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PREFACE FOR THE SEVENTH EDITION

In an effort to update the informations on poultry diseases according to VCI syllabus 
and needs o f poultry industry'. Dr. P. Rama Rao, Dr. Gopal Yadgirkar and Dr. S. Rafeeque 
Ahmed former staff members o f the Department o f Pathology in the faculty o f  Veterinary 
Science, Acharya NG Ranga Agricultural University have revised the book.

The information is compiled from the following books beside incorporating the 
experiences and observations o f above authors.

1. Diseases o f  Poultry, edt. B.W. Calnek and associates, Affiliated East West
Press, Iowa State University Press, 9th edition, 1994.

2. Poultry Diseases, FTW Jordan,
English Language Book Society,
Bailliere Tindall, 3rd edition, 1990.

DR. P. RAMA RAO



PREFACE

Continued demand for my book by the student body had necessitated the 
roduction o f this Sixth e Jition. It is in  little satisfaction to the author to find that 
is book is felt needed and is found useful by most o f  the Veterinary students o f  the 

country.

In this edition some parts arc revised and many facts and conditions have been  
added to bring the contents o f the book uptodate. As such the number o f pages had 
to bs increase I. To т а к -  the information more authentic. 1 have m ade a 
departure in this edition, by requesting Professors o f  other colleges as well as some 
«Г our own college, to subscribe chapters or conditions in which they have 
specialised. By this means the students get benefitted by the experience and 
expertise o f  thrse Professors. I am grateful for the following persons for contributing 
on the subjects noted against their names to this part :

Dr. D . Anjancya Prasad —Bovine Ketosis and revision o f  chapter on 
Disturbances in Mineral M etabolism.
Ionizing radiation.
Viruses and Tumorigenesis.
Electron M icroscopic structure and function 
o f normal cell.

Dr. A. Sreerama Murthy —Hereditary defects and disease resistance.
Dr. D. Sunderasiva Rao — Revision o f  chapter on Neoplasms.
Dr. J .L . Vegad — Chapters on Inflammation and Healing.

Acknowledgement of contribution o f  others will be m ade in the subsequent parts.

I am grateful to Dr. P. Rama Rao, Head and the staff o f the Department o f  
Pathology o f  this college, for their help in the production of this edition. •

[ am indebted to the following Professors o f Veterinary Pathology for 
prescribing my book in tKeir colleges and rendering me advice and help whenever 
sogtit for : Dr. S. Domodaran and Dr. P. Ramakrishnan o f  M adras; Dr. M. 
Krishna!! Nair and Dr. A. Rajan o f  Kerala ; Dr. S.J. Seshadri o f  Bangalore ; 
Dr S.S. Bhagwat o f  Nagpur ; Dr. B.C. Nayak o f  Bhubaneswar ; Dr. S.N. Nandi of 
Calcutta ; Dr. S. Kwatra, formerly o f  Assam; Dr. J.L . Vegad of Jabalpur ; 
Dr. U R .K . Rao. of Mhow ; Dr. P.K  Ramachandran and Dr. N .S . Parihar of  
IV R I. Izsftngar; Dr. P.N. Mchrotra and Dr. P L, Arya o f  Bikaner; Dr. S.M . Ajinkya 
o f  Bombay ; Dr. D .N . Kalra o f Hissar ; Dr. Balwar.t Singh of Ludhiana; Dr. B. 
Deshpande o f  Parbhani ; l)r. J .M  Dwivedi of Mathura ; Dr. D.D . Heranjal o f  
Anand and Dr. M . M ahender o f  Hyderabad. ^

It is the fond hope of the author that this book will continue to be useful to 
the Veterinary Students and that it will help lay a sound loundation in the better 
and rational understanding o f  disease processes.

Dr. P. Babu Rao —
Dr. B. Sambamurthy —
Dr К  Sathyanarayana Ran —

C-ANT! A. SA ST R ’
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CHAPTER 14

THE CARDIOVASCULR SYSTEM
Developmental anomalies 'Mulberry heart disease
Pericardium Myocarditis

Hydropericardium Parasites o f  the heart
Hemopericardium Endocarditis
Pneumopericardium Mttohester wasting disease of cattle
Hemorrhages Neoplasms of the heart
Pericarditis Diseases of the arteries.

Myocardium Hypertrophy
Hypertrophy Atherosclerosis
Intra and extra cardial hindrances Monckeberg's medial sclerosis
Dilatatioa; ^ ; - ~ . v Arieriolosclerosis
Cardiac failure Arteritis - ”•»

Left-sided heart Failure Equine viral arteritis
Right-sided heart failure Polyarteritis nodosa

Fatal syncope or Hcraod Thromboangitis obliterans
Round heart disease Aneurysms
Cloudy swelling Diseases of veins
Fatty degeneration Phlebitis
Hyaline degeneration Varicose veins
Infarction Diseases of lymphatic vessels
Hemorrhages Lymphangitis

THE HEART
The function of the heart is. to maintain sufficient supply of blood to 

meet the needs of the body tissues.
‘‘The cardiac reserve represents the ability of the heart to meet increa

sed demands”  that m ay arise during fever, exercise, anemia, pregnancy etc The 
heart is abi? to adapt itself to varying physiological needs and to pathological 
abnormalities. This ability is known as “ compensation" . For example, in a 
developing pulmonary fibrosis or chronic nephritis, when there is resistance to 
free flow of blood, the heart becomes hypertrophied so that the force of the 
heart is increased to overcome the peripheral resistance, thereby maintaining 
the volume flow and blood pressure in the vessels.

But in the face of an ever increasing peripheral resistance together 
with the increased work load pat on the heart, the heart is not able to cope up 
with the demands and ,so becomes fatigued and fails. This state in which the 
heart is no longer able to compensate is called “ decompensation1’. Decom
pensation is gradual and results in dilatation of the ventricles.

The factors that lead to cardiac failure are three fold:
I. Alteration in the return of venous blood.- To a limit the heart is 

capable of adapting itself to increased inflow of blood. But "if this condition 
persists, then the heart becomes fatigued and fails

If  the yenons return is inadequate, the beart-.is not capable of com
pensation to meet the situation and so finally fa-Hs.

267 -
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2. Increased resistance to out-flow: We have al ready inrntibned that heart 
compensates for increased resistance to out-flow. But in time the reserve power 
of the heart is exhausted and so fails. The causes of increased resistance to 
outflow are: hypertension, narrowing or dilatation of valvular orifices, thrombo
sis and arteriosclerosis.

3. Impaired cardiac contraction: Any disease that injures the myocardium 
reduces the contractile powet o f the heart and so the compensatory mechanism 
cannot work. In man the most important cause for myocardial iniurv is coro
nary vascular .insufficiency.

I Developmental anomalies
1. Patency of foramen ovale: Very soon after birth, the foramen ovale 

through which , the right atrium communicates .with the left, sllould become 
closed and blobd diverted to the lungsy But sometimes, this does not happen' 
and so communication Exists between the two areas. In human pathology, this 
condition gives rise to the “ Blue babies’’. A small opening may not be of signi
ficances Bu' a large patent foramen leads to hypertrophy of the right ventricle- 
Patent foramen ovale has been met with J n  calves. Paradoxical embolism occurs 
in this condition.^

2. Interventricular foramina Small openings connecting the ventri
cles are of no consequence. But if the openings are J to 1 cm. in diameter 
then the following functional changes are noticed:—elevation of pressure in the 
ventricle and pulmonary artery and hypertrophy of thi right ventricle. A 
systolic murmur is heard.

3. Patent ductus a rte rio sus: Since in the fetus there is no necessity for 
blood to go to the lungs for oxidation, a shunt connects the pulmonary artery 
and the aorta. This is the ductus arteriosus, which should b ; obliterated with
in a few weeks after birth, Sometimes this closure does not happen, causing 
increased pressure in the pulmonary artery, leading eventually to hypertrophy 
of the richt ventrie’e. Animals are cyanotic. Thrombosis of the ductus arteri 
ous, if it is patent, is a hazard.

4. Persistence of the right aortic  arch : This is seen in dogs mo-tly and 
in bovines rarely. The esophagus is encircled and constricted by the ductus 
arteriosus of this aorta leading to obstruction of the esophagus resulting id dys
phagia and then to dilatation of the esophagus proximal to the obstruction. 
Dilatation can be seen by x-ray examination. Puppies vomit immediately after 
taking food.

5. Coarctation of the a o r ta : This is narrowing of the lumen o f  the 
aorta, most commonly occurring close to the heart or between the origin- of-the 
common brachiocephalic artery-and the ductus arteriosus. This leads to hyper
trophy of the left ventricle as there is hindrance to flow of blood.

6. Transposition of the aorta ; This is a serious condition in which the 
aorta arises from the right ventricle or sometimes from both the ventricles This 
is incompatible witl) life.

7. Congenital aneurysm of the aorta or pulmonary artery denotes dila
tation of the respective vessel». These may cause pressure atrophy bf the neigh
bouring structures. Fatal hemorrhage may result due to thinning of the vessel wall.
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8 Pulmonic stenosis: This condition in which the pulmonary valves 
become fused together resulting in stenosis, is the most common anomaly seen 
in dogs. The right ventricle hypertrophies, the wall becoming twice as thick as 
normal. A precordial thrill and a harsh systolic murmur are present.

9. Sub-aortic stenosis : This condition is seen mostly (n Alsatians and 
Boxers. A ring of fibrous tissue immediately below the cusps of aortic valves 
causes stenosis, resulting in hypertrophy of the left ventricle. Clinically, the 
following symptoms are observed; poor condition; inability to exercise: frequent 
fainting fits; tachycardia with poor pulse volume; systolic murmur and cardiac 
dilatation in X-ray pictures.

Г0; Tetrology of F a llo t: In some animals the following pathological 
changes may be present, (i) right ventricular hypertrophy, (ii) stenosis of pulmo
nary valves, (iii) defects in the interventricular septa and (iv) dextraposed aorta. 
In roan this condition also givel rise to “blue babies”. Affected animals are 
stunted and the mucous membranes are cyanotic. Clinically, the pulse and 
respiratory rates are increased and a murmur is heard.

11. Endocardial fibro-elastosis: This condition may be seen in dogs, 
cattle and cats. The endocardium of the ventricles is thickened due to increase 
in elastic fibre: of the subendothelial connective tissue. Death occurs soon after 
birth, Cause is not known.

12. Other defects are : fa) ectopia cardis in which the heart is found 
outside the thorax, usually in the oeck region or abdominal cavity, (b) acardia : 
in which there is complete absence of the heart, (c) d iplocardia : in which two 
hearts are present. These defects are incompatible with life.

THE PERICARDIUM
Abnormal contents :

Hydropericardium: In this condition, there is excess of serous fluid. 
The causes arc: .. - \

(a) Cachectic diseases.
(b) Congestive heart failure (in this condition there is increased pressure 

in (lie coronary veins and capillaries).
(c) Renal disease.
(d) Chronic stomach worm infection leading to hypopoteinemia
(e) Damage to capillary endothelium as occurs in (i) many infections 

due to toxins or (ii) anoxic conditions.
(f) . Anemia, especially hemolytic.

2V (g) Liver insufficiency—stasis of portal circulation, hypoproteinemia and 
general edema. ' ■ ■'■uy-'-r-'-f-

(h) Mulberry Heart Disease in pigs.
(i) Tumors : (!) implanted metastases c.i pericardium, (ii) lymphogenous 

metastases to the myocardium, (iii) primary tumors at tae ba<e of .he heart and 
in the anterior mediastinum

The fluid is straw-colored and' clear. In some cases as mullbery heart 
disease and infectious diseases, floculi may be present. In these conditions, due 
to damape of the capillary endothelium much protein flows oot into the exudate-
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If the fluid in the pericardial sae persists for a long time, it may become 
turbid and organised, giving a shaggy (bun-butter) appearance to the pericardium 
and epicardium.

• Hemopericardium : In this condition there is accumulation of blood 
in the pericardial sac. If the clot completely encloses tbe heart, the condition is 
koown as cardiac tamponade. ■

Causes : Trauma and rupture o f  heart, arota or coronary artery.
Pneumopericardium: Gas accumulates in the pericardium The 

sources may b e :
(a) Activity o f gas producing organisms, which may enter the pericardium

with penetrating body I .
(b) Gas may escape into the pericardium in traumaticretkulitis.
(c) From the lungs gas may enter the pericardium when a lesion invol

ving the lungs and pericardium breaks down.
(d) In compound fractures o f ribs, gas may enter from the outside.

Pyopericardiam : Pus in pericardium is mostly seen in traumatic peri
carditis. ■ It may also be found in (i) tuberculosis.

(ii) purulent pleuritis 7 . . ,
' , У as secondary infection.—  (lit) purulent pneumonia )

tiv) a rupturing myocard.al abscess.
Serous atrophy o f  subepicardial fa t : In animals suffering from

cachectic diseases, the fat present in the grooves o f  the heart becomes trans
formed into a gelatinous mass. The fat is lost and in its place edumalous fluid 
accumulates. The interstitial tissue also is edematous. White foci of necrosis 
may be seen in these lesions.

Hemorrhages on pericardium : Petechial hemorrhages are common 
in shock, toxemia and hypoxemia. Most common causes aro the toxins of bacteria 
and viruses causing Various diseases. Purpura hemorrhagica o f  horses is a condi
tion in which patechiac o f  the pericardium are common. Ecchymoses and diffucs 
hemorrhages are common in sweet clover poisoning.

Pericarditis;. Inflammation of pericardium is commonly seen ia 
animals. It is usually due to bacterial infections and secondary to other diseases. 
The routes o f infection may be :—

1. Hematogenous: occurs in septicemic conditions and other specific diseases.

2 ,. Lymphogenous : from the inflammatory processes o f  neighbouring 
tissues—myocardium, pleura, bronchial or mediastinal Iymph6$86fr

3. Trauma : Directly from outside as in bullet wounds. Or by a foreign 
body entering through the rumen and reticulum (traumatic pericarditis).

Pericarditis in animals is found in the following conditions :—
Horses : Pericarditis is a complication o f  .pneumonia, influenza? or 

strangles. Streptococci are the organisms usually present.
Cattle : In bovine encepnalomyelitis, pasteurellosis, contagious bovine 

pleuropneumonia, black quarter and coliform infection o f  the new born through 
the umbjlicus. '
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»

Swine: In erysipelas; pneum onia (M ycoplasma Spp ) pasteurellosis 
streptococcal • infections,1 salmonellosis and hog-cholera and infection by H im o- 
p h ilu s s u i t  (Glasser’s 'Disease)

Sheep: In pneumonia (Pasteurellosis), salmonellosis.
Dogs Rare; m ay b e  a  com plication of- distem per and produced'by 

secondary bacteria! invaders and may also be  found in leptospirosis.
Fowls: Fowl cholera and pullorum  disease.
Pericarditis is classified according to the nature o f  th e 'ex u d ate .
F ibrinous P e rica rd itis : P a th o g en esis : In tb e 'b eg ien in g , the surface of 

the serous membrane is.dry-following congestion. The 'glistening lnster is lost. 
.T h is  phase is soon followed by m arked exudation o f  serous fluid both within 

the snbserosai tissue itbereby t h i c k e n i n g ' i n t o '  th e  sac .. Proliferation and 
desquamation of the nu-sotbelial cells occur; Fibrin is deposited on the membra
nes as well as into the fluid and gives rise  to the condition. “ Shaggy heart”  and 
“ Bread and butler appearance”

Inflammatory cells consisting o f  neutrophils. lym phocytes, plasma cells 
ahd macrophages infiltrate into the subserous' connective tissue.. In infections 
by pyogenic Organisms, the leucocytic infiltration into the flu id  is so great that it 
becomes turbid and pyopericardium results.

I f  the cause is removed early exudate may be removed (the fluid part 
is absorbed through the blood and lymphatics and the solid  m atter liquefied by 
the proteolytic enzymes o f the leucocytes which a b so rb .i t /  mesothelium prolife
rates and fills in the places where it is lost and complete resolution is possible. 
But in severe infections with large am ount о  serofibrinous exudate such com
plete resolution is not possible and so adhesions .occur. This is brought about 
by organisation of the exudate. This process involves ^proliferation.and growth 
o f granulation tissue from th« subpericardial tissue. Tire organisation  end result- 
U a t scar tissue may be focal or diffuse. In the latter case the  cavity is „dblitera-: 
ted and the animal finally dies o f  decompensation. Occasionally caseation 
necrosis and calcification of the exudate may occur.

Suppurative p e r ic a rd itis :  This occurs more frequently in cattle due to 
bacteuaUnfestation with a metallic foreign body passing th rough  rumen,reticulum 
and diaphragm (Traumatic pericarditis). In poultry salm onellosis is accompanied 
by suppurative pericarditis. This condition may be a com plication, o f suppurative 
pleuritis and bronchopneumonia o f anim als. Nutritional anem ia in pigs, due to  
deficiency of irbn and copper, is accortfpanied by suppurative pericarditis.

In  this condition, especially in  cattle o f  traum atic pericarditis, the peri
cardium  is filled with pus. A thick m em brane o f fibrin fo rm s-on  bo tfflhe  surfaces. 
Resolution in such cases is impossible and organisation 'supervenes, resultingin 
adhesion between the perietal surface and the epicardiam — cor rugo su m b r  shaggy 
heart. Sometimes the whole o f the exudate 'is  organised and so the pericardium 
becomes very thick. '

The exudate and adhesions compress th e  heart, c o n s tr ic t iv e  p e ric a rd itis  
though initially hypertrophy of the myocardium  may occur. Due to mechanical 
interference and degeneration by toxins, the heart is not a b le ’ to  work properly,
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chronic venous congestion develops and the heart stops. Death due to toxemia 
may supervene long before chronic venous congestion and edema develop.

In chronic constrictive pericarditis, the thickened pericardium that is 
tightly attached to  the h e a rt ' compresses it and so its normal diastolic filling, is 
interfered with. So also contraction of the heart during .systole-is hampered. 
Since the roots o f the great veins are compressed blood flow into the heart is 
obstructed. These result in chronic venous congestion and reduced output o f the 
heart producing nutmeg liver, cardiac cirrhosis, splenomegaly, ascites, effusion 
into the pleural cavity and deposit o f  fibrin on the liver and spleen (sugar icing).

In traumatic pericarditis severe leucocytosis and extreme shift to the 
left are noticed. .. ..................  . „ - л е т а  *>•-

l lr lc  Acid p e r ;c a rd ltis :ln  fowls suffering from visceral gout, the needle 
shaped salts o f the uric acid and urates are deposited on the parietal and visceral 
layers of the pericardium. This gives the appearance of fine frost.

The urates being irritants cause inflammation ofthe  epjcardium, with 
the resultant formation of granulation tissue and hence organisation o fthe  deposits 
occurs.

Specific inflam m ations: Tubercular pericarditis is common in cattle and 
rare in dogs.

Myocardium
H ypertrophy: In hypertrophy of the heart muscle, there is increase in 

the size o f the individual muscle fibres so that the walls become thicker. Usually 
the left side is more often affected and the ventricles suffer more frequently than 
the atria. Physiologically hypertrophy may occur when greater strain is pu t on it 
as in hearts of the race hordes and grey hounds. The causes for hypertrophy may 
be intracardial or extracardЫ  hindrance to the flow o f blood.

