pad. In most mammals there are six incisors bot in
the cow the canine tooth on either side may be considered b
have Becomie the extra incisors. There & a wide gap or diasiens
betveeen the incisors and the cheek teeth, the premelars and
molars, of which there are thoee of cach Bype on either side in
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Fig 17.13 The bewine lofl forefbot @teral ves (Reprodacad wih
perrnEsen from KM Dy, WO Sack, O] Wepsing, 2001 Texibock
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both jaws. These increase in iz from front to back and are
arranged in such a way that one footh is opposed to two teeth
in the oppesite jaw. The ename] of each tooth is arranged in
P-rnmi:r:ml: m*sl:rml:-shapnd :I'HEEI and the flattened or ‘table’
surfaces l|-ui:|r.- trom =ide to side. These uneven surfaces,
r|:|r.r|:||!e:|: with the circular actien of the bovine I:-Empnrmn.:.ndib—
vilar joing, result lnoan efficient grnding mechanism that turms
the plant material inte a pulp.

The tevth are described as being hypsodontic as they are in the
horse fef. brachydentic teeth of the deg, cat and pigh. This means
that they sit tall above the gum, do not have a layer of enamel
aver the top and the enamel over the sides s folded, which
imcreases the apea of hard material wsed for grnding. As the ani-
mal ages the crowns of the testh swear down, which is compen-
antedd Bor by the continuous giosy th of the teeth and when growth
eventually stops the roots are exposed. The crowns only wear
away completely in very old animals,

Abdominal cavity
Cranial digestive tract

TI':-EMn_me 1z, which iz wider and more dilatable than that o
thie= hioese, Ie.urh froan e pharynx and enters the rumen via the
vardii. The stormach is described &s being compound {cf. the sto-
machs of the dogs cat horse and pig which ane described as
being simple) and consists of four chambsers, The largest
are the rumen aod reticilun, which form the formentaton
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chamber in which a population of micro organisms begin the
breakdown of complex carbohvdeabes such as celluloso, The
rumen  exbends from  the eighth rib b0 the pelvic inbed
{Fig. 17.15), cocupying the greater part of the left side of the ani-
mal. The reticulum is much smafler and lies cranial o the
rmemen under the cover of the sixth to elghth rik 1t s closely
opposed to the diaphragm, on the other side of which is the
hesart, It ligs above the xiphoid process of the stemum; applying
pressumg to this arga with your knee may elicta pain response if
the organ is diseased.

Troumatic reticidits, or 'wire' &2 cordmion in which 2 cow ingests
2 penetrating foreign bady such as a piece of wire or other metal
debifs The weight of the wire and the normal corgractions of the
rumen and retouum cowie the forsgr body to fall to the bottom of
the redoukum, where it may peretrate the reticular wall, resuting in
grurdirg with g roming moesrments. The foreign body mey
further penetrate the disphragm, caning retoulopertonits=, and
eper the pericardiim surroutding the rearby besrt, beading to
retclilspercarditis. The mreasmert is 1o apen the Famen
{rumerreonny] and manually retreve the foregn body from the
depths of the peticudum,

Thee bwro cham bers are divided by a seres of pillars that encir-
cle and project into the lumen but in fact the two may almiost be
comsidered to one argan — fhe ruorepsoreticeluer, These pillars ooe
ate folds that are visible externally (Fig. 1716}, produsing a sac-
like appearanca, The cardia, at the end of the oesophagus, opons
into both the ruman and the reticulum and leading from this isa
theick-walled iutber known ax the reficuilitr T, wrhich sventu-
.aEI].- oS ity thee third chamber, the omasum. This groaae i%
important in unweaned mlves, During suckling the groove
forms a complete tube that channels milk directly from the
tt‘ﬂiljl‘lﬂ.;‘l.ﬂ into an omasal canal and then into the abomasum,
Hhus ﬂ\'nird:inE the Pricoesses in the rumenoreticulum. b s thae
act of suckling that causes the fulbse to form, and incorrect presen-
tation of the milk (=g, i some bucket-fed sysiems) may cause
milk tospill over mbo the rumetoreticulom whene it may become
sovik, resulting in dizestive upsels. As the anbmal nratines use of
the reticular groove decreases, slthough some soluble nuttents
dizeolved in saliva during mastication may stll bypass the
rumenareticowlum,

The third chamber of the cormpound stomach s the oo,
which les within the abdemen to the rght of the midline
{Figs. 1715 and 17.16) under the cover of ribs 511, Within the
lumen there is an omasn! oo, which cenmects at one end with
the reticular groove via a rediculo-onmesal opeming and at the other
end with the abomasum viaa Irtrg,;' eal ormea-ahonmesal n]'mfjm'.
This allows the passage of more liquid ingesta straight into
abomasum h].-p-aﬁing thie masuam.

The fourth chambeer & the dmmoson, which Ties flesed on
the flecr of the abdemen (Figs 1715 and 17.06) and the lower
pole of the omasum sits within its angle. It is divided into the fun-
dus and ]:!ud}', which connects with the omasum and H'H:F}rh:rjl:
part, which connecks with the duodenum. Within I'J'rr.-p-}rlnn:s ma
large swelling, the forus pidoricis, which narrows the passage
thirough the pyvlons but it tree funchion & unkoown, The
abomasum B attached externally o the rumen and reticulum
=i i moves when teey contract, 18 s In the abomasum et eney-
e digestion occurs as it would in the simgle skomach of other
speches,




Fig. 17,03 (&) The ground surface of

the hocwes of the bewine forefpon,

(B) The sagital secton of the moedal dgt
of the Dovne forefoot, (Reprodaced with
parmssion Fom KM Dyea, WO Sack,

C]G Wensng, 20, Textbook of Vatarnary
Aratomrry, Ird edn, PhiRdeiphia. P wWE
Saunders, g, THYTA1L)
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Cilspipced aberasim may oocour to the right or to the left and both
conditiong are assadated with intermively fod and Pegh-pieiding daiey
coows, although it can oo spomtaneousty in othar coss, Tha
ab=amasum baoomes atonic, fills with gas and llguig ingesta and the
organ rises out of ims normal positdon nte the dorssl sbdomen:
Percussion of the dorsal anterior abdomen sither on the koft or the
righz may be diagrosed by a pinging sound wivan tha last b s ficked
with a finger; Tha conditon i painful and may be [#a threatening,
A displaced abomasum may ba further complicated by spartaneous
torson ard apart from the obaows diferences, it relites oo gastric
torson in the dog. Treatment mchides defiation af the organ throwgh
the abdoeninal wall, Fallowned by an aborrasoplexy (fxing the deflated
organ to the abdomind wal to prevent recurrence}, in some cases
placing the cowe o s back apd gertly rolling it from side ba side may
ba emaugh to ree the sbarmasim so dhat it retims to i narmal
postian. The patent may be given spasmelytics, analgssics and 2
high-fibre diet o encoarage gut e bty

Epithadic! Dz Ench chamber of the compound skemach s
lined with kepadinised stnelifad siqumamoas epd thelhem and has a char-
acterl=tic appearance acoording o ik locathon and function:

Eebiculum |s arranged into folds aboot 1 cm bhigh enclosing
fours, flve- or sin-sided spaces, creating a honeycomb or
reticulated effect. The spaces ame subdivided into smaller colls
anad the floars are covered in hormy papillag, Towards the
jumction with the rumen the pattern modifics and merges with
thie pattenn of the ruminal epitheliam,

Frmieer consisk of numerooas 'FlaFi.IlaE that vary in prominence,
deperding on age and diet of the individoal cow and the area
of e muren. The shagpis of the papillae vary from rounded o
conbeal er leaf-shaped.

The abrasive nature of the epithelial lining was orginally
thoght to assist n the maceration and breakdewn of the fibrous
oo material but it 15 now koown that e wpper kesatinised
layer protects agalnst damage by bough plant material whilst
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Table 1 7.2 Types of digestve system found within the herbivores

Cranial fermenter = Caudal fermenter =
fermentation takes place fermentation takes place
within an ad ion of within the cascum

Species Latin name the stomach (i.e., foregut) and/or colon (i.e., hindgut)

Cow Bas toeus o

Sheep Dvies ories s

Ciat Leorat hireany o

Oieer [grresnc term) o

Horro Equus cabafus «

Rkt Dryrecdagus comruis S

Chinchila Chinchi¥e fanigena v

Guinea pig Lo porceflus o

Carmelds gie., |limas and Learss ghovraa and Lama s

alpacas} il

Advican elephant Lovedanta afrroome o

Artelope [genesic termm) i

the deeper lavers absorh valatile fatty acids {(VEAs) resulting
from microdial fermentation within the chambers,

Chrvasum: The cavity of the chamber is almest completely filled
with about a hundred longitadinal folds or laminae, which hang
from the greater curvature and the sides, thus resembling a book.
There are about a deseen Farl'jn:nl.:..rl'_'lr L:rn; cnes with shorder ones.
in‘h!rspfmtld betwsen thermn and even shorter onies bohweon thinsse.
The area around the reticulo-omasal and omaso-abormasal open-
ings are frise of these fobds,

Tripe, This b= the e appied 1o e linrg snd underking muscoler
tizmye af the nemen and reticulum when it = emoved from: the carcass
afa oowe In ik T & grern=bioes Coloun, pesfimg Fom s=ining with
plant meteril bt when wighed & beoomes white or e ey, Trips
is omadened 1o b 8 prest deficany i parts of the LS when washed
mpe may be served caoked with ormns and white saice. Urvashed
tnpe sl kas plant matenal sEching to it and this provides 3 bedter
lewel of nitrticn when it s fad o doge

= At s divided into beo parts; the pinform sec, which
conslats of the fundus and the body and is analogoews with the
simple stomach of ether species, and the pyloric part, which
lends into the ducdenuam. The whole ergan is lmed with a
pinkish slimy glandular mucosa. At the omaso-abomasal
junction the epithelium becomes columnar with cocasional
goblet cells, The mucosa of the fundus and body contains e
peptic glands and its function relates to that of the simple
stemach, while the mucosa of the P-}'h.'-nl: [part secrehes nrﬂ].'
miucuss. The intermal sudface area i increased |:|}" ﬂmpum
of large tolds that q:liml mver the walls of the fundus and

Fig. 17.14 (A) The ied kaff of the upper and (B) the npht hal of the body. These fobds reduce in the flesed area of the abomasum
koever e of cattie, Mota the &feent shapes af the upper and iowe and terminate in a form of plug that prevents the reflux of

cieek teeth ard the e dasierma, (Reproduced with permsion fom inpesta b the ommsum. The lining of the pyloric part has a
KM Dyoe, WO Sack, C)G Wansing, 2001 Textbook of Weterinary Py Donwer bolds, At He exit of te pylorus e borus or savelling

Apatorry, Ird edr Phiadeiphia, Po WH Saunders, po 838 that iz capable of enlorgerment but it function s unknown,
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Fig. 1715 The iopography of the sbdoming
viaoera. [AY The relatiorchip of the sbderminal
yraoers 1 tha left abdominal wall, (B) Relatonship
of the sbdoming v soer tothe nght sbdorminal wall
the: e hias been ramovad {Rapreduced with
parmsson froen KR Chea, MO0 Sack, )G
‘Wenning, 2000 Textbock of Vatermary Anatcnmy
Jid edns Philageiphia P WE Saunders, p, 4700

Fig. 1706 The stormach af the oo vight views, Aftee S Stson, [0 Grogsmean, [9265, Aratony of the Darmestic
Arimpla b adn Phiadeipba and London: WE Saunders po58.)



Function The cow ingests plant material by using a combina-
tion of the tongue ond lips, which fear the fibrous sterns and
leaves from the plant then plnch it off between the nclsors
and the dental pad. The food & masticated using the tengue,
thie flattened shragive surfaces of the table teeth and the circular
mton of the temporomandibular jolnt. The food s ground nto
i flFrous pulp and the ongee, cheeks and lps bebp o form &
bolias which s swallowsed.

The bolus Eravels along the oesophagus by peristalsiz and
erbers the rumenoreticulum. The walls of the compound stem-
ach contaln bundles of smooth muscle that ran i both lengitu-
dinal and circular directions, These inibiate a regular sequence of
rhythmic contractioms that mix and redistribute the food back-
wards and forwards through Beth the rumen and reticulum
These comtractions are reprated several times per mimutc passing
betwaeen the two chambers and are interspersed with poriods of
regurgitation during which food passes back up the oosophagus
and inibeo the wral cavity by antiperistalsis. Here the food is remas-
ticated and remsalivated = a process knovam as .rkr:uf?:lg e -
amgl it is then reswalleawwect and, because it s heavy with saliva, it
tends bo drop through the cardia into the reticulum. Food within
the rumenoreticulum tends to be |:|._l,-1.'md; the food that is well
chewed and impruﬁn.'ll:-cd with saliva is h-t-n.'l.':." and falls ko the
buattesn, while the focd that 6 b= well chewed and pot as wet
iz lighter and Hes above it The uppermost by'er consisks of a mis-
tuire of carbon dexide and methane produced by micsckdal fer-
e batlo [ bs U Food b e adddle layers that s most Lkely 1o
be regurgitated for fusther mastication,

Ruwnbmetived 15 a process that ensbles the cow tosearch for food,
bmpest it quickly and then chew i at a laber me. 11 involves the
processes of reguegitation, wemastication, retnsalivation and
reswallowimg. Remastication s a slower, more relaxed activily
than the initial chewirg and the regurgitated material consists
meainky of roughage e fukd and very little concentrate. Cattle
spend an average of eighl hours a day ruminating with perioeds
ot activity scattered throughout the day. The process appears to
b mainky reflex and the main stimules appears to be the pres.
enee of rowghage in the reticulum ar mear ko the cardia,

Eructatimn, or more colloquinlly, belching, allows the cow o
expel via the mouth and nostrils methane and carbon diexide
produced by the microbial fermentation process. This occurs at
a rate of 1-3 sructstions per minute and a L‘II’E\E pmp-m'l'inn o
the methane s i.ru.]:lir:d amd reqtﬁ-ud 1:_',' nbmrpl:im in I']'-E]unss.
Both eructation and regurgitation cause o temnporary semall
dilation of the cesophagus running up towards the mouth,
wihiich may be observed when a cow is sitting down and quietly
Furtiraiing,

Adter spending some time within the rumen ard retieulum,
food that i8 sufficlently soaked and maceratsd reaches the
reticulo-omasal orifice and may either pass directly nko the
abomasurm oF, IF requiring further processing, will pass inbo
the omastm. Here contractions squecze Muid out of the ingesta,
further grind the more solid material and then pass it intoe the
abomasam. Peristaltic contractions within the abomasum are
similar o those within the simple stomach. There s maxinum
activity within the pylonc region and least within the fundus,

Microhial activity within the rumenoreticulum converts plant
material into WFAs, carben  dioxide, methane. ammaonia
amd micrmbial cells. These are utilised I:|:|.' this cowr A% sarces
of energy, high-quality protein and many water-soluble vita-
mins, Acetic ackd B an example of 2 YEA prodoced sithin the
rumen. i is absorbed |:]'I.I.'I:|I.I.E]'t the rumen wall and is used as

Chapter 17 Domeste farm ammals

an energy soerce by both the muscles and the mammary glands,
The microbes are abbe b0 use non-probein nitrogen seurcessuch as
upea and ammomia and commerdt iintg thedr own bedy proteing In
this way the association between the host cow and its microbaal
flora is an example of a symbiatic or a moteabistic refationship,
The digestive process within the abomasum relies on the secre-
tion of enzymes and is similar te that in a simple stemach. 1t s
mainly aimed at the digestion of protein by the action of pepsin,

Menrta! deeloparent; At the time of birth the abomasum of the
calf DoCupies abouk 6% of its Anal adiult size while the numen
and reticulum are weTy grmall and appear to b= culinpﬂ!d. Thae
omasum is also small and forms a lmking bridge between the
ruemcic and the absoaas uem, The lndng of the abomasun is imma-
ture ard only begins to change after a few days. This may be
linkid be its ahuhhl to absords colostral antibodies unchanged
within the first few dlava of like,

As the calf grows there are few observable change in the
struciure of the forestormach until the calf starts o show an inter-
esl in solid food, which s generlly from about 2 o 3 weeks of
age, and the avallabiliy of sultable forage will affect mommal
development, Expesure b a plani dict must continue for some
time for development bo contine and a return to amilk diet wil
stop the process, After this the abomasum groaes steadily while
the rumien and reticulum dévelop extremedy rapidly. Opinions
differ a= to when the compound stomach reaches its final adult
proportiens bot it is semetime bebween 3 and 12 months of age,

Caudal digestive tract

The parts of the small and large intestine are similar o those in
the dog and there are no specifie sdaptations o a herbivorous
diek. They mainly Lie to the dght of the midline and in the crandal
abdesnen, pal.‘I'J:.' irfder the rils {Flp,. 17158 The todal |E|:'|,EI:|:‘|. ard
capacity is relatively small — about 5 m — which indicates the
efflciency of digestion in the commpound stomach,

Anatomically the mast obvious difference is in the cobon, This
is divided inlo sscending, transverse and descending parts ban
the ascending part 5 wound into an elaborale double spinal
lFiF. 17171 knonan as the e .i.]'.!.lrnd'r:: The first part s.pi.mls
toawards the centre of the coil while the secomd part spivals oug-
wards andd pventually leads inko the transverse colon
Function The food material that leaves the abomasum includes
undigested fibre, some micr erganisms and proteing and somse
sugars produced by the micro organisms. There may akso be pro-
teins, fabs and carl:uh:.rdml:w: that are not able to be di teel in
the rumenoreticolum buat will Erl.-diEHI:nd. in the small imbestine.
L"n.'.':_l.rmi: d igestion continiess in the small intestine with the aid of
pancrsatic crieymes and bile from the liver and gall Bladder but
its magr function 35 in the of thee majority of Hwe
digested nutrients. Water and YFAs are absorbed by the large
inbestine and the VEAS ane used a8 a source of energy by the body
tssied. The faeces excrebed by the cow consist of some widi-
gested food, water amd metabolic waste and its consistency is
an indicator of the health of the individual. Normal manure is
a dark greenish brovm amd of a dropping conskstency, 1§ should
mol e runny oF over by solid But it wlll vary according b the bype
of diet: forexample, cows on lush spring grass may produce pro-
fuse watery green dinrrhoea.

Urinary system

The arrangement of the urinacy system is the samie o for other

mammalian specles: o pair of kidneys are each deained by a




Fig. 1707 The rght laterl view of the Bovneg
stessngl ract schematc (Feproduced with
parmegsson froem KM Cryoe, WO Sadk, ClGWersrg,
2002, Tewtbook of Vetarraey Aratonn, Ird adn
Phiadalphiz, Poe W3 Saundess, p £84)
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wreder, which conducts urimg into the unnary bladder, This, n
turn s drained by a single wrethea, which comveys wrime oul of
the body, However, the positben and the exlemal appeaeancs
af the bovine kidoey is different from that of the canine, feling

ur equime kidneys,

Positiomn

Fig. IT.10 Vertral vievs of (A the right kdney
and (B) the oft kdney. [Reproducsd with
parmsson o K Chea, WO Sack, CJG
‘Wensing, 2000, Teoabock of Vaterinary
Aratomy, 3nd edn. Phiadelpha, Pé Wa
Gaunden, p GHF)

Right iy 15 ellipsoidal in shape, & slightly fatbened

{Fig. 17.18) and lies in the expocted position in the right dorso-
Tumbrar ares of the abdomen below the bast b and the
tramsverse processes of L2-3, This is close to the liver,
pancreas, dusdenum and codon but the position varies with
the respiratary phase of the living animal, The hilus is wide

(A)

Prowimal boep of ascending celan
Cristal boop of ascending colon

Cemrifugal Turns of

Conripatal wems of

|anal bymph o dis

amd lies om the ventromedial surface of the kidney, The ureler
runs From the hiles following a retreperitoneal roube across
thi darsal abdoming] wall and inte the pelvic caviey,

Loft Kidney is flattened at its cranial pole and i thicker atits
caudal pole (Fig. 17151 and it lies behind and ventral to the
right kidmey under 1.2-4 almast in the midline, which is a result
of the pestnatal grenwth of b rumen. 1 hangs in a long fold of
miesenbery and rests on the adjacent mass of infestine and i
Mh!l'lcdbr the rumen. s ureber crosses the dorsal surbsce of
I]'u:kjl:l':r_rturmd'l the lisft side of e sbdomen and them it ons
i & sitndlar fashion G tee ght ureter, In g skarved andmal,
wiven the rumen may be much less disbended, the kidney may
come o Lie much closer o thie lett side. The pesition of the
kidney in life msoves with the animal’s respiration

(B)



External appearance

The kidney of the cow k= lobated, being divided [nko st lesst
12 lobes by deep fissures {Fig. 17 18] The kidmey = multipyrami-
dak each lodse contains a separate medultary pyramid, which is
capped by a continuews cortex, although it may appear that this
iz alzo lobed, The apex of eéach pyramid drains intoa cup or calyx
derived from the urster, These calyoes join fogether to form deeo
larger cups draining the cranial and caudal poles of the kidney
angd they combing &0 form the single ureter that leaves via the
hilus, There is no renal pelvis comesponding o that in the canine
or feline kidney.

The whaole kidney is covercd in o tough capsule, which in a
hml‘l:h:.r hd:lcﬂ_,. may [ r.'nm!'_'.r :!riﬂ:!ﬁl away 1:':I:DL"P‘|: it hilar
reggion. Ina normal animal mach iu'-dru*.:,f iz surrouncded by a |:M.'E'L'
ampamt of fat, which provides additional protection.

Suwt. | he sightly griniler 12 tedbienaly sed for makrg durniplbngs
and suet puddings = taken fram the lumber area. of the bovine cocass
eraured the udsicke ol sach renal capadel

Mermal bovine uring is pabe so medium vellow in colour and
should be clear. The normal pT iz about 8 and theretore slightly
alkaline, which & characteristic of a herbivoroos diet. The spe-
cific gravity should be 1415-1.030,

Reproductive system

Female

The female of the species Bas howrns i knowin as o oo the
young cowy, U o the Hime that she has her first calf, is known
= a heifer,

Reproductive tract

The parts of the tract are the same az in other marmmals but the

shape of the tract (Fig. 17,19} differs from other species

¢ Chary; The adult ovaries lig in the caudal abdomen, close to
the pelvic inlet, Ench iz attached 1o the body wall and the
uhenul:r_l.-'mna.ns-nf I]'IE!M”.IEEWJI‘! and. & in advanced
pregrancy when the owarips are FruHEd dowmn I:-:.r thiz 'I.'l'\'l:"l_El'll ot
the gravid uterus, they do not move much further forward.
Each ovary is oval and is surprisingly small for such & large
animal, being not much longer than 4 em. Both the follicles
and the mature corporn lutea project from the ovarian tssoe
and are manually palpable per reckum, providing evidence of
the reprodiuctive phase of the mdividual cow.

o Llteriwe lube: Long and tortuous (Fig, 17.99). The infunadifuliog
apens over the Loberal part of the ovary and lies within the
mesosalping, There i=a gradual transition from thie tukbe tothe
uterine horn,

& [Nerus: In the adalt, the ateras lies aimoest enticely within
the abdominal cavity, On extemal examination it appears
o comeist of a ll;lr:E hdal i_appnmnﬂ_f about 15 em |r.rr|3'.'| andd
oo :Ei.w.-rs;lm.t wiertie hoees, which curve \'ml:mli‘_'lrl: huwerer,
in!r.'rn.a.li:,', the body is very short (about 3 cm Long) and the
caddal parts of the long horns, which bie sade by side, are
incompletely fused except for a connection by the
superticial {Fig 17.1%) dorsal and ventral inlercorinin
tigameds, These form a small pocket that opens crandally and
provides a useful means of fixdng the tract digitally during a
rectal examination. The corsistency of the uterine wall varies
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Flg. 1709 The bewre mpraductve organs dorsl vew, The dtans,
e, vagnd s vestibile hase b opened. (Beprodussd wth
perrission from BM Dyoe, WO Sack, CHG Wensng 3000 Textbook
af Weterinany AnEicmy, Ird eds, Philadeiphi, P WE Sauinders, g 635

and stimulation of the uberine muscle during rectal
exammation cowses i b contract and become much frmer;
Hhis b5 most cbvious during cestrus.

Intamally the endomstaum varies in both colour and
thickmess according 1o the phase of the sestrous cwcle.
Distribasted owver e surfaoe are notloeable aervecles, which,
i the matuee but non-pregnant cow, may be 15 mm long
and pregect above the endometrial surface, There are aboul
40 caruncles arranged in four mone or less regular rows
in the wider parts of pach hom., During pregnancy
the surface of the caruncles become enlarged, pitted and
invaded by willi from the allanto-chorion o form astyladons,
The cotyledonary placenta {cf. sonary placenta of the dog
amdd cat) iz a charscteristic of ruminants and it is throuagh
these cotyledons that exchange of nutrients and gases
between the dam and the foetus takes place (Fig, 17.20),
The muonza of the uberine hnrt_l.r ix much smuother and
leacks into the cervix through the narrowing of the internal
cervical arifice.