In trac a rd ia l h indrances: Stenosis or insufficiency o f cardiac valves 
give rise to this condition.

(a) A ortic valves; Hypertrophy of the left ventricle occurs due to steno
sis or insufficiency of aortic, valves.

(b) M itra l valves i Lesions of these valves lead to hypettorophy of left-
auricle.

Ultimately, the lesions mentioned above lead to~brown induration 
the lungs, resulting in hypertrophy of the right ventricle

(c) Lesions o f  the valves o f pulmonary artery produce hypertrophy o fthe
right ventricle. _

E x traca rd ia l h indrances: Right ventricle hypertrophies in pulmonary 
emphysema (heaves), chronic interstitial pneumonia, browu induration of 
lungs and pneumoconiosis-

Usually, hypertrophy and dilatation of.the heart occur together.
The heart is enlarged with thickened walls. I f  the lumen o f the chambers 

is Darrowed, it is cafied concentric  hypertrophy. Mere hypertrophy is called 
sim ple out if accompanied by dilatation it is called eccen tric  hypertropby.Hyp- 
crlrophy of the right side increases the width of the base, while the left .sided
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hypertophy increases the length of the heart. But b ilateral hypertrophy causes 
the heart to be rounder.

The increased size o f the cardiac muscle needs m ore n u trition , which may 
no t be adequately supplied to every muscle fibre by the coronary vessels. Because 
o f  inadequate blood supply, metabolites formed in and arround the fibres are 
no t removed and so accumulate. Due to these two factors, the m uscle fibres get 
degenerated and in face o f continued work of the heart under the circumstances 
that were originally responsible for the hypertrophy, a trophy o f  the muscle fibres 
results. Consequently, the compensated heart falters and is no longer able to 
meet the demands and so decompensation sets in, ultim ately ending in heart 
failure. D ilatation of the heart that is a sequel to  stasis in pulm onary  circulation 
is called co r p u lm o n a le .

D i la ta t io n ,  In this condition, one or more cham bers may undergo 
pathological enlargement, usually due to deficient emptyin&during systole. Frequ
ently the right ventricle is affected.

C au ses: D ilatation occurs in various infectious and intoxicating diseases 
itrw htch  m yocardial degeneration or myocarditis is present and so  the  heart is 
not able to  expell all the blood received into it and hence blood accumulates in 
its cham bers dilating them.
, Sudden acute dilatation is attributed to the cum ulative action o f toxic

products on cardiac muscle in severe diseases.
Chronic dilatation usually occurs with hypertrophy iu which it is a 

term inal lesion.
In dilatation, the heart is rounder and more g lobular. The walls are 

thinner and the papillary muscles are attenuated. Very great d ila tation  o f the 
heart o f  man is called co r bovinnm. Dilatation leads to congestive heart failure.

C a rd iac  f a i lu re  ; We have already noticed th a t the heart has great 
reserve powers and that it can adjust itself to  increased dem ands placed upon it 
с«де to  increased venous return and to increased resistance to  outflow. In long 
continued states where this demand still exists decom pensation sets in , especially 
when there is impaired cardiac contraction, resulting in cardiac failure.

Though failure o f  one side o f the heart ultim ately produces excessive 
strain  on the other side, it is convenient to study the pathological physiology of 
each side separately.

L eft-sid i-й h eart fa ilu re  : The most common causes are
(1) Hypertension
(2) Arotic valvular disease 1 Stenosis and incom petence due ro
(3) M itral valvular disease /  endocarditis
(4) Congenital heart disease
(5) Myocarditis
(6) Myocardial degeneration
(7) Adhesive pericarditis
(8) Nephritis in dogs.

M ajority o f  the clinical symptoms in left-sided heart failure stem from 
a) d im inished blood flow through the various organs and '-tissues o f  the body
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and (b) from р и г с д а г у  congestion caused by venous stasis. The following 
changes in the organs with related symptoms occnr :

Lang? t ,  .Due, Jo damming back o f blood in the lungs and diminished 
cardiac output,,there is venous congestion in lungs which is transmitted to the 
alveolar capillaries resulting in accumulation o f the edema Said in the alveoli. 
Sometimes.small capillaries may rupture resulting in small hemorrhages into the 
alveolar spaffs (heart-failure cells are seen in such an event).

Impaired exchange of gases and reduced vital capacity of the lungs that 
result due.tc edema, cause hypoxic stim ulation o f the carotid sinus and the 
respiratory centre and so reflex dyspnoea cccars. Cough occurs due to the irri
tation, of rbe r?spifatpfy mucosa by the edema fluid. -

Kidneys : In the congestive left-sided heart failure, there is significant 
alteration in renal function. Renal excretion is impaired due to renal anoxia 
that results from impairment of circulation (Vasoconstriction). Salt and water 
are retained, raising thereby the blood volume which further adds to the work
load of the heart. Further impairment in renal blood flow results in diminished 
excretion qf nitrogenous substances—prerenat uremia. The condition is called 
prerena] because, the fault lies not in the-Kidneys, but in some prerenai or car
diac lesions. Retention of sodium and water accentuates edema, noticed first in 
the dependent parts of the body.

B ra in : Anoxia o f the brain results in increased, irritability restless
ness and in far advanced cases, stupor and coma.

Right-sided h e a rt fa ilu re : Right-sided heart failure usually occurs with 
the left-sided heart failure an i it is only rarely that right-sided heart failure in 
a  pure form occurs. Because, congestion o f pulmonary vessels that occurs in 
Jeft-sided failure must ultimately, embarrass the right side of the heart. Hence 
the causes for right-sided failure include those enumerated for the left side, 
especially mitral stenosis and incompetence, which greatly increase the pressure in 
pulmonary vessels.

Causes for the pure right-sided heart failure are:—

1. Myocarditis. As the right ventricle is weaker than left, it fails .more 
rapidly when myocardium is damaged.

2. Myocardial infarction and degeneration.
3. Causes producing increased resistance for the flow of blood in the lungs— 

emphysema (heaves in horses) and chronic interstitial pneumonia.
4. Constrictive pericarditis: in this condition the flow of blood into the

heart isiblocked. ^
5. Hydropericardium. Here also blood is blocked from entering the heart.
6. Endocarditis, especially o f  tricuspid valves, producing incompetence and 

stenosis.
In right-sided heart failure, the primary disturbance is damming back of- 

blood in the systemic and portal venous circulations, with consequent decreased 
flow o f blood into the left auricle from the lungs. Anoxia that is causedthereby 
produces renal pathology in which there,is retention o f salt and water increasing 
the blood volume. So edema results. In the horse and ox, edema is
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seen subcutaneously .while in the dog, ascites is manifested and in the cat pleurisy 
is seen.

L ite r; Because of corgestion the liver is enlarged. In the acute and 
Severe phase, pulsat on may be present. There m<y sometimes be actual htmo-r- 
•hage r.'und about the central vein. Atrophy and necrosis of the hepatic . cells 
ar. und the central vein are present. I f  the animal lives long enough (usually 
anim its do not survive for this length) fibrosis of the central part will occur— 
cardiac ci'rhosij Slight hepatic dysfunction and icterus may be evident. But 
cl ntcally impaired, hepatic function is not a feature.

Kidneys: In the right-sided failure, congestion and anoxia o f the
kidney» is more matked than in the lefr-jided fJilure. Hence renal function is 
much a/Techd ana there is, therefore, greater retention of salt and so the volume 
of blood is much increartd. Due to the decreased renal blood flow there is dec
reased fcrmat.on of glomerular filtrate and hence reduced sodium  filtration 
occurs. 1 he tubules reabsorb ihe little sail that is excreted. So along with the 
Ball water is al о reabsorbed and hence the increase in the blood volume; which 
together with venous stagnation produces interstitial edema, manifested in the 
dependent parts.

Spleen: Splenomegaly is seen due to congestion. Hemorrhages m aybe
present liberating hrmosideiin followed by organisation and fitrosis. Such areas 
may be calcified. Metaplasia o f the reticulum to fibrous tissue causes hardening 
of the organ.

Other Symptoms- Due to congestion in the portal system, the stomach 
and intesiines n ay also man Test venous stasis with resultant digestive troubles— 
diairhora. Cvanosis is abo seen. In the horses epistaxis may occur.

In summary, therefore the palho ogv and manifestation in the left-sided 
heart failure are essentially results o f  stasis in pulmonary circulation, wbiie stasis 
in the systemic circulation ts the cause of the pathology seen in right-sided 
faiiilre. -

Cardiac failure may be unilateral but usually it is bilateral. Heart 
failure, therefore, is a syndrome of tail ng circulation in various organs. Hence 
to detect heart la lure clin cally or at autopsy by just examining ihe heart is very 
difficult We have lo examine o.her organs to arrive at a correct diagnosis.

Fatal Syncope o f pigs, Herztod
This is a very serious disease in pigs, which suddenly fall down and die 

while being driven about or whde feeding or during mating. If animals could 
be observed while alive, symptoms of dyspnoea, paralysis and spasms can.be seen.

Cause: The exact cauve o f the disease is not yet clear.:..It is pro>ably 
a nutriiional ronditu n. Thire may be hormonal imbalance, the.hormones con
cerned being tfte Thyroiropic horn one, the ATCH and ihe Growth ho mone. A 
diet rich in carbohydrates and poor in proteins (feeding on potatoes) producing 
vitamin and protein deficiency has been cited a cau«e. An allergic etiology is elso 
put forward.

Lesions: Serous cavities contain large quantity of serous fluid. All
organs show passive congestion Heart shows grayish streaks and patches о i
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hyaline degeneration with round -cell infiltration. Lungs are hyperrmic and 
edematous. Skeletal muscles show hyaline degeneration o ;  cloudy swelling with 
loss o f cross striations or even atrophy. Passive congestion of the liver and sever» 
passive congestion of the intestinal mucosa are also obseived.

Thyroid is congested -due to extreme dilatation of the blood vessels. The 
follicles show collapse due to separation of the epithelium Irom the basement 
membrane by subepithelial edema. Infiltration by lymphocytes is observed The 
colloid is watery and thin. The adrenals are atrophied and the immediate cause 
of death may be adrenocortical insufficiency.. (Sec page 149 for fatal syncope 
in cattle caused by copper- deficiency)

Round Heart Disease
Sudden deaths in hens under eight months o f  age may occur, especially 

in summer months.
Causes: A d'fct rich in caibohydrateis'and poor in protein is suspected. 

Poisoning by zinc is suggested by some workers. No evidence o f refection has 
been seen.

M acroscoplcally.th; heart is greatly enlarged and appears rounder, the 
apex losing its norma) conical shape The left ventricle especi iliy. is hjper roph td  
and dilated. Gray streaks o r spots may be seen on the myocatdium. Hyperemia 
of liver, kidneys, intestines and liings may be observed. PeVicard Um may contain 
fibrinous exudate. Edema of the subcutis and lungs may be noticed. Comb is 
cyanotic.

M icroscopically,the myocardial fibres are hypertrophied. Jn some areas 
fatty degeneration ol the heart may be seen. )□ others small nodules consisting 
of accumulat on of histiocytes and lymphocytes may be observed.

DISTURBANCES IN METABOLISM
Cloudy swelling:This condition is seen in d.fferenl toxemias and septi

cemias. and in febrile conditions.
M acroscapically, the heart is slightly enlarged, has a cooked,pale appea

rance and is friable. $
M icroscopically , (he muscle fibres arc sightly swollen and their cyto

plasm is granular, cross striafions are indistinct.
Since autolytic changes occur soon after death simulating cloudy swell

ing care should be taken to distinguish oue from the other.
Fatty  degeneration: In this condition.the irritants are more severe than 

those causing cloudy swelling. Fatty degeneration is met with in prolonged 
infections; piglet anemia, toxemia, phosphorus, arsenic and chloroform poison
ing, purpura hemorrhagica in horses, pyometra; avitaminosis. E.

M acroscoplcaliy, the heart is enlarged and yellowish in color. In 
severe fatty degeneration.ycllowish.striping of the endocardial surface-1 tigering’ 
is seen.‘*Thrush-breast” heart is observed when there is mottling of subendocardial 
fibres, especially on the papillary muscle

M icroscopically, minute dropletsof fat, detected with special stain* 
are seen in the muscle fibres, which normally do not contain any. The nuclei 
are degenerated.
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O besity ; It is norm al to  find. deposition o f  fat iuhepicardialfy. But fat 
is not found in the myocardium. In some cases of obesity, fat o f coronary 
adipose tissue infiltrates between the myocardial fibres—fatty infiltration, th is  
fat crowds put the fibres and may interfile with the action o f the heart tesulting 
•a its failure.

H yaline  d eg en e ra tio n : Hyaline degeneration is best seen in the conditiors, 
called white-m uscle disease in calves and stiff lamb disease in lambs due to 
v.tamin E deficiency. This may also be seen in m yocarditis,in,gossypol poisoning, 
‘Herztod* in swine and copper deficiency (falling disease) in cattle  The muscle 
fibres are hom ogeneous and glassy. This is a , renecrotic lesion, term inating 
usually, in necrosis and calcification.

N e c ro s is  o f the myocardium is ' usually focal and is seen i i i  grayish 
spo tsscaueied  in the muscle.This is a common lesion seen in white muscle disease 
o f  calves and lam ’» .  Thiamine delieiency in pigs has been found to  produce 
coagulattve necrosis o f  the myocardium.

Hyaline degeneration and necrosis o f  the myocardium  are seen in 
Foot and M outh Disease in cattle: in Equine Viral Arteritis anti in 'Sw ine Fever, 

. C a lc if ic a tio n : Dystrophic calcificat on of necrotic m yocardial fibres 
may occur. So this is common in white-muscle disease. In  cattle  poisoning by 
organic compounds of mercury causes hyaline degeneration o f  P ink tn je  fibres, 
followed by calcification.

In puppies excessive vitamin D or calcium therapy results in c a lc if ic a 
tion  of the m yocardium .

D isturLances In c irc u la tio n
In fa rc t io n  of heatt i> relatively uncommon. T his condition  is due to 

occlusion of the coronary artery by a throm bus, atherom a or arteriosclerosis. 
Rarely emboli arising lrozn caidia: vegetations (in swine; may give rise to 
infarction.

The sudden occlusion of a large artery may cam e necrosis and deaths. 
But gradual obstruction  o f smaller branches will cause atrophy and repkem ent 
fibrosis, which being weak, ;s a place fot d ila tation  to  occur. T his is called 
cardiac aneurysm.

H em o rrh a g e s ' petechiae under the epicardium and larger ecchymoses 
under the end tearJium  are common in cattle and sheep and are encountered in 
toxemias, septicemias and in death due to asphyxia.

MULBERRY HEART DISEA SE 
(By Dr. M. S. Kwatra^

Mulberry heart disease in pigs is a dietetic m iefoangiopathy which is char
acterised by ti e sudden death due to heart failure, bydropericardium  and typical 
l.near hem >rrh tges on the heart giving it an appearance o f  a but.ch of 
muIberries.The piglets belonging to Landrace breed are relatively more susceptible 
to  this disea-e and the cases mostly appear on the farm during the spring 
season. The d is ta seh a s . .recently been noticed in Assam. Though the morbidity
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late is generally low, mortality rate it quite high. The disease commonly 
occurs among 3-4 month old pigs, especially in active healthy looking ones. 
The etiology or the cause is unknown. The disease is considered to be a 
dietary deficiency and addition of vit H and selenium to the diet has a 
beneficial effect Generalised edema is >ug»estive of damage to  endothelium which 
may be due to loams of bacterial origin. In majority o f  cases d o  symptoms are 
observed as the course o f the disease is extremely short. Some cases may show 
incoordmated gait, dyspnoea, muscular tremors and weakness. The temperature 
is usually within the njrm al range. The chronic cases show nervous symptoms 
and poor weight gains

The characteristic gross lesiens are :
{■ E?««a aDd emphysemV5f ®  lungs 1 Tbe fluid „  so ricb

3 .  HydrofhoraV 'Ura j  ,n ftbrm that it clots
4. Diffuse hemorrhages on the epicardium and cndocard.um 

giving the heart a mulberry appearance.
5 Ascites .
6 . Hyperemia of gastrointestinal tract.
7. In animils with delayed death softening of the cerebral gyri (due to  

anoxia consequent to pulmonary lesions)
M icroscopic Changes

A. H eart
l )  I he blood vessels o f the myocardium reveals generalised, hyperemia 

and typical fibrinoid degeneration in several blood vessels.
(ii) The myocardial fibres show uecrobtotic altera ions.

(iii) Hemorrhages and edema in between the bundle fibres are seen.
B. Liver sections teveal acute passive hyperemia and 

degenerative changes o f bepatic^cells in the cetrilobular areas.
C . Lungs aiso show passive hyperemia, enlargement ot

the lining cells of the alveoli, marked alveolar emphysema and edema. 
B. Leucoenccpbalomalacia in white matter of the cerebrum is generally 

ebserved.
1 he mulberry heart disease appears to have no etiological relationship 

with ‘Gut Edema Disease*.
M yocarditis

Though myocarditis is a common lesion found in many systemic diseases 
primacy condition is rare.

N on-ssppura tire  m yocarditis: This is found as a hematogenous 
infection in generalised septicemias, toxemias and bacteremias.

' C attle: pasieurellosis, Foot and Mouth Disease.
Dogs: extension from valvulitis: from infective focus somewhere

else—streptococcus or coliform scpticemia:hapatitis 
contagiosa canis; leptospiral infecions.

H o rs e s : infectious auemia
Extension of Infection may occur from pericarditis also.

34-Ip c.
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The lesions o f myocarditis are usually focal and consist o f  pale or 
yellowish or grayish areas. In acute Foot and Mouth Diesase in young calves 
with supervening death, there is myocardial degeneration and diffuse myocarditis. 
With iiecrophorus infection, gray areas o f coagulative necrosis are found.

M icroscopically , there is degeneration and necrosis of the muscle fibres 
in the acute stage with infiltration of lymphocytes, plasma cells, macrophages 
and eosinophils.

Jn the chronic stage, there is much fibrosis since the heatt muscle does 
not regenerate and healing occurs by granulation tissue.

acu te  suppurative myocarditis: This is found in pyemia that occurs in 
mastitis, metritis and joint ill. The spread is by way o f ‘th e  coronary  arteries. 
Direct extension from purulent pericarditis, endocarditis, pleura, lungs and 
bronchial lymph glands is also possible. Infection may also occur through a 
foreign body penetrating the myocardium through the reticulum

M acroscopically , the heart reveais abscesses with hyperemic borders. 
Some abscsses may be encapsulated.

M ic ro sco p ica lly , the typical appearances of an abscess are seen with 
neutrophils abounding. Healing, may occur by organisation and scar formation. 
Sometimes abscesses may be calcified.

S pecific  inflammations: Tubercular myocarditis is common, especially 
hematogenous. Extension from neighbouring tissues is also possible. Actino
mycosis o f the myocardium is also met with.
P a ra s ite s  o f myocardium:

1. Heart worms (Dirofilaria immiiis] are found in the right ventricle o f 
dogs, sometimes completely filling the lumen. Depending on their num ber, these 
round worms may cause thrombosing endocarditis leading to  cardiac dilatation 
and hypertophy or thrombosis of pulmonary arteries.

2. In the heart muscle are found the following:
(a) iarcocvsiis rezeifa- These are found universally in the hearts o f  cattle,

sheep and pigs. The muscle fibres contain the Miescher's tubes in 
which are found the spores—Rainey's corpuscles. .....

(b) Toxoplasma gondii may’ be present in the heart muscle fibres as
pseudocysts. If  these cysts rupture, a  focal myocarditis develops. The 
lesion consists of a necrosed centre surrounded by inflammatory cells— 
neutrophils, histiocytes and lymphocytes. Sometimes the necrosed 
tissue may be calcified, ,  %.

(c) Cyslicercus bovJs in ox heart is the bladder worm o f Tenia saginata 
of man.

(d) Cysticercus celiuiosae in pig heart is the bladder worm o f  Tenia solium  
of man.

(c) Cyslicercus oris in the sheep is the bladder worm o f Tenia oris o f  dog 
and fox.

(f) Hydatid cysts of Echinococcus granulosus o f  dog contain scolices and 
clear fluid.



Endocarditis
Inflammation оГ the endocardium is rather common in animals and is 

almost always caused by bacteria. Though the endocardium of all chambers and 
valves can be affected, it is the valvular eadocardium that is mostly affected 
primarily. Form here, inflammation may extend to the mural endocardium.

Among animals, swine are more frequently affected.
Endocarditis is a constant lesion seen in chronic septicemic diseases, in 

which the circulating bacteria infect the endocardium The following organism^ 
have been found to be causative.

H оrse .5 treploeoccusequi($trangfes) ,Shigella equirulis(umbilical infection! 
Migrating larvae o f Slrcngytus spp, Actfnobaciltya tquili and „Meningococcus spp, ' 
(while hyperimmunizing with meningococci) are other causative agents.

C a ttle :  Cocynebanerium pyogenes (secondary to a liver abscess o r
peritoneal abscess); Streptococci of intestinal origin (white scours); embolic 
infection from traumatic rcticulitis, suppurative metritis and mastitis can occur.

Dog ; Not usually observed but may exist in association with strepto
coccal infections o f mouth, teeth and pharynx. Leptospirosis may also be asso
ciated with endocarditis. v

Ptg t Erysipelolhrix rhusiopathiae,' Corynehaclerium pyogenes and 
Streptococci. O f these th^ first is most important.
S ites In the order o f frequency of occurrence, these a re :

In horse : Aortic valves: right auriculo-ventricular valve, left auricuto- 
ventricular valve and pulmonary valve.

In  C a tt le ;  right auriculo—ventricular valve; left auricnlo-ventricular 
valve; pulmonary valve and aortic valve.

In pig and dog : mitral valve, aortic valve; tricuspid valve and pulmo
nary valve.

The valves arc more often affected because these are exposed to the 
circulating bacteria and to the force of blood during systole. Bacteria that are 
present in tbe blood get implanted on the valvular endocardium. The surface ot 
the valve that is exposed to the fore; of blood is more often affected, viz, the 
auricular surface because when the blood is forced into the ventricle, it is; this 
side that is continually brushed. Besides, it is the edges of the valve (lines o f 
closure) which are most exposed to stress and trauma and so arc more 
often affected. The implanted organisms grow on the injured endocardium. The 
toxic metabolic materials released by these bacteria damage the local cells, with 
the liberation of thromboplastin which converts fibrinoginpinto fibrins!; Fibrin is 
a good medium for the bacteria to grow and so more and more of fibrin is formed 
dne to tbe liberation of greater quantities of thromboplastin by the cells That are 
increasingly destroyed by the growing organisms. Thus a thrombus is formed, 
f he enlarged valve (with the thrombus) in] ires the adjacent surface daring its 
movement and during this motion the thrombi may break off and form emboli.

The lesion being chronic, the thrombus is formed slowly but progressi
vely, This is friable and resembles the head of a cauliflower and so is called 
vegetation. Endocarditis in which these vegetations; are present is called
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lative endocarditis. From the basal area o f  the valve granulation tissue invades 
the thrombus which is thus.organised m the deeper layers. But so long as the 
organisms ?-e alive, complete organisation and healing are not possible

In swine excessive vegetations are common. But in cattle dne to C 
pyogenes excessive fibrin is not common but fibrosis is frequently seen Extension 
o f infection from the tricuspid and b em pid  valves to the chordae lendinae makes 
them weak and degenerated, resulting in their rupture.

Mural endocarditis is only an extension of the inflammatory process 
from the valves. In cattle affected with black quarter, the wall o f the left auricle 
is usually affected showing roughened endocardium.

In the dog. with uremia and leptospirosis, ulcerative endocarditis is 
common. Greenish'ulcers are present in the left auricle and ventricle, pulmonary 
artery and aorta. ■ 1

M icroscop ica lly , the lesion к  a thrombus in the centre o f which bacteria 
are seen, Leucocy/es are present in the intima, Fibrosis in the chronic cases is a 
feature noticed.

E ffects o f E ndocarditis : The vegetations which are formed at the 
points o f contact o f the cusps o f  the valves prevent the closure o f  the valves and 
obstruct the lumen, thereby hindering free passage of blood through the lumen. 
1 hese conditions thus give rise to valvular insufficiency or stenosis. The effect 
of these conditions is to cause accumulation o f  blood in the chamber just preceding 
thelesion. The follow ing sequelae are met with in lesions o f  different valves

Tricuspid valve : Dilatation o f  the right auricle, general venom  
congestion and ultimately hypertrophy o f  the right auricle.

I Pulmonary valve; Dilatation o f  the riglit_ventricle.^eneral_venous 
conges tion and hypertropEy~ot the light ventricle.

M itraFvaW e: Dilatation o f  left auricle,pulmonary congestion, edema 
and pneumonia (brown induration), hypertrophy of the left auricle, hypertrophy 
of the rightventricle.

J to jile  sem ilunar '.atvesitpDilatation o f  the left ventricle; hypertrophy o f  
the left ventricle and later general venous congestion the  final outcome o f  these 
lesions is congestive heart failure. Fragments o f  the thrombus (vegetation^ may 
be detached to form emboli.

The results o f  embolism are:
t. If the emboli are contaminated with pyogenic organisms, abscesses will be 

found in the kidneys lacutc embolic nephritis), snleen and liver from emholi-axi- 
sing from left side; pulmonary abscesses from emboli arising from the right side 
and myocardiaTabscesses fromTmbpITof coronary vess f l i V~

2. If the emboli are bland and sterile,infarction will be caused in the kidneys 
and spleen fiom emboli arising from the left side and pulmonary thrombosis from 
emboli arising from the rigln side. Myocardial infarction may occur if emboli 
utter coronary circulation.

E ndocardiosis in dogs:- Otherwise known as"Chror.ic valvular disease” , 
in this condition the mitral valve is mostly affected, fhealfected valve is shrunken 
and distorted and so is incompetent producing gradually congestive heart 
failttie.
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The atrio-ventricular cusps are thickened, become shorter, the chordae 
tendinae are thickened and may sometimes be ruptured. The thickening is due 
to proliferation of fibroelastic tissue with abundant mucous ground substance.

MANCHESTER WASTING DISEASE OF CATTLE 
( By Dr. M. S . Kwatra )

(Synonyms: Enteque seco, pasteur disease, Naaiehu, Calcinosis, Calcific 
arteriosclerosis.)

The disease is characterized by progressive wasting, stiffness of foreleg5 
and back and deposition of calcium in the arter fs , heart muscle, lungs and 
kidneys. The condition has recently affected large number o f Corricdale sheep and 
a tew cattle in Ludhiana district o f Punjab The disease is also found iri Jamaica, 
brazil aad Hawaii and causes severe losses in livestock industry. The disease 
eenei ally affects cattle over 15 months o f  age.

Symptoms: The affected animals waste away progressively; the joints 
o f  the limbs become stiff, and fore limbs are often severely affected. The animals 
cannot walk properly and sometimes put weight on the knees. As the disease 
advances, the animal is disinclined to move and stands with arched back for 
long periods. .On auscultation heart murmurs may be heard. On exercise animals 
appear to be distressed Blood calcium level is increased in affected animals.

Canse: In different localities grazing on different plants containing 
excessive amounts o f vitamia-D or toxic substances causing hypercalcemia results 
in the calcification of arteries, heart, pulmonary tissues and kidneys. Solarium 
im larcoxyln.4 C isirum  diiimum. Trisetum  flavescens and other plants have 
been found to contain toxic concentration o f  vit. D or some other toxic sub-, 
stances with similar action.

Gross Changes: The general condition o f  the animals is usually poor- 
The aorta and major arteries show plaque formation in the intimal layer. The 
walls o f  the affected vessels are haid, thick and bril'le, particularly during the 
advanced stages o f the disease In worst cases mitral valves, myocardium, lungs 
and kidneys may show calcium deposition. In mild cases the plaque formation is 
seen in the terminal portion of the aorta and in moderate cases it may extend upto 
the aortic arch, in severe cases whole of aorta, mesenteric,and carotid arteries are 
affected while in advanced cases the myocardium, kidneys and lungs also show 
calcific deposits. Hydropericardium, hydrothorax, hydroperitoneum may be 
present in cases in which the cardiac valves and lungs are involved.

M icroscopic Changes; the medial layer o f  the aorta and arteries is 
intensely involved and muscular fibres show degenerative changes and deposits op 
calcium salts. The tunica ihtima shows slight proliferation o f  intimal conn
ective tissue while the tunica adventitia remain», unaffected. The cardiac muscle 
fibres undergo calcification and degenerative changes. The coronary arteries may 
also reveal deposition of calcium in the tunica media and inlima. In the kidneys 
the arterioles o f  the cortex and medulla ure calcified. The calcification of the 
lungs is confined to the thickened interalveolar septa. The alveolar epithelium 
undergoes foetalization.
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Neoplasms of the heart; p r im a ry  Not common, Rhabdomyosarcoma, 
fibroma and mjx fibroma have been described.

Secondary: Thtse are rhe commonest. The most common secondary 
neoplasm of the heart is the lympbosarcoipa among cattle. Tumor masses may 
project into the pericardium or into the chambers. Diffuse infiltration of' the 
myocardium is also seep and the neoplastic cells may be found between the mus
cle fibres, which undergo pressure atrophy.

DISEASES OF T H E  ARTERIES
Hypertrophy, Compensatory hypertrophy of the walls of the arteries is 

common and may affect one or all o f  its components. Mostly the muscle and 
elastic lamina are hypertrophied to withstand increased biood pressure. This is 
seen in renal vessels o f dogs suffering from chronic interstitial nephritis and in 
lungs o f  cats

A rteriosclerosis ' The exact meaning of arteriosclerosis is “ hardening 
o f the arteries”  ibis condition is common in man, characterised by intimal 
thickening f  -Rowing prohfera ion o f  connective tissue, hyaline degeneration, 
infiltration o f lipoids and finally calcification.

In animals there is no comparable lesion as occurring in m an,‘The dog 
(with hypothyroidism) is mod frequently affected among animals. Usually, the 
older animals are affected. One difference in the dog is that infiltralion of lipoid 
is unusual.

In man. the lesion' is described under the heads: atherosclerosis, Monc
keberg’s medial sclerosis and diffuse anenolosclerosis.

A therosclerosis: This condition affects the larger elastic arteries. Athere 
means ш Greek a soft, mushy, gruel - like substance. In this condition such a 
substance is foimed in the intimal layer.

Tbe aorta and its primary branches ате mostly affected though carebral 
and coronary vessels may sometimes be involved.

Pathogenesis: I. The lesion commences as a focal degenerative change 
in the subenjotnelial tissue. The mucinous ground substance of iniimu is increa
sed and in these foci fine fat droplets appear. These fatty deposits consist of 
cholesterol, neutral tats, fatty acids and choiesterol esters. Ela.tic fibres disinle- 
grate.

2. Foam cells (macrophages iadeti with lipoids) are found in these foci It 
is conjectured that macrophages transport the fats to the lesions directly from

. the blood
3. These macrophages cluster in the subendothelial area.
4 Subsequently the macrophages die, disintegrate and liberate the fats into 

thertissuc spaces.
5. The fats (cholesterol crystals especially) stimulate the proliferation of 

the connective tissue around these foci, especially towsidCffie luminal side. This
• newly formed tissue becomes hyalinised.

6. This is the plaque (atheromatous plaque), with a central debris consis
ting of granular, lipid-rich material and acicular crystal? o f cholesterol. Hemo' 
rrhages and hemosiderin granules may also be seen, N

7. A well-formed plaque is supplied with numerous capillaries, which are 
the «ourcc of hemorrhage.

8 .  A  few  ly m p h o cy te s  m ay  b e  f o u n d  a ro u n d  th e  le s io n .

I
i
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9. Fjbroustissue increases in quantity and with further deposition of lipoids, 
the atheroma enlarges in size and reaches the endothelial layer, which may be 
pushed into the lumen.

10. Along with the changes noticed in the intima, degenerative changes are 
noticed in the media. Edema first occurs separating the muscle and the elastic 
fibres. In  these foci collagen is formed and scarring occurs. The elastic fibres 
degenerate in the focal areas but proliferate in the adjacent areas.

11. The fate of plaque : t li  it may be converted into a  dense inflammatory 
scar, containing cholesterol clefts; or (ii) it may be calcified or (iii; islands of 
beteroiopic bone may be formed in it; or (iv) the thin endothelium may be necro
sed due to the subendothelial accumulation of marcrophages and fatty debris, 
resulting in ulceration into the lumen of the blood vessel—the 'atheromatous *  
ulcer. A thrombus may subsequently form on this ulcer.

Causes of atherosclerosis : No definite cause is attributed. The 
following arc some o f the etiological factors suggested in man.

1. Senility or ageing process, in which there is progressive degeneration of 
the walls of arteries leading to fatty degeneration of the tissue in which lipids 
accumulate.

2. High blood cholesterol and lipid content.
3. Hypertension.
4. Intramural hemorrhages, which may be the starting points of the lesions.
5. Probably some endocrine deficiency.

Heredity, obesity, stress, physical activity and smoking habits may be 
contributory factors.

A th e ro sc le ro s is  as  occurring  in  m an  is  f o u n d  o n ly  in  th e  p ig  a m o n g  
an im a ls . A th e ro sc le ro sis  encountered  in  th e  a o r ta  o f  p igs w as re p o r te d  f ro m  
In d ia . A b d o m in a l a o r ta  was found  to  be m o re  o f te n  a ffec ted .

Mnroscoplcally, the surface of the aorta revealed fatty streaks. Frank 
fibrous plaques were n6t seen.

M icroscopically, there was edematous swelling of tbs ground substance 
in the intima, deeper parts of which showed deposition of variable amounts of 
lipid. The number of smooth muscle cells increased and marked collagcnizutjon 
was observed in a few cases. It was thought that the initiation of fatty streaks 
in the pig was not mediated through the thrombotic mechanism, though in man 
microthrombi composed chiefly of platelets were supposed to be the primary 
initiating factor in the development of atherosclerotic lesions.

It-bas been m ention^ earlier that among animals, atherosclerosis is 
more-'often seen rondrigs, suffering from hypothyroidism with hypercholesterole
mia. The pathogenesis is slightly different. The lesion commences ia media 
(as against the intima in man and fowl) in the middle and outer layers of which 
lipoids are deposited. Foam cells appear here and the lipoid may be found 
within the muscle fibres which show hydropic degeneration. Due to the pressure 
of lipoids the fibrous connective tissue proliferates and replaces other structures, 
this becomes hyalinised and later impregnated with iron salts. In the adventitia 
lymphocytic infiltration is seen; sometimes to such an extent as to form nodules.
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Along with the changes in the media the intimal elastic fibres are dis
rupted, destroyed and reduplicated. The endothelium  shows hydropic degene
ration and appears thickened. Later, there is fibroblastic proliferation that 
occurs around these thickened areas (plaques) o f  intima.

M acro sco p ically : the affected vessel is enlarged and less pliable and the 
walls are thickened. On opening the aorta, raised oval o r round areas (plaques) 
may be seen. These are white oryellow and may be 0.1 m.m to 2 ems, india
meter.

M onckeberg’s medial sc le ro s is  : In this condition the medium sized 
muscular arteries are affected. The muscular tissue undergoes hyaline and fatty 
degeneration followed by necrosis and calcification. Sometimes hcterotopic 
ossification occurs. This condition is: found in older people but is no t necessa
rily associated with hypertension. The d isorder is considered to  be related to ' 
prolonged vasotonic influences—prolonged action o f epinephrine and nicotine. 
Hypervitaminosis D may also produce sim ilar lesions. M edial calcification is 
seen in some dogs suffering from chronic interstitial nephritis.

The lesions are found only in  the m edia and do not encroach on the 
intima and vessel lumen. The endothelium is intact.

A rte rio lo sc le ro s is  : In this condition, there is thickening o f  the walla 
and narrowing o f the^lumina of small arteries and arterioles. Two types are recog
nised; ( l)  hyaline arteriolosclerosis and (2) hyperplastic arteriolosclerosis. Both 
forms result from hypertension. Hyaline arteriolosclerosis occurs in a slowly 
developing hypertension while the hyperplastic variety is a m ore acute condition 
developing due to  a  sudden elevation o f b lood pressure.

In  tha  hyaline arteriolosclerosis, there is homogeneous p ink  collagenous 
fibrosis and thickening of the walls o f the arterioles. The cellular details o f the 
tissue are completely lost. In the hyperplastic arteriolosclerosis an  “ onion skin’" 
appearance is found due to the proliferation and concentric arrangem ent o f  the 
endothelial cells, subintimal fibroblasts and even the muscle cells o f  the media. 
Sometimes, there may he an admixture o f  the two forms. BeiDg a  reaction to 
increased blood pressure, aiterioloscleroSis is met with in all the  sm all arteries 
and, arterioles, particularly those of kidney, spleen, pancreas, adrenal and small 
intestines.

In general, arteriolosclerosis in anim sts is not cbmmon and is not of 
clinical significance. Atheromatous plaques with calcification are frequent in the 
aorta  o f  adu lt cattle, caused by Onchocerca e rm ^ ia ta  and found only at post- 
mortem. In  dogs atheromatous ulcers may be found in infection by Spirocerca 
lupl in the migratory life cycle o f  whjch the larvae at one stage pass through the 
aorta.

A r te r i t i s
"The inflammation of the wall o f  arteries is arteritis, which may lie acute 

or chronic.
A cute  a r te r it is  may be caused by parasites, bacteria, viruses or fungi. 

The routes o f  infection are (1) from the outside o f the vessel, extending
through the wall: (2) through the vasa vasorum and (3) from the  lumen of the 
vessel.
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Extensioirof inflammation fr im the adjacent tissues is common as in 
pneumonia, metiitis and mast.lis. Infection may also occur due to pyogenic 
bacteria, tbe primary lesion 1 eing elsewhere—umbilical abscess. In such case* 
the pulmonary vessels are the favoured places where emboli lodge and produce 
inflammation. ,

Inflammation o f the inti na res alts in the formation of a thrombus a1 
the site—thromboendarteritis.