® Cerpir About 10 cm long with a dense muscular wall that
meay b as muich as 2-3 o thick. The ceroical camal forms a
spiral wod b usually Hghtly closed. During pregnancy it bs
sealed by o mueotis plug secnsted by thie cervical mucosa.
There Is a vory obwious delineation between the uberus and
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thee cervin and then the cervix and the vaging, which makes
passage of o catheber difficult excepd when the cow k2 in
oesirus or pregnant,

= Vagone A beatureless organ divided in a ratio of 201 bebween
the viagrina and the pesfifrle, The boundary bebaween the two
15 marked by the extermal wretioral oriface, which s the entrance
o the urethira and bladder lving on the floor of the vagina
and within about 10 cm of the veniral junction of the twe
labia, The vagina is able to markedly expand during
Fnrh.lri'l'.inn which is I:u'-pubhl: about |:|]. tHhae Frmm of lowr
]DI‘IEI!I.IEII:H-‘!I. tolds seen unl\r wihen the organ 1% -nnJl.aPm:d
The vestbobe sﬂqapﬁ ml:ml['l.-' ko oypem betveorn the e eackeal
laltir, which are flaccd, wrinkled and joinsd dorsally and
ventrally: the ventral junction buars a number of long hairs,
Lowirg between Hue Boo Labia f8 the cEibores, which may be abowut
Wem i dength and the Bp may be viadsle at the ventral
labaal juncHon,

The mamrmary glands

Thar corar hize fomar mammary Ehnrl.: o guariers, which are collec-
I:rl.rﬂt'_l.r krenwn o the dider and are much L:rg.:r than those seem iny
the horse. Each glomd bears one primcipal feql, which averages
absut 67 em in length, and each teat has one teat ortfoe. Aooes-
STV OF SUPEInUmerany feats are mst uncoammaon, F-nrb:uiurl'y 591
the twe hind guarters, These may be associated with glandulae
tisgae Brist are considered bo be an undesicsble charackeristic
biscaiige the extra teats inbecbere with the design of the milking
cluster and they are sometimes removed from young calves des-
tived $0 be replacement helfers,

The appearance of the wdder vares gpredtly between individ-
wals, breed and the degree of maturily, Young heifevs will have
srall underdeveloped udders while a dalry coow in Full milk may
have an extremely Large udder that may weigh s moch as 60 kg,
An obwious irkermmmrary gromae divides the sdder into dghtand
keft bt the boundary between the fore- and lindquarters is bess
distinct. The skin of the udder k= thin, supphe and freely move-
absle and is covensd with fine soft haivs, while the skin of the teaks
s more firmly attnched and is hairless,

The dossal surtace of tho wdder fits snugpgly against the abdom-
inal wall but the part below the pelvis is narrower and s pressed
bitwrewen the H1i;E;F1,~:-. Thie uckdisr :'q-.su;.prru‘lm:l Frovm the abdomninal
wall by a well-developed swspensory appaniius that runs caudally
ard is attached to the pubik symphysis by a strong tendon,

An average daicy cow will produce about 500 | of milk in a
single lactation, which i far mose than = needed by her calf.
Remearch has shown that it takes 500 | of bloed flowing through
the vdder bo produee 11 of milk, so i follows that the blocsd sugp-
ply tothe Hssoe s of high valume and is very important and very
complicated. The main arterles to the wdder are derived from e
extermal padeadel and the pesineal arteries. The exbermal pudendal
arfery, which may be as much as L5 cm in diameter, passes
within the abdominal coviey along the ventral abdominal wall
amd then through the inguinal canal inte the sdder, where it
divides into cramial and caudal branches supplying the fore-
and hindquarters cn the same side. The veins draining the wdder
form a venous circle at its base from which the blesd is carried
away |'.|:|.l three large veing, linked by varipus tributarics, back inko
the veneus circulation. This armngement guaranbecs a choice of
drainage routes oven if the animal s sitting dean, The tissoe of
the udder is well supplied with supramammary lvmph nodes
and numereas ]!..'mph:ltir wessels,

Ly cows. The lactatlon perted of the dairy cow s artificially
prodorged by milong, The miking period begirs 2 few days after
calving, which allows the calf 1o ingest calostruny from (es darmn, and
comtimues urhl about 1 months before the nest @lf i due - a penod
of abawt |0 monthe The dairy cow & usuady insaminatad about
B0 days after calving and is thercfore pregnant for much of the
hctation, At the end of the lactation the cow is ‘dried off and

the marmenary tissue underpoes partal svolitbon, whech is guickly
reversed as the next calf is barn.

Mozeiss, This i inflammation of the mamrary gands and (s of
particubir serficance in high-viekding dairy cowes. Causative pathogens
rriky e spread feom cowe to oo (Bg, Stabhpooooes oures) oF be
coriracted frorm the ermdroreent (e.g., Esheridin cof or Sreptooocs
abess), Chrical sagrs, depending on caise, may ndude & bot swollen
and tender quartes, production of thin dscoloured milk often
copaining oty and i severs cades the con may shaw: sgra of
gyaremir dness such B pyresda s andredi. In the wirst canes the
cov may fose the quarter and may even dis.

Cestrous cycle of the cow

Most dairy cows ane produced by artificial irsemination (AT} and

lactation canmil aocur without the cow giving birth te s calf, The

bull calves produced may be reared for beel and the fermales may
be kept to become replacement huelfers for the hend. Beef breeds
may be mated naturally by nunning with a bull but howeyver the

mexl generation of cattle is prodsced, it is important o be able 1

recognise the signs of & cow in oestius

* Sexual maturity in the cow ocours at 8-12 months of age,
Smaller breeds of cow mature eardicr than large breeds (eg.,
Jersays about & moenths old; Friesians about 11 months old)
andd it seems to coincicks with the animal reaching about bare-
thircks of its final I:u_'ll.'l].r s, The hrst oestres may b= afferted
by time of year and mutrifional level,

* The cow is a spontaneous ovadator (she ovelates withoot the
stirnilus of mating),

* The avesage length ol the eestrous cyche 1s 21-22 davs. [E mvay
be only 20 days in hedfers,

® The esestrus period, which iz defimed as the time when the cow
will allowy hersclf o be mounted, is 12-24 1 The average e
i= 18 h and it may ba shorter in hiiters,

& Deulation u:umil\' oocurs 115 h after the end of oeskris

& [|nsemination, |.-.|I]'|:-r :|:|'.-' nakural rrl.ah.ng n:rl:n.-' Al i u.:u.aihr
done sbout 12 b after the start of cestrus.

- Elgns af oesbrus, which is described as ‘bulling', imclude:
The cow will stand rather than le down, with her Eail
raised and her ears pricked,

o She may bellewe and may arch hier back qum'-n'li'_l.r o st h.

o She may be generally mestless.

o She will allow other cows or a ball fo moint e this i the
muost relinbbe sign.

0 She may also have a clear mucodd vaginal discharge and
somietimes the vulva s swollem,

o She may also mount other cows,

* In some oo, particularly heifers, there may be bleeding
from the valva, This eocurs within 1-3 days of the end of
oestrus and is described as metoestrous |:||.e1.-rjin3. !.-'En!i.nE at
this fime seldom results in conception.



Table 1 7.3 Gestation pariods of farm arsmals

tation Length of gestation
Ep-e:-:rﬁ ptrrn-d! in ﬁ pnriud in weeks
Corw 40
Theep 147 i
[3al | 54 it
Pig i14 i

The gestation period of the cow s shown in Table 173,

Male

The male of the specees fos fawrus |5 known a8 a bull; & young
casirated malbe 5 known as a bullock and these are usually reared
to supply beef Castration increases the rate of growth and
prevents freduces the development of male sccondary sesual
characteristics such as aggreszion. Some breeds of ball jo.g,, Frie-
sian and Jersey) are difficult to handle and are theretore raraly
kept. Cows of these breeds are usually impregnated By Al

Castrztion can ke dome withour the use of & locil annesihedic before e
2k has reached 2 months of fsge snd may be porformad by the siock-
ke=per Bloodlen castration (28, by meors of & nibber nng| may only be
done-incthe fost wemed of Bfes [Fihe caF is-alder than 2 merchs, thena

waEMAErY SLreon Mt perfoern the aparstian and & loos snasthete
ST e st

Reproductive tract
The parts of the male tract bear the same names as those in other

mammals bt in p.ﬂrl'in.:lar, I:hrxha'pr and 1.'_!.r|:|lr it ACCERENY
ghands are different (Fijg, 17.20);

Sartiral v siclos

poran myuscle

-
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Serodim: The scrotum b= pendulous and s suspended
bobween e hind legs, farther forward tham im the korse, The
skin, which closely fellows the cutline of the jesles, is wsually
Mesh colonred and coversd with fine hais, There k= an abvious
division between the two testes and a constricked neck at
the jumction of the scrotwm with the body wall, In many individ-
uals, particalarly in bullocks, there & a large pad of ‘cod
fat" around the inguinal part of the cord, Justin fropt of the scro-
tum there are 2 or 4 small rudimentary teats, These are function-
lezs but notice is taken of their numbaer and spacing in dairy
bulls, as this characteristic may be passed oo to their female
oftspring.

Tertis These are elongated, oval and are larger than those in
the stallion measuring 10-12cm in length. A healthy testis is
'I:n:n|}' mioveakrle within the scrotum and the external surface fecls
smoath c:.l:epl.‘fm a wi'ndirl.ﬁ Fln.l'hzmu.l: 'u1|:|.-..||:n|:t=.||.=r bleod ves-
gols. The cawdn epididins of tnil forms a conspicuous aonlcal
swelling from the ventral surface and usually feels firm but is
softer for a shart time after ejaculation. The deferent duct goes
up bowards the inguinal canal en the medial surfaoe of the testis
and Lies in the caudal part of the spenmatic cont, The cond, consist-
ing of the deferent duct and the besticelar vessels wrapped in the
tunkca waginalis, moust be identified when using the Burdizeo
method of castration. The deferent ducks from cither side pass
ovier the dossal surlace of the bladder, through the tesoe of
the prostate amd, at the point where each enters the urethra,
tha tubes form a swollen ampwlin and then become surremaded
by the semimal vesicles {Fig. 17.200),

Avceszory glands: Those secrebe the seminal fluid in which sper-
matnraa are propelled into the female tract during gfaculation,
They (Fig, 17.20) congist of the following:

& The semmal seieles are la.rEr: leskban labend innsuia.r EJa.nd.'r. |_1_,ri.|:|E
lakeral toy thie ampullse of the disferent ducts. The Elﬂ.ﬂl"! are
Hexed back on themselves and prm'irl-g thas bulk of the
semmibmul il

Deferent duct or var deferem

Enfhatling ol meiEciar
oomd wessels and
e and thi el duee

Tesnicle

Fig. | 7.20 Gerdral veres of The gental orgars of he bull (After § Sksen, |O Grossinen, |5983, Anatomy of tha

Dharremstic Aammals, dth adn, Philsdelphia ard Londor: WH Saundeas o 590




Fig. 17,21 The inferradl genital cogars of the bk darsal view,

The pght vescie s secticnad framtaly, The dested Tne ndcates the
barkward exgersan of the pericneum, (Afer 5 Sason |0 Grossran,
138 Antomy of the Dosnestc Ammak dth eds Phileoe phaa and
Lersdion: SWE Saundars, p, 398

= The prosinte is pale yellow incolous and comsists of two parts -
the body which sirelches across the dossal surface of the
neck of e Bladder and 8 second part which surrownds the
pelvic part of the urethra and is hidden by the urethral muscle,
¢ The ihawrefal glonds are smaller than these in the skallion;
fhery 1w dorsal to the unethra at the kevel of the ischial arch
{Fg 17.21), mainky covered by erectile fissue. Their watery
secretions are produced before the main ejaculate to flush the
Pcﬂ.'il: urethra bebore the arrival of I'J'rl.-.'l]:rmTrl.
Penea: This is about 1 m long and is made of fbro-slastic issue,
which makes it relatively rigid even before erection (Fig, 17200
Just behind the scrobum it forms an S-shaped curve knewn as the
sigiwid fexure. About 30 em is folded wp when the penis is fully
retracbed buk this straightens sut during erection. The gl penis
k= about Som bong and is Aatbemed dorsoventrally with a lp.,
known as the wralleml process that 15 podnbed and  twished
(Flg 1722, The extermal urethral orifice opens within the groove
Forrmed by thie bwist, Dnavimg the lafer siages of erection the wrethral
process spirals around o the left as infromission is campleted,

SECTION 2 Comparative anatamy and physiclogy

Uretheal
© prosess
Fraputial
skin G-L'Il".’l
Lrethial
(D) : prestils

Fig. 1 T.11 Right at=ra view of the d=al end of the bulfs penis,
(i) facod and {B) arect and the distal end of () the mm's and
(D) the buck's perii (Reproduced with petriston fram K4 Ches
WIC Sack CJG Wering, 2001 Textback of Vetarnay Anslomry,
Ird e, Phiadeiphia, Pad WE Saunders, po FER)

Thae roed of the penis is atbached fo the ischial arch by o rod-
like crura, which are sureeunded by powerful ischiocavemosus
miscles (Fig 17230 contalning  well-developed  cavemous
spaces, The body is cvlindrical and comprises the two crurn
and the spongy part of the urethra all wrapped in the hunica albu-
ginea. The arsount of cavemous erectile Hsee arownd the Body
is small 5o the pends only slighily increases in Sength amd diam-
ey during erocton, merely becoming more riaid, and the pro-
cess may be very rapid. After ejaculation, the sigmoid flexure
is relnstated by the retracor peags pascle running from the flexure
b the pospl (Fig, 1720,

Prepuee; Long and narrow, this opens about 5 cm caudal to the
umibilicus, The opening is small and sureennded by long hairs,
The liming membrane is folded longitudinal by and coiled tubular
glands lie within the covering of strafified squamous epitheliom,

The sheep

The dnmﬂli::huep{ﬂ?a.h’!aﬂ'u} h]mg:-hpﬂrnr:krﬁrﬁndnd}lla
and the fmily Bovidse, as de cows, goats and deer. It is des-
cended from the Asiatic moafbon (O ortentaliz), although Euro-
pean briseds may also be derivied from the Urial (O mraed;
both species ane in donger of extinction in the wild, In the UK
there are about 70 recopnised sheep broeds and 12 recopnised




crpases, representing o huge onge of coat type amd colour,
size, homs and use. Meat breeds include the Border Leicestor,
Chareliaks, Harmpshire and Saffell; wool breeds imclude Dorset,
Cotswold, Ryeland and Herdwick, although rost breeds will
crass vl between uses and there = a tendency to produce
crzss breeds, particularly for fattenimg, Many of the pure ‘old-
fashioned” breeds are in danger of dying out and are classed
az rare breeds (e.g., Ronaldsay and Scay according o the Rare
Broods Sarvival Trust),

The shecp may be describod a5 & multipurpess animal
becanze it Frnl.'itln:- wosl meat and milk and bor thoossnds of
years it has been an important agricultural species. The sheep
was one of the first species to be domesticated by prehisteric
humans in the Middle East around %000 vears age. They may
have 1:-ri.Ei:r|.ﬂl|_1_,' been hunted bor their meat, then rounded up
b_',.' dfﬁ'ﬂ- and later have been ma.na;_;nd and shephﬂn:tcdax flosc ke,
The peain teason For keeping sheep at this time would be to guar-
anthee & source of fresh meat however, the advantages of thear
coat wiene soon discoversd. The wild sheep had a coat that had
both kalr and woool fibres, which provides warmth, nsulation
and weenther pesistance and which was modolted In the spring.
This discarded fbre would have been gathened, spun and woven
imbo cloth, leading 1o the development of a tesdile industey
around 1008000 BC. Over the centuries the sheop has also
been wssd o prosdde milk for s lambs and then later for
humans. Mowadays in many parts of the world the shecp is still
miilked and the milk is used to previde a drink and for making
butter and cheese.

Creer the conturies desirable qualities im both the conforma-
tign of the animal, producing better-quality meat, and in the
r|u.1|i|.'!.' of the fleeoe, have been selocted, resulting in brewde
that are g'nud tor one r.|:1.'||il':|.I e the other. Yool prul:mrti:m
reached its peak in the Middle Ages and for hundreds of yvears
the principal industry in western Europe was wool. Parts of
England {e.g., Modelk and the Cobswolds) still bear the legacy
ot the wool indus:trg.-'. shown h}' the size of their chunches and
Ehiie fockile mills,

Musculo-skeletal system

The skeleton
Axial sheleton

Skall: The dorsal profile of the skull = domed over the
ceaniurn and slispes candally fosvards the neck, This aives a dif-
ferent shape from that of Be cow but 18 may be hidden by the
lcation and the size of the horns, In some breeds (eg, Bordoer
Ledcester), the standards requine a Roman nese,

Many breeds are naturally polled but when horns do coour
thiey are prosent in both owes and mmz [noa few breeds (o,
facebs), multiple homs may develop and this is described as
|:|:'1'.np; pl,!l|}'\-l,'.l;":|'H!I:'. This condition is otten linked with pl‘l_‘l]'ﬂﬂl'rl.f-
im clogure of thi cranial suberes and defects in the oyelids The
horms arise from the frontal bore but some curve around so
tar that their final pusition is related 1o the paristal bone of the
skull in contrast to the I:umpnr.lt bone of the cow. The frontal
sinus peratrates the base of the hom but does not reach as far
up a3 it does in cattle. The homs, which are often extromely
curled, depending on breed, and ridged, are triangular in cross
pectint and sometimes grow so close bo the skin of the face that
then: 15 @ risk of pressure necrosis. Treabment of this may neoes-
sitabe removing part of the horn.
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Vertelral formnia: CF T13 Lé-F 54 Cdle-18. With the excep-
tion of the corvical vertebme, variation in number is guite com-
men in the sheep and there may be 14 thoracic veriebeae or 7
lumbar vertebrae or even an indeterminate extra wvertebrea
between the bwo regions,

Siecrumn w=wally consists of four fused vertebrae but the most
causdal may be entirely separate or only partially fused.

Coceygeal oertelrae In short-tailed sheop there may be only 3
vertebrag and in breeds with long tails there may be as many
az 2.

Ribz and stemnne: The 1%h fb & often a I!'h:ml:ing rib, a= iz the
T4tk rile ok it is present,

Docking: It is usial to dock the wils of burbs, ssparally of G
bresds that are turned out 90 roam fresy on the moors and
uplards of the LK during the summer months. Faeces may become
trapped under the tal, resulting in scalded skin and 2 simedl that
wil abtract fiies, leading to fiy strike, which may be fael ina shaep
that is rot regulady dhiecked. Decking and castrating ray bea
donme by the shasherd uiing 8 ribber mag in ehe first wesk of e
The tail must be left ong enough 10 oover the wilva of the femaks
o the wnie of e mrale. I docking and casmrating sre performed
ower the gge of 3 months it must be done under focal aneesthetic
By 3 veterinary FpRon,

Appendicular skeleton

The sheep B an even-toed usgulbate that bears weight an digils 3
and 4, 20 e baskc Byout of the fore- and hirad linbs s very sim-
ilor o that seen in catto.

The faal; Eacl distal pholany is housed within a hool whose
struciure = the same as in caltle,

Faotrot whid presents as ifting oF i hom of the hoof and arasian
of the sole and hesls, leading to pain, & the srgemost Impenans Laise
of larmeness in the natoral flodke. parsioslany m breeding ewes, K5 the
result of & chronlc Infecion caused by the bactena Okfelobatin
niadmsus, Badly infected animals should be culled, while less severn
cases may be moaced wich long-actirg pareniorsd tecracychnes. Steps
should be mken to prevent the i.purn:d bsrvnen inckiduals and
betasen flacks. Mare mportantly, tha condition showld be preverted
h:.l waroration, the use of Anc sulphate or formain footbaths and by
bimanual foot chedong and foot mmmng. The tnimmrgs may barbour
irfection and shoaild be dspored of appropricely.

Lplanchnic skeleton

There is n representative of the splanchnic skeleton in the sheep
becauss it does not possess the ossa cordis, feund in the beart of
cattle, or the o= p-:ni.a.. foand in thie F-;:nis al n.'lng:y anid cats

Digestive system

Az shown im Table 172, the sheep i a herbivorons cranial fer-
menter, meaning that the faregat has evolved to form the mamen
in which fermentation of plant material takes place.

Ciral cavity

Lips are thin and mwbile and the upper lip is divided by a deep
pleifirnme, which pllowes the sheep to nibble grass, leaving it very
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shoek. Generations of grazing by sheep {and alzo by rabbits which
have a similar deep philirum; see Chapier 14) have resulied in
the development of the classie downlond tud, whidh s shoel,
dense ard springy

Hard palate: The dental pad lies on the more rostral part and
the remainder is coverad in irregular ridges with smooth edges,
It may alst be partially pigmented,

Towgue; Similar to that of the cow bat the tip is smoeth and the
whole struchare & covered in short, blunt papillag. The raised
prominence, seen in cattho, is ot nearly so cbwious in the shoep
and the oot of the tongue is quite gmesett. These differenons
reflect the differences in prehension between cattle and sheep:
sheep nibble grass wsing their incisors and dental pad, while cat-
te tear off blades of grass wing their prohensile fongues.

Teetiz The dentnl formmula of the permanent tecth i

(IO P M3 3 e D=3 e, thae s i the conw),

The inclsoe teeth form a strongly curved arch, which has a
sharp edge needed for cropping the grass. The cheek teeth have
a thinner everlvbng lnver of et than those of cattle and it i
olten blackened by food deposits,

Abdominal cavity

Thee general arrangemenk af the stomach of the sheep is similar o
that of the cow and Hs average capactty ks about 15 1, compared to
anaverage medium-sized cow, whose copacity may be 135150 L
The reticulum i relabively Larger than it is in the cow, the oma-
sum ks much smaller and the abomasum is Laeger and longer.

The parls, thie arrangement and the funchon of the inbestines
are the same a8 in the cow,

Urinary system

Thix kidrnews of the sheop ave quite different bo those of the cow
amd more chosely resemibla those of the dog in both their external
and internal structurg, They are regular in shape and, as they ame
enclosed in large amounts of tat, they are less likely to be dis-
torted by prssure from other crganz. The lett kidney is less likehy
to ke displaced by the rumen,

Reproductive system

Female
The Fermale of the species Oris aries is known as o ewe,

Reproductive ract

The iract s similar to that of the cow with e following
differenons:

= Crpary: These are almend shaped and about 1 cm im length,
Druring the breeding seazon the outline of the evary ks more
likely to be irregular becouse it is broken up by the formakbon
of several ova and their subsequent changs inte corpora latea.
Thes reffects the wide occurrence of twin or even multiphe
births.

e |Jterine fules This = relatively long angd there is mo clear
boundary betvweeen the wterine fube and the bam. The tube
itself is very oomveluted in the area clise te the infundibulem.

= Literss: This is similar o thot of the cow, The two hormns ane 10-
12 em dong and are codled in o spiral. The caudal parts are

joimed by the intercomual ligoment, making the body, which
iw actunlly fess than 2.5 cm long, secm Jonger than i acheally
k=, Inberreally the caruncles are relatively small, with a concave
depression an each free sufaos,

o Cermirs A large number of irragular circular folds project inta
the comvical canal, fitting closely together and making
catheterizabion of the wtenes very difficalt,

#  Vulowiz This = abeuk 2.5 e in bength with thick labie, The
ventral commissure points downwards, The clitors s short.

= Mooy glivels: There are bwo glands siteated 0 the inguinal
region of the abdomen. These are relatively small amd
hemispherical in shape. In breeds used for chevse production
the glands may ke larger, The beats are cylind rical and nast
alweays hairdess, Closure of the teat canal s achieved sithoud
thie presence of & sphincter muscle.

Orestrous cyde of the sheep

host lambs are concelved naturally because rams are relatively
easy to keep on a farm, althowgh some breeds and some ind ivid-
uals, particularly those that are homed, may be apgressive and
dezorve respect. Detection of the signs of eestrus i also quite dif-
ficult and breeding may be more successful if 2 mm, running
with the pwe flock, i allmesd i detect the receptive swes with-
out the help of the stockman. The majority of sheep breeds will
lamb once A year, although some breeds have been selectively
improved to lamb bwvice a vear (e, Doeset Hom). Mating or tup-
ping u:|-'|.uﬂ:|.' takes |:||:|-|:r.= between .H:.:Eu.-:t and Cicbober and lamb-
inE between December and Apri!. when there 15 sutficient new
grass fo allow the ewes o produce milk and te feed the newbom
lminles s thoey are weeaned.

The ews is described as being sataomally pifgossirous: the non-
pregnant cwe has many perkeds of oesteas (defined as the tme
when she will accept the ram) during & defined breeding season.
The ewe is o shorl-day brveder: she will begin to cyele in response
b thie declinimg hours of daylight seen in e autumm, Afber the
sopson k= over lhere s a long perlod of anoestrus,
= Spwnial maturaby in the cwe occurs ol 6-7 monihs of age,

* The length of the breeding season i said o vary with the broed.
Tz breeds that were developed in parts of the woeld with a
severe winter climate have short breeding seasons; those
dcl.'-l:lup-:d in milder climates have a Ilmg)::r Im,'rcling RO

# The average breeding season muns from August to December.

* The shwep s 8 spontaneeus ovulator: she ovulabes without the
stimulus of madkng,

= The average length of the oestrous cycle is 16 days

= The eestrous percd Ests for aboat 50 b,

= Crhvulation eccurs towards the end of the oestrous period; tve
or three ova will be prndu-ned at the same time.

* The q:!h".mnl e tor n'l.-n'h'.nE is trom the middle of the pestrous
petiod to the end But because the ram is usaally running with
Ehe v, hie will atbermpt be mabe and she will only allow it
when the cyele of hosmones is cormect.

= Signs of oestrous, which are often very subitle and difficuld o
detect, nclude:

o Tendency o seek out the ram and stand beside him

o Slight swelling of the vulva

o Shaking of the til, which betps to spread her scent
The averagre length of the gestation period i the ewe s 107 days
(Table 17.3). The placenta of the ewe is cotyledonary, as seen in
the cow {Fig. 1730



Synchronization of eestrus. Ths s done ro make cercan than
Ty GBS COInG Into season togechar, ensuring a tght lambing season
Thi techriqua miy also ba used 1o bring the awes ine season
aarlkar than na'rmlmdurlmﬂrg'ﬂmn & adusncad h:marlnl.-'nhuﬂ'ﬂ
usa of 3 tezser or vasectomsed ram, whose presence wil stmudans
the pwes 1o oycle, or the use of imtrvaginal sporges soaknd In
pewgnant mare serum garadmrophing The sponge is left in phice for
12 days and when it is withdrmwn the ewe comes irto cestrus and
matirg tzkoes phice. It s recommended to use one ram for 12 ewes,

Wie of a raddle. & mddle, consisting of a kamess and 2 marker
attached to the breket of the ram, is used to identily which eweas
Fawe beer mated, When the ram mours the awe be makes g
cobsured mark on ber rmg, The colour of the raddle is charged
euery 9 days. |12 swe fail to conceive she will come inta season
within the riese 3 woeeks ared be mared ggain and 2 differers celoured
ik wll b Bl oo hee pump By nodeg the colour of the raddle
imarks, the farrmer can group ewes secarding o their dace of mating
and s lambing date ard take nota of amy ewes whe have not
concelved; these sre e ones with seversl differant colcuared
marks o thair Pumps,

Male
The mabe of the species Oms mre o called 2 ram.