Equine v ira l a r te r it is  : A primary acute arteritis in the horse is c; used 
by a virus which cannot be grown on egg embryos or prop gated in experimental 
animat;. Serial passage through tissue culture attenuates it and suih an atienu- 

..Bted.viros coal'cis_stroiig immunity .when vaccinated, into, hours 1 he clinical 
picture is:—fever, leucopenia, conjunctivitis, ihinits with mucopurulent nasal 
discharges, palpebral edema, respiratory distress, depression, incoordination 
and edema of the limbs and abdominal wall, cohc end diarrhoea, abortion in 
piegnant animals.

M acroscopically, petechial hemorrhages are seen in all serous membra
nes, in the lungs and gastric mucos.t. Edema of the eyelids is prominent. A ll 
serous cavities contain excess of fluid with high protein content. .1 be intest inal 
wall is thickened by edema, which is present .u  the mesentery and lungs also 
Enteritis is seen.

M icroscopically, the lesions are. found in the media of smaller arterics- 
The muscle fibres are necrosed and replaced by a hyaline fibrinoid material- 
There is edema of »he adventitia with lymphocytic infiltration The inttrra and 
endothelium are usually intact showing no thrombosis. But the arteries of the 
intestines and lungs are severely affected resulting in thrombosis, lnfcrcts may 
occur in the mucosa of cecum and colon.

Chronic a r te r it is  ■' This is exemplified by the arteritis of the anterior 
mesenteric artery in the horse duc t j Sirongylus vulgaris, which by its presence 
causes chronic irritation. The artery is dilated, fibrosed and the wall loses its 
resiliency. The uni jal surface becomes toughened where a  thrombus term s 
Due to loss of elastic tissue and continuous pressure o f  the blood, the wall dilates 
and an aneurysm forms. Sometimes, the aneurysm may rupture with fa’al results.

P o lyarteritis Dodosaf' (Also known as pertarleriti.- nodosa) This is o n e  
«f the group of collagen diseases.

There is'inflammation involving all the layers o f the wall. Bacteria, 
viruses and allergy to drugs and streptococci have been thought of to be of etio
logical signific шее. Anting others, sulfoca mdes, arsenic, ioJum and desoxy- 
cortjcoslerone acetate have been incriminated. In some animals sarcosporjdia 
have been suspected. Probably this t arasite serves as a loug acting antigen. 
Lesions very similar to the naturally occurring condition in man nave be<-n pro
duced in horses by sensitising the animals to foreign protein. Among animals 
periarteritis nodosa is met with in Viral uiseases—malignant catarihal lever in 
сза1е, in equine infectious anemia, and in sporadic encephalomyelitis in bovines.

Small and medium sized arieri д  located in generel musculature, myocar
dium, subepicjruial fa; and mammary gland are involved The inflammatory 
changes begiu in the adventi.ia or med.a w.th edema in these places. Fibrinoid
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necrosis of the media occurs converting it into an eosinophilic granular material- 
Necrosis is followed by infiltration o f  neutrophils and eosinophils into the 
adventitia mostly and to a lesser extent in to  the media. After the acute phase 
subside* the exudate is organised. At ibis time macrophages and lymphocytes 
infiltrate. Thrombosis may occlude the lumen. Due to weakening o f the w all, 
small aneurysms form, giving a nodular appearance externally to the affected vessel.

T h ro m b o an g iitis  o b lite ra n s  o r B u erg er’s disease : This condition 
usually occurs in the lim bs and is met with m ore frequently in males o f  Jewish 
race, especially in smokers. There is acute inflammatory reaction involving all 
the layers o f the w all, re su ltin ’ in inflammatory thrombosis. . There is prolife
ration of the endothelial cells and fibroblasts. Organisation of the thrombus 
and subsequent canalisa tion  m ayoccur. ' " --

Aneurysm  : An aneurysm is a localised dilatation o f an artery, vein or 
a cardiac cham ber.

C auses : The m ain  factor involved i s  the causation of the aneurysm is 
weakening o f  the wall. This weakening may arise due to  damage o f  the media. 
The various causes that weaken the wall a r e :—

1. Syphilis in m an. 2. Infected embolus may cause suppuration and dest
ruction o f  the m edia. 3. Polyarteritis nodosa. '4. Trauma. 5. Parasites— 
Strongylus vulgaris. 6. Infection  from  an abscess or tuberculous lesion may 
weaken the wall. 7. Congenital weakness o f  the walls.
V arie tie s  o f aneurysm s •

1. T ru e  aneurysm  : In this variety the sac is formed by the wall’ W  the 
artery.

2. f a ls e  an eurysm  : The sac in this condition is not formed by the wall 
o f  the artery bu t by the surrounding connective tissue. This occurs due to  rupture 
o f the vessel by traum a.

3. Fusifo rm  aneu ry sm  is one in which a  long segment o f the vessel is 
uniformly dilated around the whoie circumfcrance. This is mostly seen in the 
aorta and its branches.

4. Saccu lar aneurysm  is the form ation o f  a pouch on one side o f  the wail.
5. D issec tin g  aneu ry sm  : Strictly speaking this is not a  true aneurysm 

since there is no d ila ta tio n  o f  the w all. In  the aorta, hemorrhage occurs between 
the layers o f  m edia and blood circulates around within this space, dissecting the 
wall. Fatal hem orrhage may supervene. The condition is usually due to a dege
nerative iejion  in the.m edia.

6. C irso id  aneurysm : These are a  m iss  o f  dilated, pulsating and intercom
municating arteries and veins, usually subcutaneous iti location and most are 
congenital, a  few may be due to traum a. ^

- 7. A rte rio v en o u s  aneurysm  : (aneurysmal varix) is an abnormal acquired 
communication between an  artery and a vein due to  simultaneous injury to  both. 
There is pulsation in the vein since blood passes directly into it.

8. M y co tic  aneurysm  : This is due to  infection by bacteria which weaken 
the wall, small aneurysms developing thereby. This is usually associated with 
vegetative endocarditis.
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9. M iliary  aneurysm. This is aneurysm of minute arteries, and is usually 
seen in the cranium. This is congential and is also known as a berry aneurysm. 
This is a  small saccular dilatation.

10. P a rasitic  aneurysm This is found in horses, in the anterior mesenteric 
artery due to infection by Slrongylus vulgaris.
Sequelae.

1. Pressure atrophy of the structures around an expanding aneurysm may 
be seen.

2. Rupture ot the aneurysm may occur with fatal results.
3 In the horse when the anterior mesenteric artery is afft cted colic may 

occur because of thrombosis o f the artery or due to emboli that may 
emanate and occlude intestinal vessels. -

4. Inflammation from the anterior mesenteric artery may spread to  the nei
ghbouring autonomic ganglia causing intestinal stasis resulting in colic.

Diseases o f the  veins
Phlebitis: Inflammation of the veins is usually septic in character. 

Infection may be;
1. In the new born animal, um bilicus may be infected— Omphalophlebitis- 

The usual organisms are Shigella equirulis in the foal and coliforms in the calves-
2. By extension from adjacent inflam med areas This is common in lungs 

(pneumonia), uterus (metritis) and the udder (mastitis). Infection passes through 
the thin walled veins more easily than through, the thicker arterial walk.

3. By veoepuociure: During intravenous ipjecticn if  irritant chemicals 
are injected inadvertently outside the vein, periphlebitis and phlebitis will b t 
set up.

4. Foreign  body: In traumatic reticulitis, a foreign body may cause chronic 
phelebitis o f  the veins involved.

M acroscopically,the inflammed vein is enlarged, has a.thickcned wall 
with neutrophilic infiltration. Usually thrombosis develops rapidly—thrombo
phlebitis. An infected thrombus will get softened and disintegrated and thus 
septic emboli may be formed. A bland thrombus may become organised. Some 
times, the thrombus may be calcified—phlebolith. The importance of phlebitis 
lies in the danger o t  thrombosis with eventual emboli form ation, causing pulmo
nary embolism, pyemia, septicemia or septic arthritis.

V aricose veins: Varicose veins are dilated and tortuous veins. These are 
not as common in animals as in man, whose leg veins and hemorrhoidal veins are 
most commonly affected. Stagnation o f blood in the dilated vessels causes pain. 
In man'(he following causes are attributed. . j

11. Exciting causes are those that increase the pressure o f blood in the veins. 
These may be found in the following situations.

a) Whenever there is hindrance to  the return of venous blood—as in mitral 
stenosts, pulmonary emphysema and cirrhosis of liver; (b) Pressure on vein—by 
tumors, pregnant uterus, increased abdominal pressure as in straining. (^ S ta n 
ding for a long lime, (b) Muscular exertiou as in athletes, (e) Ageing, (f) Post- 
inflammatory weakness of vessel wall
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There may be muscular hypertrophy followed by atrophy. The elastic 
tissue is replaced by fibrous tissue, leading to dilatation and in these areas throm
bosis may occur.

In animals the veins of limbs are not commonly affected. The affected 
are the scrotal plexuses in the horse and the suprapiammary veins in the cow.

Diseases of lymph vessels 
Lymphangitis

Lymphangitis may be non-specific or specific.
Non-specific lymphangitis: The irritant may reach the lymph vessels in 

two ways: i i)by extension of the inflammation of the surrounding tissues through 
the walls o f  the vessel and (ii) transport by the tissue fltaid through the lumen. 
Hence lymphangitis is common in those vessels that drain areas in inflammation.

Again non-specific lymphangitis may be Sim ple lym phangitis, which Is 
most commonly seen in the lungs in various inflammatory diseasesviz pneumonia 
in swine fever; contagious bovine pleuropnemonia; brochopneumonia in dogs 
and horses. The lesion in these diseases starts as bronchitis and the irritant 
spreads by peribronchial spread and enroutethe peribronchial and perivascular 
lymph vessels are affected. These become very much dilated with leucocytic infll- 
ration into their walls. Such vessels are easily seen on the surface of the lungs.

Inflammed lymphatics can be seen as thickened, reddish streaks and 
those of the subcuits appear as cords. These are painful to the touch. Occlu
sion of the lymphatics prevents drainage o f lymph and so edema develops The 
nearest lymph gland that drains the area is inflammed, swollen and painful.

Purulent-lymphangitis is  associated with suppurating condition of the 
tissue drained. There is intense infiltration by leucocytes o f the wall of the 
vessels together with thrombosis.

Specific lymphangitis Is seen as, tuberculous lymphangitis; farcy, ulcerati
ve lymphangitis; epizootic lymphangitis; bovine lymphangitis, in John’s disease 
and in actiaomyocosis. These are described under the respective diseases in 
the section, ‘Pathology of Specific Diseases”

Tumors of vascular system
Hemangiomas and lymphangiomasTiave been described.
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THE HEMOPOIETIC SYSTEM
I

Development ^if blood cells 
Erytbropoiesis 
Granulopoiesis

Terms used in describing anemias 
Polycythemia 
Oligocythemia 
Dysheroopoictic anemias 

Porphyriuopatbies 
Congenital porphyria 
Diminished stroma protein formati< n 
Diminished hemoglobin formation 
Toxic inhibition 
Aplastic anemia 
Myelophthisic anemia 

Hemolytic anemias 
Hemorrhagic anemias 
Leucocytes

Leucocytosis and neutrophilia
Agranulocytosis
Eosinophilia
Lymphocytosis
Leucopecia
Leukemia

Diseases of Lymph nodes 
Atrophy 
Hypoplasia 
Necrosis
Amyloid degeneration
Hyperplasia
Pigmentation
Emphysema
lnflamm&tion-acute&cbronic 

Diseases of spleen
Anomalies, Atrophy
Hyperplasia
Hyaline degeneration
Amyloid infiltration
Pigmentation
Rupture
Congestion
Thrombosis and embolism
Induction
Splenitis
Splenomegaly
Hypersplenism

DEVELOPMENT O F BLOOD CELLS

1. Id the foetus ; The primitive blood cells arise by proliferation of the 
endothelial cells lining the numerous blood islands. These are nucleated primitive 
trythroblasts, possessing basophilic cytoplasm, a large nucleus with a loose chro
matin network and several nucltoli. These elaborate primitive hemoglobin. The 
intravascular formation o f  nucleated erythrocytes lasts upto 8 weeks in the 
human embryo..

2. The hepatic phase : From about the second month of foetal life, erytbro
poiesis occurs in the sinusoids of the liver and these remain active until a few 
weeks before birth. During this period, granulocytes begin to  appear and by 
fourth month they are numerous. ' ' '

Hemopoiesis aiso oceans in the spleen in which erylhroblasts first make 
•heir appearance by the fourth month. However by the fourth month myelopoiesis 
no longer occurs in this organ. Erytbropoiesis occurs till the end of the gestation 
period while lymphopoiesis takes place throughout life. Thymus, which is 
primarily a lymphopoietic organ, for a short period, produces erythroblasts.

Lymph nodes : Lymphopoiesis begins at fourth or fifth month and 
continues throughout life.

2 9 0
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3. The m yeloid phase : This begins approximately by the fifth m onth. In 
the beginning, granulopoiesis alone occurs (while liver '«'Involved with erythro- 
poiesis) but gradually, the bone marrow takes over the function of formation of 
blood cells.

The nucleated red cells, in the foetal blood gradually decrease in 
number and by tbe sixth month, none are present in the peripheral W ood, which 
now contains only non-nucleated red cells.

E x tram ed u lla ry  hem opoiesis : This denotes formation o f  blood cells 
in organs other than  the bone marrow. Id times of need, eg. severe hemolitic 
anemia, the liver and to a slight degree the spleen, reassume their hemopoietic 
activity,;

H em opoiesis a fte r b i r th ; After birth, erythrocytes, granulocytes, 
monocytes and thrombocytes are formed in the bone marrow, while lymphocytes 
are formed in the bone marrow and tbe lymph nodes and spleen
ERYTHROPOIESIS Extravascular(Intravascular in poultry)

The following stages are noticed in the development o f  erythrocytes. 
Undifferentiated stem cell •>

Rubriblast (Pronormoblast)

Prorubncyte (Basophilic normoblast) 

Rubricyte (polychromatic normoblast)
I

Metarubricyte (Acidophilic normoblast) 

Reticulocyte
I

By mitotic division

No more division 
Only maturation

Erythrocyte.
In the process o f erythropoiesis the following changes, in general, taka 

place in the cells from tbe stage o f rubriblast ro erythrocyte.
1. The cell size gradually decreases.
2. The nucleus becomes progressively less sponge,like but more condensed.
3. Nucleoli disappear.
4. The size o f the nucleus also decreases.
5. During metarubricyte stage, the nucleus is extruded.
6. The cytoplasm gradually turns pink from an initial blue color aa 

hemoglobin is gradually incorporated.
GRANULOPOIESIS Extravascular. (Intravascular in poultry) / ^ 0 а г У <5
Hemocytoblast

f
Promyelocyte

Myelocyte
I

Metamyelocyte—(Juvenile)
I

Band form (stab)
I

Segmented

l  By mitotic, division • V— /  1 4
\
J

)

\ < a \\ < s \

V No division but m aturation

_ _
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la  the process of granulopoiesis, the following changes (ale place from
the stage of pro.T.yelobkst to a segmented granulocyte.'

). The size of the cjll becomes smaller.
2. The cytoplasm, whim is intensely blue in the promye loblast stage, be

comes paler,
3. Grannies begin to appear in tb ; cytoplasm.
4. The nncleuj which is large,becomes smaller and also becomes segmented

Erythropoietin ; For eiytbropoieju. a humoral substance, the eryihr<y
yotettn, appears to be of great importance. The tranular ceiis oi the juxta
glomerular apparatus appears to be an important source of eTyth.cpoietin, which 
Is probably a glyco-prorein, with a molecular weight.-be twcei fu,(.<№ and 70,000. .... 
It is present in plasma, urine ai.d milk. Erythropoietic stim jla.e, the differen
tiation of the bone narrow stem cells a  rubriblast. It gcveris the rate of 
hemoglobin synthesis. Its secretion is controlled ly  oxygen content of renal 
arterial blood. H»poxia is a stimulus for erythropoietin secretion. This is tn* 
reason for the polycythemia found in high altitude disease.

Anemia of chronic renal disease may mostiv be duo to decreased ery
thropoietin production by the damaged kidneys.

Androgens, adrenal corticoids, thyroxine .-ud growth hormone stimulate 
erythropoiesis. The first three probably act directly by stimulating erythropoietin 
production, while he last has a direct effect on the marrow, stimulating erythro
poiesis. Estrogens depress erythropoiesis, probably by competing with erythro
poietin production or by competing with it in its action on stem cells.

Bone marrow : Macrosccpical examination e f  bone nmrow indicates:
(al HyperpTasia [—denoting increased activ.ty when it is red, cellular and 

•paque or
tb) Hypoplasia,—decreased activity when it is gelatinous and yellowish.

As the animal grows older, the red, active hemopoietic marrow is sub
stituted by a yellow or white, fatty and i tactiv: marr.iw. But in conditions of 
extreme necessity, this inactive yellow marrow can oe convened i_i,o red, active 
marrow.

TERMS USED IN DESCRIBING ANEMIAS AND DISEASES OF ТНТЁ
BLOOD

Anisocytosls denotes vaiiation in size of erythrocytes. In cattle blood 
slight enisccytosis is normal.

Aunolocytes are erythrocytes that have a r.arrow, rijn of beSSa'dcbin 
surrounding a large central-pale area. These are also known as Pessary cells.

Basophilia—This indicates that the erythrocytes instead of taking a 
normal red stain take a bluish or pale-bluish stai.i. That means to say that 
ribonucleic acid, which takes a blue stain, is stilt retained, This condition deno
tes incomplete maturation and is met with m anemias. It also inoieates lack or 
deficiency of hemoglobin.

Basophilic stippling or punctate b aso ph ilia . In this condition the 
erythrocyte contains blue idaining grjuule: scetizie^t hrou_boat—the remnants of

i v  г

X
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RNA. That is met with in conditions in which there is acute end intense eryth- 
rogenesis as manaplasmosis o f  . ovines and hemonchosia in sheep and in lead 
poisoning.

Cabot rings are bluish thread like rings in the erythrocytes and are nuc
lear remnants. these may be found in h.m olytic and toxic anemias and art 

found in  lead poisoning.
C renatlon means al norm al notching o f  the erythrocytes These may 

be seen in delayed drying
Heinz bodies are refractile inclusions found in t be erythrocytes o f  horses 

that undergo phenothiazine therapy. These are supposed to be associated with 
denatured protein ar.d are seen in hemolytic anemias. Their presence indicates 
erythrocyte injury.

In man Heinz Bodies are noticed following treatm ent With primaquine. s  
aeetanilid. sulpbanil amide, pbenylhydrazinn, pheDocetin, sodium nitrite, sodium 
chlorate-para-amino-sahcyiic acid, n itro turantin .

Heinz Bodies are not visible i f  the blood smear is fixed in methyl alco
hol. They can, however, be  seen in blood stained w ith supravital dyes like bril
liant cresyl blue. A drop of blood is mixed with 3 or 4 drops o f 5% o f the dye in 
saline. The preparation is taken on a  slide and ringed with ,paraffin, a  cover 
slip is placed and then examined under oil immersion. The bodies arc seen as 
blue bodies.