Castration. Ram lambs are usually castrated withn o few days of
birth and this may be carried out by the shepherd withowt an
anaesthietic, The maost comenon way of doing this s by the uss of
a rubber band phiced sxtermally afoursd the spermatic cord ard it
dore gt tha some dme g the il dre dooked. Castration after

3 monebs of ape st be done By & veterrary surgeon 2nd undes
a hioz Al arese sl weric.

Reproductive tract

The parts of the tract ane similar bo those seen mthe ball with the
following differences:

Scroduen: This 1= sometiomes hidden by wool, which may affect
fertility because ik affects the ability to dissipate heat. Budimen-
tary teals are common in rams

Acoessory plapds: These consist of the seminal vesicles, prostate
and bulbourethral glands and thelr function 15 o secrele seminal
fluid to wash the spermatosoa inte the female tract

Peniz: This & similar to that of the bull but the free end is dis-
tinctive (Fig, 17.22) The wretlmel provess extends beyond the glans
pemiz for apprecdamately 4 om and is bong and tweisted. The wre-
thra opens at the tip. In the past this vermiform appendage was
gripped off to redwee the fectility of & ram

Pregnancy diagnosis. This is commorly done by ultrasound
scanning between 540 and 90 days of pregnancy. Skilled techniciars
can distirgush the approximate ag= and nurber of the fetuges,
witich provides the shepherd with sufficent information to dacide the
porrect nutritional kevel for each ewe and o orgerise the ambing
provoess for the whole flock. Underfesding o evwe wha is carmng twe
ar msne ks may cause o condition called Twin Laniy Disess,
webmich it due to hypogycaermia. This mey result in the death of boeh
this g mid e Barnbas,

Chapter 17 Domeste farm ammals

The pig

The domestic PR (51 e dnmiesbicus or Sue Jowmticie) iz a
member of the order Artiodactyla and the family Soidse and is
considered o be o subspecies of the wild boar {Sus sonva). The
pig is thought to have been fist domesticated around FHX) BC
and ot a aimilor ime fo when other andmal BpreCios sich a2 eatile
and sheep and plant species such as whest and bacley were alzo
Bedng domesticabed. Arodnd the world Huwee are thought 0 have
been al least seven sites of pig domestcation, maimly in Asla amd
thee Middle East, but the first slte s thought to have been in
Turkey. Archaeological evidence sfnvs that plgs were abundant
in temperate b hot regions of the world, One of the reasons for
the large numbers of sites is that pigs are very adapdable and a8
cannivores, they are able (o consume a wide mnge of different
fonds, making them easy to domesticate, In some parts of the
world, such as Mew Zealand and Australia, pigs have escaped
te become feral and have caused substantinl envirgnmenital
damage. In parts of the UK the wild bear has returmed, whether
as a planned reintroduction or as an escape from wild boar
farms=, and is aleo ﬂ.LI.IiI'tE damrt_'y_r.\t' and & threst o walkers in
the countryside.

The domeshic Fiﬁ i mni:nli:.r used bo FII'lIJ'l.I'if[lI:" p-nu'b: and other
toods sasch as ham, sausages and bacon and in spite of varous
religions resdrictions, pork is the most widely consumesd meat
worldwide. There are now hundreds of breeds of pig of all dif-
ferent siees but the original native pig in the UK was a large
rangy antial with floppy ears that was kept in orchards and then
later in the backyards of cottages. In the late eighteenth contury a
small, fat, prick-sared breed of plg was imported frem Asia and
crossing these tweo breeds formed the Basis for all breeds untl] the
1850 T 1955 the government recommended that British farm-
ing showld focus on three main breeds, the Large White, Land-
race and Welsh, which would mainly provide bacon. This led
b thae encar exticyetion of many native beeeds bt the maore pecent
revival of interest in rare breeds such s the Gloocester CHd Spadt
and the Tamworth has led toan inceease in their numbers and an
increased mterest in the range of foods and fastes that they can
provide,

Mowadays pigs may be intensively farmed in mulb-pig units
or extensively in open fields with individual huts providing pro-
tection from the weather, both heat and cold. More recently they
havee become pl:l-pul.'lr pats with an incrense in numbers of breeds
=iach as the American mini pig, Kune Kone and thie Vietnamese
potbellied pig. Becase there ane some structural and nutritional
similaritics between the pig and human, pigs are now commoaly
wsed in btomedical resea rth,p.url'jnﬂ.:.r]].' tor :u:rEi.n:.:l]:!n:-cL'dr.u'ns
tsed i human medicine

External features

The gverall shape of the pig s a oylinder that tapers slightly
twards the hind end, The head and neck form a cone that
merges with the rest of the |:Iuv|:'|_1.' at the bevel of the forelimbs.
The upper surface of the head is Lﬁll.-ﬂll}" concave dcpmd:nﬁ
on the breed; those with long skulls such as the Tamworth have
& less obwioss concavity than these with shortskulls such as the
Gloucester Cld Spot or the Berkshire. The caudal part of the skull
is high aned then thie outline gredaally slopes towards the showl-
ders, The neck s short, although as i all meammals ghere ane sl
soven oervical verbebrae, which means that the angle of the
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mandible les relabively dose to the shoulder joint, restricting the
amimal's ability to turm 1ts head from side bo side.

O of thie maost obw lous features of the pig is s strong snoul
ar pastrue, ferrsed by o discshaped moveablo tp to the e ale,
whhich imcorporates thee upper lip. The snout is supported by the
rasstral bovre (Fig. 17230 which is not seen in other animials and lies
at the rastral end of the nasal sepium. The levator labii superiors
miuschs, which is the main mover of the snout, attaches to this
bone. The snout gnables the pig to perform its charackeristic
rooting” behaviour in search of Food and this is further holped
by the sloping “cutaway” prodile of its lower mandible.

Rooting behaviour mzy be discouraged by the applicaton of

a nose nng o the dorsal border of the shout. Mose ringing i not
recommended for arimals kept entirely indoors and because it i
consdered b be a rrutilation, € should pot be dare an sutdaor
animals urbess it 15 reslly necesiary. Mose Angitg should only be
carrisd ot by samears wha-is rained and i compatent 1o
perform the procedure,

The lips ase firm and the upper lip s deeply notched oneither
side o allow the upper canime or sk b project oolssde (E
The eyves ane small set deeply in the orbit and fringed in light
evelashes, Pigs have no tapetum luddum so their night vision
k= poor. The eval ears have a wide base and attach 1o the high
caudal part of the head. They have a pointed tip and in many
broeds the ear flap falls forward ovor the eves (Jop-cared; e.g.,
Glsscester Ofd Spot, Damoc and Landrace) while in 2 few others
the ear s ;.'lril:h:n:l ilFriEh! l:r._'.g.. Tamwerorth, [.:II'EI.' White and
Wild Boar),

The skinis thick and overbies o thick layver of subcutaneous fat,
which makes the F-jﬁ'dil."'l:bruil: o F:||patr.- and to listen to the heart.
The Fi'J:'- has fewer sebaceoas EL:n:E: than other :Fn-:in. and lhe_'.-'
are generally gmaller hovweever, I:hu.w.-mrgl.:.ndx are much larger
and in somee cases are visible bo the naked epe. They are found in

Iygomanc process of franial bore

vl arens of the body and arcwnd the leveer Lk, digits and
the prepuce. The skin is sparsely covered in coarse bristhes; the
maore highly developed the breed, fhe fewer the halrs; wild boar
are coverad in hair. The bristhes are usually armnged in groups of
three and are more numerous on the neck and back. Those
around the snowt and chin are sinus hairs

The skeleton

Axlal sheleton

The skull The bones making up the skull bear the same names
a5 those of other mammals [:Fi!,p.. 1723 and 1724) but their
shape varies. The skull of primitive wild pigs = almosk pyrami-
dal but sebectivie breeding o produce mome modern breeds has
resuibed inoa reater h-l,-igh'r aborve the brain. Abowve and caudal
b the quite small erbit is an obvious el Thiee (Fig. 17.23),
which runs into the sygoematic process of the femporal bone.
The I}'EL‘H‘I‘I:I‘HE arch is wvery sirong and dr.'-l.'-p with & wide artic-
ular surface for the temporomandibular jeint, which allosws the
pig a forceful bibe

The w3z of the cranial cavity, amdd thae brain witkiin it s small
compared to the slee of the crantum due be the enormous devel-
opment of the fortal siitises, Tn the voung plg these ave quite
small wnd are combned o the anbecior part of the frontal booe,
but as the pig grows they extend laterally and caudally, almsd
as far as the occipital condyles, and are subdivided inbo at least
alx compartments. The brain §s well prodected by the doukbde
layer of bore and the frontal simus and this may kave evolved
as result of the pig's habit of recting and the fendency to fight
using sharp upward thruses of the usks.

The external nares of the pig are round and Fead inte the masal
cavitics, which are lang and narrow and extend boyond tho level
of the orhits. 'T'.huf aratilled with the conchas convered m the nazal
miicnsa, which contams the nh:l;!|'.|l:1,1rs rm.pnnsiblr tor the sense of
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srell. This i particularly acule in the pig, a fact that is used bo
bowabie Lruffles im France,
VYartebral column The vertebral formula (Fg 17.24) 207 T14-
15 L7 54 Cd2h-21

The bodies of the cerical terfebmie are elliptical and the ver-
tebrral arches are tramsversely wide and there & quite a gap
between adjacent arches, The last cervical vertebra (U7 has a
:Fin.m.u Fm:.whi{h = in the rE‘;ll;iﬂ-Cl‘l.-.‘l:F]"tm in ImHH'L'l'hl:n.-
are 14-15 thoracle verfebvae, although 16 or 17 have been
recorded, and there are 67 Jumiiar diedehroe. Seleckyve I:-m-ud.'inﬂ
has resulted in the production of pigs with longer backs because
this is the most valuable pact of the carcass, providing more
bacon, chops and bams. The sncron consists of four vertebrae
that fuse as the animal ages buk this s never as complete as it
b= i othier antmals. The frst four oF Bve coccigeel verelve have
well-developed articular processes and the vertebral archies
are completebut n the remalnder theanatomical features gradoally
dirtineh. In many cases the first cocoygeal verbelbea unibes with the
sacrim. The last 15 verbebrae foem the curdy part of the tall,

Tail dodang. Ths iz not considered to be 3 routne procedure
ard shauld only be done as a last resort, d thare & evidence of
injury. I additior, the manspament westsm and the srvironmertal
condeions shauld be examined ard dtered if necegiary, Dacking
miist be done before the seventh day of life ard should only

bt performed by 2 traived, compstent speratorn

Ribs and sternwm There are 14-15 pairs of ribs, of which 7 are
stermal and 7 oor 8 are asternal. They are quite strangly curved
cucept towards the costal arch. On the last five or six riba the
tubercle fuses with the head, 1f a 15th il s present it s vsoally
floating and is only abowt 2-3 cm in ength bt in some cazes it is
fully developed and its costal cartilage forms part of the costal

arch, The stemum consists of six stemebrae, The thoracke cavity
Is mwch maore barrel-shaped than that of the cow o the horse,
which results from the stronges curve af the ribs and the fact that
thaey vary less in their relative lengths,

Appendiculor skeleton

The pig iz an even-teed ungulate that bears weight on digits 3
and 4, az do cattle and sheep; however, there are a pair of acces-
EOry di.,-;;'il: ar dewelaws, whidh are much more abwious than in
the other species. Thos di:;p;itu hawve a fll sot of thl:lng:ﬂ-
{Fig 17.25), unlike the dew claws of cattle. The whole fon is
risherted fo as the pig's trotters, which in many parts of the worlkd
are treated as culinary delicacies.

Pt pwui:lh:‘rnn: i piﬁs are rare wrbess 'H.1r.-:,r are ll.-l.'-l:rl:un a very
hard or sharp substrate. Bunning o conerets belps o keep the
booves woen down so that trimeing s ranely necessary, Joant
problems are more common and this may be most likely bo oceur
in breeds bred for rapkd srelght gabn, Immature skeletons canned
support the weight of a fully fatlened young pla keading o the
Ereakdown of articular cartilage and bone deformities.

The forelimb The patiern of both the forelimb and hind Jimds is
reflectod in the fact that weight |s borne on o digils:

= Spapwin ks very wade with an obvious triangular spine thal
mtoy be palpable. The spine curves backwards over the
intraspirgnis fossa and bears a Large tubercesity (Fig. 17.24)
The meck is well defined,

Fumeris is short and r;h'nng with a marked 5|1|,'r|'.u- s that it
resermbles an italic letier F. The musculo-spiral groove is
shiallon,

Faftushela are separste bones, although they ane hield closely
bogether by the inlervssens Ugamen! with Litthe or no fnlermsens
space, The rdine iz short, narnow and thick and e shaf
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increases In width iowards the distal end, swhere [ articalabes
with the radial and intermediate carpal bores. The wia is
weight bearing and s therctore moch larger, longer and
hravier than the radius and the shaft is curved, The prosimal
end is arge and bent medially, whike the distal end is
relatively small and articulates with the ulnar and acoessery
carpal bones.

= Ciirprais corsists of eight bones, four in each row. The proximal
row i sumdlae w0 that seen i Hhe cows: in the distal row the
foeril carpal is e langest bosse and articulates with the
infermeidinde and idmar atepnls above it and the fowrth and fifth
metacarpals below B (Fig. 17.25), The corpal funt 5 very
moveable and will allow fexion of almest 150°,

O the caudomedial aspect of the carpus ane the so-called ool

glands. These lie just bebow the skin and open through severnl

vizible ducts, They are thought to be associated with territorial

sCont marking,

= Matacarpais There are four long bones. The first is absent; the
third and fourth are the largest and bear weight; the secend
and fifth are much smaller and they bear the aocessory digits.
The proximal ends of the second and fifth bones lie a litile
behimd thie ather bweo and the fieth is much thicker than the
socond metacarpals.

* [his Each digit consists of theee phalanges and three
sesamaids (Fy 17.25), The bones of digits 3 and 4
resembrde those of the cow, while those of the acessory
dizits, which do nok normally bouch the grownd, are
anmnilar but much smaller.

The hind Bmb
= Pelpic gindle consists of the Do, schium and publs

amad i a long marrosy stractore. The Hiom and ischiom le
almost in oo loe with each other, The pubic symphysls is
thick and the fwe pabic booes lie almesd in & horteontal
plane. The symphesiz does not usually undergo complete
ossification, The pelyvic inlet is ellipfical and oblique and

the floor of the pebvis, particularly in the sow, B wide and
flattened; in the boar the foer B concave, The acetabulom
liem a little further back than in the cow,

Feomr has a wide strong shaft. The head is strongly

curved and there isa disting neck. On the arbcular surface
there = a 1:1'31:- toneea, marlu'nE; the attachment of the round
ligament.

Tl fibuks are bwvo distinet bomes with a wide inbercssens
space bebween them. The til s much the larger and its shalt
curves medlally. The prosimal part of the tiblal crest & very
prromdnent and curves cubwards, The Glwedic bears woeleht amd
i= & similar lemgth te that of the tika with & wide Nattened
proximal end and a narrewer bul thicker disdal end. The
prrovcimal eod artboulates with the lateral condyle of the tibia,
wiiile thee distal end forms the lateral malleolis,

Tarss consisks of sevrm bones. The tibdial and tibular earsal
are similar fo that in the cow and the fibular tarsal bears
the tuber calcis, b which the Achilles tendon attachas,

The third bone in this ‘'now” is the central tamsal. The distal
Ciy ﬂ.lﬂ'lll:lrisﬂﬂ tour tarsal bones, of which the fourth is the

|..'.|r|§-==|:.



o Mebalarsaladients bollow a simalar patbern b thoese seen in the
foreliml but the bones are larger, The proximal and medial
phalanges of each dight are o little longer and narower than
they are in the foreliond,

Coverimg the end of each distal phalanx, in both the fore: and

hird limbs, 5 a hoof, which is similar in structure to that seen

im cattle but they are straight (e, do not curve invwands) and

have a soft digital pad or bulb, which i set away from the sole

and weall. The hooves covering the accessory digits are similar

im sructure but bear no weight except on seft geowand.

Digestive system

The plz is an omnivore: it = adapbed toeat all types of focd and
this may be one contrlbuting foctor o ks successful domestica-
o inomany parts of te world.

Oral cavity

The fips extend quite far back on the face but the mouath does not
npen as widis &%t moath of the dug,. for m:.:-rn.pl:. Tha upper Eip-
iw short and mwerges with the snout and the lewers Lip is small and
pavinted, Thee fird mitate is long and narmow and there is o dental
pael. In the centre is a furrow and on either side there ane a series
ot prumi.nent Fn.|a+.in= rin:lﬁu. These stop ﬂI:H.'I.IFﬂ_'r' as the hard
Falah:becm the ﬂ!ﬂ [.i.r]m'-l-. At this Fu:ri.nb thawre are bora Pﬂh:hq.,
which are the fnesilz of the soft palabe; these are the only torsils
seen in the pig, which @ different o the bonsils in the wall of the
oropharyns in other species. The soft palate is thick and extends
to the middle of the epiglotts, In many cases theee = a soall
extenston hanging down inko the oropharyns this is the svda,
whiich i also seen tn humans,

The dograe b= Jong and narrow with a polnted apex. The entine
oral caviby, imcluding the cheeks, is covered in s smooth muooes
membirane,

Teeth
The dental formulka of the permanent teeth is
(373,601, PM8/4, M3/ 3] » 2=44.

Pigs have the bargest numbser of teeth of all the domestic ani-
franla, The upper incaoes ane simall and curved and aie separated
from each oler by spaces, The lower inclsors He close begether
amd are stralght, projectng forwards o meet the upper teeth
I a grasping action. The cedee feetli or fnsks are small in the
st and gnly their tips project from the moth, while the tasks
ol the boar are laege and project from the mouth. These one used
s weapons by fighting boars and some stockmen remove them
bo prevent imjury to themselves and to cther pigs. The upper
caninge may be 8-10cm kong, while the lower canine may reach
Lp b 20 cm Irn;[:th. Thi= puip i._'a'l.'i.l.'_l.r TEImAins o fiosr tp to
2 years, after which a proper root develops and the tooth stops
p;mwin-__r,. The r.lr'r.lrr:'l.'.m.-: ardd mnlars increase in wid th and lﬂrg‘lh
trom front toback and the number of roots incrosses with the size
of the tooth. These teeth are very hrge and are much mone like
thi= cheek treth of the |:|.-::E than the Frinl:ﬁng teapth oof herbivores
The surface of this crown is ooveted in irregular cusps, which i
icdial for crushing food.

Pighets are bormn with eight teeth — incsors and canbees — and
these are often newn os needle’ beeth because thay ane sosharp
There is o risk thot they may injure the teats oF the sow during
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suckling or litkermates as they fight for the leats, Some stockmen
mav clip the tecth within howrs of birth

Teeth clipping or grinding in plglocs. This should noy be done g8
& rourtiree nnd ey dlver chere i evidence of injury o the sow o m
tha ittermares, The maragement systam or the ersironmerial
condgingns should be checked and altered € necessary. The
procedurn nvohas reducng the podrts of the corner o canine teeth
eithar by using a grinder. which is kess [kely to spit the tooth, or by
using sharp dippers. It should not ba done later than the: al'.rlrrd:ld:.r
and should be peformed by a trened and competent cperatar.

Clipping the tusks of boars. This & permssibés if thers s rsk
of damige to other pigs or to handlers but it is rot congderad
o b 2 roubne procedure. The tusks are faducsd i sizs under
arresthesia becauie the tooth pulp 15 sersitive,

Ford passes from the oral cavity into the phammy, widch kas a
partlcular feature not seen o other anioeals. Arlsing from the
pharyngeal wall and dosal o the entrance of the cesophagus
is a plaangwger] drverticulior, This is aboul 1 om long in piglets
and 34 cm leng in adult pigs. Exbomally this diverticulum lies
al approximately the level of the base of the ear and il only sig-
nificance is that during oral dosimg there is a risk of penetration
by the noezle of the deser, Medication should be deposited in the
aropharynx, which externally lies abgast 2,5 cm higher, level with
the lateral camthus of the oye.

Abdominal cavity

Fouxd material, having been masticated in the mouth and swal-
lowed, passes down the shorkstraight cesophagus into the stom-
ach. The digestive tract of the Pig withm the abdominal cawity
resembles that of the dog, n]l:huug_h it i= important o remember
that they are not relabed. The Following differences should be
b

Starrach: This is a simple stomach as seen i the borse and the
dog, Itis divided intoo lange counded left part and & senall right
part ending i e prdoess, Bk has o lange capacity and when full
the pylocic part may beuch the Aoor of the abdomen by the right
cesditl arch. The oesophagus enters obliquely through a slit-like
cardia and s bounded above and o the it by o muscular fold
leading into a dimerticulunn (Fla. 17 :26), which s nol seen in other
species, The stomach s lined with a soft glandular mucosa
divided meo different arens (Fig. 17.26), which are easily dislin-
guishable by their different colours. Within the pylorus is a
prominence, the forus pyloricns, consisting of muscle and fat,
This is similar to that seen in rominants bat s function is
unknown,

Sl ftestinr is similar to that of thi= -:Iu;lg. The bile duiet enters
the dugdenum about 5 om from the pyloeres and the singbe -
creaite ducl enbers about 12 cm from the F:p'lﬁ:ﬂ'hl!’l. The cntrance
F.‘.tFiJ]ﬂL' are visible b the naked ey in sl‘.au.giil:cmﬂ specimens.

Large infesties Most of this is wider than the small inbesting.
Thie dbeim joins the ceecum obliquely and projects inte it The oe-
e itself i blind-ending and = about 2030 em long (Fig. 17.27.
Thiz colir is as wide as the crecum bo begin with and then grad-
ually narrows. Ik can be thought of as the femiliar ascending,
transverse and descending parts. Mosk of the escending oo is




Fg, 1726 Dagam of the mucous mambiane of the stomach of the pag,
(ifier 5 Sesony [0 Grossrran, 1969, Snatory of the Dorrestic Aniralks,
dth edn, Phiadeiphia and Lendoe WB Saureders, o491

arranged in three close double spimal coils held by the mesentery
(Fig 17.27) As the ascending part comes ok of the spiral, it
travels forwards fowards the sublumbar region, tums left across
the abdomen as the fosoerse colon and then passes backwands as
the descerding colon, as it does in the dog. The transverse and des-
cending parts of the colon are held in place by a short mesentery.

The colon then posses through the pelvic cavity as the rectuw amd
berminates al the anus.

Airesta anl. or congerins| absance of g anus, This ocours relatvely
frequenthy in plghes and i sermedhing thar should abvays be chaced
in tha newborn liter, The cordition may b inhereed znd may be

waceable 10 A particular boar Affected pliglets sre unatle wo defecate
and untreated plglers may survive for up oo £ weeks, I the ectum
terminates close to-the exenor skin, an opening may-be surgcalty
crmated by the veterirary surgean but the pgles will be smcontinent
because it wall have no aral sphincter.

Urinary system

The parts of the urinary system are the same oz those in olher
mammalian specics. The bwo kidoneys are positioned mone or less
symmetrically and the right kidney docs not touch the liver —
basth facts are different fo the anatomy seen in other species,

Tha pig kidney s longer and thinner than in other species
{Fig 1728} The renal peivis consists of a central cnvity with a
large recess, or majer calyx, at either end which drains into the
pelviz. Urine formed by the renal nephrons drips inte the renal
ani].l.ul:,. each formed h}r fuasion of several F]."ﬂlmidl, and then
drains b one of the en minor al}-'nu and =o indo the P:hri:.
Lirneis ﬁmhﬁdﬂqvhhuﬂrbh bladder.
The bladder lms entirely within the abdominal cavity and is
entirely covered in peritoneum. When full ibmay resch as S for-
ward as the umbilicus.

Fig. I T.17 Diagam of the ciecum ard colon of the pig. Cois of cofan have been puiled apar. Anatomy
of the Demestie Anrrals (Ao 5 Sason, |0 Grossran, | 962, Aretorry of the Domedtic Anmaly, dth edn,
Priladeisha and Londan: WH Saurnders, g 453



Madiika

Reproductive system

Femuale

Thae female of the species Sus sorafir domesbicies is knonwn qs a sowr]
the young pig up to the time she has her first litter = known as a
gilt. Parturition i the pig is knoowen as farrowing,

Reproductive tract

Tha parts of the tract are the same as those in other mammals.

The pig = a muliiparous specles (e, litter bearime) and the

uberus (Flg. 1729} is described as being boomusate, with long

uterine homs designed to support the develepment of many
piglets,

o Crary: dboasl 5 om in length with an irregular lobulated
appeatance caused by the presence of many follicles or
corpora lutea which protrisde frem the surface. Each ovary ks
hidden inside the oparier furn and suspended by a long
mesnpariiem, which means that the position of the ovary is
variable; both ovaries may lie close to one flank o fow
centimetres from the pelvic inlet but within the abdeminal
n;m-'i'l.}r.

o |Nerdne dufve: The |':||_'||"a.|n.ri'.|'ﬁ|:.||'1.|:.l1'r wpens within the ovarian bursa
and the tubse then continues within the mesosalping and
opens inko the uterine hom without a noticeable corstricton.

o eras: Thae wderime horas ame long and convolueed (Fig. 17 24
I the poa-pregnant state they may be as long as 1 m and In
the pregnant state they may be up to 2 m long. This provides
suffickent space for the development of a large Hiter of
piglets, They ane suspendded by an exbensive broad
ligament or mesomedrinm, which allows the horns o be very
maobile. They lie somewhere botwesn the roof and floor of the
abdomien cramial bo the pelivic inlet, During pregnancy the
broad ]igamm'r rrﬂargﬁ mrl:i::lmh!_l.' and allvas thie grm-'i:r]
hoans to fall te the abdominal floor. At full term the uberus
almost fills the ventral half of the abdemen, pushing the
intestines out of the way and rr.-.:.:hi:r:E te the stomach
and liver.