H ow ell-Jolly bodies arc  rem nants o f nuclear m aterial and appear as 
single or double spherical bluish bodies situated eccentrically usually. Normal 
blood of cats and horses may co n tiin  upto one percent o f  erythrocytes with these 
bodies. They may also be seen norm ally in young pigs and dogs. In. the bovine 
H-J bodies must be distinguished from  A naplasm i marginale. The anaplasma 
is uniform in size while H-J bodies vary in size. These are seen in anemias and 
lead poisoning

H yperch rom asia(H yperch rom ic  e ry th ro c y te s )  indicates intensity in 
staining o f erythrocytes. This is no t due to  increased hemoglobin content but to 
increased thickness o f the ceils.

Hypochromasia (H py o ch ro m atlc  c e lls )  indicates decreased intensity 
in staining of erythrocytes which may j . due either to thinness o f  the cells o r  to 
decreased hemoglobin content

Leptocytes are thin erythrocytes with larger surface without increase In
volume.

M acrocyte is an erythrocyte the diam eter o f  which is larger than norm al, 
having therefore, higher Mean C orpuscular Volume.

••• * M egalobU st is an im m ature cell in the erythrocyte series comparable 
to prorubricyte' « tag: seen in anim als due to. .Vitamin Bl2 or folic acid 
deficiencies. ' .V '-'  : '

M enlscocytea (D repanocy tes) are crescent shaped erythrocytes charac
teristic o f sickle cell anemia. This abnorm al shape is due to the insolubility o f 
hem oj'obm S in its deoxygenated form  Doubly refractile masses consisting 
of roJIike particles are formed which deform the erythrocytes.

M icrocyte is an erythrocyte the diam eter o f  which is smaller than
normal
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N orm ocyte f  cells of normal size and staining
Norm ochrom ic (  with normal intensity
O valocytes are elliptical erythrocytes. These are normal in tha camel 

family. Some ovalocytes may be seen in advanced anemia with poikilocytcsii.
Pappenheim er bodies!sidero tic  granules)are purplish coccoid granules 

seen at the periphery of erythrocytes in anemias due to impaired heme synthesis 
(sideroachrestic anemias). The granules contain iron in ferritin.

P o ik llocy tosis: denotes variation in shape.
Polychrom asia: or polychrom atopbilia  denotes the staining of tha 

erythrocytes with many colors, red blue and intermediate color
Spherocytes: are net seen iu animals. In man these occur as congentla) 

abnormality. These are dome shaped and are thicker than normal,
T a rg e t cel) is one with a  central Toucded area of pigmented materia) 

surrounded by a  clear ring without pigment outside of which is the pigmented 
border o f the red cell (resembles bull’s eye). These are more commonly seen la 
the dog’s blood and probably are artifacts.

Polycythem ia;
This is.au increase in tho circulating erythrocytes and the blood picture 

is normochromic and normocytic
Polycythemia may be
(a) R ela tive: There is reduction in the total blood volume and so 

increased concentration of normal number occurs whenever there is excessive 
fluid loss as ic h:mocon:entration in dehydration due to continued vomiting, 
diarrhoea, sweating, shock and collapee.

(b) A bso lu te ; There is increase in the total number o f red cells, while 
the blood volume remains normal.

i) Primary: — Polycythemia vera—a tumor of erythropoietic marrow, 
was reported among six dogs, a cat, a  cow and 14 heifers (it was found to be 
familial in these heifers) Evythropietin levels are low.

ii) Secondary:— 1) Neonatal—cause obscure.
2) Physiological (a) Permanent—as in high altitudes 

(b) Temporary:— Splenic contraction in sporting 
dogs and racing horses.

iii) Pathological.— Compensatory increase in prolonged anoxic states
eg., cardiac and pulmonary disease. I t  was found 
in Tetrology of Fallot, encountered in dog,cat,cow 
and horses. v,*

Increase in erythropoietin productioh causing polycythemia was found 
In man in the following conditions: neoplasm of the liver; cerebellar hemangio-'" '  
blastoma, pheochromocytoma; hydronephrosis; cysts, adenoma and carcinoma 
of kidney; adrenal adenoma and uterine fibroid.

O ligocythem ia: This is decrease in the quantity of erythrocytes in peri
pheral blood

Anemia: is reduction in the quality and or number o f erythrocytes below 
normal. Now the two terms are used synonymously.

Relative oligocythem ia: There is increase in total blood volume (with
I i C  " - . l i e .  - л  I
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normal number o f erythrocytes) and there is ultimately reduced red cell concen
tration; eg hemodilution.

A bsolute: oligocythem ia and anemia: In normal anim als production o f 
erythrocytes by hemopoiesis is equal to desltuction. So the condition under 
•Anemia’ can t e  conveniently grouped as.

a) P roduction  low, bu t destruction  not m il 
Dyshemopoietie anemias

b) P ro d u c tio n  norm al b a t destruction excessive
i) Hemolytic anemias ii) HemoiThagie anemias 

DYSHEM OPOIETJC AN r M IAS
in this are grouped all those types af anemias io which there is defect 

"in the form ation o f erythrocytes The defect may lie irrthe form ation o f  strom a 
protein or in the formation o f  Hb e tc .. These are described as follows.

P o rp h y rin o p a th ie s  : Porphyrins are necessary for the norm al synthesis 
of heme. If  certain enzymes are lacking, tnen heme is not synthesized and excess 
s.’ve amounts o f porphyrins are found in the urine (porphyrinuria — urine turns 
Ted on exposure to  light) and in ,the body — porphyria.

C ongenita l p o rp h y ria  occurs in the bovines and pigs.This is a  heritable 
disease due to  simple Mendeliati recessive gene. The pigment is photosensitive 
and so when deposited in the teeth (dentine) it takes a red color known as “ pink 
too th" .In  th r  bone it is responsible for the condition. “ Osteohemochromatosis ’’ 
in  the kidneys, the pigment is deposited in the tubular epithelium and interstitial 
tissue. When found in urine, it imparts a  red color after exposure to light. 
Affected animals suffer from photodynamic dermatitis if  exposed to sun light—

; photosensitisation, but if  protected from direct sun, no harm seems to occur.
The following deficiencies have been found to cause anemia A fter 

restitution of the deficient hematinic, regenerative forms a r pear. “ R eticulocyte' 
shower"

A. D im inished strom a p ro te in  formation- Blood picture is m acrocytic 
a id  norm ochrom ic or hypochrom ic. Bone marrow is megaloblastic showing 
numerous mega'oblasts and giant metamyelocytes.

a) D ie te tic  deficiency of E xtrinsic  factor:C obalt—cyauocobalam in-
Vit. B IS

Vir. В i ;  deficiency is not seen in animals other 1 ban m m inanu. ]u 
ruminants this is synthesized by ruminal microoganisms provided cobalt is 
available. But in other animals, the vitamin is ingested as it is, and so deficiency 
is seen only in ruminants in areas where the pasture is deficient in cobalt.Vitamin 
B |i is hedessary fo rih e  synthesis o f  RNA aad DNA, B 12 and Folic acid defi
ciency causes a n e s to f  maturation o f prcrubiicytes and raetsmyelbqytsg, -gjfhese 
have larger nuclei than norm al Depressed DNA synthesis causes delayednuc!car 
maturation but hemoglobin synthesis is not affected and so continues. When 
hemoglobin synthesis reaches a certain concentration in the erythrocytes, the 
nucleus leaves them and so macrocytes result giving rise to inacrocylic anemift.

b) D ie te tic  deficiency of Folic acid : Folic acid is required for the 
ma’uration (especially the nuclei) of the erylhroblasts. In its absence matura- 
lion is Slowed down and so macrocytic anemia results. •
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e) Deficiency of the in trin s ic  fa c to r  : The intrinsic factor which is 
secreted by the gastric mucosa and which is supposed to be in the nature o f an 
enzyme, helps in the absorption of the macromolecular Vit Bl2. in its absence 
(gastric diseases) Vit В , 3 may not he absorbed and so will result in anemia.

d) Failure tu s ta re  the E rythrocyte M atu ration  Factor: byih iocyte 
maturation factor (Hematinic principle) is now known to be Vit. B,2 which is 
normally stored in the liver. Hence is the efficiency o f liver extracts in a> emia. 
In diseases of liver the storage of this vitamin does not occur and so anemia 
results.

e) Fallsre to  nse  the  E rythrocyte M a tn ra tlo n  FactortThe EMF may 
either be not utilised or may not be mobilised from the liver lesuhing in macro
cytic type of anetniarThis is known as Achrestic a-iemia. (Achrestic means failure 
to utilise). Tne bone marrow is megaloblastic and this differentiates it fiom 
aplastic anemia.

f) H ypopitu itarism : Anterior pituitary seems to exert a potent influ
ence in erythropoicsis, directly or through the Thyroid which influences 
metabolism of carbohydrates, releasing needed energy.

B. Diminished hemoglobin form ation:
Blood picture is norm ocytic i Becoming microcytic and 
and hypochrom ic )  hypochromic

.a) D ietetic  defic iency  o f iron: can occur due to .
i) D eficien t in take : Milk o f sows is poor in iron and so p ig le t 

anemia develops if rooting is prevented.
ii) D efec tive  absorption: Excessive phosphorus and phytic acid, 

form insoluble complexes o f  iron, which are excreted through the feces.
iii) Increased  re q u ire m e n t: In young, growing animal and pregnancy, 

b) D ie te tic  deficiency of copper: Copper acts as a catalyst in the 
utilisation of iron in hemoglobin formation.

l  bs deficiency is seen in piglets,cattle and sheep.Essentially this is so 
Iron deficiency ar.emia. in  iron dificiency, decreased hemoglobin synthesis lead.» 
to retention of the nucleus beyond normal cumber of cell divisions. Some ceiis 
undergo additional mitosis and so microcytic erythrocytes result in iront 
deficiency.

c) D ietetic deficiency of ascorbic acid: Vit. C is dietary reducing agent
T "F +  Tand so facilitates the reduction of Fe 1 to Fe ' state which is easily 

absorbed. Vit. C is also required for tbe;synthesis o f  folic, acid and for>its 
conversion into the inore active fbliniC acid. -. Л.

d) D ietetic  defic iency  of pyrldoxlne: Pyridoxins is required for the 
utilisation of iron iD hemoglobin synthesis. So deficiency of pyridoxine results 
ultimately, in anemia resembling iron deficiency.

e) D ietetic  deficiency of N icotinic acid: Nicotinic acid is concerned 
in the synthesis of pyridine nucleotide which takes part in cell respiration. So, 
deficiency of Nicotinic acid interfere with the respiration of immature red cells. 
This is noticed in dogs and pigs
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f)  D ie te tic  d e fic ien cy  o f R ib o flav in ; Riboflavin is concerned in the 
metabolism and arrangem ent o f  am ino  acids o f  the protein o f  hem oglobin 
molecule and so is useful in hem oglobin synthesis. This condition is met with in 
dogs.

g) D e fic ien c y  o f  T h y ro x in e ; Thyroxine along with vitam in C  is 
required for the conversion of folic ac 'd  to folinic acid. Thyroxine is necessary ' 
for tbe metabolism  o f  carbohydrates and lats (So required for energy production).

In  Myxedema, the secretion o f intrinsic factor is depressed (and so 
absorption of v itam in В l2 is p o o r). So a  norm ocyticor macrocytic anem ia may be 
encountered.

C. T o x ic  in h ib itio n  H ere th e  m arrow  appears to be norm al and active . 
but is unable to  utilise the hem atinics.

B lood—N o rm o ch ro m ic : M ic ro cy tic .
N o regeuerattve form s

Examples;
i)  C hem ical P o isons; N itrogen m ustard (which is cytotoxic).

Folic acid an tag o n ists—antim etabolites—6 m ercaptopurine etc.
Streptomycin, Chloromycetin— A ntib io tics and sulphonamides.
Metals—Bism uth, Arsenic and G old  (by injection).
O thers—Benzol, hair dyes, insecticides. ,,

_  ii) C h ro n ic  in te r s t i t i a l  N e p h r i t is :  In advanced cases there is uremia
which suppresses erythropoietic cells. P robably erythropoietin is not produced in 
the kidneys in this condition.

iii) O eso p h a g as to m ias is ; T h is worm causing pimply gut depresses 
absorption and so may cause various deficiencies; resulting in anem ia.

ivj C h ro n ic  in fec tions: In chronic infections like T uberculosis, Bruce
llosis and Rheum atic fever (in  m an) a norm ocyti: norm ochrom ic anem ia is 
noticed, la  these conditions there  appears to  be some abnorm alities in hemoglo. 
bin synthesis for there is increased excretion o f  coproporphyrins. T here is hypo, 
ferremia with reduction in serum  iro n  binding capacity. A long 'w ith  these, 
hypercupremia is noticed .

Absence o f  regenerative form s indicates impaired erythropoiesis. it is 
suggested th a t during infections and infiam m ation there is great dem and for iron 
by the tissues affected and so it is side tracked  to  these areas instead o f  to  the 
bone marrrow >.ad so hemoglobin is no t form ed and anemia results.

v) Io n is in g  r a d ia tio n ;  T he hem opoietic system is highly sensitive to 
' radiationsJThe leucopoietic being the  m ost. After exposure there is lym phppenis 
with ihe spleen and  lymphoid tissue becom ing soft 'and . shrunken Decrease it) 
granulocytes is m uch more sooner than  development o f anemia since granulocytes 
are short lived. Hem orrhages occur due  to  thrombocytopenia and damage 
to the vascu 'ar endothelium .

D. A p la s tic  anem ia: This occurs due to 2plasia o f bone m arrow .wherein 
there is utter inactivity. The anem ia seen is norm ochrom ic and n o rm ocy tic- No 
regenerative forms are present.

Aplastic anemia may be d iv ided  in to .
i) P r im ary  o r id io p a th ic  : ra ther rare.
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IS) Secondary:
г) Exhaustion: Due to chronichemcrihagei-~ Gastric and intestinal ulcers 

(.rare in animals ; Blood sucking wo' im , Neoplasms; 
Deficiency of vit. С. K , and prothrombin, 

b) T axis! ionising radiation, Chemical poisoning—same as thas»^ 
detailed under the heading “  Toxic inhibdion’Ttut in a higher 
dose and exposed for a longer duration.

*l Metabelie ; Another form of aplastic anemia occurs in baby pigs 
that are bora of sows whic t suffer from protein m alnut
rition during pregnancy, This can be prerented by 

' -•t %edin3  spivs, during, pregnancy, high protein?d ie t  
containing Vitamin BJ?> folic acid andiron. Once the 
symptoms me seen in the baby pigs, no treatment is of 
any avail.

t .  M yelophthisic anemia: There is replacement o f bone marrow by other 
tissues. Mince in this disease imnumre forms of granulocytes are found in the 
peripheral blood, it is also known as leuco-erythroblastic  anem la.lh is condition 
is found i n :

1. Secondary metastasis o f otber tumors—lymphatic leukemia in dog and cat.
2. Osteodystrophies—where the myeloid tissue is replaced by connective 

tissue and.
3. Primary tumors of the rcticulo-endothelial system—Nieman-Pick Disease; 

Hodgkin’s Disease etc.
HEMOLYTIC ANEMIAS

Jn this condition intravascular drstruction o f erythrocytes occurs. 
Anemia is normochromic and macocycic becoming hypochromic and m icro- 
cytic  as the iron stores arc used up. M my rtgenerative forms arc seen. Bone 
marrow is active u .u tlly  in this iype of anemias, while erythrocytes show increa
sed byptonic fragility and spherocytosis

We have already studied tne normal breakdown of hemoglobin. Hemo- 
■i! >bin breaks up into heme and glnbin. The iron o f the heme is stored by ibe 
RE celts for future use. I he pigment part is excreted as cholebiiirubin and 
urobilinogen. The proTihrinoiei) is broken down in the liver into ammo acids 
which are used again in the synthesis o! hemoglobin. In some hemolytic anemias 
their breakdown o f hemoglobin occurs at a faster rate. Sb there is

a) jaundice—with increased bile pigments in the blood, feces and urine and
b) increased stroage of iron in the form of hemosiderin crystals.

In oiher types ot hemolytic anemias, there may be hemoglobinuria 1 
Causes o f  the hemolyiic anemias mhy be classed a s ;

1, Abnormal nulo-autibodles the presence o f which tnay be 
i .  Primary or idiopathic. or 
b Secondary due to

i) Malignant disease—lymphatic neoplasms; ovarian tumors, gas’ro- 
intestinal carcinoma.

ii) Collages diseases—disseminated lupus erytbetrmwsis.
Ш) Viral diseases- infectious mononucleosis

In this condition spberocytes, spontaneous agglutination of erythro
cytes and hemoglobinuria may be found.
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2. A bnorm al iso-antibodies: Doe to the presence of hemolysins in the 
plasma, produced by (a) inc.impaijble blood transfusion (b | injection o f blood 
products tci pregnancy—blood group antigens of the foetus pass to  the dam 
which does hot possess these antigens Icteru- neonatorum that develops in  such 
a condition has already been studied. (Page 179)

3. Toxic (P o r t ly  a lso  toxic dyshem opoietic)
A. Chem icals: i) Copper poisoning This condition is seen only in 

sheep in which excess o f copper released suddenly in sttess, produces hemolysis 
resulting in jaundice and hemoglobinuria.

Copper is a  poorly excreted element and scvif.4h£f£i&continuous ingestion, 
o f  unduly large amounts o f copper liver becomes loaded with this element. Such 
poisoning can occur by

a) ingestion of fodder treated with copper-containing insecticides and 
fung cides.

b) too heavy a  dose of water containing copper sulphate given as a  preven
tive and curative for stomach worms.

ct ingestion of large quantities of salt lick containing C uSO r.
d) eating ferage contaminated by copper fiom mines and dum ps.
e) too much o f  supplemental mineral mixture containing copper sulphate.
ft eatinng forage that contains large quantities ol copper due to  soil having

greater concentration o f this element,
Stress can be brought about by: I. T ransport 2. Starvation after good 

feeding. 3. Excessive exerci-e, e-peeiaily if unaccusiomed. 4. Sudden stoppage of 
food. 5. Drenching 6 Exposure to cold 7 lo ss  in body weight.

Lesions seen are icterus,yellow and friable liver (which may be shrunken 
in later stage- •,distended urinary bIadder(excretionol blood-colored urine), sm ooth 
kidneys, wnich are dark brown in- color and a dark colored swbllen spleen. 
Hemoglobinuria and dyspnoea ate noticed clinically.

ii) O nion poisoning O.casiondly. f.taiities occur in cattle and sheep’ 
fed onions, in regions where they are ex'ensively grown. The toxic principle is 
n .propyl disulphide. The symptoms are hemolytic anemia With hemoglobinuria, 
and icterus. The carcass smells of onions.

iiil Poisoning by castor seeds: Ricin in cr.stor seeds produces hemol
ysis and so ingestion o f large quantities o f castor results in hemolytic anemia.

iv) P beno th iaz in e  poisoining (D rug se n sitiv ity )  : f’henothiazine, a 
good anthelmintic, sometimes even in threipautic doses, has been found to be 
hemolytic, especially in horses. Cattle are also susceptible though to  a  lesser 
extent than horses. The symptoms are hemolytie anemia with hemoglobinuria 
Other lesions are hepatitis and nephritis.

v) N aphthalene used as moth balls may be accidetally ingested by pet 
animats and hemoiylic anemia results.

iv) Lead also may produce acute hemolytic anem ia. <
vii) H ypersensitiv ity  to certain drugs like sulphanilam ide, quirnne, 

paraminosalicylie acid and some anti-pyretic drugs may result in hemolytic 
anemia.
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vili) Snake venoms ! Snake venoms contain a lecithtcase which acting 
on lecithin converts it into- lyolecithin which is highly hemolytic.