The wlerfne bady is short and at the junction of the homs
with the body the deeper layers of cincular smooth muscle
fuem o complex sphincter, which functions during farrowing.
It allows ome priglet at & fime o pass from one o other of the
buerns inebo the bod v and ot of the birth canal, thus preventing
a opllision that might occur IF both horns contracted at the
same fime, possibly resulting in dystocia. The sphincter does
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Fig, 17,28 #is kdrey sectioned thiough poles and hils
(Reproduced with permiss o from KM Dhoe, W0 Sak,
C|G Wensang, J002, Teastbook of Yatarnary Anatony,
3rd adn, Priladeiphia, PR WEB Saundars, p, 783

niok work i early pregnancy when transutering migration
occurs, This process allow embryos to travel from one ham,
across the wterine body, into the oppaosite hom so that
equal numbers of embryos implant in each horn, making
u‘Fti.m..ni 1w oof thie available space for :i-m*f]upmmt. There
is no i.mpla'r:ln tion within the uterineg |1-:n:|_'|='.

s Cerpix is einich longer than in other specles; half of it Hes
within the sbdominal cavity and half within the pelvic
cavity. The beginning and end are il defined as it merzes
with the uleris and the vagina {Flg. 17.29) The mucasal lining
af the cervical canal forms a sertes of prominences within
the Turmen, which interlock and close the canal, Truring
oestrus and just before farrowing, the cervix becomes
enlarged and swollen and the prominences becorme sofl
and indistinet.

®  Vigipnr o svsfifmler The arethra enters the Hoor of the
reproductivis track more cranially than in other speces,
making the wagina shoert and the vestibule long,

® Vatii i conical and shpes so that the opening faces
doesocaudally. The ditocis lics between the valval babia
and i about 6 e long i the matune sow but s difflouli
bo see, VMery large clitorises mny be associabed with a
pacudohermaphrodibe or inberses condition.

® Mooy plapds: Most sows have seven paiirs of glands, which
are sispended from the ventral body wall of the thoracks and
abdominal cavities, as n the dog and cat. The teats are long
amd perforated by two teat orifices,

Cestrous cycle of the sow

host piglets are concelved by Al rather than by nntural mating
becouse boars are difficult to keep and manage. They ane Large,
sometimes aggressive and in order to maintain fertility, a boar
should not be overused. A boar should only be expected toserve
one sow a day and in A natural mating system woa wonbd need
one boar tor 10-H) soavs; these would not all be in season at the
samae time, In a system using Al an gjaculate from one boar can
inseminate 10200 =00s, 1t = important b understand and man-
age the oestrous cycle of the sow becawse failure to detect the
H.:iE:I'L'I and to inseminaite the sow ot the correct time is one of
the biggest couses of kow conception rates and consequently
low pig production.

= Sexual maburity bn the sow cocurs around & months of age,

This may be delayed if & sow is kept on ber own, [n gilts




SECTION 2 Comparative anatomy and physiclogy

Fig. 17,29 The genaal organs of the sow? dorsal
g, Thee vl vil, MER NG and coryix ae 51T open, {Sfe
% Sszon JO Grossrran, |96%, Aratormy of e
Drorrastc Ainimais Ath edn Pdadeiphia and Londen:
W Saunders, p. 522

kept in groups, sextsl matarity may oocur before

6 months of age.

= The sow i described as being polyoestrones: with a peciod of
taclalivnal wooestens, which Losks unt] the piglets are weaned.
Creling will restart 47 davs affer weaning,

= The reproductive hormones of the sow de not respond to the
changing seasons, s0 the sew confinues to cpcle throughont
the year,

* The sow is a spontaneces ovulator.

* The average oestrowes cpche lasts for 21 days.

* Thipestrous persod lnses for 2-3 days, averagang +8-60 h (e,
thee firme wihen the sow will allow making, sometimes called
“standing heat),

= Chulation ocowrs during the last thid of oestrus, 3642 h
after the sian of the cestrons peried, Many ova will be
produced,

= Bigns of pestris inchude:

o S will stand =Hll and allow the boar fo mount.

o Bhe will assume a rigid stance, often with her ears
pricked and guivering, when pressare s appled to ber
bhack: this is the back pressare hest

o Wulval Hps are ved and swollen with a thin mascoid
discharge.

o A grouphonsed sow will actively seek out the boar.

o She may abso show red veed appetite, resthessness,
irrunting, chomping fws and increased aleriness

o In the absence of & boar, a sow may respond o sound
recordings of a boar or sprays containing bear
phensmones.

The average kength of gestation is 114 days (Table 17.3) The fue
tuses are attached to the endometrium of the uterus by a difuse
prlecertta, which is similar to that seen in the mane (Fig, 1724, The

structure of the placents may explain the lack of transplacental
antibody ransfer, which means Heat it 5 vikal that the necnatal
piglet receives it colostrum,

Male

The male of the spocies Sus semifa domeshices is known as @ boar,
A castrated pig i semetimes referred bo as 2 bog.

Reproductive tract

The parts of the boar's reproductive tract are the same as in other
spreois but there are a few differences,

Sentum lies & short distance from the anus (Fig, 1720 and is
niot as well-defined as in sther male animals.

Teichis i Inrgr_' and oval in outline. The EFidid}'mu 15 :!nnul}r
attachied bo thies bogkiz aned ik VETY !ar?;e il formes a bilumt projec-
tion at the peateder part, which i at the uppermost point of the
scrokum {Fig, 17383, just bebow the anus. The ductus deferens is
It amd comvoluted and leswithin the long spermatic cosd. The
cremaster muscle, which pulls the besbis closer o the body, is also
well developed.

Accessory glands

# Sestiral temivle: The pair are pale pink in celour, Iobed,
very large amd extend into the abdominal cavity (Fig. 1731},
They cover the posterior part of the bladder, ductus
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Fig, 1'7.30 Pacertal types according fo 1be Gsbrbigion of cheronc prosedions (v} an the endometrum,
() Ciffuse placents in the rrare, (B} Cotyledonay placenta (now, prat, sheep). (€} Jonay placenta (dog, cat],
|:R.Epmik‘.ﬂd warth PO fram WO Boeca, 2009, Functional Aratomy and Fh':.-sﬂng}'-nﬂ:lmrtr Anmals

Phiad=phea, FA: Wiley Bladeamil o, 4BLY

Fig: I'T.31 Dapmam showng e repodudsve organs of the boar n s
( Feproduced wilh permiss an fom KM Dyoe WO Sadk C)GWWeneny, 2002
Testbook of Yeterinary Anatomy, Ird edn. Philadeiphe, B WE Saonders,
. 7901

deferentia, a8 they enter the ursthra, the body of the prostate,
ther anferior part of the urethrs and the bulbourethiral
glands, Thelr secretion i thick, clowudy and slightly acid.

= Prosfefe: This 1= muoch smaller and consksts of the body,
which lies over the neck of the bladder and undemeath the
seminal wesicles, and a less distinci part, which surrounds
the pebeic urethra, Fluid is discharged into the weethra
through several small ducts,

& Rulboiret bk I.;'I.IEE_, dense and almost cyh'.nn:iril:al. ﬂur_lr
lie on mither zide and on the pusterior side ot 'H'I-EFE"'.'iE
urethra. Each gland has a large duct, which enters the
wrethera at e level of te ischiod anch.

These Accossnry Etﬂl‘ldl ars pqmr]}' dewhpud in male 'FiEI-E'I:l.
that are castrated |:ar|.:|r. DurinE :-i.an.-u].a'l:inn the boar may
produce as much as 200-300ml of seminal Fuid. The bulk
of thee flukd i secreted by the prostate and the bulboursthral
glands. The sperm-rich fraction is only about 2-5% of the
ejoculate.

Castration. This i routively performed o increase weight gaie ard
1o reduse boar tent’ — the small associated with meat from male

arvirrals. It should onky ba done i it iz Peally neceseary. and may be

performied by 2 traired competent stockoran before the age of

7 days. If cdder animals are oo be castrated then it must be done by a
WETEMNAry sUrgecn.

Pewis: Similar structure to the penis of the bull, The penis is
about half a metre in length and has a sigmoid  fhecune
{Fig. 17.21), which liess in frontof the scrohum, The shaft is twisted
counterclockwise for one complete turn, The anterior end has no
g]am Fmi: and is also :Firlu}' twisted, similar o a mr]-zp:r'ew_,
espedﬂi}r |:||.|.ri.nE erechion. The extermal wrethral orifice is slit-like
and liex ml‘m!l}'. close o the end.

Duirictg, erection, increasing biood pressure in the cavernous
erectite tissue straightens the signoid fexure and the penis
inereases in length by 25%, The diameter of the shaft increases
and baoth the bomgitiedimal teist and the corkserew spiral become
more pronounced. Dudng making, which takes abouk 30 min,
the eivd oF the pents passes through the cervix and enters the
ulerLs,

Freprce: This s relatively long with a narrow opening sur-
rounded by a few skl hals, T houses the free end of the penls,
I the dersal wall ef the cranial pare, wihickh is wider, there is a
preepalial dinerficelumn which varkes in size between individuals,
It containg a Foulsmelling Haguid, which consists of cell debeis
sothed in wrine This produces the characteristic smell of 2 boar
and contains the pheromone that encourages a sow fo stand
immobile during mating, This is also found in the saliva and
breath of a boar,
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Introduction to anatomical

Many of the words used inanatormy and physiology will be
unfomiliar b0 you and may often appear rather daunking
However, if you become aware of the concepl of breaking
down 8 word inlo i component parts, then the word can
be ‘dissected” to discover its reeaning, This technbgue is useful
when trying to understand the veterinary Jargon” used by
viets, as well as within the broader context of anatomy and
physiclogy,

A profix is found at the beginning of a word, such as e in
p{lri-l_':lrdium. The p.n:ﬁh: itselff has a g{'ncrul TﬂE‘:II.'Iil'IE {1;'.[;., |;h":l'f
msanes "around’), but when combimed with ancther ward it Fives
i .:-;F-qv;il.'ii: rm-:min-g: p-rril::l.rr!i'u:rn. rn-q-.'.'mh'l.g ilih;-r.lll_'.' “aronand the
heart”, Prefixes are gi'w.n im Table A1,

Table A.l Common prefiees

terminology

A suifr ks fownd at the end of 8 words such as e inosbeocyle.
Suffixes alzo hove o general meaning — cpfe means “cell” - but
when added 1o nword i1 becomes specific osteocy e means "bone
cell”, Suffives are miven in Table A2

The oot @l a woord ks the essemce ol its meaning (e, periir-
divamy, The root often refers to the organ, strackure or diseasze in
quiestion; the moot cardiae relates to the heart. Tt can be consid-
ered as the “word element’, which ks often derived froom a Latin
or Greek word, Reots are given in Table A3

Oithier words bimpl}' havea mc.ani:ng that cam be used withim a
wird: tor ﬂmmF]n iawrv.-:r':: msans “creation” o 'miginnl‘jnn’.
Thass, ran:l':mgmi.r means that s-nmﬁhing croates” cancer: simi=
larly, Hﬂ.ll'fl'rﬁ,."l:'lﬂl.' means ‘causing disease’,

Andifochy — nevtrakiss anbgens; antiseshc — mbibis growth af bacter: anthiinmine — inhilkies the slfsc

Angerior — structures at the front of tha bady; antenatsl - before partunition; prepubée - in frant of the pubiz

Bradycordi — skw heart rate: brodgsnoed — shwer than nommal breathing,

Cytotoxic — samething that has a darmaging effect on celis {e.g., cytabasic drugs)

Doy — difficulty in brepthing: dvsblatio — an abmormakty of devslopment

Enamarian — the inner Irlr',g of the utenas; endachefinn — the laver of epithelial colls char Bnes the inside

Epidanys — dhe oulermost [yver of the dhin: ehigioms — cardagnous. struoluns thst g the srirance (o

Hipertevsive — bigh blood pressure; Feberirobhy — increase in the siee of 2 e o argan
Hipotmamiky — kow ey temparatire; hpedanis — the suboutis thar lies Benamb the dkin

Ferpsteum — the correchne asue thal surmourds 4 bane; peviondd — around the anus

Felpoeseus — having more than one destrous cyde a year; palpartints — inflhmmation of seweral jines;
pakeoptide — a compourd containng tees or mare inked aming acds

after a srgcal operation; pasterer = towards the near
Fromeme — presence of pus in the oerus; ppodemme — hacenal irdemmon ol the skhn

Prefix Meaning Examples
A wWeithaus; noe Avculer = without a blood supply
Arti Warking apainsn:

DHELErACTing A hisgaming
Ante Belors
(alsio Prm-)
Brady Sk
Cyto A el
Diys Difficult impaired
tnda- wWeithin

of the heart and Blood vessek
Epi Lipain: consde ol
the larpro

trythiral Fed Erpthvncyes — red hlood col; erprhenio — redness of the skin
Hhyper Excesgive increasesd
e Dscraased: deficionn

bereath
e doroured; in e

regian of
ey Marry; much
Past- Afper: bebird Fastmortem - after deaiby; posteperabve
Py Pus
Tachy Rapid Tooyrordio — slevated bt rane



Table A.2 Comman suffixes

mlﬁ APPENDIX 1 Introducton to anatormical terminalogy

-OHE

Oy

Meaning Examples

Relaies o the fechaeimdn — redused orF deficient bleod suppdy: virgemia — the presence of sings particles in the
b bioodsmam

& cell Enshrocyte - red biood celk chandrocyte - carblage call; bepatacyte — liver celb

Surgical rermeal of hpideconiy — remaval of the thyroid glar

Cring nse bo; Pathogenic -~ carsng deease; comnogenic ~ causing necplisa or crcer

CHUSIIE

Cromdition or stile

Hypoypeain — ineoirphae deveopment of ar organ o s, dstoimiz — presence of a double tow

of apalishas

Irflammaban

ArthAns = inflammaton of a joint; feprtets = rflammaban of the |iver; comfunoevéns = imflamration

af the corjunctva of the eye

Turmsir, neapdasm

Cipmase order or
state

Surgical opering

Table A.3 Common roots of words

Saveorna — maligrant timalr; pama — bensin tercas of :.dprm e
Osrepchondrosis = a developmental dissas= of artiodar cartlage

Trachessrony — operirg ireo the rached; colosmmy — ppening g e colon

Root word

Arthrfa)

Cardi{)

Chondric)

Cysaio)

Dermizo)

Glassfa) {alwe lrgual)
Haemiaosa)

Hepatfa)

Histfie/a)

Mammi o) (dwo mast{ol)

Mamiada)
Myto)
Mewur(a)
Ophehalmiz)
Drchid}
Oiste=fa)
Prievemg o)

Meaning
Jomt; artculation
Haart

Cartlaps
Rlzddar

Skin

Tangue

Blead

Liver

Tissese

Breast: marmimary gland

Linarus

Miusle

ey

Eye

Tt [bestiche)
Bone

Bir or Fas! Leg

Respiration; breathing
Kidrey

Miose

Hair

Wessek duct

Examples

Artwodens - nurgical fusion of a ink: orthnts - rfarmmaeon of a jore

Coviialngy — the sty of the hearr and it function; mycordin - mosdle kver of the hesrr
Chondrogyre = cartlape o=l; perichondnium = membrare that covers cardape

Cpmnaazeny — Inckion irgo the bladdaer, aeaing — inflammation of the urinesy bladder
Dermiotins = inflarmmation of the skin

Hipoghasa — atusted belaw the tangue (also adbogual)

Hosmumemesk — vomiting blood: hasmomrbage — the pscape af blood from a rupeared wessol
Hepotnoyte — liver odfl; Sepot orbery — artesy thet supplies bood (o the liver
Hetology — tha study of tissued

Mammogrom — ruchagraph of a mammary gand; mostecorny — sorpeal removl of
marTnary ghand

Erwfamarriven — Bring of the werug memk — eflammanian of the uans
Myositis — millanmation of a valuntary moscle

I".I-n.mh'm — paln in & nerve; neen — nerve cell

Onhthalmozoohe = nstrument uced ta &xamins the imeror of the sys

Chchins — Inflarmimtlon of & estks, rppoercd — Paveg & urdescended cestioks
Osimormyebts - inflammmation of bone

Frievmania — inflammation of the Ling tssue: peimitinnae — the pressnoe of free e in
the chomas

Apncea — temporany cessagion in breathing

Remil arieny — the artery char suppkes the kidrey with Blocd
Frenitty = inflarmmation of the mucous mermbimne of the nose
frichusiz — sy dissnse al, o shharmal growth of har

‘¥asruly — pertaining 10 biood vessel; sasooonsiiction — decreass in the damster of a boad
wessel; vassctomy = excision of the vas deferers (deferent duc)



Multiple choice questions
and answers

These multiple dhvolce questicns are based on the facks in the
buok, 2o why not best your understanding of what vou have
read? Theee ks one correct answer be each question, The answers
can be found on page 258,

Section | The dog and cat

|. Principles of cell biology

1.1

13

1.5

The cell membrane & mainly composed of
. asingle kys of protein maoleoules

b. a protein bikayer

. a phospholpid hilayer

i, a polysaccharide Gilayer

Which of the following is ot found in the nudieus
of che cell?

@&. captricles

b. chromeosormes

i, DIfdA,

oll, richesdi

Which nl',gp.ﬂnlln i the zite far ATF Fr-:u:lur'.'rq:-ni'
& rideohis

b. mitochondrion

c. Geolpl compla

d. nbosome

What is the functom of the reugh endegdasmic reticulurm
mn the mammalian cell?

&. swrage of ysosoenal ereymas

b. synthesis and transpart of prodeins

¢, syrihests of glioose

e, preduction of ATP

Dwring which stage of ritosis do the chromosomsas
Ine up In the middie of the cell!

&, prophase

b, araphase

€, mecaphase

d. relophase

When does “crossing-over” take place during maicdis!
a. metaphase

b. prophese

€, araphase

d. telophaze

1.7

1.9

1.1o

Fhid that has a keower dsmotic pressure than that
of plasrma is zaid to be:

&, hrypeotcinic

b. isctonic

c. hypartonic

d. isormetnc

Which of the following catkans is i a malatively higher
cancontration in the intracellular g than in the
ectracolalar fuid?

Al [OCASSILIT

b. iodine

C. sodum
d. chiomde

Which of the following Is not an example of a strucoural
progain!

. collagen

b. anzymes

€. elastin

d. keratn

Which of the folowing statements & the least accurace?

&, an acide eolugion kas a pH of below 7

b thepH scabis ameasure of & solution s Fsdro@en B cortent

€. an skaline substance relexes ydrogen ko when desodved
in & salumon

d. the pH of body fuds s 7.35

1. The tissues and body cavities

1

22

Which of the following |s ot a connective tssusa?
a, bhare

b. cartlage

€. frsche

d. blood

Which type of thiue covers the swternal and invernal
surfaces of the body?

& cormedive

b. skin

€. araolr

d. epithekal



APPENDIX 2 Muttple choice questions and answers

2.3 Wvhers would vou find simple cubaidal epithelium!
a. lining the biadder
b liming the upper TESRpIALOny Traot
c. Iming the renal nephron
d, in the cpidermis

2.4 “What type of epithaliurn lines the ureters?
a. smple Squamouy
b ciliated columiner
C. trar=itioral
d. stratified squamows

2.5 Which of the folkeang 15 an example of a simple colled
gland?
a. salivary
b, vweat
€. dundanal
d. sabaceous

.6 Which type of cartitage is found in the apighottis!
a. hiysliee
b. fibrous
ic. clasnc
d. globuiar

1.7 Which rype of bone e s found in the cortices of all
types of bone!
a spongy
b, cancellous
€. hyaline
d. compact

1B Tha contractile protain that makes up the thin filamants
of a muscle fibre i
. acmn
b, elacein

€, collygen
dl, pycsin

2.9 'What iz the rame gi\mtn- the seraus: endothelium Shat
lies the irsicke of the thomcic |:'n.l'|l,'.:,rJ
a. pirietad peritoneum
b, parietal pleura
. visceral peritonewm
d. medizsteum

210 "What is found within the peritoneal caviny?
a. pl=ural flud
b, the percardum
€. peritsneal fuid
d, the masdiastium

3. The skeletal system

3.0 Which of the following is a splanchnic bone?
a. tuber calds
b. potels

1.2

i3

3.4

.6

a7

3.8

C. OF panis
d- calcareus

Where do the primary centres of ossification appsarina
lomg biona!

&, the daphyd

b. the erds

€. the spaphises

d. the epiphyseal plate

Wikhich bone of the <lall lies a% the base af the crbe and
i the rng|mﬂ'm.ghw'h.uﬂ1 the tears dain into the nooe?
&, sphenoid

b. athrald

. oocipial

d. kacrimal

YWihich of the follewing |jods s an example of an
amphirthroai?

a, the temporcerandibuler

b. sutures of the skull

€. bapssen the bodes of e vertebras

d. Bevseen the skull and the atlas

Which part of the mandibde articulates with the
temposal regicn of the skull?

&, masseteric fossa

b. condgar process

€. coronnkd prooass

d. cozipral condye

Which ol ol a tharacie vertebr articulares with the
mibarele of a rib!

a. the spmous process

b. the costal fovea

. the ranseerse fovea

d. the neural arch

Haow many sternebrae is the sternum made up of?
a7

b |3

o

d. B

The olecranan fossa receives which part of the ulna
during extension of the elbow!

. ohecranon

b. anconeal prooess

€. toronokd process

d. stficid priocess

T which bone would you find the madial mallealyus!
&. nhiz

b. fitailz

. Tornur

d. radius



310 How many shart bones are found in the tarsus?
as
b. 7
c. 3
d. 2

4. The muscular system

d. | ‘What is the une of contraction in a muecle called!?
a. motor unit

b. mrcaomera

. orpn

dl. inzertizn

4.2 “Which of the following muscles protraces the forelimk
and bends the neck lacerally?

a. bradchialis

b biceps beachii

€. brachiooepheicus

e biceps e

4.3 Which muscle inserts on the coroncid process of the

manciblat
&, remporais
k. massaner
C. d.Elsﬂ'h:l.E
d. prerypod

d.d yhere do the axirscoular muscles nsern?
a. linea dba

b. optic foamen

c. the arhit

. the sclerz

4.5 Through which of the openings in the diaphragm does

the thoracic duct pass?
. cesoplageal hatus

b, aortic batus

€ inguiral ring

a, caval forarmen

4.6 Which of the following muscles does ot insert on the
Inaa alba!

&, external dbdomingd obique

b transwarsus shdominis

€. rectus ahdomin

d. intermal akdarmiral ohligue

AT NWhich muscle inserts on the spine of the scapula?
A TApETIUE

b. imfraspirans

. pectoralis

. Istissbmus dorsi

4.8 The pavella i fewnd in the wadon of insertan of which
mise|e?

a. beeps femons

b gasbrocnernius

Appendix 2 Multiple chowe quesbons and answers

. semiteEncingsss
d. quadnceps femors
4.9 Which muscle flexes the hook?
A FASOCNEMIUE
b. biceps femoris
C. amtenor tiinls
d. pectineus
4,10 Which of the following muscles (s rot a component
of the Adhillas tendon?
A, semimembranos
b. biceps femors
&, senmirendingss
d. superfical dighal Nlewar

5. The nervous system and special
senses

5.0 ‘Which of the following structures is not part of the
peripheral nervous system?
&, craniil rerye Y
b spiral perves supplying the intercostal rruseles
. hypohalamis

. 3 reursmusciar pirction

5.2 Which of the F-u-"mvu-.g_ LTy nerve Imjzuhzs towards
the c=ll hl:d}' of a neuran?

&, AWOOS

b. nodes of Banver

c. mipddin

d. dendrons

5.3 'Which of the following staternents s folze?

A Sermory rerve fibres carry information towands e certral
rETVOuS SystEm.

b. Mot nerve fiores within the grey matter of the brain are
myelingted.

£ A ganglion is & cobection of perve cell bodes,

e The autanomic nervous sptem corsise insrndy of visceral
EIEToE Nerees

5.4 The pons, medulla and cerebelium together

farm tha =

&, forebrain

b. midbrain

. hindorain

d. corebral hemsphenes

5.5 Working from the suter surface of the brain to the

inside, the meningeal Ayers are

a: pia mater, arachraid marer, dura mater

b. durz marer, arachraid mater, pia mater

€. arachiraid mater, dura mater, gia mater

d. dura mater, pin mater, arachroid mater




H - APPENDIX 2 Multiple choice questions and answers

5.8 The aqueduct of Sibvius lies within which part of the
central pervaus system?
a. midhrain
b, hindbrain
. spinal cord
d, forebran

5.7 Wyhich af the cranial merves s responsible far gustatian?
a. olfactory
b glossopharmipeal

€. Oplic
d. trochlear

5.8 Which of the following swmremants s tue!
& The phorerecepior cells wichin the back of che eve and
ko a3 rods are responsible for oolour ision,
b, The pupl of the can is roureded,
€, Agpueous bumnour eswitin the poscerior dhimier of the e,

d, The cels of the apeturn kickduen reflect lghs back o ohe
photoracaptor cells of the retina.

5.9 Which of the following reflexes is routinaly used to tast
far the lavel of anracsthasial
a. papebral
b. panniculus
c. aral
d. patelar

.10 Which structure is used to maonitor balance?
a. argar al Cart
b, tympdric membrzne
€. mallsia
d, virncle ardd faccule

6. The endocrine system

§.1 The chemical messengers sent out by the argans of the
endoiring system are;
a. glicoge
b, eviEpines
€. hormones
d, rErve implkes

6.2 Which of the following statemants about endacrinn
glands is fafse’
a. They may ba conrofed by levels of chermicabs o oabar
hiormnord:s in the Bood,
b They seorece hormaones direcdy into thesr targes orzans I;r;.'
means of g duct

€, They socreme hormones that are desgred o specfically
affect the target organ and no other.
d. They secrete hormones directly o the bloodstream.

6.3 Which of the follewing are classed a5 endocrine glands?
A CVARY

b, pancreas
€. Bhyraid glard
d, all af the abowe

b4 Which of the following hormones is secreted by the
posterion piitary?
& ACTH
b. TS
c. Al
d. F5H

6.5 Which of the following hormones has an effect on the
kidney?
& ALDH
b omptoein
e TiH
d. caleitonin

&.6 Which of the following is net secreted by the adrenal
cartex!
&, sdosterone
b. cortised

€. CRSTNOgEr)
d. adrenaling

&.F When an animalis very frightened and lely to attack you,
which af the folicwing is happening inside the animal?
& Salwary secretion noreases so the animal dnkGles.
b. BEood gucose kevels rse.

€. Respiratory ate slows down.
d. Levels of cortiscl and corticosterone in the blood decrezse.