B. P o s t-p a rtu rien t hemoglobinuria : Also called -  post parturient 
nemoglobinemia. This is found only in dairy animals, usually afier parturition. 
This condition is associated w in  hypophosphatemia and so in such animals,'signs 
of phosphorus deficiency are seen besides anemia ; eg. pica, shifting .lameness, 
decreased productivity, lordosis (curvature of the spinal column).

Lesions include t) a pale, slightly enlarged liver having centrilobular 
necrosis duepiobably t.> thrombosis o f portal vein capillaries by “ ghost corpus
cles” . ii) Blacx colored kid.ieys— due to deposition o f ilb . iii) Dropsy of 
serous Eccfijjmosis. v)-Edema tunas. A*~'

C. In fe c t io n s :  hemolysis occurs in infectio i by;
a) fio tozoa —Anaplasmosis, Babcsio,i>, Hemobartonellosis; Eperyth- 

rezoonoses, E hrlich ia  canis.
b) Bacteria—Leptospirosis.Clostndia; streptococci and Staphylococci.
c) . Vituses -  Equine infectious anemia; feline infectious anemia.

D. H ypersplenism  is lound in some dogs in which there is severe anemia, 
macrocytic or normocytic in type Lesions include splenomegaly and icterus.

E. Cold hem oglobinuria In calves. Ingestion of excessive quanities of cold 
water by calves (rarely in older cattle) resulted in a mild disease, characterised 
by intravenous hemolysis and hemoglobinuria, associated u ith  cardiac insuffi
ciency and pulmonary edemn Spontaneous recovery usually occurred.

HEMORRHAGIC a n e m ia s
; In this condition extravascular destruction of erythrocytes occurs. We 

have noted, that normally there is a balance between blood production and 
blood loss, t u t  in hemorrhagic anemia blood loss is greater than production.
The bone marrow can rally round to meet the situation only if necessary Ьачс 
Ingredients, most importa.u o f which is iron, are available in sufficient quantity,

In cases where there is a  balance between blood loss and production, 
the picture is one of norraoeytic, normochromic anemia witn many regenerative 
forms. In cases where this balance is maintained with difficulty, i. e., where the 
bone marrow is working at a fast ratST macrocytes will fce found. In due course 
as iron stores become depleted, the picture turns to one of microcytic hypochro
mic anemia, with numerous regenerative forms, Ultimately, when the bone 
marrow becomes exhausted and is no more able to cope up (aplastic stage) a 
normochromic and ;pqrmocyiig:anemic picture is seen but without any regmera. 
tive forms. TjBfegu

Therefore I. the amount o f tiood lest. 2 the rate at which the blood 
Is lost and 3. the diet controlling the balance ,between blood loss and production 
determine the nature and type of anemia that develops.

The various types are  : A: Acute hemorrhagic anemia due to , 
Injury; sweet clover poisoning; Warfarin poisoning; bracken fern poisoning.

Sometimes, in scarcity and famine conditions, horses and cattle may 
ingest, large quantities of bracken fern when poisoning may occur. In this condi
tion there is an acute thrombocytopenia which is the direct cause cf hemorrhagej.
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At necropsy one  finds hem orrhages in the gastro-in testinal tra c t under the-’ 
mucosa (resulting  in  ulcers), in the myocardium, in the liver and kidney.

Bracken fern  is a  cum ulative poison and there may be term inal bactere
mia due to  granulocytopenia, resulting  in bacterial em bolism , hem orrhages and 
infarcts o f  heart and  kidneys. Bracken fern contains thiam inase which destroys 
thiam ine (V it. B , ) and so in single stomached animals it may produce thiam ine 
defic ency. But >ч rum inants w hich can  synthesise thiam ine th is is no t a  problem . 
There is som e o th er unkaow n factor responsible for the hem orrhage in them. 
Acute hem orrhagic anem ia m ay be seen in ulceration o f stom ach in  pigs, bleed
ing abom asal ulcers in cattle , cocidiosis in poultry; bovine enzootic hema
turia ; henm ncbosis and a n y lo s to m ia s is .- 'U ^ » — • -•

B. C h ro n ic  hem orrhagic anem ia
Due to  b lood  sucking worm s; Hemonchus, Fasciola, Bunostom um , in 

cattle  and  sheep; StroDgyles in horses. Ancylostomes in dogs. 
E ctoparasites—ticks, lice and  Seas 
P ro tozoa—-Coccidiosis in dogs 
H em orrhagic diseases—C hronic  bovine hematuria 
In gastro in testinal ulcers and vascular tumors.

C . P u rp u ra  an d  hem orrabagic d ise a se s
P u rpura  is accum ulation  o f  blood, under the skin due to  spontaneous 

rupture o f  the  capillaries. H em orrhages result even due to  m ild dam age.
P urpura  is a  syndrom e bu t n o t a  disease. The causes may broadly be 

divided u n d e r ;
1. V ascu lar d is o rd e r s  ;

i. P u rp u r ic  in fe c tio n s  : Symptomatic purpura. This is found in  vari
ous diseases characterised by petechial hemorrhages, eg. H em orrhagic septice
mia, A n th ra x  e tc. Cause is in ju ry  to  the vessels—capillaries and venules—by 
the toxins. In  virem ic diseases 11 e endothelium  is directly dam aged due to the  
m ultip lication  o f  the virus in tn e  endothelial cells eg. Infectious canine hepatitis 
and hog ch o le ra

П . A l le rg ic  p u rp u ra  o r p u rp u ra .heroorrag ica  : This is a  symptom 
o f post-infectious toxem ia as in Strangles. It is also seen in fistulous w ithers, 
poll evil and emphysem a o f  g u ttu ra l pouches. Besides the petechial hem orr
hages noticed  on the m ucous m embranes, edema o f subcoita , peritoneal cavity 
and muscles is a lso  seen. In this condition  there is no throm bocytopenia. The 
defect appears to  be injury to the  vascular endothelium due to developm ent o f  
an allergy, resu lting  ia  increased capillary permeability.

l i l l  f C o n g en ita l p n rp n f  a  r Purpura may develop in the foetus. The 
mechanism i i  suggested to  be similar to the ODe found in erythroblastosis 
foetalis. Ito-agglutinins form ed against platelets in the m other pass in to  " th e  
foetus via p lacen ta  and produce throm bocytopenia.

Iy. S e n i le  p u rp u ra  : T h is is not seen in animals bu* is sometimes seen 
in old men and in  very under-nourished people. The vessels o f  the skin are easily 
injured a9 there is no subcutaneous fa t and the skin is very m uch a trophied .

y. V itam in  C d efic ien cy  : In avitaminosis C , there is no  throm bocy
topenia. Hem orrhages occur due to  increased capillary perm eability and capillary
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fragility since cement substance of capillwy wall is not synthes1 zed. However 
this condition may not be met with in animals since ritm in C is synthesized in 
their gut.
II. Im p aired  C lo ttin g  mechanism:

A) T hrom bocytopenia:
a) Id io p a th ic  o r  primary throm bocytopenia; cause is unknown. Probably 

nuto-antibodies against platelets are present.
b) S eco n d ary  1 brombocytopeniat
1. Dam age to  the  hone marrow:

l у C hem icals— i) Nitrogen m ustard, benzol, urethane antimetabolites 
ii) Ind iv idual sensitiv ity  to therapeutic .doses of— sulphanilamidA 

quinine, gold salts, Oxyteiracycline, Streptomycin, P. A. S , soda salicylate , ergot 
organic hair dyes, D . D, T. etc.,

iii. A nim al toxins—snake venom, extensive burns.
iv) By Physical agents —ionising radiation , heat stroke.
v) In fec tio n s : in septicemias, occasionally.

2) M y e lo p h th is ic  replacement; In Leukemias.
i )  H y p e rsp ’enism —destruction of throm bocyes.
4} A p la s tic  A nem ias—In this condition due to causes already described 

there is comp ete atrophy of the bone marrow and so there is no production of 
platelets.

5) B racken  fe rn  poisoning;—already dealt with 

В O th e r  C o ag u la tin g  defects
i) Hemophilia is a condition in which coagulation of blood does not 

occur after an injury and so in some cases ends fatally. It is an inherited d.fcCt.
Two types o f  hemophilia, A and B, are recongnised. Type A is due to 

absence or reduction o f anti-hemophilic globulin ( \  H G).  In this, coagulation 
time is prolonged. This is sex-linked, conditioned by a recessive gene and the 
defect is evident only in the males passing through the 'fem ales. Tbccondiiion 
is met with In dogs and swine But in swine it does not appear to be sex-linked 
So it is fi/ncd in both sexes.

Type В (found in man) is due to deficiency o f the Christmas factor or 
factor ]X . I t  is also sex-linked

i i;  P ro th ro m b in  deficiency:
This is m ostly due to impaired form ation.

I;  L iv e r d iseases—In hepatic-disease th e  following, th a t arc necessary fer 
clotting m echanism are not synthesized; fibrinogen, factor V, prothrombin, 
factor VII and factor IX. Deficiency o f t ile  that may occur in hepatic discs:» 
may lead to deficiency of vitamin K .

2J D eficiency o f V il K. Animals usually do not suffer from vit. K . defici
ency as it is synthesized in the intestines. Only fowls with short intestines may 
be affected. Pigs medicated with sulpha drugs and antibiotics may also suffer as 
micro-organisms are eradicated by these, and Vit. К  synthesis stops.

3) Im p a ired  absorp tion  of V itam in К ; For absorption o f vitamin K. bile 
salts are necessary. So if  there is deficiency o f  t ile  due to  hepatic disease or

joi
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as In obstructive jaundice, vitamin К  cannot be absorbed and so prothrombin 
and factor VII cannot be synthes'zed.

Similarly, in diseases of intestines, absorption o f vit. К  may te  interfe
red with eg, as tn co’iti«, sprue etc.

A) P o iso n in g  by dicoum arln and W arfa rin : Sw eet c lo v er d isease ; Sweet 
clover contains coumarin. which is convened into dicoum arol (which is 3.3 
m cthydene-bis-4 h)d>oxycnumarin) This is a  pow tifu l anticoagulant. ]l probably 
antagonises the activity of vit. К and so depresses the formation of prolhrom b.n, 
factor Vll, factor IX and factor X. Poisoning occurs among cattle and sheep in 
which extensive hemorrhages are seen—under the subculis, on the serous mem
branes and in the vi»cers.'  Anemia results. *

jw ine  may also suffer but horses appear to  be refractory, probably 
because the detoxicating activity against dicoum arol is well developed.

W arfarin, which is chemically sim ilar to diCQumaro! is used as a 
rcdcnticide and so may accidentally be eaten by pets, h s  action is similar to- 
dicoumarol and causes extensive I emorrhages.

iii) P resence of C ircu 'a tin g  a n tico ag u lan ts ,a )  Heparin is a powerful 
anthoagulant, producing this effect by preventing the conversion o f prothrombin 
into thromb n. Heparin is produced by mast cells. In anaphylactic shock in dogs, 
large amounts o f  heparin are liberaied resulting in bleeding.

bt Some snake venoms are a .so anticoagulants and so l ite s  by such 
snakas may result in fatal bleeding.

C. bmknown E tio logy.—
i) M ouldy corn poisoning in  c a t t le  and sw ine; Corn spol'ed by mouldy 

growth, if consumed by cattle and pigs, p roducts among other conditions, acute 
hemonhages in various parts o f  the body, together w ith necrosis o f  ihe hepatic 
paren.hvm a and renal epithelium. A bortion  in pregnant cows may be noticed. 
Lesions incluJe centrilobular necrosis, cloudy swelling and fa tly  Regeneration of 
the renal tubular epithelium with glom erular atrophy and necrosis of some 
tubular epithelium.

iil E p is tax is  in ho rses ' In some families o f horses bleeding from boss 
occurs during strenous exercise. It is due to  a non sex linked recessive character. 
The wails o f blood ves,els are very th in  and so rupture whenever distended 
during great exertion (as in racing)

SECONDARY E F F E C T S  O F  ANEM IA 
The secondary cff.cls and symptoms noticed in anem ia are mainly the 

results c f  anoxia, which leads f6;~l." Hyperplasia"of hemopoietic tissue*- evidtti? 
ced by the regenerative forms, which'are larger and more fragile and less efficient 
than the norm al erythrocytes.

Extra medullary hemopoiesis may be observed in the liver and spleen,
2. Dyspnoea and tachycardia.
3. Fatry degeneration of ihe parenchym atous organs.
4. R ap 'd  faiigue, due to incomplete m etabolism.
5. Compensatory hypertrophy of ihe heart, in the e a r l y  stages. I f  decom

pensation sets u ,  С. V. C. and resultant hydropericardium and aseties may occur-

3 0 3
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6. Edem a—due to  dam age to capillary endothelium, which becomes mar* 
permeable.

7. Petechias.
Pallo r o f  the skin, glossitis, anorexia, flatulence, constipation, diarrhoea, 

vomiting, album inuria, fever and splenomegaly are other symptoms, noticed in 
anem ia.

LEUCOCYTES
In c re a se  in num ber : This may be due to
L euco cy to sfs  : which is a temporary phase, useful to  the animal and 

reversible. ,
L eukem ia: A cancer o f  the leucopoictic tissue and so is ppogtessiro, 

irreversible and fatal.
Decrease in the num ber o f  circulating leucocytes is called Leucoprnta.
Leucocytes»* : N e n tro p h il ia  <s increa-e in th en u m b e ro f neutrophils

in the peripheral blood. W hen bone marrow is stimulated, imm ature neutrophils 
may be fouod in the peripheral blood, in' greater numbers th an  norm al. This 
phenomenon is called "sh ift _to the J e f t ’'.^ To measure this shift to  the left 
Schilling bas proposed his hemogram  in which the four following stages o f neut* 
rophils are estim ated.

1. M yelocy tes .
2. Juveniles in which th e  nupeus is.indented.
3. The band  form  or stab  in which the nucleus is curved o r  bent and
4. T he se g m a u e r . T he first 3 are immature forms.

This shift to  the left is o f  two types.
a) R e g en e ra tiv e  re a c tio n  : in which because o f increased activity o f  tfia 

bone m arrow imm ature form s are a  little more in number than m ature forms.
b) D e g en e ra tiv e  re a c tio n  : in which immature forms are far more in 

number than  the m ature ones. In this condition there is a  depression in the 
m aturation o f  leucocytes in the  bone marrow and this denotes a very severe infec
tion w .th unfavourable prognosis. In severe infections, neutrophils contain large 
toxic granules called “ Dohle’s Bodies’*. Dohic’s Bodies are aggregates o f rough 
endoplasmic reticulum . Some neutrophils may show vacuoles in the cytoplasm. 
These a re  supposed to  be due to  leakage o f hydrolytic enzymes icleased from 
ruptured lysosomes under ihe influence of bacterial toxins

C au ses o f  N e u tro p h il ia  ; P h y s io lo g ica l: may be ftxind in new-born 
animals, in pregnancy, during  exercise and with high protein diets.

P a th o lo g ic a l 1. A cute infectionsx.espgcially by cocci and also by lepto. 
ep irij^psi11acosls organism , poliomyelitis virus, small pox virus. E . colt and. 
A ctinom yces bovis. ' .

2 . M eta b o lic :  as in uremia, diabetic coma, turns.
3. Poisoning by

Chemicals -  lead , dig italis, mercury
Organic—foreign protein; epinephrine

4. Acute hemorrhages and hemolysis
5. A fter surgical operations
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в. M alignant diseases—leukemia and any other rapidly growing tumor.
R uptured im m ature neutrophils are called ‘‘basket cells'*.
A g ra n u lo cy to s is  is a condition in which there is alm ost complete disa- 

" ppearance o f the granulocyte series of leucocytes fiom the peripheral blood, lb e re  
will, therefore, be concom itant leucopcnia.

The causes are cither total suppression of leucopoiesis or inhibition of 
m aturation of the granular series in the bone marruw. The causes inclide  :

(1) lox:c chemicals and drugs aclisg on the leucopoietu tissue—eg. benzol, 
arsenical preparations, barbiturates, amydopyrioc.

(2) bacterial tox ins—toxins o f Staphylococcus aureus, Streptococcus hem oliti-
cus, Streptococcus viridans. >;• <cg,

(3) X-ray irradiation .
Myelopoiesis is totally destroyed ia  the Viral Feline Panlcucopenia and 

so agranulocytosis is a  symptom o f that disease.
Usually there is hyperplasia of the stem cells o f  the bone marrow in the 

early stages. In chronic and prolonged ca«es myeloid hypoplasia supervenes.
E o sinopb ile  leucocytosis or e o s in o p h ilia  

T h is Is seen in  ; 1. Allergic diseases—asthma, hay fever, serum sickness.
2. Parasitic infections—trichinosis, helminthiasis
3. Skin affections—eczema, scabies
4. Following recovery from acute diseases
5. C hronic eosinophilic myositis o f  dogs
6. Following splenecto.my
7. Following adm inistration of certain poisons snd drugs: arsenic, copper,

su lp .u  uvugs, chlorpromazine, digitalis
8. la  certain diseases o f  hemopoictic system: chronic myelccytic leukemia,

H odgkin 's disease
9. Following m ild irradiation

Lymphocytosis
Usually absolute increase in lymphocytes is rare though relative iccreai» 

Is common,
'C a u se s  : 1. C ertain viral infections—Mumps, influenza
2. Bacterial infections: usually ck ca ic  infections—Brucellosis, Tuberculosis
3. Thyrotoxicosis
4. Lymphatic leukemia
5. In  convalescence . bsiSfc-
6. A dreno-rortical insufficiency .jSraf*’
7. Following vaccination s : ? ' :

Lymphocytes that are damaged during preparation o f sm ear are called “ smudge” 
cells. ,

Monocytosis
1. In  protozoal diseases : Trypanosomiasis, M alaria, Kalaazar
2. During convalescence following acute diseases.
3. Rickettsial affections : Typhus
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4 Horigldn’ s disease
5. Chronic bacierial diseases; Tuberculosis. Brucellosis
6. Monocytic leukemia

Leucopenia th>s term denotes reduction in the number o f leucocytes in 
(he peripheial blood. Usually all leuco.ytes are affected equally.
Causes.*

A. D im inished production; 1. Bracken fern poisoning—already discussed,
2. Vjrai diseases-Rinderpest, Distemper, Infectious Canine Hepatitis, 

Mucosal Disease
3. Cerium bacterial infections —Brucellosis, Typhoid, Tuberculosis
4. Protozo-d infections - K alaazar-
5. Fungal diseases—H.stopla>mosis
6. Rickettsial diseases— I'wk-borae fever
7. Cachectic states and starvation
8. Metabolic disturbances as in nypothyroidism and hypop'tuitarism 

in which there is general lowering of boJy metabolism and so activity of bone 
marrow is decreased.

9. Chemical and physical agents that produce hypoplasia of the marrow 
Eg. benzol, ionising radiation. X-rays, urethane, nitrogen mustard, etc. described 
earlier under anem.as.