6.8 Polydipsia, polyuria, polyphaghz and bilateral
symreerical alopecia are sympoorns of:
#, diabetes inelituis
b diabetes nsipidus
€. Addisons diseme
d. Cushing's diseass

4.9 Tastosterone is secreted by which calls!
&, thers of Langarhans
b. Seroli cells
. Brurmer's plands
d. cobs of Leydig

&.10 P'Frpngh-ratm'rn or lowered Blaad g'-l.ll:\\:lﬂ' will sfimulate
thie secresion of which pan:ml:ir hermores!
&. phucagon
b. wisudin
¢, antdivrebe hormaone
d. samatostztin

T. The blood vascular system

Tl Which of the following statements s fnse?

& Bood entering the mght atrivm is well copgenated.

b The= right vennicle pumps Blood into the systernic.
circulation wia the pulmonary vein.

c. Blood recurmning to the beart spters the left atram via the
crarial and caudal venae cavae.

d. The right verrricle pumps Bload inta the pulnonarny
circulation wia the palmonary artery.



7.2 Which branch of the acrta transports cxygenased blood
1o the kidneyst
A rerql vmin
b. hepatic artery
€. renqd arery
d. hepatic portal vein

T3 The fibrous threads that amach the mitral valve o the
paplillary muscle of the venmiowlar wall are known as:
a. Purkirpe fibres

b. chordae tapdineas

€, bundle of His

. codareral ligaments

T4 Which granulccyte produces histamine?

a. basophi
b. eosinoghi
€, rautraphi
dl. macrophaga
7.5 Whichof the fallowing are mssential to the blood doting
machan=m?
a. potassium and vitzmen O
b. cakiurm and vitamin K
€. madum and viezmin ©
d. iror and wieamm B
T8 Thearea of modfied cardiac rmascle cells in the wall of the
right atriin that initiates the hoarthesr i referred 1o as tha:
. abfcvanincular nosde
b. Purkirpe fires
€, burdie of His
d, singarrial node
7.7 In the fetal circulation, tha shunt that connects tha
pulmonary artery and sorta is called tha:
&, chithis venosus
b foramen ovale
€. chicnis artericsus
dl. falcdmrm higamers

T.B What i the name of the main lymiphatic doct that arses
i the abdormen!

a. tracheal duct

b. cisterna chydi

<, right lymplatic duct

dl. cisterma rmagna

Which of the followeing is not a function of e cplesnd
a. produdtion of firomboeytes

b. starage of boad

€, dustruction of warn ot red blead celly

. preduction of lemphocptes

.10 Which of the following cells is inveled in the humoral

imrmiung respanse’
&, macrophigs
b. B lymphocyta
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. neutrcpbil
d. T lynphacyte

B. The respiratory system

8.1

8.1

8.1

8.4

8.5

8.6

8.7

What prevents food from entering the masal chaméer
whan an animal swalows!

m. nasal seprum

b. soft palaea

c. apiglottis

d. nazal condhae

Which part of the respiratory system is abo responsible
far the praduction af sound?

A hyoid apparatus

b mustchian whe

& plerms

o farprs

Which type of eprtheliurm lines tha tracheal
m, cllited colimnar

b. simgle squamous

&, stratifled squermals

d. transiticnal

Which of the following is true? Tha route taken by

the ingpired air from the pharyns into the lungs i

a. trachea, bryme bronchi, bronchioles, alveolar duces,
ahvenlar sacs

b- laryrm:, bronchi, trzchea, bronchioles, abveolar sacs,
aveolr duces

C: laryrx, trachea, bronchioles, brorchi, alveolar sacs,
ahveolar ducts

d. larp, trachea, bronchi, bronchioles, alveolar ducs
ahvealar sacs

Where does gaseous exchange take place in the
respiratory system!

&, bronchickes, svastar ducts @nd avecl|

b abvecdl snly

£, Pespiratery Bronchioles only

d. abeolar ducrs and alveall

What is the fourth lobe of tha right lung of a dog
calbed?

&, apical lohe

b. cardizc loks

c. the right lung does not have a fourth Iohe

. accessary lobe

Which muscle iz responsible for inereasing the velome
of the thoracie cavity during inspération?

a, diaphragm

b. hypasal

& enbermal olblgue
d. spaal
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B.B Which reflex prevents over-inflation of the hangs!
a. Howell-fclly
b Hering=freger
<. cough
d, Flehman's

B.F The chemoreceptors that monitor oxypen levels and the
pH of the blood are locared in the:
a. bronchi and bBronchioles
b, aheeoli
€. aortic and carotid Bodies
. juguar vein

B0 The air left in the almways and lungs after a forcad
expiration & referred o as:
a. residud volume
b, dead space
€. vital capaciy
d, Bdal vohams

9. The digestive system

%.1 The process of breaking food down into small, solsbla
s is kmonem as:
®. ingeation
by digestion
c. aksorptan
d, escramon

3.2 The cleft in the upper ||r.l it known as the:
a. zoft palare
b. carressial
. philrum
d. rubercle

2.3 The forrmula for the deciduous densitkon In the cac s
a 133, €17, PM 372 =2=24
b (1373, €17, PM 373 =2=28
& (33, CIFLPM 44, M 23] = 2=42
d 33, 1AL P M I =2=30

2.4 Which of the following is not part of the small
intesting?
a. stomach
b, dundanum
€. jEjuriim
d; ikim

¥.5 Food passes through the parts of the kg intestine in

which arder?

2. ascending colon, descending colon, wansverse colon,
CA=0UM, PECIUM

b. descending colon, ranseerse colon, ascending colon,
rectum, caeEcum

. caecumn, ascending colon, descending colan, ransverse
colan, recum

d. caecumn, ascerdding colon, trarsverse calon, descending
colar redhum

9.6 The chief celis in the gastric mucosa produce which part
of the gastric juices?
a. papsn
b. pepsnogen
c. hydrodhlons acid

d. mrICls

9.7 Which wlivary gland lies within the arbit of the skullt
a. parceid
b. sutilrigual
€. randbular
d. Zygomiatc

9.8 Food resulting from digestion n the stomach is:
& chyme with an ackd pH
b chyle with o newtral pH
. chyme with an alksfire pH
d. Bile with a nevtrea pH

2.9 Which of the following is not a function of the liver?
&, producdon of plasma prowins
b. storage of iron
c. regulation of fuid volume in the fluid compartments
d. formaticon of red béaod oels in cha foous

P00 Aming ackds resulting from the digestion of protein are
carfad e the lver by the
a, hcteals
b. hepatic portal vein
€. hepatic veir
d. biepatic artery

10. The urinary system

181 YWhich of the fofowing staternents & foke?

& [he posidon of the kidrey in the abdomen v descrbed as
being retropentoneal

b The right kidney B ceudal to the feft kidney,

€. The kidneys Re inthe cranial abdosren closely aached o
the lusnbar hypaxisl muscies,

d. The cevaries and the adrend glands de close to the cranial
pode of each kdney,

0.2 The basin-shaped structure in the centre of the kidnay i
called the:
B. Cortex
b hilus
£ pakds
d. madula

10.2 The loap of Henle of sach nephron:
& lies within the medullz and & ned wath simple squamous
cpithelium
b. kes i the cortew and is lined with cubcidal epithelivm
€. Bes i ehe mediila and is linesd with eolommar epithelim
d. fies in the kidrey pyramids and collects urne from several
nephrors



184 Which of the following does not ocour in the praximal
convaluted tibule!
a. secreton of penicilin
b. reabsorption of plucase
€. control of acid=base balarco
d. reabsorption of water

10.5 “Which of the following statements s false?
a. Aldosterone is secreted by the anterior pindtary ghnd at
the base of the brain
b. Aldosterone acts mairly or the distal convelused tubules
and eontrals the resbiormption of sodiurm
€, ADH i secretad when an animal & debpdrated.
. The reloacs of aldogtarene b stimidaned by angioensn

10.6 Which of the following hormanes does not have an
effect on the kidmay!
&, renin
b aklosterona
€. artidirnie hormone
d. enytheopoistin

10T I an animal i aver-hydrazed, which af the following will
Fappen!
2. Blood pressure wall fall ard will be devectod by
baroreceptors in the blood vessel walls,

b. Dwmotic pressure will rse and the csmoreceptors will
stimulace the thirst centre.

. Secretion of ADH will decreass and a large volume of dlute
urine will be sxereted

. Wartar will be resorbed inte the capillires of the medulia
from the loaps of Herle,

10.8 If an anirral is fed on a high-salk det which of the

folkwing wil not happen’

a. The camote pressaire of the blood will Increme

b, Water will he deem irto the ceculetion by camasi,
ircraasing the circulatng biood wodume,

€. Tha animal will become hypertansiva

dl. Addosterone secremon will e and sodium will be resorbed
fircom ghee distal corecluted twbules

10.9 The bladder is lined by which type of epithelium?
& squamous
b cliated colummar
. trarsitianal
. cubeadal

F0.10 Mosmal urine cantamns:
4. ghicose, water and Urea
b water, dali and weea
€, proten, #nino acids and water
d. urea, crpstals and glucose

1. The reproductive system

P Which of the following i not a functon of the male
repraductive trace!
2. secreton of hormones to produce the secondary secial
chariiter it ics
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b. ransportapien of wnne from the bHadder to g outside of
the bicdy

., producton of flusds o wash the sperm ingo the faomabs trace

d. production of sperm o fertdise the ova of the fermale

12 At what age would you expect to find the testes in the
serourn of the dog?
& |1 weelks poszpartum
b. 35 weekx of gestarion
€. just prior W parturitian
d. & manths peat-partum

113 “Which of the following are seen in the cat and Act in
the deg!
&, budbovurethral glarsds
b. preprostatc urethes
&, barbed gars pent
d. all of the showve

104 The os penis of the dog lies:
&, wenral t the wrathra
b. darss# ro the urethrs
c. caudal to che prostate
d. im thie conere of the urethra

1.5 Spermatoroa are produced:
a. by mitosis and comtan the dipioid number of
chrormasome=s

b by m=iosns and contain the Faploid nember af
chrormesonres

€. by nary figsion ard contan the haploid mamber of
chrarmasomreEs

. by meicesis and cortain the digloid numter of
chromasoimes

1.4 The hitch and the gueen are described as:
&, pHmigravid
b winiparcus

e, rultgradd
d. mulnparous

1.7 Pﬂudn-q.'m:h it hetter known ag
. pragnancy
b. fertlsaton

c. fake pregnarcy
d. owvultion

118 Thefald of paritonaum suppartirg the uterus swithin the
paritcmeal cawity ks tha:
A broad ligament
B ol par
€. i Cyarium
d. mesocalon

11,9 The quesn is described s being:
B, A spordanecus ovulator and seasaraly polyoesrous
B an indiiced ovulater and mondessrous
&, an induced avilater and seasanally palyoastros
d. a spormrecis ovilator and monsastrous
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e

Within the nner cell mass of the developing embryo the
ectaderm farms

a. tha lining of the digestive tmact

b tha erophablast

€. the skin and rervous fystem

d. the musculoskebetal SyEiEm

12. The commen integument

b2l

2.1

12.3

B2.4

2.5

12.6

12,7

2.8

In which fayer of the epidermis are new cells
marmafaciured?

a. Franem granulosam

b straturn germenativum

. stratuem locidum

d, straturn comeurn

In which kayer of t skin are the sensory nerve andings
fesund?

a. fypodermis

b, Epidermis

€. derreis

d, b

Where do the ducts of tha sebaceous glands apen inte?
a. the surface layer of the epitheluim

b, tha hair fllick

€. the swear ghnds

d. tha hypodermis

Whers are ceruminous glands found?
a. apening onto the eyelids

b. araund the circuméarence of the ars
€. amooated with each hair falice

d. in the extermal ear c2nal

Which of the folloing statemeants ks the maet accurate!

a. Echharfollich: coetaing coe gland hair aod seperal wool haies,

b, Each hawr Lflicls corains 2 wool kair oply.

€. Eachhairfollichs cortaing oo weol bairand ssveral guard haies,

d, Exch hade follicke cordalr seversd meard laie and sy
witnerl |idrs,

Hiw many pads ara found on the hind paw of the dog!
a7

[
[
d, &

Which rusele unsheathes the claws of 2 s
a. dipital extensor muscle

b, digital fexor muscle

. carpal fexor muscle

d. carpal estensor muscle

Which part of the distal phalars s covered by the caw?
A arcoresl process
b ssle

12.9

1210

€. UrgUE] prooess
d. daw falkd

Where are sudoriferows glands found in the dog!
. at tha hase of the

b. on the mase and foor pads

. dsocigted weth each far folliche

d: i the ear canal

‘Which of the fallowing k& not-a functon of the
Irtegurnsan:?

&, secraton of pherommaes

b production of wiamin E

€. protection from wvasion by becteri

d. thermoragulaten

Section 2 Comparative Anatomy and
Physiology

13. Birds

13.1

13.2

13.3

13.4

13.5

Which of the following characteristics is possessed anly
by the class Awes!

&, Boilny ro fy

b. fearhers

c, ahiliy T lny apes

d. warm hiooc

The stermum of the bird is extended into a flattensd:
&, Tor oo

b. quadrace

. keel

d- prposnyde

Which of the foliowing statements i fokse’

&, Same of the bores of the shedeton sre filled with sacs Tul of
air to reduce the waight.

b. There are ahways seven cervcal vertebrae in the redk no
matter kow long the red.

€. At the buse of the tail is 2 preen gland whose secretiors are
witd for eha hiealth of the Tearhers.

d. There s no diaphrage to divide the Body cavity noo thorax
ard ehdoman,

Tha feathers att=ched to the ulra of tha wing arm the:
&. corvtour feathers
b. filoplume

£, primanes
d. secordanes

Wi'hich e the micar develaped wpecial sengs in
the bird?

&, sight

b. toudh

c. smell

d. taste



13.6 Which of the following statements is fuls=?
a. Adr passes through the lungs twice; the second passige is
tha et efficiore
b. Many thin-walled air sacs kead ouc of tha lunps and ocoupy
st of the body casio
€. The lungs are krge, fl=xibie and spongy and lie dose o the
wentral body wall.
d. There is na diaphragm separating the thora: from: the
ab deornen,
1.7 The passage of food dewn the digestive tract s
a. orop, provertriculus, gizsard, duosdenum, jejurum
b. oesophagus, stomad, duedenum, jejurum
€, gmreard, proventricibs, orop, dusdenum, ilsum
d, cesoplaga, crop, grrard, peovantricilud
13.8 In the bird, the principal excretory product is
A UER
b. ammenis
. Lrates
. belg

3.9 Whl-thpm‘tnﬁfln femals mpmdl.r:t.i\": tract is r'upamil:lz
for the addtion of albumen to the hind's :.gg:'
@ MARTUT
b. isthmus
«. sheli gland
d. vagna
13,08 By which method could you sdentfy the sex of a
budgerigar?
a, ke, pesting
b. surgical sexirg
€, senual dimorghism
il by lstering to the birdsorg

14, Small mammals

I4.l Mambers of the crder Lagomorpha can be distinguished
from members of the order Rodenta by exarmination of
&, EArS
b. gunitaka
€, reetl
o, chesl mmaiscles
4.2 Tha d'ig«uﬂl;i'm sract of the rabhit and the herbivorous
roedent has an cniarped;
a. stomach
b splaen
€. jejurum
d. czecum

14.3 The dental formmula of the rabbic s
a [/, €000, PMDSAD, M3/ 3] = 1=k
b. [I270, €00, PMESL M 1/7) < 2= 148
o [I1A0, C0/0 PMIAL M 3/3)=2=20
d, [1353, €71, PM3/3, M /2] =2=34

Appendix 2 Multiple chowe questions and answers

ldd The spece betwesn the incmors and the cheek teeth of
rabbits and rodents s known as the:
A diasterna
b. philersm
. dewlap
d. acromion
14.5 Toung that are baorn biind, deaf. halrless and tocally
dependent on the rother are described as being:
A preocial
b midicolous
€. altricial

d. nidifugous

14.8 Which of the following species grves birth 10 precocial

woung!
a, Mustela patonus flen
b. Ovpcralaguy cumicukss
£, Mus msoiius
d. Chinchilla fanviger
14.7 Which of the following species is an induced avulator?
a. the ferret
b. the mouse
. the puinea pig
d. the chiprmunk
14.8 Which of the following staternents & foke?
a, Ml ferrets tan sulfer from a fatsl anaernia f ot allowed o
breed 3t repular intesvalk.
b. The jil is 2 sportaneous svilatar and cvulation oceurs on
the rerith day of the season,
£, Ferrers are frue carmiverss and belong o the Sy
Mustelidae

d. The male ferrethas a J-shaped os peris that e in te caudal
pertien of the pends,

14.9 The males of which of the follcwing species have teats
o the ventral body wall!
@, Rarus noregious
b. Tarmias st
£, {avin porceils
d. Mesoorcetus ouranas
1410 The pestation perkod of the chinchilla i
a 1171 days
b. ? wesks
£, 2631 days
d. 15=18 days

|5. Reptiles and fish

15.1 Teroises apd terraping balong to the grder:
a: Rhkynchocephala
b. Crocodila
e Cheloria
d. Souarmata
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15.2

153

15.4

15,5

15,7

I5.8

159

Which of the fallowing statements is fafse?

a. Mhnd,-murrrnfmnrmhlsrﬁtﬂudtdmh'mbfq
siaphragm,

b In ke pl:rph-n':d circidacon of the reptile a ronal portal
system rrarsparts blood from ehe hind imbs and @il direcgly
ta the kidney.

c. Peptiles do not possess a bladder for the storage of urine.

d. Feptiles may be owparous {epg layers) or avaviviparous
{live bearers).

The sex of a tortolse can be determined by ecamining:

a. the tail lergthe males have knger tais

b, the plastron: that of the fermale i corvex and of the male =
CONCIE

€. B2 caudal soute: in the Termale it reay furve ugwards

d, all of the abows

The abiity of some species of Frard to shed the tail and
Browy @ nowy one is known as;

a. eodysts

b, automomy

€. caecobraphy

d, musakon

Jacotsen's crgan, located in the mouth af some reptiles,
is associaved with which sense?

a. snedl

b. sighe

. hearing

d. touch

Which ocme of the following statements is fafse?

A Srekes do not have eyelids bt v 3 ransparend spectacke
awer the ey,

b, Same snekes show evidence of vestipial legs.

€. All specles of snake have external ears, which they use to
diegest fetr prey

d, Some snakes lay eggs while cahera bear live young,

Which I:n;-d}l systoim does not apeh inta the cloaca of the
snabe!

& dizestive

k. Lrinary

€. reproductive

d. circulatory

I fizh & phiyeostarmaus fedin bludder i rafillad with aie by
a. 2 gas gland heing incthe wall of the bladder
b zeimeming to the surface and taking a mouthful of air

€. excretory guiss formed by the gue
d. descending to the battom and inoreasng the air pressure

The abilicy of shoaks of fish 1o move simuftanecusly is
thought 10 be linked to the presence of:

. the |areral ke

b, chrospanophores in the skin that change colour

€, tha presence of the ghaacalyne which reduces friction
d, coordingped mevements of the tall fins

1500 The function of the gll mkers projectng from the gif

arches & to

&, marract coppgen from the water passing ower them

b. prewvent damage to the gls by food particles taken mto the
maouth cavicy

€. prevent damage to the glls from objects in dhe water

d- support the gll arches

|6, The horse

1.1

The korse has evolved to take weizght on which dgic of
the pentadacey limb?

a. |

b. 1

[ S|

d. 4

14.2 The wertebral formula of the horse s

16.3

a, CF TIB L& 55 Col 5-20
bo CF T12-13 LV 34 Cdlg
€ CF T13 L 53 Cd20-23
do ©F T15 L5-6 53 Cd18

The joint between the short pastern bone and the pedat
bane is known as the

&, pasiem

b. knes

e Tatlock

d. codfin

lé.4 The full et of parmanent testh & present in the jaw and

16.5

| 6.6

B In wear by what age!
a. 4 pears
b. 5 years
€. & years
da / pears

The sesamoid bome housad within the hoof B known
as thea:

&, raviculs

b pedal

e, coffin

d. fabala

Which statmment best describes the function of the
splanius muscha?

a. It abdusrs the forelimb ard flexes the shoulbder,

b. It swtards tha Rip. e tha s1fla and cotands the hock.
. It dievatas and flowes the nock.

d. It protracts the fardimb and stends the shoulder:

16.7 From which point on a horse's foot does harn groed

& the sole
b. the cororet
€. the periosle
d. the frag



168 The normal resting beart rate of the horse &
a. 120=180 beats por mirute
b Bl 120 beats per minutes
€. 15=4] baats per minute
., 130325 beats por mirute

16.9 Foodpasses through the large colon inthe following order:

a. right dorsal colon, k=ft dorsal colon, left wentral colon, mght
wemitral colon

b right darsal color, rght verdral colon, ket dorsal eolon, befl
wentral calan

€. left verdral colen, gkt ventral ealan right dorsal colon, left
darial codsn

. Fightwardral colon, left vesnneal colen beft dorsst colon, righ
diorsal cokon

1610 Which of the following most accurately describes the
reproductive pattern of the mare?

a. Tha mare & a shori-day breeder, seasonally polyoesrous
and an induced cwilztor,

b. The mare & 3 long-day breeder, seasonaly polyoestrous
and a spon@Eneces ovalator,

€. The mare & a Il:mg'-d:}' brnoder, monoesmrows and an
indusced ovularon

. The mare & 3 shart-day breeder, mancestrous and a
sparmaneous ovshror

I 7. Farm animals

17.1 Which of the following species is not part of the order
Artiodactylal
& [os 1mAus
b. Equus cobailus
€. Cigwrr nrcus
dl Sus somfa domestines

17,2 The descriptive Tarm meaaning an animal s rrany
hormed’ is.
a. polled
b. multiarcus
€. polycerate
ol vestigial

17.3 YWhich of the followang statements concerning the
anazomy of the cow & fiohed

a. The percneus longus musde onginates on the kreral
eardyle of the tibia and insers on the first tarsal bene snd
gh prosdmed end of the large metarzesal Bone and ics
furction 5 4o bring showt Inward roiign of the ook,

b, The interdigical kgarments run beowsen the o toes op each
Em‘:ardprmmtwadiﬁimfrmn;ph}mg apart when wakzht
is taken,

€, The wna and radivs of the cow are saparsts bones, as thay
are in the dog and the horse.

d. The phatanpes of the Ind and 5th digits are westipial ard are
kmiowm as the dew daws.

Appendix 2 Multiple chowe quesbons and answers | H

174

17.5

174

17.7

17.8

7.9

Which of the fallowing best describes the spithelial

fining of the omasum of a ruminant!

@ pirkish m colour with openings of dipestive plands
distribuged over the majoricy of the mucos

b. arrarged in desp lengituding! folds with shormer fokds
b=twoeen them

c. cavered in ramerous rourded and conical-shaped
papifac

d. armrarged in fow folds encompassing 4-, 5- or é-sided
paces b create a honeyeomi eflact

The ansa spiralis of the ruminant digestive tract &
part af which urgpn!‘

a, sesophapus

b. rumen

C. transverse cokon

de ascerding colon

With reference o the oestrous cycle, the ewe Is

dascribed as:

&, sponiEnecus ovularor. sassarally polraesrous and a shorg
day breeder

b induced ovilaron, sexsonally polyoestrous and a long day
bresder

€. Sportanecis ovulator, mnoestrous and 1 short day
braedor

d. indued ovdarer, mongesrous ard o hong dey breedes

Tha vertebral formula of the pig is:
a SO TI Le-7 54 Cdlg-18

b. CF TI3 L4 55 CdIB 30

o G TIE Lé 55 CdI 530

d. OF TI4-t5 L&-7 54 Cdi0-21

The type of placenta describrad & baing diffuse i
seen i which spaces!

A dag and cat

b. pig and horie

c. dag and shesp

d. cow and pig

Which of the following male animals has a par of
lzrge serminal vesicles. 3 corkecrew-chaped penis and
a praputial drerticulim!

B, FET

b, srallion

e. hoar

d. bl

17.10 The gﬂr.:tlnn periad ol the swe s

& |14 days
b. 21 weols
e 154 days
d. 40 weeks
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Multiple choice answers

i 5 9 13

I.1 = 51 v 2.1 b 13.1 b
1.2 a 5.2 d 92 £ 3.2 v:
1.3 ¥} 5.3 b 23 a 13.3 ]
.4 (&) 5.4 £ 3.4 i 3.4 d
1.5 € 5.5 b 35 d 13.5 Y
.4 b 5.& a 96 b 3.6 v:
1.7 a 5.7 b grF d 3.7 a
1.8 a 5.8 d 9.8 a 138 C
1.9 b 59 a 99 c 139 a
1.E0 = 510 d 910 b 13.10 C
2 & i} 4

21 C bl C (LN b 4.1 £
22 d B2 b 0.2 C 14.2 d
23 C 6.3 d 0.3 a 4.3 b
2.4 C f.4 B (0.4 € 11.4 a
25 b 65 a 0.5 a 4.5 ¢
24 o b6 d 0.4 d I4.6 d
a7 ol 6.7 b 0.7 £ 4.7 a
2.8 a 8 d 0.8 d 4.8 b
2.9 b ] d 0.9 € 14.9 ©
210 IS . 110 a [N [ b i4.10 Y
3 T I I5

3.l € 7. d 1.1 b I5.1 4
3.2 a T2 § .2 a 15.2 4
33 d T3 b 1.3 d 5.2 d
34 C 74 & i1.4 b 154 b
15 b 75 b 1.5 b 5.5 a
R C P d I .& d 5.6 C
ar d 7.7 [ 1.7 C 15.7 d
EN: b i b 1.3 a i5.8 b
 fi ) a 79 i 1.9 € 5.9 a
3.10 b 7.0 b 1.0 C i15.10 b
4 8 ] 16

4| b B b 2.1 b &1 ©
4.1 C B2 d [2.2 € 162 a
43 a B3 1 2.3 b &3 |
i 4 s | B4 d 12.4 d 164 [
45 b B5 b 2.5 Y 1£5 a
o e B.& d 2.6 ¢ 156 e
4.7 a BT a 127 b 167 b
48 | B2 b 128 c I&B C
49 B B9 C 12.9 b -5 d
4_§0 a B.10 a 12,10 b 1610 b
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A

Abdoninal eavily, 277, I8, 2%
Abdominal muscles, 51, 511
Adadaneting, 444
Mbsaraseim, of cow, T21-232 223
g lacamd, 2224
Absorpticn, 549
Accessory carpad hone, )
Avcessory plands, 127
o oo, 220-25]
of pig, 240-341
of sheep, 333
Ancessory glande, squine, 208
Accessiry |obe, 5506, 96
Acctabular bone, 400
Acetnbubar fossa, 42
Acetabulum, 44
of rabbils, 1465
Avetylcholine, 55
Achilles terpion, 54
Arid-has: balanee, 13, &0
repulation af. 117
Acids, 13, 130
Acrodonts, 163
Ao, 39
Ao, 133-134
Acling 13, 47
Adduction, 446
Adductr mascdes, of himdbmk, 55, 54
Adenahypophysis, 7
Aderasine diphesphate (ADE), & 7
Adencsine triphasphabe {ATF). 5, 15
comaersion of, ke ATIP.TF
in mnscle contraction, 47
Adipose Hemue, 20, 2h, 22¢
Adrenal cortey, 77
Adreral glands, 7778
Aidrens medulla, 78
Adrenal sex hormones, 77
Adreraline. 73
Adrenocoriiootrophic hommone
LACTH, 74
Atferent lymphatic vessels, 59
Adlerent merves, 570
Agranular levsocyies, W)
Agprainilocy les, B2
A saemililis, 1580
A sacs, avian, 158, 158b
Alar fiold, ¥
o equdni, 200
Abbvamin, B1, 110
Abdosberone, 77, 1108
Abkalis, 13

Allantods, 134
Allele, 137-138
defirdbon, 138¢
Akppede, 145
Aluda, avian, 152
Alveolar ducis, 95
Alvendi, 9305 100
Ammdra acide, 14, 145 109, 136
regulnbon of. 1EHY
Amars acids, deamiration of, 120
Amirapeptidase, 109
Armemanin
fish, 190k
Lervala o, Bith
Amnian, 134
Aureniohic cawity, 134
Amphiaribrosss, 44
Aunguilla, 71
Amylages, M1, 108
Anaesthesla
andan, 1580
gemiral, b
small rsdends, 172h
Anal glends, 145
Anal sacs, 1105
Amal sphincter, 110
Anaphaze
meioss, [ 11
mitcsis, 9
Anasiomoss, Bt
Anntermical definitions, 4-5, 4, &b
Anatomical planes, 4-5, 4
Anatomical terminclopy, 245-246, LIS, 21&
Ancoreeal process, 30
Angiatensdn, 1191
Anmiotensnoger. 119
Anions, 13
Annular cartilage, &9
Annulus libresias, 36
Arcosirus, 131, 132, 132
Anga gpivalis, 125
Anberice thialis, 54
of cow, L&
Antidisretic barmone (ADH), P4 117-118, 114,
oy
Anbigen, 80
Antiperistalziz, 104
Morka, B
Mortic arch, B
Aortic bodies, 98
Aortic hiatus, 5
Aortk valve, B4
Apieab lerardal] lobe, 95-96, B6F

Index

Apneustle centra, 98
Aponeurasis, 48
Appendicudar skeletor, 52, 3843

al oo, 214214

of equine, 193-1%5

af pig. 235-237, 196F

of sheep, 231
Apuecus hamour, /7
Arnchmsd mater, &0
Acreolar tisswe, 30, 227
Aorecior pild mus=cle, T46, 144
Arberial drculation, 86, 57}
Aorberies, S

aviam, 155154
Arteriphen, B
Acplyywidion, 1580
Astermal rihs, 34
Allas, 37, 27
Mbmms, 18
Alresia ani. 234b
Adrial Hardlation, S T T NIy
Adrial syslole, 84
Atraphied muscle, 48, 488
Auddbary msslches, 70
Audibary babe, &8, 1005
Auricular cartilage, &9
Autodigestion, 104
Aubonomac rervoas syshem, S-dd, hdf, fdl
Autotomy, Fizards, 1810
Axial shelebon, 3539

of oo, 211-214

of pig. 23235

of sheep, 231
Aoz, A7, 37
Asew, 68, 55
Axon hillock, 55
A ymos viin, 86

Fack=rrossmg o recossive, 1400
Bacterial irdeciion, §4b
Baculurm, 175
Balarce, B9-21
Belandtds. {balanopasthilis), 127
Barium emeal, 1040
Barivm Xe-rap, 105F
Barn awle (Tt alhal, 156
Faroreocpiors, 1191
Bawrr bexdly, 137
[Rars, equine, 159
Bame, 13, 13

base pains, 136



Index

Bascphils, 817, 82
Brak
awiam, 151, 158-140
shape, in avian, 161
Bicarbonate, 10%
Bioeps brachii, 52
Biceps fmmoris, 33, 53
Bifurcation, af tracdhes, 93
Bilsteral crvplorchid, 1260
Bl
camalicuhl, 110
fotmmatiom of, 111
salts, 109
i wring, 120
Bile et common, 107
Bilirabén, 81, 107-1H
'E-I.r.ar:.-' fisgion, 4
Bipolar meurors, 6566
Birds, 131 =164
arculatary system of, 1558-159, 160f
dlﬁuuve syslem af, 189-161, 1a1f
diving, 15&k
droppings, components, 161
handling, 153h
muscileskeleb] sysiem of, 151-155
qurstions andd arsywers in, 254255
reproductive system of, Tal-163
respiratory system of. 157-158, 157F
zpecinl senses, 155-137
urinary syabem of, 161
urisgenidnl sysbem aof, 162f
Bladder, 120-121
Blodder sphincter, 121
Blastocyst, 134
Blind spod. Gaf, 67
Bllcad, 20
ko, 154
i, 2K
In wrinag, 120t
Bloord samepling
chedomdans, 18
limarcds, 1830
snakes, 185h
Blood vascodar sysbrm, 79=-4()
blood, 7983
ool lular components, FLF
chemicals, 73
clotling, B2-83
composton of, BO-82, BOF
Fumehions, T9-Hik
phucose ek, Tef, 77
[rrussene, A3
reglatiom, T80
arculalory wysiem, B5H5
Ikond vespals, 8586, 1S
frialmenary, 85
syabimic, BA—HH
euline, 2203
heairt, 5355, Kb
key points, 7%
lymiphatic system, S8-00
guestions and answers in, 250251

Bood-brain barcees, &)
Bosars, clipping tusks of, 237
Body cavilies, 17-30, 277, 28
abdominal, F7F, 18¢. 2%
pelvic, 277, 28, 79
queshions and. answers in, 247-248
tharacic, 27-28, 280, 287, 25!
Becly chemiairy, 11-15
Bochy Eluidy, 79
ey Boimpssadiiee, Bl
regulalion of, 117
Boxcly fissiies, See Tissuies
Biidae (hoask, 154
B, 23, 230
despdopimint of, 31-32
i, 195
at forelimb, 29-40
of hindlimb, 4043
preumaetic, avian, 131
shape of, 51
structure, aviamn, 131, 1521
Bomy fish, 186
Remy labyrinkh, inner sar, 70
Rowine feal, sagital ssttion of, 2157
Henwman's capswle, 115
Brachinl artecies, avian. 158
Brachialis muscle, 52
Brachiceephalic trunk, 8
Brachiverphalious, 52
Brackyeephalic breeds, (Bh
Beacboroephalie shage, 35, 341
Beadr. S5H-58
dvian, 155 155
protoction of, -
abee hemlalion, 356
serdiculin ayatem, 59, 590, Fap
[I-rq-.:llrurtg. diffility in, Sed
Meoeding strategies, 141
et ligament (mesomaeirium), 139
Braanchd, %3
avian, 158
Bronchial rec, 53
Branchicles, 93
Brumner’s glands, 107, 1R
Builks
of qow, 219
of penis, 126—127
Balbcarethml ghands, 121, 127
ol wowy, E30, 230F
af eqquinge, 208
af pig 241
Bairule Oof His, B4
By arasy, fish, 186-187
Baursa, 48, 4%
Huirsitis, 217k

c

Cactobophy, 165
Caspum, 1007, 1=

af equine, 206, 27
Capsarian sechon, doe, 1700

Calcaneus, 45

of eguine, 195
Calcificakion, X3
Cedcilemen, 75, Thf
Cadum

in bhood, 75

body chemistry ancd, 13

ioms, 56
Cadcium phosphate, 33
Canoellous bone, 73
Lamnines, 103

of equine, 05

of beerrels, 177
Capillaries, 8
Capaube, of kideay, 113
Casapace, chelaiiana, 18]
Cashichydrate metaboliomn, 110
Cashohydrates, 5 13, 136 108109, 180
Lardia, 114
Cardiac lobe, lurg, 954, 40"
Cardiac nmsscle, 24-25, Jef 84
Casdiac sphdncter. 104
Cardiwesralar sestem. 5

of chelaraans, 180

of lizards, 185

of reptiles, 179

of snokes, 165
Carnasamls, 100

ot berrets, 177
Carabid bodies, 58
Carpal bones, 147
Carpad check ligament, of cqume, 1538
Camrprad exbensors, 52
Canpal Flesors, 52
Corpad pond, 147
Carruss, #l1, 41/

o cow, 214

af pipuime, 193, 154F

miuscles af, 52

of plg, 236
Carlilage, ¥i-3, Fi ¥ 34F
Euﬁ.’laﬂ,mﬂu: fich, 18&
Cartilagimous jeint. 37, 44
Casrade mechamsn, 82
Castralian

of oo, 2290

af pig. 241

of shiep, 233h
Cadaracl, 635
Cations, 13
Cauda epicdidymis, 125
Canla euina 60
Candal air sacs, avian, 15380
Caudal articular processes, 36
Candal digestive trac, of cow, I25, 2261

hinction of, 125
Landal fin itaill, hsh, 186
Caudal lpha, 95-9¢
Candal mesemtedis aptery, 56
Caudal vena cava, 584
Crudal vertehrae, 37F 35
Caval foransen, 5



Caverrous erechile Heswe, 1260
Cell biology, 3-16

anatomiral definiticns of, 4-5, 4F 5¢

amimal classlicabipn i, 35, 4t

body

basic plan od. 5
chemistcy of, 11-15

e, 8

bl 18, 20F

fpiestions ard answers n, 247

s &
Cef| livision, 133-134, 134
Citl=med Bt b resprars, 440
Cells of Lawidig, 77, 125, 125
Cunieal canal, spiral cord, 6l
Coniral noreaus-syetom (CMS), 532860
Contral tarsal bane, of cow, 215
Cerral tarsus, of equine, 155
Cenibral vein, lobules and, 110
Coenbriokes, B
Centrosame, 8
Cephalic wein. 8
Cepchellar hypopla, #hb
Cepebwllum, 59
Cerebral cories, 58
Cercbral hemispheres, 55
Cerebiruam, 58
Ceruminous g;llmd_-i,. £ 145
Cervical camal, 129

of oo, 227
Corvival verbebrae, 37, 37

of edqueme, 192

i pig, 235
Cprvix, 129-13

of cow, 237

auilie, 200

o pig, 239

of ghesp, 132
Charnbsers

o ey, &7

id bzart, 84
Check hﬂ,nrru:nts. o e, 19
Chelones, 179
Chemicals

bdood, 73

reaclion of. 13, 150
Chemorecepions, 63
'Cherry eye,’, GER
Chief cells, WM
Chinchilla (Chinerila lanegeral, 175

duestioms and Answers in, 255
Chirpermainks [ Tamis sideiinsy, 173

questions ard answers in, 155
Chifamuliphile paitiad, avian, 1530
Choana, avian, 154
Chodecysiakinis, 109
Chomilrocybes, 11-13
Chordae tord ireae, 535, 54
Choripakblarsicss, 134
Choricn, 134
Chorlomic Enn..:h:lnln:g:i'.m, 73
Chiorald, &85

Charoid PI-EII\.LHL‘I_. By
Chromatephores, lzards, 18]1-153%
Chromesomes, & 136-137, 1377, 157
Chirawic renad Eailure, 13030
Chyle, 109
Chylolhiorms, Sk
Chyme, 10e-107, 109
Cilia, B 18, 68
Ciliary body, 67
Ciliary musch, 67
Ciliabes] epiglweliim, 18
Circulakion
aviion, 158159
of i, 207
Clreulobory sysiem, 548
avfipry, 158-15%
af fish, 197188
Circumamal glands, 145
Circumsd uction, 446
Clrcumsical marl:,. 145
Clsterna chvll, 59
Classificatdon, ardmal, 3-5, 4
Clawicks, 39
Clases, 40, 147, 147
foldd. 147
groawih of, 1478
Clulonis, 150
Clooan
awviam, 161, 162
snakes, IR5
Cocoygeal {emadaly vertebme, 37F 38
of iuira 192
of pag, 335
of ghawp, 21
Cochlar wivedow, &)
Cipeline ariery, Ba
Conlom, 134-135
Cioéfim faimi
of cow, 215
of exjuire, 195
Caollagen fibwes, bundles, 20
Cedlateral L'la,amu'rﬂn.. A4
Collecting duet, kidney, 115, 117-118
Codar, 105F, 109
of eurine, i
Colostrum, 131
Codumelln bang, aveen, 156
Columnar cells, 17, 198
Codumnar epithelium, 115
Commaon bile chact, 107
Cimmon caralid arteries, B
Cismmon digital extersor hemdoen, of dqudne,
T
Common iregomend, 145145
clives, 147, 1477
of fiak, 187
fctpacts, 146147, 147F
hiir, 145-146, 146f
ke povinds i, 143
of lizards, 181153
queshions and answers i, 354

nfﬂ:q:llh.lj?'}

Index

skin, 145145
of snakes, 183184
Commumicalion, skin and, 143
Compat bone, 156
Compoumnd, 13
Compomnd epitheliom, 17, 157
Comehae, 3, 91, 531
wvian, 152
equirse, 33
Comdy lar procses, 14-35
Crondyle, 3
defined, 33k
Comues, 7
Comganiial defecis, 141-142
Comgeslive hearl Fadlure, B4
Cimjuiindkiva, &
Connective Hesoe, 19033
Ciomeimas portapdion, G3
Comtraction, nscle, 47
Coardinaling systems, 5
'l:‘n:\pr-ru:lmmx.nl' I.'EFI.ﬂH-,. 174
Coracold bare, avian, 151
Corivm, equine, 200
o, 66
aviam, 156
Corona radiata, 133
Coronary arleries, B
Coronary bard, cquine; 15949
Coronary border, 147
Corprmary cominm, sguine, 200
Coronary sinus, 57
Laronary veins, 57
Corenit himdl, equine, 199
Ciorenoid process, M-35
Ciorpiss vallosuim, 54
Corpiis cavernosim penis, 136127
Corpus teum, 7, 13
Corpus spanglosum penfs, 12127
LCiortex, kidney, 113
Corlicoslerone, 77
Cortisod, 77
Ceestal arch, 58
Cretal cartilags, 58
Uil fowea, 37
Crstal pleura, 28
Coughdrg reflex, 95, 950
Cow, 211-X30
digestive svstem of, 219125
dry, Xeg
gestation pericd of. 229¢
muscilo-skeletal system of, 211-219
mepradudive system of, 227-250
irirary syalem of, 225-137F
Cramial digestive imd, of o, 221125,

i
feimciion of, 225

Cramial (apieal) ok, 95506, 9

Cranial meserietic arery, Bb

Cramfal rerves, 49, 3970 61, 621

Cranial procissis, 36

Cramial Lhorai: infit, 37-28

Cranial voena cava, 84



Index

Cransofacal hinge, avian, 151
Crapdum, 33-34, 34, 59
of fish, 156
Cremaster muscle, 126
Cribriform plate. 3. 6566
Crocedibia. 179
Crop, avian, 160
Crossbresd, 141
Cracate hpamenls, 45F
P, 4
Cren, 126127
Crvptaichigisen, 1268, 142
Crypis Of Livkekiibo, 107, 108
Cryslals and casts, in wrlive, 121
Cubeidal colls, 17
Cutheidal epithelium, 115
simiple, 18
Cupala, ¥
Cisbang's discase, 24h, 74
Cytoplasm,

rartos moscle, 125

[Cread space, respimatory tract, 95

Deafmess, 142

Drenmimatson, 120

Dreciduaus dentition, 101, 103

Deep digital flexce masde, 52
o o, 21RE

Dhevp digital feser lecdon, of squire, 16, 1460

Detaecalion, 110
Chetarint e (vas deferersd, 121, 126
Crephalition, 103
Debairiding, 2130
Dbl rabed patient, 1190
Cremyelimation, 2ab
[roredriies, 55
Crerslsans, 16, 26h, 55
Dreres, 37, 571, 192
Drerse conmechive dee, 221, 23¢
Drental arch, 100
Prartal farmulae, 100, 1018
Dhenilares, 3d=35
Crenititian. See Tecth
Dreoncyribormcleic acid (DAL &, 136, 156f
oviam lesting, 165
Drermnal papilla, 145
Checrmatitis, 145
Dheremis, T4, 1040
Eretoxification, 111
prosluicts of, 120
Dhasy claw, 4l 147
Drewlap, of rabbbis; 165
Ehakwriin iveipicd us, 74b, 1180
Cabeles iellig, Fab 1175
[haphragm, I7-28, 5-51, 300 97
of rephles, 179
iupltued, S
Chaphragmatic hierrda, 510
[I'H.Iﬂ'lhlﬁlﬂ.:l.ﬂc reaudall bobe, 9555, Saf
Driaphragmaile parakvsis, Y84

Ellaphmsmntlr 'p-!tl.:ra,.ﬂﬂ
Diaphysis, 32
DHarrhoea, 1108
Disirthroses, 44
Diastema, of rabbils, 167-168
Dhisstpde, 21
Driffusdor, 11, B2 115k
Digantricus, 49, 49
Digestion, of rabbits, 169
Diggestive aravines, 15
Diigestive System, 5, #-112
abtominal pact, 104=111
avlam, 1559-161, 1651
af ghelenians, 180
of <hinchila, 1751758
nf-fhipmunkt., 173
af conar, 21FRE 33
dlsgeckiom, ¥4, 105104
digestive tract, 101F
af myomarphs, 172
crzvmes, 1{E-1048
of equine, 24-207, 041
aof femvets, 177=178, 177F
of fh, 180, 185
ol guinea pig. 173-174 174F
of heshivores, 225
ey poinds, ¥
af lizards, 183
of myomaorphs, 172
oral crvily, 99104, T01¢
argans of, 1
of pdp. 237135
Lllﬂ:'l:ll:i".ﬂ'b amul amsyieps i, 252
ol rakbils, 166-16%, 165/
al ropiles, 1
al shisep, T1-231
of snakes. 155
alages of, ¥
Crigtall cughion, equine, 194
Dlﬂﬂut exbersors, 52, 54
cornmean, af cow, 2188

Dilg#ab flexor mnedes, B2, 54, 147

Dligdtall Aesor tersdin, mvian, 150, 153F

[rigital pads, 148
Drigits, 4il
of qow, 214
afl hindpaw, 43, 43
musdes of, 32, 54
of pig. £
Dikeybric crasses, 140
Lrilated cardsomyapathy, Bk
Diestnae (mesoestru=), 131, 133
equne,
Diphosst pummber, 136—137
dedired, 1381
[izacchariades, 1680
[risbndcling, 2136
[retal comvoluted wibule, 115
(riztal sesamokd, aof oew, 214, 214
Dristrimps, 147
Citstichissis. £88
CHuredees, 1170

Diocking, 291k
Dodichocephalic shape, 35, Jif
Chomestic farm animals, 201-242
o, 211=25
P ZA5-21
pouliry, reprod uctive system of. 162, 162
sheep, 230-X35
Domurant gene, 138
wefned, 1384
Dhorual {epaxiall miscbes, 35-16
Chearaal roud, 62
Dhrugs, sevietion of, 116
Choctues arlericeus, 55
Phactiss defirens (defenmnl duct fvas doderens),
124
avian, 163
[hictie vercee, 55
Chapchnam, 1057 107
aviam, 1a-161
[hira maker, @0
D:,-mmh: balarce, T1b
Chpspna, S
Dy=tacia, of rephiles, 179h

Car(s), 64-71

avian, 158

canal, &%

war dram, &9

af pquine 01-214

gxlernal ear, 69

faluled, 142

Inney ear, 771, T

of lizards, 183

il |, S-F0

pinmae, B
Ear mites {Endertes cynalisl, 69
Endysis

lizards, tR1-183

repliles, 179 17490

snakes. 1E3-184
Fdampsia, Sk
Ertnthermic specics

feeh, 184

Tepliles, 18D
Etropicn, &8b, 142
Ciferent ducts, 125
Ethereed nerees, 570
Epz-hindirg.' of rephles, 179
Glasic cartilage, Xy
Eliedie fibrgss, 20
Elastic tissue, Badder and, 120-121
Elbawe, musches of, 52, 531
Bl dyeplamia, 40, 141
Electrocardiogiaply (BCE), 850, 851
Eletrodvee, 13
Elemnt, 13
Enmbodus, 83
Emibrye, 13133, 1361
Ernhth: imln:pm‘unl,. 155154, 135F

definktlons, 133, 1336



Endocardium, 83
Endochorsd ral ossification, X%, 32, 52b
siages of, 337
Fndnerine glands. 19, T3-TR
aned psmociabed boemenes, TAF
Endomine sysiem, 5, 7376
basic [wnctions, 7
endocrine glands, 198, 73-T8
key points, 71
fpiestione ard answiers i, 250
Fnclioydesis, 8, 3
Endoderm, 134
Endolymph, 7
Enclonssriam, 124
of cow, 13F
Eﬂ.d.n'p-laml-: reficudum, 7
Endoikelipm, 17
Entorekingse, 104
Entroqian, B5i 141
Enarymes, 15, 79, 108=109, 104
digestive, 15, 10%
Bosmophils, 817, B2
Epaxcial {dorzal) muscles, 35-36, 50, 50
Epicardiom, 83
Epdrandyvle, defined, 35
Epddermis. 14, 144r
thickness of, 144b
Epididyma, 125
Epighotiis, 9
Frpilepey, 59
Epinephrire, 73
Epdphysenl plabe, 32
Epiphyses, 32
Episkinsia, 14
Ejsisinxis, ¥l
Epthiliaem, 17
absarphive, 108
adder and transitional, 1200121
clliated, 18
calaminar, 1153
n:nrn'P-mlnd, 17, 1-5;
cubaidal, 115
keratinised stratifed, 17
oeanphagus and., 104
simiple. 17, 187
sAmple columrar, 16
simyple cuboidal, 18, 115
smple squamaons, 18, 115
skralified, 17, 18, 18f
stratified squoamaes, 104, 130 144
Iransitional, 18
ireter e drarsiional, 120
Eructatian, 223
Eryihraldases, BE
Ervileocyivs (red oo cvlls). 41
aviam, 159
Ervilrapisis, B
Ervihropobctic-simulating factor, 73
Erythrapsieting 73, 81, 113
Eihmniskd bome, 4, A5-&h
Ethmipddal haenadomatn, 200
Eihmoturbinates, of equine. 203

Enstachion fube, TOF 1413
Frsee=, 232
Excrelon, 99, 113, 119130
hydroger ioms, 117
Exocrine glands, 19
Exocrine panoreatic msuffickency
(EP1L 1080
Exocyivais, &, B
Expirafian, 97, 98k
aviam, 158, E?-E.h"
Expiratory neserve valime, debimed, 95
Exdension, 436
Extensor corpi obliguus muscle,
of e, 218
Extenpor cnpl eadinlis masce, of
i ALEF
Exdenams, 13
Exterral abdomuiral ablivque muscles, 51
Exierna] acoustic meatus, 33
External audibory meabas, H9
Exiernal inborceetal mscles, B0, oF
Exiernal respiration, 91
Euternal structures, squins, 1199
External urethral omfice, 121, 130
of cow, 215
Extracellular flusd (ECF), 110, 115, 50, 115,
I7-118, 1%
Extrocellulor maies, 1920
Extra~embryanic membrares, 134
Estraccular mascbes, 1050, 9
Exitinsic gland, parereas as, 107
Exdrined: mscles, 484
ul furedimb, 51-52
Eyutal, eaeli
aviar, 156, 156
defevis, 141
of exquine, 202, A020, 2027
evehall, bh-Rd
flelds of visien, GRF
kmage formation, Si-9, 685
af lizards, 183
mnuscles of, 45-80, 49F
Eulrinsic, H7 -6
of rabbils, 165
struciure of,
Eyeficls, 55, 68F
thard, &8, 154

Fabellae, 42
Fid] espivssion, musdes of, 4%
Faciad sy 4%

paralyss of, £
Fagilitsbed diffieslon, 5
Faeal drcontivamnes, 110h
Fawxcis, 170
Falcifarm Hgament, 88, 114
Fallogeian tube, 124
Fales mestrll, of wquine, 203
False pregnancy, 131 1530
False" rihe, 38

Index

Fangs, snakes, 185
Farm animals, questions and answers
iny 257
Fascclies, 23
Fal mekabadism, 111
Fats (lipdds), 13-14; 108009, 109
Fally acids, 13-14, 10>
Feathers, 153
combouar ar covert, 153, 1545 155¢
floplume and denen, 153, 154, 155/
flight. 153, 154{, 155/
Feedback boops, 73
Feeding, of ralbits, 1700
Fiel, loolpads, 146-147, 147
Fomwral artiry, B
Fivial pesrve, &3
Femoral powos, 183
Fenaur, 42, 427
af come, 215
af sguineg, 195
af F-‘lf.;_. 2%,
Ferrel, 175-174, 178k
questione and answers in, 155
Fertilization, 133-154, 124f
Fetal development. 133-134, 1357
definitions, 133, 1336
Fetlock joird
af oo, 21
-ufr-:p.ll':nu. s
Fibrin, &1
Fibriresgen, &1, 110
Fibrocartilags, Iih
Firusis goinis, 44
Filsroas proteing, 14
Fibrosis alwaib, 21-23
Fibdla, 42, 43
of cow, 215
af s, 193
of plg. 23
Fibular tarsal bane, of cow, 215
Fimabrlae, 132
Fins, fish, 186
Firet phalana; of cow, 214
First lrsal bone, of coaw, XI5
Fish, 179190 188F 15897
questions and mmswers in, 255256
Fissures, 55
Flagella, &
Flad bara=, 31
Flat-chamted kitlens 147
Flexson, 44b
Flemor carpi raxlialis muscle, of cow, 7158
Flemor carpi ulnaris masde, of cow, 2151
Flemors, 63
Fligghi
avian, 154-155 154/
prevendion of, avlan, 1534
Floating' mibs, 34, 35
Fluid, 17
Flukl talames, 13-13
Foetal clrculation, BE
Fedlicle stimudatirg haeomone (FSH), 74, 1351