10 Hemopoietic d isorders; Anemias—Aplastic—Myelophthisic.
11 Of unknown cause cirrhosis ofliver,prim ary splenic neutr.-pen:a*

B. Increased  destruction: By I. Physical age >ts—large doses o f  ionising rad.atioa
2. Loss of leucocytes in large numbers in pus and in inflammatory

exudate.
3. By bactcial tox ins-toxins o f Clostridium welchit and Pasteuiella 

as in pasteurella pneumonia of sheep.
4. By protozoa -T h e ileria  parva i East-coast fever)
t .  Destruction by leucocytic antibodies, especially when amidopyrene 

is administered antibodies are formed which destroy leucocytes in 
the presence o f  the drug.

6' Hypersplenism:- found in certain diseases, l.ke tuberculosis, 
Hodgkin's disease-cured by splenectomy.

C. A lte red  d istribu tion . 1; In anaphylactic shock the leucocytes are trapped in
the sinuses of the liver, spleen, and lungs..

^  2. In stress, liberated cortisone o f the adrenal cortex _ produces
i* eosinopenia and lymphopenia.;, - ’

LEUKEMIA
This is a primary neoplastic disease o f  the bone-marrow and other 

reticulo-endotbelial tissues. Comparatively leukemia is not so common in animals 
as in  man

Again in animats, the neoplastic condition affecting lymphopoietic tissue 
is more common. The neop'astic cells often-flood the blood, when it becomes 
eukemic At oiher limes, when the blood picture is relatively normal the condition 
U known as aleukemic leukemia.
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Neoplasia of granulopoietic tisssue is called granulocytic leukemic while 
if  Ihe lymphocytic type is involved it is known as lym phatic  leukemia. Similarly, 
monncytic leukemia is also met with. Granulocytic leukemia is further divisible 
into neutrophilic, eosinophilic, and basophilic depending upon the type of 
cell involved. „

In the circulating blood immature forms of leucocytes or ‘"blast”  cells 
are frequently encountered It is quite often impossible'to determine to which 
type of cell this 'blast' ceil is a precursor. And so by examining a blood smear 
alone it may sometimes be difficult to determine the type o f  leukemia. Examina
tion of bone marrow kmears and the presence or otherwise o f hepatomegaly, 
splenomegaly j.nd involvement o f  lymph nodes help in the diagnosis. If the 
lymph nodes are not affected but if  the bone marrow sm ear reveals presence of 
numerous myeloblasts, and if  there is, in addition, hepatomegaly and spleno
megaly, often a diagnosis of myeloid leukemia can be arrived at. On the other 
band, a quiescent bone marrow with involvement o f all the lymph nodes li 
indication of lymphatic leukemia

Leukemia is always fata).
In animals lymphocytic leukemia is variously known as lymphocytoma, 

malignant lymphoma, lymphomatosis or lymphosarcoma. The last named term 
is usually appled to the condition wherein neoplastic masses of cells are found 
internally as in other sarcomas. Involvement o f all the lymph nodes suggests a 
multicentric origin. Metastases are found in almost all the organs in wh.ch the 
norm al structure may be completely changed and replaced.

Other infrequent conditions seen are the reticulum  cell sarcoma and the 
g ian t follicular lymphoma arising fro m  the reticulum cells■
In c idence  of different types o f leukem ias in  anim als s

C a ttle :  Lymphatic leukemia is the tum or most commonly met with 
in bovines next to squamous cell carcioom a. Tumor masses are found in almost 
all the organs and alt the lymph nodes are invariably enlarged. Metastatic tumor 
tissue is found more frequently in the liver, heart, walls o f the abomasum, oma
sum, reticulum, uterus and ureter.

Blood picture may revcai anem ia. In the blood leukemia will be 
moderate with immature blast cells. N eutrophilia may be present. The affected 
lymph nodes show central necrosis.which may incite sterile inflammatory reaction.

A solitary case of granulocytic leukemia was reported in a four month
old calf.

Symptoms : Enlargement o f  the superficial lymph elands—prescapular, 
sub-maxillary and precruiral—is the first symptom noticed followed by p»Hor of 
the mucous membranes, laboured breathing and a gradual loss in general condi
tion. Digestive symptoms may be exhibited - if  the li ver and abomasum ar« 
involved. Paraplegia is found i f  the spinal cord or brain are affected.

Sheep : Compared to bovines, in c id e n t o f leukemia is not as frequent. 
Among the different types lymphocytoma is more common and a 'l the viscera 
are affected. Subcutaneous lesions are more common in this species.

Swine : Lymphomatosis is common in swine, deposits occurring even .in 
long bones. Reticulum cell sarcoma resembling Hodgkin's Disease is seen.
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H o rses : la  the horse also generalised lymphomatosis is found though 
not very frequently.

Dog: Mostly lymphocytic leukemia is seen. A few cases of granulo
cytic and monocytic leukemias are described. In the lymphocytic variety, 
generalised lymphadenopatby is met with. Splenomegaly and hepatomegaly are 
often observed. Leukemic stage is usually absent, and so the blood examination 
is often misleading. Moderate neutrophilia is constantly observed. Anemia is 
common. Biopsy is very useful in diagnosis. Hodgkin's disease has been repor
ted among dogs.

C at: Lymphomatosis is common in the cat and appears as a genera
lised condition. LymphadetiopatbjMs n^tja feature.

Plasm a c e ll  myeloma
This tum or found rarely in man and known as Ewing’s tumor. Is o f  

rarer occurrence in animals. This is found n ostly in the bone marrow and some 
times in o ther organs. Multiple in olvement o f bone may result in fractures. 
Blood picture may or may not show the neoplastic cells. Normal peripheral 
blood does not have plasma cells. Perstons suffering from this tumor excrete 
Bence-Jones protein in their urine.

DISEASES OF THE LYMPH NO D ES
Fowls do not have any lymph nodes 

Function : 1. Production o f lymphocytes.
2. The rcticulo-endothelial system of the lymph nodes have the following 

functions-
a) Phagocytosis o f foreign particles and worn ou t blood cells.
b) Rarely, extramedullary hemopoiesis in severe anemia
c) Probably production of normal and antibody globulin by plasma cells

A trophy: Atrophy o f  lymph nodes is associated with
a) Some viral infections
b) Ionising radiation
c) Excessive doses o f adrenal cortical hormones and sex hormones 

(lymphopenia also occurs) "Alarm reiction”
i,d);jjgenility

e) Starvation and
f  1 C hronic wasting diseases
H ypop lasia  o f  lymph nodes is caused (together with degenerative changes) 

by infection and toxic agents or hormonal mechanism. In “ Alarm reaction”  o f 
stress diffuse dissolution o f  lymphocytes is sfen. —___

N e c ro sis  : Necrosis of the whole or a part ofaiTymph node may occur 
when infectious agents grow locally. In anthrax and erysipelas, necrosis ol ih« 
lymph node drain ng the affected area occurs.

M acroscop ically , the necrotic areas are dry, and circumscribed. In 
some infections, gas bubbles may be present.

Amyloid degeneration ; In general amyloidosis, amyloid may be found 
in the lymph nodes. Deposition of amyloid starts in the germinal centres and 
spreads outwards.
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Hs p e rp la s la -  o f the lymph codes is an usual reaction to  subacute or 
chronic type ot iriHants and is met with either as a general o r  a  local phenomenon 
In such diseases like canine distemper, chronic enterritis o r chronic pneumonia.

M a c ro sco p ica lly . the affected nodes are enlarged,whitish-gray and firm 
but no t fibrosed or calcified. Follicles are prominent.

M icro scop ically .there  is great enlargement o f the germinal centres with 
д zone o f  m ature lymphocytes surrounding them.

I f  the underlying disease is removed, hyperplasia subsides.
P igm entation

=JE xogenons: Exogenous pigmentation o f  the lymph nodes is mos1 
com m on in the"pulmonary and mesenteric nodes. -.-.лел

A n th ra co sis : Coal dust in the bronchial nodes is comm on in animals 
especially dogs that live in industrial areas and pit ponies. The coal particles 
are found in the macrophages o f  the medullary cords.

In rum inants mesenteric and other nodes develop a grey exogenous 
pigm entation o f  the medulla probably due to  some pigments ingested with feed. 
In  tatooed anim als, the granules o f the pigment used for tatooing are found in 
th e  regional lymph nodes. 4

These exogenous pigmentations are not o f clinical im portance.
Endogenous pigm entation: H em osiderin  is  the m ost comm on endogenous 

pigment and is found in lymph nodes draining areas where hemorrhage has 
occurred.

M acro sco p ically , such nodes are brownish in color.
, M ic ro sc o p ic a lly , brown amorphous crystals o f  hemosiderin a re  found 

in  the reticular and sinusoidal macrophages.
Bile pigments may be found in the hepatic lymph nodes. Melanin is 

fo u n d  in the superficial lymph nodes o f  old grey horses.
Emppy>ema: In association with intestinal emphysema o f  pig, emphy

sem a of the mesenteric lymph nodes is seen.
Emphysema o f  the bronchial nodes is common among cattle suffering 

from  pulm onary‘interstitial emphysema. .
M acroscop ically ,the  nodes are enlarged, soft and puffy. The cut surface 

looks like a sponge.
M ic ro sc o p ic a lly , vesicles are found in sinuses and the sinus endothelial 

cells become .macrophages and even giant cells. These cells occurring as clusters 
cause pressure atrophy o f  thelym phoid tissue.

' C ircu la to ry  disturbances; Hemorrhages are seen in lymph nodes in severe.^ 
infectious diseases, hemorrhagic diathesis,, local traum a and passive venous 
congestion.

M acroscop ically , reddened areas are noticed.which may be diffuse.focal 
o r even petechial

Hemolymph nodes must not be confused with hemorrhagic lesions. 
In flam m ation .

ly m p h a d e n itis  is inflammation o f  the lymph nodes. T his may be non
specific, local or general. Functioning as a filter, the lymph node naturally  is
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affected by any irritant that may be present in the area it drains. The following 
are the irritants that may cause non specific lymphadenitis:

(a) Irritant chemicals, (b) soluble toxins from tiaum a and burns, and 
(c) baclena. Depending on the nature o f the exudate, lymphadenitis mav be 
acute, serous, hemorrhagic, suppurative dr chronic.

A cnte serous lym phadenitis : This condition is common in the nodes 
draining lymph from acutely infected or inflammed areas. Jn some septicemic 
diseases the nodes throughout the body may be aff.-cted eg. anthrax, pastcure- 
llosis. swine erysipelas, hog cholera; salmon disease Mesenteric nodes may be 
affected by the absorption o f  irritants frp% the  gastro intestinal «act.

M acroscopically, the affected node is enlarged, moist and reddened.
M icroscopically , hyperemia and edema are noticed- Due to proliferation 

o f the lymphatic parenchyma and reticulo endothelial tissue.the lymph sinuses are 
filled with lymphocytes, mononuclears (derived from the R E , system) plasma 
celts and a few neutrophils

Hem orrhagic lym phadenitis occurs when the 'rrilant is stronger than 
in the serous variety. T he best example is anthrax The exudate in the gland is 
mixed with blood. . M ictoscopically lymph sinuses contain large Lumber of 
erythrocytes.

Suppurative lym phadenitis: Pyogenic bacteria cause suppurative lymph- 
denitis. The common organisms producing this are : Strep'ococcus equl in horses 
(strangles) Corynebaclerium ovis (caseous lymphadenitis in sheep).

M acro sco p ica lly  pus may he found in the nodes
M icro sco p ica lly , the predominant cell o f  the greatly infiltrating leuco

cytes Is the neutrophile. 1 here is necrosis and liquefaction o f the patenebyma 
and several small purulent foci may be present which may coalesce to form a big 
access.

C hronic lym phadenitis: the affected nodes are large, hard and dry. This
is seen in Johns’s disease (mesenteric lymph nodes),

M ic ro sco p ica lly , there is hyperplasia o f the R .E . system with numerous 
endothelial cells becoming rounded, swollen and cast off into the lymph sinusei 
that are much distended. To this picture is given the name of “sinus catarrh" 
M acrophages predominate, Reactive hyperplasia o f the lymph noaules ii alto  
present. Fibrosis that occurs is the cause of hardness.

Specific lym phadenitis :
Lymphadenitis is a  characteristic lesion of the following diseatet.

(a) Tuberculosis •.'•f

(d) Johne’s disease
(ei Salmon poisoning in  dogs
( f ) Strangles in horses
(gl Caseous lymphadenitis in sheep
(h) Bovine lymphangitis and lymphadenitis caused by Pattcurtlla pseudo-

tuberculosis rodentium-
(i) Brucellosis in guinea pigs 
0 )  Tularemia in rodents

(b) Glanders
(c) Actinobaeillosis

granulomatous lymphadenitis with 
caseation and calcification.

Ш  ww
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(k) Epizootic lymphangitis.
( l) Helminthic larvae -Pentasicm a and other helminthic larvae in mesen

teric lymph nodes of ca1 tie; lungworni larvae in the bronchia) nodes.
N eoplasm s — Pom m y benign tumors o f  lymph nodes are not common. 

But primal') malignant neoplasms—lym phosarcom a-are common.
Secondary tumors that are common in the lymph nodes are: carcinoma, 

malignant melanoma and occasionally sarcoma, which invade the lymh vessels.

D ISEA SES OF TH E  SPLEEN 
Functions of sp leen  : 1 Production of lymphocytes.

2. Through the reticulo-endothelial system. „ y t
(a) Phagocytosis o f foreign particles.
(b) Phagocytosis o f  effete erythrocytes.
(c) Conversion of hemoglobin to  bilirubin and storage of iron.
(d) Extra-medullary hemopoiesis.
(e) Production o f antibodies by plasma cells.

3. Blood vascular system. The spleen is a “ great reticulo endothelial 
sponge”  (Boyd) and so holds a large amount o f blood. The speed of blood flow 
is controlled by the presence o f sphincters, muscular trabeculae and a muscular 
coniractile capsule. Blood cells can be “ sequestrated”  in the red pulp, so that 
the macrophages can act and destroy them

Anom alies : A ccessory sp le e n s  are acquired and are found scattered in 
the gastrospienic omentum. These are implanted piecer, produced by traumatic 
rupture of the spleen.

Dongbnnt sp leen  is a circular spleen with a hole in the middle, rarely 
seen in the horse. Sometimes a primitive lobuUted spleen may be encounleied.

A p 'asia  and h y p o p las ia  o f  spleen may sometimes be met with.
Atrophy of the lymphoid tissue is sim ilar to  that seen in the lymph 

nodes, (causes are also similar).
In swine, c its and dogs, there is a form of atrophy of spleen resuming 

from induration due to chronic stasis o f blood The spleen is much reduced in 
size and the capsule is shrivelled. The parenchyma is scanty and Malpighian 
corpuscles are not visible.

H y p erp lasia  : Focal hyperplasia o f the spleen is common in old dogs 
and is characterised by round, so ft and grey projecting "nodules -  nodular hyper
plasia. These nodules comprise o f  newly formed hyperplastic lymph follicles, 
which do not Contain the central arteriole. _r.

H y aline  degeneration  is seen in the walls o f the arterioles.
Am yloid in filtra tio n  occurs as a p a r t  of generalised amloidosis. Two 

varieties are recognised:
(1) Focal: “ the sago-spleen”  in which the central arteries o f the Malpighian 

corpuscles are affecieJ. The involved foci are prominent, pale and translucent 
standing out against a red back ground, like boiled sago.

(2) Diffuse: ‘ the Bacon spleen”  in which the anerioles and fibres of the 
retirulo endothelial system are affected. The o-gio  is enlarged with rounded 
edges and the cut surface is sm ooth and translucent.
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O f these Are focal is more common.
P igm entation: Hemosiderosis is not o f  much consequence, unless in 

excessive am ounts, since normally hemosiderin is stored in  the spleen in the 
reticular macrophages. On destruction o f  larger number o f  erythrocytes, as in 
hemolytic anemias,there may be increased am ounts оГ this pigment in the spleen.

R n p tu re  o f  the spleen is common in dogs due to autom obile accidents or 
due to  shacp blows on the abdomen. Such rupture may d iv ide the  spleen , into 
two. Healing may take place and scars be visible postmortem

Splenomegaly due to congestion, am yldid disease, hyperplasia o r tumors 
may predispose the spleen to tTaumatic rupture. Hemorrhages in to  the peritoneum
may occur w th fatal resu lts l^c?S :§ fi •'Ч- •»;- . . .

C ircu la to ry  d isturbances; Due to  wide variations in size, congestion of 
the spleen is d ifficu lty  interpret.

A cute  Congestion. This is common in acute infectious diseases and in 
acute bacterial intoxication* as in enterotoxemia.

A cute  passive Congestion: in euthanasia o f  pet anim als by barbiturates 
acute congestion o f  the spleen is noticed since the barbiturates relax the smooth 
muscle and when the smooth muscle o f  the splenic trabeculae and capsule is rela
xed blood fills into the organ.

Paralysis o f  the splanchnic nerve results in relaxation o f  the splenic 
m usculature and hence passive congestion results.

In cardiac failure, acute congestion o f  the spleen may be noticed as a 
part o f general venous congestion.

M acroscop ically , the spleen is.very much enlarged and soft. On section, 
the cu t surface bulges and dark blood oozes.

(  h ron ic  passive hyperem ia: This is not common am ong animals.
The cause are;

1, Partia l or complete obstruction o f  venous return
a ) Thrombosis or pressure by cysts, tumors? and absceses on vein* 

draining the  spleen.
b) Tcrsion of the stomach and spleen in dogs.
c) Torsion o f the splenic liganient in the pigs.

?, Cirrhosis ofliver, leading to congestion of portal vein.
3. Lesions ofheart and lungs giving rise to general chronic venous congestion.

M acroscopically , the spleen is moderately enlarged and firm due to 
increased fibrous tissue in the pulp a n d jn  the trabeculae.

M icro sco p ica lly , there is progcssiv.e induration o f  reticular strom a and 
trabeculae. The pulp cells and follicles are gradually replaced. Hemosiderin 
accumtilates in the phagocytes.

T hrom bosis: Thrombosis o f the splenic veins is ra re  bu t occasionally 
met with in  the following conditions;

In  cattle ; traumatic reticulitis and portal throm bosis,
In  horses; extension of infections from parasitic abscesses.
Embolism may involve splenic artery and its branches.Em boli originate 

from the va.vul.ir vegetations and cause infarction.
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In fa rc tio n  of the spleen is common. I f  the splenic artery Is occluded by 
an embolus the whole organ may undergo infarction.

In hog cholera, occlusion of the follicular branches o f  the splenic artery 
by proliferated endothelial cells results in hemorrhagic infarcts. The base of tho 
infarct is red iu the beginning but later turns pale w ith the diffusion of 
hemoglobin.

H em orrhages;— In dog, due to automobile accidents, if  rupture does 
not occur, blood may collect under the capsule and form hematomas.

S p len itis  ; The inflammation o f  the spleen may be acute or chronic.
A cute  S p len itis  is a common feature o f  acute generalised infections 

diseases such as salmonellosis, anaplasmosis, infectious anem ja-pf horses, epery- 
thiozoonosis and swine erysipelas. The infective organisms grow 'm 'the spleen.

M acroscopically  the spleen is enlarged dark and soft. The pulp is Cuid 
If infeetion is by pyogenic organisms, abscesses may be found.