Index

Fowol
avdar,. 151-152
of sheep, 234

stracture of, e sgquine, FH9-204, 2007

Footpads, 146=147, 1477
Footret, 2316
Faramen, delimed, 330
Faramen magnem. 34, 6
Foramen ovale, BB, B8f
Forabrain, 5555, 54
Farelimb

b 0f, 3940

of cow, 214215, 214

o egudneg, 150195, 1S 19 200

muceles of, 51-52, 52/
of pig. 15 15
of pabbits, 165
wings, 152
Forrix, &by, B
Fossa, defined, 330
Forurth: tarsall bime, of cow, 215
Fovea capitis, 39
Frag, squire, 199
Prog, corium, equine, 30
Fromtal bome, 31
of ceaw, 211, 23
of equine, 191
Fromal emirenee, of cow, 211
Frovial sinus, 924
o poser, 211213, 21%
amsomyy of, 713
Bipuine, 203
off pig 334

Frovdomailbary opening equing, 200
Funcional resiclual capagity, defivd, 98

Fuindis, 104
Fasifaoren shape, of fish, 18

Liaits, aqul.nr;,. 201
Call bladder, 107108, 110
of Ferrels, 178
Gamete, 56157
defined, 138
Ganghion cells. 67
Gaseous eschange, #1, 95F
Clases, in solution, 79

Gostne dilatetion snid volvialus, 10485

Gingtric juioes, 104, (R
Gastric muooss, 104
Ciastric pits, 104
Gasrin, 73, 1041106, 109
Ciastrsremius, 5=
Casrdiviostinal e, 1077
Creradics, 136-19

abmormaditg in, 1420

genis, 136, 137-134, 139

el agume, 134

EE T TR
Genalype, 15§

defined, 1385

Caeninis, 3
Ceerbil (Merfores nrguicalarus), 171
Germ cells, 8 131
Lavere, 134
Cseslaticon period, 133
Gl mysbem, fish, 187, 1907
Gingival membrane {pericdandal),
K]
Gizzard (ventdoulus), avian, 16D
Glands, 1H-19, 19, 11
Clans perds, 126127
ol gy, 230
Ao, 81
Clonedd eavily, 3
Glicling, 44
Clebular prodeiee, 14
Clobalire, 110
Clomorolar capeabs, 115, 1177
Cadomerular filtrale, 115=11&
ahsmerilas, 115114
Clcttia, 5%
aviam, 158
Clscagan, 7h
Cliwoeorlicoids, 77
Caliscvme, 110
dizhetes mellbus and, 1178
reabsorption, 116
i uriree, 1214
Gluiosaria, 76, 1174
Chaleal muscles, 55
Clyeeral, 13-14, 141 109
CAveocalyx, of fish, 157
Elyoargemesis, T, T
Clyoopermolyziz, T8
Gl pestabion poriod of, 2200
Gt colla, 1H, 2 104
I:;.'n;ulg'-l apparatus, (i1
Camradatrophin reksasing hormars: (GRH,
4.1
Caraafn follicle=s, 131
Coractlis, 53
E.‘u'arl.uln-:}'l'n:-_. 52
Ceramulosa oell mpnowers, 209§
Ereafter curvatore, stomach, 104
Cereater omentum, 29, 10
reater rochanber, 42
Greater tuberde, 3%
ey mather, 58
Cround subskince, extracellular,
Ll
Erowrth bormone, 74
Growlh plake, 32
Guard haiirg, 144, 1467
Guberraculum, 126
Gaiinen pig (Canda floriellug, 173-174
foinal ingy af, 174k
(usbions and answers in, 255
CauEns, 100
Cuslabion, af, 10
Gutturdld posich, of squing, 202
Courtural poach disease, Hy
Covrd, B8

Haemaglobin, 1
Haemophilia, 142
I'-immnpnl-u-&l, =4

I-Lurnn]:alul.nr lissue, M)
Fladr, T45=146, 1467

FHamster [(Mesnenoetivs surates), 171
Hamstrirg groop of musdes, 53, 33

Hamdlirg,
of rabbits, 165k
of reptiles, 150k
Haploid number
defmed, 1384
questioms and answoers in, 753
Hare palate, 34, 99
avian, 138
aof oo, 2192211
o pig, 237
af ghedp, 232
Hardesrinm glancls, 640
Haversian canals, 23, 247, ZH
Head
avian, 157
miissc s of, 49-50
af rabbits. 165
Hiaring, £9-T1
avaan, 158
Feart, B3-85, 5% 55
avian, 158
bood arculation, B4, &7

conduction system af, B4-85, 85f

of pquine, 02
myuarmmar, Hdb
of repliles, 179
of smakas, 165
yibves, B4
Hizard mvte, B4
of pquing, 13
Huzal
lirss, avian, 158
production of, 111
Huced, builbss af, equirse, 154
Higan peismas
lizards, £83
srinkos, 165
I-'Enp:lm, 23, Kb
Flepatic artery, B3, 110
Hepatic portal sysicm, 28
of mnakes, 165
Hepatic portal vein, 88, 110
Hepalic veins, 88, 110
Hepatooytes, 110
Hederoasis, 141
Heteroeygous gene, 135
wefined, 138¢
Hibernatiar, 1730
Higher eleosts, fish, 1H6
Hilus, 59, 120
Hinellarnin, 54
Hineltimls
Bomes of, 4043



Hirdlimb [ omtnmed
of cow, 215-216
of eguine, 195, 195F
mscles of, 55354, 536 5
of pig, 236~237
of mbbitx, 167
Hip dywsplnsia, 42, 141
Hip joint of cow, 215
Histiceyies, S0
Haoak, mnisclos of, 54
Heards jetnk, of oy, Tle
Haomoostnsis, 11, 7#-50
Himidagones ¢ hromasomes, 137
Hameeygosity, 180
Hameaygous gene, 134
definod, 128¢
Haood (hooves)
of oo, 2172149, 222f
equine, 9% 200, 2
Harmional changes, oesirous ovele and,
131153, 132F
Hormones, 73
femnale reproadudive, 77
Ham tissoe, of cow, growth of, 2190
Horms, of cow, 211, 2118
Horse, 191-210
blood vosculor system of, 202-305
dlipgeative mestem of, H4-107, BHY
muscular syslem of, 196101,
197). 197
s sysbern al, A
dpuesticms o AnSwerd In, IS6-157
teprochactive systom o, 307208
pespiratory aysivm of, 200204
shadelal sstem of, 191-195
spoital pirngis of, 201-2000
urinary syslem af, 217
Hawell=[aly bodies, #1
Humemigs, 349, 347
iod v, 214
of pguine, 151
of plg. 335
Huemaral immivne resporse, S
Hyaline cartilage, X2h, 247
Hybeid vigowr, 141
Hvdrochlonc acid (HCT), 104, 109
Hydrogen (H') wors, excretion of, 117
Hyvoid apparatus, 25,357, &%
Hyoid bome, 100
Hypaxial [vertrl} musdes, 35-36,
S0, 50F
Hy peratninicocticalism, 77
Hiypeergl venemia, 7ab, 1170
Hyperthyroidism, 750
Hy parrirophic cardiomyopatfe, K50
Hiypirr trerpahiiod] friiscle, 44
Hypodermils, 144145, 1847
Hypothakamus, 54
Hy pothyroldism, T
H_I,'pnwlumll.' shick, 12-13

i-iﬂ.un:lnru.i: tieeth, squine, ans
Hystrionmoaph groap, 172-175

Neecaecal jumettor, W, 1#
e, 107

aslan, 16i-1a1
Mliac artery, inkernal, 86
leaerm,. 40

of egurine, 195=1%40
Immiire: system, S0
Immure-medinted disense, S0
Immuraglobalins, #1
Implantation, 154
Irbrsiding, 141
Ircigive beme, 1, 99

of equine. 19]
lexisors, 1020

ol euira 205

af fermeks, 177

af ey cmarjshs, 1720

af rabbibe, 167-168
lpedueed eaulator, 132
Irfection, defense agairst, S0
Indraspinaiue, 52
Infraspinones fossa, 39
Irdardibalum, 1753

avilam, 162
Ingeekicn, 549
Inguiral canal, 116
Irguinal herrda, 31
Inguinal wirg; 51
Ivhented defects, 141-142
Irmer cell mioss, 134
Irarganic compounds, 13
Inarganic tona, 1200
Ir~patient matmition, avian. 159
Irsseriion, of muesche, 85
Inspiration, 57, 95b

aviary 158, 159

muscies of, FO-51
Ipapivatory conkee, ™
Irapiratory resere voluime, defined, S
irsulin, 76
Trdegriment, Sev Comamon iregienment
Trdercadated discs, 34-26
Trtercal il moarcns, &3
Irdereellular produsds, 17
Indereastal mscles, 38
Intercastal nerves, ¥
Irteroastal spare, 38
Inderdigiial HH,arnmL'i. o cowe, XIT
Inderlotar arberies, 114
Irterohar veins, 114
Irtermnammary grocee, of cow, 218
Irtermizl abdominal abligone muedes, 51
Irterrsal mieroostals, S
Irdemzl siruchures, squine, [99-20H]
Irfercaseous mmasce, of cow, 217, 2Z1F
Interphalomgreal jomt, T4
Irderphase, mitosis, 8-49
Irterdermebral cartilages, 12-19
frdersditiol ool slimvidlating Boimome (FC5H)

4115

Index

Interstiiial cells, 77, 125
Inberstitial fuid, 10, 17
Interveniricular seplall defect, 555
Imbervertelral dise, 36, 3&
Intestinal jusce, 109
Intestimes, of snakes, 185
[ntrecapsalar lignmends, 44
[nirscelbular floid (1CF 11, THh
Intramembirarsas ossifcaion, 33
Intramuscuber imjections, Sk
Inbraosseus calbelerzation, 1530
Intraperiionenl irgoction, ovian, 1580
Imtraviras injectian

avlam, 15350

chalonians, =08

lizagds, 1810

srakos, 1850
Intrirsic msiscles, 480

af foreliomd, 32
[mbubabion, avian, 1585
[oms, 13
Iris, &7

aviam, 156
Iran, 111

hoedy chemistry and, 13
Ionesgualir B, 31
[mregularky inberwoven fibres, 21
Ischinl tuberasiiy, 4t
[=ctrinen, A0

ot sguine, 195159
lalets of Lamgerhars, T
lsrnetric contraclicon, 480
lsbansde qomitaciion, 480
[sthums, avian, 162

lacobwsen's organ
lizands, 183
enakies, 185

[ejunum, 107

[t cavity, 44, 44§

Joviris, 34

lugular processes, 34

[ugmlar veins, By

"
Keratin, 17, 144
Keratimission, 144
Keratinised stratifved epitheliom. 17
Fetores, i urives 1211
Kitdmewisk 113-120. 1157
blood supply, 114
af cow
Rift, 226, Xpaf
right, 226, T2/
dtseage, 1200
el 17, 207
encretion, 119130
m‘nnr-e&uluﬂm, PEE-119, 119
af rophiles, 1749
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Eidreyvis) fContimmedy
wraciure
macrpecopic, 1E2-11d
micTeacapic, 114-115
urine formation. [15-118
Kingdoam, 5
Kithns, 135
cerchellar hypoplosia ard. 5k

L

Labia, 130
Lacrimal bome, 34
Lacrimal ghand, &8
Lactase, 108
Lactation, TH
Lactonls, 4889, 107
Lammae, 23
Lamiellas, X5

lbzardis, 181183
Lanléar cordum, equine, . H
Laminitis; equine, 200k
Large irdestine, 1009-110

avian, 141

of cquine, 26-207, 206F, 07

of pig, 237-138, T3

of rabibls, 168-149
Laryngen] hemip legia, 204
Laryngeal paralysis, 93
Laryngopharn equine, 200
Laryns, 93, 43, 9%

aviam, 158

eiulime, 03-204
Lateral candbus, 54
Laberal coarlilages, equine, 240
Libestal cordvle, of femuir, 43
Pateral digital extonsor muscho, of cow, 2180
Lateral digital cxtemsar tindon, of aquine, 19
Lateral ppicordyles, 59
Listerad line system, fish, 187
Lateral malleslus, 42
Lateral ph:\r_g.'ﬂ_n:l&:. 49
Lateral gxphenous ven, Shh
Lateral stylmd process, 5
Latissirms dorse. 52
Law of independent assortmend, 1539 140
Law of segregation, 139
Lef atrioventricalar {AV) valve, 84
Left axillary artery, B4
Leff brachial artery, 56
Left sulbelavien artery, &6
Leg, avian, 151-152
Lepge-Calve-Perthis Discases, 42
Lens, 67
Lisger curvalues, slomach, 104
Lisser congrlum, 29, 104
Lissser prachanler, 42
Lisser mbende, 39
Listhal geres, 134
Lisuiarytis (v hite blood colls), 5142
Ligamseni{s}

defined, 33

nrtqulnq. 196105, Tagf
synovial joints ard, 44
Ligamentum artericsus, 82
Line breedirg, 141
Limea alba, 51, 31k
Linnaeus, Card, 3
Lipase, 109
Lirpidia {Fainh, 13-14, 14F, 106108
L, 200
Lips
aof aonw, 219
of pdi. Z57
of shisep, 231252
Liver, TIO-111, 1100, 1107
funcdions of, 110-111
af guibea pig, 1580
Lizards, TRO-187E, 1845 1857 1857
Lihies
Hwer, 110
g, 9550, by
Lodsales, lver, 110
|Lcx-oamen e, egquing, i
Lz, defmed, 138F
Lomg banes. 31
avian, 153
b o, defined . 330
neck ard shaft of, defined, 33
siructure of, 33
Long digital extensor muascle, of cow, 218k
Lemgitudinal fissume. 58
Lisopes el Hemlie, 103, 115, 117
Liiyer limbe, af covy, mvuscies and Bendons of,
JN6-21T, T8, 215 2201
Lionwwir tidigesis, fgh, 186
Lumbsar worteleae, 374 28
al g, 192
of pij. 235
Luimjs, 2546, 451 waf
avlam, 158
of sniakes, 185
Lagedndsing harmone (LH), 4, 131
L:|.'1'|'|'FI11H|: wvstom, 889
capillaries, S8-58
ducts, 84, Wif
of equine, 205
fmminme syshem, S0
nodes, §8-90, B, W0F
tissues, A0
vexgeds, B9 25
Lymphooyies, &7
Lymphoid Lissie, 10
Lymphoma, 526
Lyscmsmmil storage discase, B
Lymosomes, H, B

Macrophagis, 20, %)

Magnum, avlan, 162

Malar abscess, 1000

Malsssezia pachideranatis, B9

Male, avian, re-pmducm svelem of, 165

balbase, 1082
Mammalian cells, 5-11, 6f 77
blood, 207, §1
body, 55
compsments af, 5
alivisban in, B=11, S %5 101
mvbrane, 36
Purkine, S6f, 59
Schwarn, 55, 559’
shivckure ard function of, 3—-H
Samimials, small, queesdions aec arswers
it1, 255
Slammanary glasds, 130131, 1308, 1306 145
af v, 228
axjuing, 3K
ol pig, 234
of ghoep, 232
Mandible, 34, 55 94
of paquime, 141
Sandibuler glands, Tt
Mandibulsr nedes, of cqnl.m_. iy
Sandibudar :g.rmph'g,l.l.t. 2435 44,99
Slemabiriam, 3854
Marginal haematoma, 138
Mamspber, £4, 457
Massptenic fossa, 3635
Masiscation, ¥
miuscles af, 49, 407, ¥
Masiit, 1208
in covws, THH:
Wdanilla, 34, W
of pguime, 191
Nl fllary wirus, 520
of o, 211-213, 203
axjuine, 303, 2
hduclial camibaig, 88
Sedial cardyle, of feeur, 42
Sfediad digiz] exbensar musde, of cow, 2150
Mhedial epdeard yles, 32
Sledial mallealus, 42
X IS5 [E1] p:l:ﬂ.a I:Iﬁ,arn.cnb..,-n:{cqlun.e, 198
Modial plerygoids, 49
Midiald styloid process, 39
Median nerve, B3
Mediastinal pleara, 28
Mediastirum, 18, 85
Medulls, of Eidney, 113
Medully oblongaks, 58f, 59
Megakaryocyles, 52
Motbominm glands, &5, 145
Miowomis, 9=11, 108 115, 125, 137
ahifimaxd, 138+
Midamincyies, 144
Membirare, semi-poermeable, 11
sdombrranous cocldea, 3
Murnbrranaus Layringh, 1)
sembranous semiciroular camals, T
Sembranous westibule, 71
Sended s lavws of Inheritanoe, 138139
Sluriirges, &, B0
seni=ct, synovial jeinks and, 44

Mesatiouphatic shape, 35, 36/



Mesentery, 20

stonach and, 100
Mesocalom, 109
Mlesodierm, 134
Mesodvodenam, 29, 107
Mesoileum, 107
Mespeumuam, 107
Mesomebriam, 129

Mesovarium, 29, 128
Pelebabaod s, T
Mitacanpal pusd, 146
Mitacarpals
of cow, 214
odalmi, 145
of plg. 236
Mletacarpus, #, 417
Nletaphase
mielpsis, 10, 11
sty 9
Metalarsal pad, 147
Medalarsals, of pig, 237
Mesatarsis, 43, £3F
Metpestnas, 151, 152
Mlicmonilll, 107
kicdney, 115
Mcturition, 121
Misibram, 59
Misdclle icardiac) lobe, 5556, 95/
il commpaositiom, 13131, 1314
Mireral sails, B
Miretalocortionids, 77
Mingrats, 13
Mibochoralrin, &
Mitesls, B0, 9, 5, 134, 144
defimod, 138¢
Miiral walve, 84
irenfficiency, B4
Mlised rerves, 41
Malars, 1028
o nq'l.l.l'l.c-,ﬁ.‘ﬁ
of guinea pige. 175
o rabbils, 1H7=148
Moleoules, 15
Siongrel, 1L
Monocyles, 52
Momopstrons, 132
Manoglveerides iglvoeral), 108k
Momahybrid mrosses, 1309-140
Momorchid, 1268
Somesacchinides, 1090
Munesymaplic nifbes, 63
Morulo, 134
Mlotor mirvos, 578
blobor wiil, £7
Mondting, 145
aviam, 153-154
blonmse (flws arusnelis)
msphlogy of, 17
gquestions and answers in, 235
Mowth brezthing, S

Mouth rog’, 1308
Bucous membeane, 18
Bducns, 108

of fisk, 187
Mulbiceflular glands, F&

Mulbiple pregnandes, equine, 2096

Mudtipalar newron, 56

Mumdde sheath, I3

Mumcle oo, 745

Misdes, of cow, 216-219, 217F
boswer limshe, 218

Muscubar aystem, 5, 4754
anatoiny of, 48, 48
conirdcEen i, 47
of eequina, 1962011, 1471 197
ks pinin ks iy, 47
qustiong and arsswars ir, 244
skelotal muscles in, 45-54

sirchure and function of, 47—

B Am, mnouscle, 47-45
anﬂ-u-ip‘lra]: F;mn-.n.-.,.-ﬂl
Musculoskideial systim

of aviam, 151=155

of cow, 211219

of fermets, 176e=077, 176f

of fish, 1586

of rabbils, 163, 167F

of sheep, 23
Mudations, 138
Bdimerle, of cowe, 219
Myasihenis pravia, 24b, 47
Mvedin, I6
Myelin slwath, 55
Bolyebioric] Riesume, dalfned, BT
Myowardinm, 24, 84
Myl 22
Miyvomsedriaen, 129
Myomarph geoap, 1T1-175 1716

digestivie syshem af, 172

morphology of, 171

reproductive system of, 172171

Myosin, 2, 47

Mores, exiemal, of eguine, 209
Masal bone, 5
of equire. 191
Masal cavity, 9
of oo, T11
Masal chambers, 34, 91
ol ity 203
Migal micdea, B0
Mzl sppium, H
Mdizal turhinales, 34
Masalacrimal duei, G4

Masormasillary opening, squire, 2063

Masopharyna, 72, 1
enjiEine, 205G
Idaviicxilar bome, ol aqulrse, 145
Mleck, avian, 151
Mearatal isserythaalysis, 2020
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Mephron, 114115
renal, 1165, 118
Merve impulses, 1
prereration of, 36-57, 57
Memwus sysbem, 5, 35-72
aionomie, G5, 651
ceniral, 860
of equine, 207
key painis, 55
fiew Clisgificadion, 57
ety |mpilss, 55
NECvoLE tissie, 5550
peripheral, B-63
per pheral nervg pathways, G2-63
questions and mnawers in, 245250
annd apaial ey, 64
Moural arch. See Vertehral arch
Moural spine, 3536
Mewromuscular junction, 5
Mewrom, 6, 70
shape af, 56
shruciure,. 535-5h
Metraphils, 815 52
Wictitnbing membrane (third svelid), #8
aviam, 156
Mitragemous wasle; caoncentration of, 116, 120
Modes of Ranvier, 55
Morad renaline, 78
Morepinephrine, 78
Miwmp, 9152, 90§
Muchal ligament, 37
Mucleus, &
Ml puljoses, 36
Mutrierts, 1
Mutriticoal hyporparaibyroidiom, 74

Uibblgue masches
abdoeeninal, 51
af eye, 30
{éuralor Sovamen, 42
Oiecipital bone, 34
Oncipital condyles, 3
Crbontodd process, 57
Uedema, defined, BiD
Desophagenl hiatas, 50
Dhacphapgus, 103104, 1057
avian, 160
of e, 221
wuine, A5
Chestrogen, 76, 125, 128, 130
Dheskrosis cyche, 1300, 131-133, 1327 13
bebarviowral changes qrd, 132-133
of cow, I28-220
i, HHI
of sheep, 232-233
Ohesprizs; 130, 132, 133
exjali, 21
synechronizatkon of, 2338
Cpwopiron, 32, Hi
Hooranon fossa, 59
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Mfacton (smaclll, S5
aviam, 156-157
Cifactory balbs, 5%
D fachary regiom, %1
Crmasum, of covw, 221, 133-225
Cwnertum, 2%, 1iH
Operculdn, fish, 187
Optic chiasma, 58
Lhplic dise, &7
Orwal cavidy, PR-104, 1Y
idar, 150160
of cow, 219121
of gl g 17174
o plyg, 237
of ralibsitn, 167164, 168F
of sheop, B1-133
Ol
of aviam, 151
of equedne, 191
Crders, 3
Crgan, 17
Organ of Corti, 70
Organcfles, &8
Organic comipaumnis, 1515
Organogenesis, 134135
Cripim; af muscle; 48
Orophanms, 92, Hi
eqpuine, 2k
s cordis, 43
= penis, 43, 127
Crmorecephars, 1149 11
Usmorepubation. 1135, 118-11%, 11%
Dunvsds, 10, 125 117
Chranmwplic pressune, 11-12, 110, 114
Chasan coreliz, al cow, 216, 2160
D comarinm, 4
Owsiflcation, 3132
Crstenarthiritis, 23b
Crslechlasts, 31-32
Oslevchandpilie dissecans (OCN, 25h
Osieoclasis, 31-32
Osteceytos, I
Ostevdd, 23
Cwieonectn, 13
ORIt exberna, B
Oroliths, 71
Cutbreeding, 141
Coval windowy (vestibular windos), 70
Crarian arfery, 119
Crearian follicles, 76
Chearian bigament, 128
Darivhystereciomy {'spaying) 1T
Oweary, 76-77. 128, 129, 131
of cow, 227, L7
i, JH-204
of pig, 1349
o ahp, 332
of pow, 2392411
Crdduct, 128
Crlparcais reproduction, mepiibes, 174

I:h.m‘quurmu n:'!m:ud.u-:tlim, n:PI:lh:p,. b ]
Orvalatbon, 131, 132

Choygen, B4
Oevhaemopgiobdn, 81
Onytocin, 74, 120

F

Falating, M
Palatine bore, 949
Fampini form plegus, 125
Fancreas, T, 107
of ferrefs, 178
Fancreatic dud, 107
Paremesatic juice, 109
Paruzseitis, 22
Papillae, 100
Pagillary misscles, 24
Parabronchl, avian, 158
Parallisl arrangement, 2i
Faranasal sinuses, 42
al cowe, 211-215
exuine. 20
Parasyenpathebic rerveas system, 6364
Faratharmome, Tk, T&F
Farathyroad glands. 747 75-76
Faresis, 200
Fari=tal bone, 33
Farietal cells, 104
Faricdal plewra, 38
Faratid glands, 101
Faratd lymph nodes, of equine. 303
Faratid newie, 90
Fastern joint
ol o, 115
af eguine, 1955
Faweldla, 42
af aow, 215
of axquire, 195
apward Hxation of, 195
fatemt duocius arteriosas {IFIRA), S50
Favlion's dogs, 63
e timestonny, Sih
Peclimeias, 53
Pertoral arteries, avian, 158
Fecloral hmb. (2675
[ectoral muosces, 52
aviam 151
Felvic cavily, Z7F, 26, 1%
aviam, 151
Pelvie girdle
of cow, T15
of pig, 23
Felvic imi, &3
Felviv urethra, 121
Felvis, 41, 41f
af aguin, 195, Thef
ol kidmy, 113
Forille ureihra, 121
Menis {phaltus). 126137, 1277
avian, 163
ol cow, Z50, 251F
e, S5
of plg 241

of sheep, 231
Pentadactyl limb, of cow, 214
Pepsin, 109
Pepeinagen, T, 109
Perching refiex, avian, 150
Pericardial cavity, 2829
Pericardivam, 28-29, £3
Penichomdrium, 21-23
Perilymph, 70
Pasrentoantea | meimbrate dgingdval), 100
Pertople
of oow, 217219
expuii, 199
Pasricgplic ogeium, equine, 200
Posics i, 23
F‘mF-Pu-r.:[ neEvicels Svetemm, Bl-hd
'pﬂ'lpheml M p:mw.an_.-'r., R4
Pericinlsls, 105, 10485 706
Periongal thald, 1%
Mevitorcum, 29, 297 120=111
Peribandtes, 35
Permuamend denbibbor, 101, 103
Peraneue longus moecle, of ow, Z18
Peranaus tertioes muscle, of cose, 2184
pHl
=eale, 13
in stomach, 104
in urine, 117, 1214
Phagooytic cells, 51
Mhagnoyhosiz, B, &F
Phalangral-metacarpal joint, 166
Phalsmgs, 40, 417
af papuime; 1595
Phary gl divertioulum, of pig, 237
Prhoary o, 9293, 1008, 100, 1037
ajilian, 13
Pheraotyps:, 138
dpfimed, 1388
Pheromargs, 143
["hdlbr e, 99
of rabbits, 185
of gheop, 291232
Phasphalipid kilayer, 5, 7F
hotorecepiior cells, &b
avian, 15&
FPhrenic rerve, 97
Physeclistous bladder, fsh, 184
Pla mater, 60
Mg, 35-241
digestive system of, Z57-234
exlermal features of, 23323
pesdition pericd of, 22%H
uriraTy sysbean of, 238, 2397
Migrmented layer of retina, &7
Pirdoning, 153
Pivesybasia, &
Pitiiary glimd, 58, 73-74
arderiar, 74
prrsbirrion, T
Placenta, B4, 126, 155136, 154"
aiffuse, iy s, 240, 2417
wonary, 136



Plasma, 11, Bl-H1
Plasma membrane, 5
Plasma probeins, Bi

farmation of, 110
Plastrom, chedariars, 180
Flatedets (thrombocybes), 82
Plowrn, 28
Pleuaral covities, 37
Plewural membrare, B4, 9
Plearitis, 24k
Plearodents, 183
Preumiabic bones, 51

awilam, 157
Polvalasevly, 142
Palvgenic chavacleristics, 137
Palvmerization, 14
Palymsarp banucleccytes (PMMNg), 52
Palypeptides fprofeinsy, TEE-10%, 105
Palvsaccharides, 15, 108=109, 109
Polvsynaptic refle, 1
Pare, B2
Popliteal lymph node, 54k
Papliteal nede, 90
Partosystomic shant, BER
Postoestrous armemds, [7RB
Pastsynaptic membrane, 56
Potassium (K7, secretson of. 117
Prearal pores, 183
FPreen g|:m;£. avian, 151
Pregrancy, diagnosic of. in sheep, 2330
Prehetisian, 49
Premaxiila, 5 Incigive bone
Frenwians, 1004

o eiqudne, B

o rabhiis, 167-164
Prirpaastintic wrethes, 121, 137
Propabic kendon, 51
Prepuce, 137

o cow, XM

of pig, 241
F'J'qu.ll].ll divertlculuns, of coss, 341
Prescapular modes, 9
Fresynapbic memibrare, 56
Primary follickes, 131
Frochedeum, of repliles, 179
Production, skin and, 143
Progesicrome, 7, 125, 130, 134, 132
Progressive retinal atroploy {PRAJ, 140
Profactir 74, 130
Pro~oestros, 1531, 152
Frophmse

metosis. 1, 11

ik, @
Prisabe ghand, 125, 126, 127

o coe, 23

adjuilme, 204

o pig. 241
Frostatic hyportrophy, 1270
Proteases, 109
Protoction, skin and, 143
Proteinds), 14-15, 14F 108-100, 109

structure of, 14§

i umna, 1211
FProtein metabolism, 110
Prodhirombin, 82, 110
Frodrackon. 44b
Frovepinculus, ayizn, 160
Froximal comviluted mobade, 115, 116-117
Froximal sesamuoids, of cov, 214, 2157
Proudocyesi=, 132 1330
Peendepregnnray, 77h, 133b
Frmdialpatified epitledivom, 18, 19
Prarich-urdpolar nesen, 560
Pedtimonsis, avias, 1530
Prerypoids, 42
Pubsic sympiysis, 4, 44
Pulbis, 40

of exjuili, 195-144
Pulmonary clecilation, 877 25
Pulmonary membrane, 5355
Pulmonary pleura, 18 95
Mulmonary valve, 54
Pulmonary wein, 85
P|.1||1 i:ﬂ'-ll:.'. 14
Pulse, 54

rale, T00h

caquine,

Fupil, &7

aviar, 1360
Tupillary reflex, 68
Purkinje cells, 566, 59
Furkinje ibres, &1
Pygostyle (lail), avian, 151
Prloic sphancer. 1(4
Pyliruis, 14
Iypomna, 77k
Pyomuiriiis, 1%
Pyramice, kidney, 153
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Cuadrade bane, avian, 151
I'.,'ﬁll.udn:rzps femorts, 42, 53

Habbits (Drctaidges omitulng], 165170
diggstve systom of, 16h=16%, Lo
morphology of, 165
musculeskeletal system of, 165, 1677
physiciagical fbehavioural parameters of,

1
cuestions amud answvers im, 255
reprocuctive data o, [odd
reproluctivie system of, 168170
respirabory syelem of, 169
urinary svsbeny of, 168

Rl iase of, 22300

Fadial carpal bone, 40

Radial chck gamsent, of equirs, 194

Radial nerve, 83
parabyss, G35

Radiisg, 3%, 40F
of cow, 24
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e, 193
of pig. 235
Ramus, 31-35, 35F
Ral (Redtus morvegions), 171
Ratchet mochamism, 47, 45F
Reabsarpiian, 1158
Elucpse, 116
socliwm, 116, 117
waker, 116
Bocvgsive goti 130
dufined, 128¢
Ractam, 165/ 110
avlam, 1&l
ol epuine, 07
Recius abcdominis, 51
Rachiie muscles, 49
Red blood colke {erythrocytes), 81, 111
Bl arcs, 63, 63
Fefiewes
coimuama, il
coughing, 93
perching (avian], 151
Regurgitation, 1k
Rehydration therapy, 11k
Felaxm, Th=-T7
lkeral nrteries, &G, 114
Reral corpusche, 115
Reral frilare, 114
Reral nephrom, 1167
provesses, 115
Teral portal system
aviam, IS8
af lieards, 153
ol repliles, 179
ol snaken, THS
Riral threahald, 116
Rl viir, 114
Ferdn. 115, 1149¢
Repreductive svstem, 8, 123-142
aviam, 161-153
female, 161-162, 162F
meabo, 163f, 1463%
of chinchilla, 175
af chipmuinks. 175
af oow
female, 2EF-F0e, 227F
make, 229271, 22%¢
embryonic and fetal developmeent,
12313, 135F
puiine, XI7-2{H
female, D0E-T08, 2{I5F
ntgde, 2072048, 208/
fermabe, TZ8-131, 124f
of berrets, 178
ol Figh, 150
feretics, 1T3-139
af puinea pig, 174
ke podnits, 123
maake, 123127, 1241
of yomiphs, 172-173
oirpas oyely, 171-133
af pig
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Beproductive system (Contimaed)
ferrale, 230240, 24
male, 240-240, 241F
quislions and arawers. in, B5-25
of rabibdts, 16E-170, 1649, 170F
reprductive st 131
blood aupply fo, 129130
mevual differeniiation of, 1H3
of sheep
farre by, 233-233
imile, 733
Reptiles, 179-1%0
peiroral anatomy of, 175-18]
lizards, IRO-TEZ, 124, THA( 1840
quegtions ad answors in, 235-25
rupm:lu.:ﬂnn af, 179
enabos, 1R3-186, 1877, 188F

Loy baises, terrapine and urtles, 180, 1517, 182

Resitual volume, defired, 98
I!:ipir.ahrun, avilan, 158, 158h
Respiratory system, 5, 91-08

awiam, 157-158, 157F

of chebordars, 180

canlrol, ¥

defnitions, Y8

wuine, 203204

o fish, 157

key points, 91

of lizards, 183

fuestions ard arswers. im, S1-252

of ralhlbts, 163

of reptiles, 174

tespiration medhnrics, 9598

eEpiralony conires, 96

tespriralory sale, S8

of anakis, 185

struchare ard fumclion, 91-4

uppEs rEplrainey e, w5170
Reticubar groove, of cow, 221
Reticulocyle, 51
Reticuboendothelial system, 90
Boticulum, of cow, 111, 203
Betina, &7, 677

avilam, 156
Retracticn, 448
Retractor bulbi, 50
Betradior penis muscle, 127
Retroperitoneal kidney, 113
Retropharynigeal nodes; of equine, 205
Bhinarium, 91
RBhimnikis, 91k
Bhymchocephalia, 179
Rivpthmic segmmentation, 106
Ribosomas, &
Ribs 3534

of eoaw, 214

of eueine, 193

of plg. X35

o shevp, 231

struciue of, 34
Packets, 240 33
Highit atrdoventricular (AN} valvo, 84

Right axdlary arbery, 85
Right brachial artery, 86
Right lymvphatic duct, B9
Eight subdavian arfery, &
Bxrchenits, senall
ferret, 175174, 1750
hystriconwph group, 175175
myemorph group, 171-173, 1718
physiclegical {behaviourl parameders of,
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(puasabiois and answers in, 255
reproductive datn of, 16a
s uranph greup, 173
Recsting bhavicour, of pig, 2340
Rasdval bone, of pdg. 234
Rearbadicnn, 44k
qunh endaplaemse seticulam, 7, TF
Bouind ligamwms, 42
Round windimy (cochbear window], 5

Bugae, 104

Bummen, of cow, Z¥], 222
Rumsnoretculum, of cow, 221
Eumination, 225

Ruptured bladder. 2070

Sawrube, 71
Sacral voriebrae, 375 38

al equine, 192
Sl poird, 38, 1
Sacro-sciatic ligamenl of cove, 2150
Sacriin, A7) 38

of pp, 235

ol shisep, 231
Sagziblal croal, 34
Saltwary glamds, 10010, 1037

aviam, 1851l 1510

of cony, E20
Sadt gland, avian, 161
Sophenals nerve, &3
Sarcomeaes, 47
Sarhorivs 53
Soapula, 34 59F

of co, 214

couine, 195

al pig. 255

of rabbils, 165, 167F
Scerd glands, of rabhiks, 165
Schwann pells, 36, 55, 56
Sciatic nerve, 63
Soadlicn,”, &3
Sciuranseph groiap, 173
Sclera, 65

aviar, 156
Belupurbe: g, avian, 1568
Serodeim, 133, 125

of ooy, 129

of P, 24

of #heep, 245
Seubes, chelomnioms, 180
Scasonally pelveesirous, 133

chinchilla, 175
chipmunks, 173
equine. 2%
e, 132
Ferret, 178
Sebaceaus cysis, 145
Sebaveonas glands, 145
Sebom, 143, 145
Bperekin, 73, 109
Beoretion, 1158
pelassium, 117
sk o, 143
bosivs and drugs, 16
Salective brepding, 139142
Semllurar valsves, B4
Lamimernbean e, 53
Semidnal fhadds, 137
Siminal vesicles
of Do, 24
ejulne, 28
af plg, 240
Semilniferous tobales, 138, 1357
avian, 163
Semi-permeable membrane, 11
Semitendinpss, 33
Sersory funclion, of skin, 143
Sepsory rerves, 570
Septum, B2
Serons membrane, 2627, 17
Serioli cells, 125, 125F
meur in, 778
Sirpiam, BLb
Samsarnil bones; 31, 40
ol pguine, 155
Sox chrotnosames, 157
R dlebermimation, 137
Soxlimilnd genes, 19
Gi=linked gemes, 139
Sieval differensiabion
af chedandans, 180, 18
of chinchills, 175
aof guinea pig, 174
af lizards, 155 1847
of myommrphe, 172=175, 172F
af rabbite, 170, 1700, 1730
ol snakes, 1R5=10E
Sexunl dinwrphism
avian, 163
lizards, 183
=mrinkes. 1R5
Shadt of humeras, 40
Sheeep, 230233
dipestive system of, I31-232
pesntion period of, 2259
muscul-akedetnl syatem of, 291
reprodictive spstem of, 233-231
urirary syslem of, 232
Skl glamd (eteras), avian, 162
Shait bores, 31
Ehait digital estensor musce, of ow, 2150

Shumts {bypm:i-_.ﬁ
Sight aviar. 15&



Sigmioed flevore, af cow, 231
Simple columnar epithelium, 13
Simple cuboidal eputhelium, 15, 115
Simple diffosion, 5
Simple epithelium, 17, 187
Simple squamonas epitheliom; 18, 115
Singho body cavity, aviam, 151
Sinvakrnl povle, B4
Sinuses, paramasal, %3
Sinisetis, W2h, 203k
Skidienl mwfificaibons, asviam, 151, 133F
Shpbeial mumscles, 13, I, 4554
Shctetal system, 3, 31—4, 337
Fwme siructupe and furdticn of, 31-33
A, 1911495
od |_I;'|.I:E11.E\.1 F"F' 173
it im, 44
questions and answers in, TE-149
of reptiles, 179
skedelon, 3215, X2
app-:mih:l.llu'r, 1043
axial, 33-30
of chedlanixes, |80
of cowe, 211=2146, 212f
of lizards, [80-18E, 152
of pig, 234-237, 235
uf sheep, 251
of snakes, 183, 167
Bkin, 143-145
avian, 157
calour of, 144h
lumctians af, 143
lands, 145
skrctune of, 143145, 144
Shoulll, 3335, 345 102
A, 1530
of cove, 211215, XI5 20E
aqulni, 191, 193
o pli. 234238, 2
shapes of, 55, 5
of sheep, 231
Elicirg, 44h
Elipped” dise, 17
Srmall exotic mammalbs, 165178
Small inbestine, 105L 107=108
avian, 1e0-161
eiuine, 20
of ferrets, 1T
of pig, 237
oé rabhits, 168
struscture, wall, 107, 108F
Smell Sy Ollaction (amell)
Saoath ersioplasmic reticulum, 7
Sencoth muscle, I4, 26F
adder and, 120-13
Sesbis, TEA-186, 1877 1587
Seafinnm {a®h
levids, comimol of, 119, 120
reabsorplion of, 116, 117
Socdium dhloride, avian salt gland ared, 101b
Soft palate, 92, 100
of pig, 237

Saft tissues, bwer leg: of equine, 1%
Sale
i clanes,. 147
of conw, 219
eiqwine, 1599
Sole corum, squine, 200
Salubion, 11-12
Somnbic cells, B
Eomabic maotor nerves, 570
Sl geanry prves, 5T
S loekating 7h
Somaloiraphin, T4
Soend, peicepdion af, F1b
Special senses, &4
asdar, 155-157
oojine, Wyl -ax
of fizh, 197, 160
key points, 55
of lizards. 185
ql.lubhru and areewers e, 249-25)]
of srakes 1584
Species, 3
Spectacle (evelidz), snakes, 185154
Spermatic cord, 125
Spermatogenic oells, 125
Spermatoooa, 125, 1347
Spermatorcon, |26
Sphenaid bane, 34
Sphindier musdes, 48
Spinal arteries, B&
Spimal canal, 35
Spinal cord, 6 61F
Spinal merves, 63
Spineais provess, 35-36
Splanclunic boro, 31
Splanchaie sholoton, 32, 43
of coww, 206, 216F
of shaep, I3
Sprbewom, U0
Spongy bore, 250
Sg:mun.r:nl.u ovulatar, 132
E“-qummla.. 173
Squamess, 144
Squarmis cells, 17
Squamons epitheliom
simple, B8, 113
siratified, 104, 130, 14
Stapes, 70
Sinhic balamce. 716

Stay apparatos, of equine. 198199, 199

Stem coells. Bl
Sfereal rilis, 38
Sterrpbrpe, 38-3%
Stecrmn, 3579

of ey, 214

e, 193

af pag 135

af sheeqp, ZH
Steredd bormiees, 117
Sl padnd, 43, 425 45

of cow, 215
Stomach, 1106, 1087 107

aviam, 16l
aquine, X05-20H, 2065
of ferneis, 178
gastnc emphving. 106
lizards, 1683
af plg. 237, 2381
of rabbits, 168
armbkes, 185
abruschure, weall, 104108
Stomatites, TROK
Slardpe, skin and, 143
Stradifiv] epithatium, 17, 18, 18F
Stralum besale, 144
Sl eorminan, 144
Siraiuim gorminalivam, 14
Straliiin grataibamin, 144
Srvatum hecldum, 144
Sticich wecephors, 98
Siriated musde; 23, 28 47
fthres, 10K
Ltructural syEbems, 3
Subclavian velns, 56
Sublngmal artery, 100
Sublingul plands, 10
Sublnguml vedn, 1006
Sublombar bypaxial muscles, 55
Submardibular rodes, 90
Sucrim cntermoas, 107, 109
Sucrase, 119
Sudoriferoas plands, 145
Siaed, 1Eh
Suilei, B
Sunfight, 143
Superficial cervical node, 50
Superficial digital Boxoe mscl, 53, 54
af o, 18I
Superficial digital flesee tendon, of aquine,
194, 148ah
Superticlal inguinal modes,
Supracoraooed muscle, avian, 151
5u]:|r.npl'nal:l.m Lrd
Eupmaplnnm'. fomsa, 59
Supratrachlear foramen, 2%
Surgical sexing, avian, 1635
Simpensory apparaios, of equine, 198, 1990
Suspensary ligamend; 67
aof eipumne; 196
Sulures, 34 44
Swel, 143
Sweak glands, 145
Swiim bladider, fsh, 186157, 1566
Aympathetic perviss system, 8364
Symapses, 26, 5657
Synarthroees, 4
Symeyidwm, 11
Surpnial fdd, 44
Syewvinl foinl, 37, 380, 44
praper s o, 45
sbrsctine of, 447
Symwavial i, 44
Symiovial sheath, 48, 4%F
Synzarcosis, §1-52
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Syrinx; avinr. 158
Exysbem, defined, 17
Sysbale, B

T

Toclibe bairs, 146
Tail
awian, 151
ocking, 2350
plards, 145
of Hzards, 143
i shabies, 3
tanilbmemras, 142
Talus, 43
-M'nqulnn.. 155
Tapatum fucidumm, &7
Tar=al banes, 43
Tarsal dwck!lg,mt.m coguune, 195
Tarsal glands, 148
Tarsomelakarsas, avian, 151, 155F
Tarsus (hack), 45, L3F
of cow, T A=2T6. Ti'
of equine, 195
of pig, 2346
Taste buds, 65, 63£, 100
mviar, 159160
Taxcnomy, 3
Toexd, of cow, 228
Texl canals, 13
Tkl ordice, 130
Teeth, 100-1101
ipping o geinding of, in pigles, 237
of eose, 320-221, 37
edpainie, M4-205, W05
aruption mes, 1EH
fumcticm, 101, 1103F
of lzards, 183
malocclusion, in rabbits, 1675, 165F
of myomoophs, 172
of pig. 147
of shesp, 232
if snakes, 165
striaciure, 100, 102
Telogphise
meicsis, 11
mitosis, 9
Temparal bomes, 33, 90
Temparales, 49, 49
Temporomandibular jomt, 34-35, 9
Tensdom shaath, £4, 4%
Tendons
od cow, 2 62T
dofined, 3%
dpuiiie, Fio—1%, 196
Tenasynovitis, 2178
Teres ligament, 42
Terrapins, 10
Timbms, 77
Testlewlar arteries, &5
Testicular artery, 125

Testls, 77, 125136, 135F

of cow, 229

equine, B8

af pdg. 240

rebenkicon of, 126F

testicudar descendt, 126
Teslesberone, v, 125
Thalamgs, 58
Thermoregulatior, 100, 102

of repdiles, 180

akin wnid, 143
Thigh, muscle of, 53, 5337 54
Third phalans, of oow, 214
Thire tarsal borws, of cow, 215

Thoracic cavily, 3720, 206, 285 220 96, Wb, 37

Theracic diicl, 59
Thowacle wertobrac, 37, 377
af equing, 142
of P, 235
Thiorax, ©
mvuscles of, 30
Thrombecytes (plabcleis), 52
Thrombesybapenia, B2
Thrombeplazhn, £2
Thrombues, &7
Thymus; 9i
Thyroid glands, 74-73; 7HF
Thyratraphic/ thyraid stimulating bormene
(T5H), 7
Thywein (T.h, 74
T, 42, 43¢
of oy, T15
e, 195
ol . 236
Tihial crest, 42
Tibial parve, 63
Tikial tarsal Pome, of cow, 218
Tihlotarsus, aviar, 181, 1583
Tedald wolume, dedined, 95
Tissues, 175
compunents o, i7
conrwchive, 1633
epiibedial, 1719, 18k
plards, 1819, 19b 20F
musche, X258, 24h
nervous, 26, 26k
questions and answers in, 247-248
respiration. %l
Tomgue, 928, 10K
aviam, 15916
of cow, 219
af lrds, 183
of pdp. Z57
af shesp, I32
ks, 185
Tomnsils, W, 103
of L. 28
Tortodses, 180, TS 182
Torus pylorions, of oow, 221-222
Totall lurg capacily, definsd, 5
Teruch, avian, 157
Toxins, spcretlion af . 115

Toaoplasmosis, 24k
Trabeculse, 80
Trachea, 95, 4F
Trocheal enllapse, 9356
Tracheal ducts, B3
Traracedlular fuad. 11
Troraitional epitheliom, 18
bladder and, TH0-111
vreter and, 120
Tearapart muecharicns, aclive, 5
Tramauiberine migration, 14
Trarsserse fovea, 37
Trarawerse rEsases, A3-30
Trarsswrsus abdaninis, 51
Tenpeius, 51
Traamulic ndicialitis, 2210
Triveps bradnll, 52
Tricuspid walve, 54
Trigors, 120
Tribybrid croes, 140
Trisicdathyranine (T, 74
Tripe, 123k
Trochanber, defined, 3%
Trechie, defined, 330
Trochlear redch. 39
Trophoblst, 154
Trunk, muos:les of, 551
Trypsin. 1R
Tryprirogen, 109
Tuber caleis. &3
Tigherche, 37
defmed, 330
urethial, 121
Fuberosily, defivsd, T3b
Tishules, 115,125, 1256
Tomissn adwenkitia, 86
Tumkca dntima, &
Tumica media, B
Funica vaginabis, 125
Turtinates, 91
Turifes, 180
Twin Lamb Discase, X35
Tyeparic bulla, 33
Tympanic caviky, &9
Tympanic menvbrane, 69
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Udder, of cow, 125
Uilnp, 35 40P

of oow, 214

axjuin, 193

of plg, 235
Ulmar corpal bone, 40
Ulmar netve, A3
Lilnaris baeralia s, of cow, 2181
Liltrafilkration, 11, 115115
Limbilical arierss, 85
Llimbilical oo, 136
Limnbilical vein, 88
Lﬂn_g_uul 'p-mmq,.-tu,. 147
Uricaellular glands. 18



Urachus, 134
Urea, production of, 111
Urelers, 120
Lrethea, 171
Urethral proone, &5
Urethral provess, of cow, 250
Uretheal tubserche, 121
Urimnkyss, 121, 1214

oquine, 07
Lirinary svsdenm, 5, 113-123, 114f

avid, 161

of oo, 125227

axtermil appearanoe of, 227
position of, 126

A, aF

od Serrels, 178

o figh, 199190 1897

of guinen pigL. 174

key paoints, 113

kiclnesy, 115=130, 1157

of plg, 238, 239

questions and answers in, E2-I51

of rabhits, 159

of reptiles, 179

of sheep, 232

urogenital system, 164F
Urinary tract obstruction, 20070
Urine, 115118

primitive. 115-116

of rahhils, 169

spesiic grovily, 1217
Urosdediin

s repliles, 179

snikes, 185
Livogenilal sysben, 1145 122

ayiad, 162

o chefondans, 18

o Hearcs, 783, 183b, 1857

o snakes, 183
Urolithiasis, 1210
Un:\?}'ﬁul Ela.rl-:l_.m-l.m, 151
Literine artery, 120
Ueerine hody. of pig, 130
Liverine harns, of pig, 239
Elberine tabs, 15, 128

of comw, 227, 127

equine, 209

of pig. 239

of sheep, 232
ke, 128129

avizn, 162

o v, 23T, 32T

eql.llrt,ﬁ.'ﬁ

of pig, 139

of sheep, 312
Litricle, 71, 7IF
Lo, bo—67, 6iF
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VYaoccinabion, defined, S
Wagina, 130
awinm, 162
of cow, I18
e, I0F
of pdig, T30
Viginal exfoltative cylalegy, 130
Vs dieforons [didferent disol fdintus daferviss),
11, 135
aviam, 1&5
Welns, Hh
"r"l:rh:-p-l.u'u:l.m.&h.l.l
nqm,ﬁ.'ﬁr
Veronm, snakss, 185
Venme circulation, Be-87, 57
Wertral (hypasial) muoscles, 35-54
Yertral rool, &2
Werdricular system, brain, 39 5%h, 507
Wenubes, B
Yerbebrae, 3538
basic plan af, 35-37
regivnal varisions of, 37-38
snakes, TRI
slruclure o, 36
Yertebral arch, 35
Werebral column
of coaw, 213114
edjiing, 191-192 19010, 1925 1941
mnasches of, 30, 517
of pij 135
Wertchrates, classes of, 3
Vestoular glands, s, i L
Westlbular wirdosw, 20
Westlbulk:, 130
of pig, 199
Wibrissas (whiskers}, 14&
Willi, 107, 1087
¥isceral peritoneum, X9
Yisceral systems, 5
Wision, ficlds of, &&F
Vital capacity, defined, 95
¥itnmins, 111
vikamin B, 143
wikmin K, 82
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Vitreous chamber, 57
Wibrecus Fumsour, 67
avian, 15
Wiseal folds, 23
Vioral ligaments, 93
Vocali=ation, 100
Viermiiking, J0GH
vom Willebrand s disoss:, 142
Nalbya, 120
i, XHI
af pig, 23
of sheep, 232
Vulval labia, of cow, 228
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Welall, af cow, 219
Wasle
nitrogenos, 116, 130
praducts, 79
Waler
bedy condent, 11=13
cxcretion of, 119
loss, control of, 118119, 1197
loms, daily; 12, 13h
reshesirption, 116
White blood oefls (leucocybes), 51-52
White Lire, squine, 199
Wi'hibe matber
forchrain, 58
apinal cord, &0
Wiryg, avian, 152-153, 154, 1617
Wity clipping, 1530
Vobiler symdiome, 1920
Vel wsth, el ire, 2008, 2051
Weoad lwirs, 148, MG
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Aiphald cactibage, 3834
:ll!li:-!'nl.d pracess, o LB LY
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Yotk sac, 134

Fona pellucida, 133
Fonary placenta, 156
Sygoenatic arch,