M icroscopically , necrosis o f  the pulp and neutrophilic infiltration may 
be seen in the sinusoids which are congested Certain am ount o f  proliferation of 
lymphocytes is present and there is reaction o f  germinal centres. In the red pulp 
proliferation o f thereticular cells and macrophages may be found. Along with 
the above changes, plasma cells proliferate (for production o f  antibodies)

C hronic sp len itis  occurs in such chronic diseases as tuberculosis, glan. 
ders, actinomycosis, pyemia pseudotuberculosis o f  sheep and histoplasmosis.
The spleen is enlarged, firm and tough. Abscesses o r granulom atous foci that 
are specific features of the diseases are seen.

Splenom egaly: Enlargement o f  the spleen is found in many different 
kinds o f diseases. Since spleen is an organ o f ant body production, the reason 
for such enlargement is quite understandable. There is marked hyperplasia of 
the reticuloendothelial svstem as well as o f  the white pulp with diffuse infiltration 
by neutrophils. The following are some of the diseases in which enlargement of 
spleen m <y be noticed It should be noted that absence ci splenomegaly does not 
rule out the presence of the diseases.

H o rses: Equine infectious aqemia; metastatic m ehnom a; Tuberculosis; 
salmonellosis, Anthrax.

C a ttle ; Anthrax; Salmonellosis; Babesiosis; Anaplasmosis;Theileriasis 
Lymphoeytoma; Acute congestion in bacteremic and toxemic conditions.

P ig s; Erysipelas; Salmonellosis; Eperythrozoonosis; acute congestion; 
Torsion. ■ "  -t.;* . -***

Dogs ; While using barbiturates and chloroform; Histoplasmois; heman
giomas and hemangiosarcomas,'lymphomatosis, myelogenous leukemia.

Fowls; Spirochetosis; lymphoid leucosis.
Splenomegaly is also seen in ihe following conditions.
a) in congestive heart failure.the spleen is enlarged due to stasis of blood 

and resultant fibrosis, b) when bone marrow is destroyed extramedullary hemo
poiesis occurs in spleen, known as myeloid metaplasia with resultant splenomegaly 
(c) ia conditions in which the histiocytes of the liver a re  saturated the e by

5 1 3
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simulating the splenic histiocytes to undergo hyperplasia and (d) in hepatic 
fiorosis in which condition the antigens from the intestines that are not detoxi
cated enter ihe gcneial circulation and thence to spleen in which plasma cell 
production is siimuland for antibody manufacture.

H ypersplenism : This is a pathological condition in which there is 
excessive activity of the phagocytes. This condition may exist with or without 
splenomegaly.

In this condition there is excessive hemolysis fiesuiting in hemolytic 
jaundice), leucocytosis (resulting in leucopenia) ai d thrombocytolysis (resulting 
in thrombocytopenia and so purpuia). Tne causes may be: I. Depression of 
marrow function or inhibition of the -maturaiion of cells of marrow by spleen 
through some hormonal influence.

2 Hypersequestration in which there is increased stasis in the sinOses 
leading to increased fragility of the erythrocytes (consequent on loss o f  plasma 
and eiytbrocyte potassium). Such reJ cells are easily pbagocytised.

3. Antibody formation against the erythrocytes, leucocytes and thrombo
cytes leading to destruction of these elements.

Splenectomy rel eves the clinical picture and the. blood cells increase in 
cumber to the normal levels.

Tnmors : Prim ary neoplasms of the spleen are rare. Fibrosarcomas, 
lymphofaicomas, n.yooid kuktmia, Hodgkin’s disease; follicular lymphoma 
)5plenoma), cavernous angioma, ictkulum-cell sarcoma, leiomyosarcomas and 
bemangiosaiConus may be seen. C f these the hemangiogenous tumors are more 
frequent.

Secondary metaslases are not common since spleen is a  “ poor soil”  for 
the growth o( the w a n s ,



CHAPTER 16
TH E RESPIRATORY SYSTEM

Anomalies
Nose

Congestion 
Epistaxis 
Acute rhinitis 
Atrophic rhinitis o f  swine 
Rhinohypetplasia or Bull nose 
Tumors o f nasal cavity 

Diseases o f  larynx and trachea ,л >  ^
Roaring 
Laryngitis 

Diseases o f  Bronchi 
Bronchostenosis 
Bronchiectasis 
Acute tracheo-bronchitis 
Chronic bronchitis 

Lungs
Emphysema—Heaves 
Vascular disturbances 
Hyperemia—active and passive

Edema
Hemorrhages
Thrombosis and embolism 
Infarction
Inflammation—Pneum onia. 

Lobar
Bronchopneumonia 
Necrotic, gangrenous ajpJ 

aspiration
Verminous
Interstitial •
Mycoiic
Pulmonary adenomatosis 
h'aedi
Tumors of the lung 

Diseases of the pleura 
Pneumothorax 
Pleuritis
Tumors o f pleura

The main function o f  the respiratory system is the exchange o f  oxygen 
and carbon-dioxide between the blood and environmental air. As such to 
satisfactorily, discharge this function, respiratory system depends on the work of 
the heart. Diseases o f  the circulatory system are often accompanied by some 
abnormalities o f the resp ratory system.

A nom alies : C lr fip a la te  or palatoschisis is a fairly common defect seen 
in the new-born anim als. )n  this condition there is an abnormal connection 
between the nasal cavity and the mouth and hence milk passes into the lungs. 
So the anim als do no t survive long, dying of pneumonia and starvation^
" ' '  N O SE

C o ngestion  : Congestion occurs whenever animals are exposed to cold 
air. The blood vessels in the nasal passageailate so that the air breathed in may 
be sufficiently warmed Secondary bacterial infection may result in inflammation 
and edema.

E p is ta x is  is hemorrhage from the nasal cavity?-'..
C auses : 1. Traum a; 7. Convulsive expiration; 3. Parasites— O estrus 

evis; 4. EioVion ot the vessels by pathological processes in the nasal cavity— 
Neoplasms; 5. Compression o f the jugular veins by too tight collars in the work
ing horses; 6. D uring certain infectious diseases Eg. G landers, Anthrax, 
Purpura; Infectious bovine rhinotracheitis; Malignant catarrhal fever, Septic 
metritis; 7, Idiopathic —familial in certain race horses; 8. N eoplasm s—hem an
gioma; 9 . U rem ia; 10. Poisoning by nitrates, bracken, sweet clover or 
mercurials

315
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Acme rh in itis or ccryza or acute nasal c a tr r rb  
This is acute inflammation ot the mucous membrane of the nose, lo man 

this is the common ‘cold’.
Causes : I. Irritan ts  :

(a) Physica l: Oust, foreign bodies like chaff, pollen.
(b) C hem ical: Irritating gases and smoke.

1 Parasites : Linguaiula serraia in dog, larvae o f O estrus oris in sheep.
3. Fungi '.Aspergillus fumigalus.
4 B acteria : Spin rsphorus necoph^rus, Bordeteila franchise ptlcus. Pseudomo

nas aeruginosa, Sirrpmcocci, Siaphl-cocci. May be found in  the course 
" ' of infections by Mallcomyces mallei (Glanders). PasteureUa, M . tuberculosis,

A boris, A. Iigni*rrsi and C/yprococcus.
t .  V iru ses: May be found in infections by viruses o f :

a. Rinderpest c Equine influenza e. Laryngotracheitis (fowl)
b. e wine Influenza d Canine distemper f Fowl pox

M acrosopically, the mucous membrane is swollen and congested. Dry
st first, a mucous discharge occurs subsequently, which turns mucopurulent 
later.

Microscopically, hyperemia, inflammatory exudate with inflammatory 
cells and hydropic degeneration of the epithelial cells (goblet cells) are seen- 
Extension to sinuses results in sinusitis.

Infectious sinusitis of turkeys is of economical importance to the turkey 
raisers Caused by a viius, there is au acute inflammation of the mucosa, resul
ting in a thick mucous exudate The infra orbi'al sinus is more often affected. 
Usually there is closure of ihe opening of the sinus cavity into the nasal cavity 
thereby preventing escape of the exudate

Chronic rh in it is : This is usually a sequel o f the acute variety. 
There is ulceration of the mucosa, which in some places, may be thickened and 
congested.

A trophic rh in itis  o f sw ine
-  This disease, especially of weanlings, is infectious, A virus was inrri- 

mloated to be the cause, while Trichomonads were secondary invaders. At differ
ent times it was thought that Pasiewella multocida, Hemophilus influenza suis, 
Fusiformisnecrophorus and a Mycoplasma hyorlimhis tP .R .L .O .t wete of etiolo
gical importance. Though osteilis fibrosa (general osteodystrophy) is produced 
(n swine with le-ions and symptoms similar to those of Atrophic Rhinitis by fee
ding with calcium deficient diets producing secondary hyperparathyroidism the
reby, characteristic jcsionS'of Atrophic Rhinilis with a tro p h y o f turbinate-bones 
could be produced only in those pigs exposed to nasal installation of nasal wash
ing from m tn ral cases Though a specific organism could not te  attributed 
to be the cause of the disease, yet it is proved that it is infectious m i.ature and 
not ju>t a specific effect, of diet.

• he disease starts with slight catarrh an J swelling o f  nasal mucosa due 
to irritation. Progressive affection results in dyspnoea, anorexia and finally death 
due to  inanition occurs. 1 he disease is chronic and animals grow rather pooily. 
Lameness and fractures are often eccoun.-red. In many animals there is
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deformity o f  the snout which bends to a side or upwards due to excessive bone 
resorption around the skull sutures.

Deviation of the snout is due to uneven resorption around the skull 
sutures. So there should be growth on one side while resorption occurs on the 
other so that the snout bends on the side of resorption due to growth pressure.

In the early stages there are foci o f congestion o f turbinate bones, which 
may be depressed. Jn 2 to 4 weeks, the turbinate bones are absorbed leaving a 
strip  of hard tissue When the nose is sawn transversely in Iront of the second 
upper premolar, a  characteristic appearance is noticed. Normally the turbinate 
bones completely fill the cavity at this level. But in  atrophic rhinitis, a large 
cavity is seen. A mucopurulent exudate forms, which is discharged through the 
nose. Intermittent epistaxism ay tie present. 1 he parathyroids may be larger 
in size.

M icroscop ically , there is rarefaction and disappearance of the turbina
tes. T b o  is of the nature o f osteolysis rather than osteoclasia No evidence o f 
o,teoclastic activity is present. Tbo nasal septum also disappears leaving a 
fibrous band. Infiltration by lymphocytes and a few neutrophils is seen. It is 
postulated that "inflammation o f  the nasal mucosa is Dot a cause of atrophic 
rhinitis” . In some places there may be metaplasia o f  the epithelium of ihe nasal 
mucosa to  squamous type. Ihe lam ina propria is diffusely infiltrated with 
mononuclears there is hyperplasia o f  the parathyroids with incieased secretioD 
o f  parathyroid hormone, which is tesponsible for the bone lesions.

The condition can be prevented by a dietary calcium level o f 1.20 per 
cent and a phosphorus level o f 1.00 percent. Due to increased calcium intake, 
z in : in a concentration o f 100 parts per million was recommedded to be led to 
pigs.

R hinobyperplasia o r  B ullnose  is a chronic suppurative inflammation 
o f young pigs, said id  be caused by Spherophorus neernphorus, but other organisms 
such as Strrptoc icci. Pseudomonas aeruginosa, Staphylococci and C orynebacterium ^  
pyogenes have also been incrim inated.

C lin ically , the hose is enlarged posterior to the cartilaginous rim 
Lesions include, caseous or suppurativemecrosis involving the bones of 

Hhd nasal cavity^ its lining and the skin adjacent to  the nares. Being a slowly 
developing condition, fibrosis is predom inant and this w ith edema is responsible 
for the swelling noticed. Extension o f the inflammation to the sinuses and regi
onal lymph nodes (ipmphadenitis) is observed. Exaudate obstructing the -nasal 
pissage and d stortion o f the m axillary and nasal bones are responsible for the 
dyspnoea, seen. ^

Nasal granulom a—see tinder “ Diseases caused dy Helminths” .
■ R hinosporid iosis : Rhinosporidium seeberi produces a chronic rhinitis 

in  anim als, characterised by the form ation of polypi—some sessile while oihers 
are pedunculated and cauliflower-like. These are soft and jelly-like to the touch, 
covered by the nasal epithelium.

M icroscopically , the fungus is present in loose fibrous or myxoma'ous 
tissue. The lesion bleeds easily. A few lymphocytes and epithelioid cells may 
be seen. (See under "Diseases caused by Fungi” )
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Tumors in the nasal cavity; Nasal polypi are soft moist masses. These have 
already been studied, >vide page 227)

The following tumors are encountered.
Benign M a’ignant
Osteoma Osteosarcoma
Chondroma Chondrosarcoma
Myxoma Myxosarcoma
Fibroma Adenocarcinoma
Angioma ( Squamous cell carcinoma

One interesting tumor is the adenocarcinoma arising from' the glands of 
effirpoid and olfactory mucosa, which occurs in epidemic form in some countr
ies Horses and cattle are affected. The tumors are highly malignant and des
tructive and nietastasise rapidly.

DISEASES O F TH E  LA®X*vY AND TRACHEA
R oaring or laryngeal htm iplegia; In normal health the arytenoid carti

lages are drawn outwards during inspiration to allow ingress o f air. The impor- 
tanr mu-cle that operates this is the Cricaaryrter,"ideus. If for any reason there 
is injury ro and degeneration of the nerve supplying this muscle, then the carti
lage cannot open and so will stand in the way of air passing freely into the 
wind pipe.

In horses a condition is noticed, in which there is hyaline degeneration 
and fibrosis o f  the left Cricoarvtenoideus muscle together with demyelinization 
and Wallerian degeneration of the left recurrent laryngeal nerve that supplies 
the muscle.

The cause for the paralysis o f  the nerve is obscure. One theory is that 
it is subjecied to repeated rrauma by the pulsation in the aorta as the nerve c it- 
cles round aortic arch where the nerve is situated during its course.

Other causes are lead poisoning and pressure on the nerve by aneury
sms, enlarged lymph nodes, abscesses, tumors, oesophageal divericula and other 
traumatic conditions.

When the nerve is paralysed, ana the muscle is degenarated and replaced 
by fibrous tissue, the a ry ten oid.-Oa r t i 1 ag; does not open out during inspiration 
and so air cannot enter the Ireachea freely and this condition is accentuated 
when the animal is exercised, and a noise is heard by brushing o f air with the 
arytenoid cartilage. This is therefore known as Roaring.

Laryngitis
A m ild  catarrhal laryngitis is met with which may progress to  chronic 

form if the cause persists. ~
Cause; Usually an extension cf infection from the nasal cavity or 

the pharynx in infectious diseases. Eg. Distemper in dogs; Strangles and influ
enza in horses; Infectious laongo-tracheitis in poultry; (Bacteria and viruses)

2. ‘Irritan t vapours, chemical irritants.
3. Mechanical injury,—kicks, bites, grass awns; injuries while passing

probang or stomach tube.
4. Excessive barking,^clergyman’s throat.
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5. Specific diseases; Tubercu'osis, g’anders and actinomycosis.
M acroscopically, llie Irs.-on is a swelling of the mucous membrane of 

the larynx and trachea, which is hemorrhagic and dry at first, later becoming 
coated with a mucoid exudate that may turn mucopurulent.

C roupous or membranous laryngitis ; The laryngeal mucosa is coated 
with greyish fibrinous deposits as in larynsoiracheiiis o f  fow ls A membrane 
consisting of fibrin and leucocytes is formed over the necrotic mucosa. Death 
in fowls is due to asphyxia

BRONCHI
B ronchostenosis is a narrowing of the bronchial lumen due to obstruction 

or peripheral pressure • .
C a u se : I. Aspiration ot foreign bodies; 2 Accumulation of exudatr;

3 I Parasites within the lumen. 4. Inflammation of the wall o f (he bronchus 
producing alteration in it—the exudate infiltrating the wall rtduces the diameter 
of the bronchi. 5. Pressure from outside the bronchial wall-abscesses, tumors, 
enlarged lymph nodes and exudate o f  the pleural cavities; 6 Spasm of the 
muscles of hron.hi - a s  in a!le*ry (Asthma)

A p a rtia l c losure of the bionchi or bronchioles results in balooning of 
the lung involved, since air that enters during inspiration is not expelled during 
expiration and so is trapped. Repeated inspirations will therefore result in ba* 
luoing of the alveoli.

Com plete obstruction of a  bronchus results in collapse o f the lung.
BRONCHIECTASIS

This is dilatation of the bronchus-
Causes: I. This usually follows a chronic inflammation of the bronchi, in

which ihe elastic tissue; the musculature and even the cartilages may be destro
yed. Due to loss of the elastic tissue, contractile pvwer o f the bronchus is 
lost and so the bronchus dilates. At the place of dilatation, exudate accumula
tes thereby still further dilating the bronchus.

2. In chronic pneumonia, the contraction of 'he.fibrous tissue exerts a pull
thereby svidening the walls. The dilatation is facilitated by a weakening of the 
wall ip bronchitis, which, may also he found.. . — -*Q:

3. In bronchostenosis, air accumulates during inspirations and so causes 
dilatations o f the bronchi below the level of obstruction When the bronchi are 
completely closed resulting in atelectasis, there is an clastic pull on the bronchial 
wall due to negative pressure in the pleural cavity.

M acroscopically . two forms arexecognised A.~The saccu lar, which is 
less common, is за out-pouching of the bronchial wall; usually results due to 
localised necrotising foci in bronchitis, found in cattle and sheep in4ungworm 
infection.

B. The cylindrical variety, which is more common, especially in 
cattle, is a uniform dilatation o f the bronchi.

M acroscopical’y, the wall of the affected bronchi shows variable infiltra
tion by chronic inflammatory tissue. The musculature,.cartilage and the lining 
ep.thelium may disappear in varying degrees.
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The affected lung is collapsed and is carniSed. There may usually b« 
pleural adhesion.

R esults: The course is chronic and unfavourable. These animals 
cough persistently and become debilitated. Com pl.cations include ab-eesses with 
metastases, bronchiolitis with emphysema, bronchopneumonia, and secondary 
amyloidosis. ■*

ACUTE TRACHEO B R O N C H IT IS
This condition is usually encountered along with upper respiratory 

diseases More often it is a condition seen in pneumonias.
Though bronchitis means inflam mation of the bronchial epithelium, 

frequently the inflam mation spreads to the wall o f  the bronchus and from there 
to the lung tisiue—expanding peribronchitis —or the infection may spill into the 
alveoli from the terminal bronchioles thereby resulting in bronchopneumonia 

Causes:
5. Inhalation  of i r r i t a n ts —dust, feed, industrial fumes, medicaments, smoke 
3. Infections: a) B a c te r ia l .—• Pasteurellosis

bj V ira l;— Ranikhet disease. Infectious bronchitis o f 
fowls. Infectious bovine rhinotracheitis. 

c) P a ra s ite s ;— l.une worms.
M acroscopically ; the mucosa is thickened, reddened aud covered by an 

exudate which may be catarrhal, fibrinous or purulent.
In aspiration o f foreign m a te ria l, 'a  gangrenous bronchitis is seen in 

which there is rx ensive necrosis of the mucosa which sloughs. The wall o f the 
bronchus may also he destroyed.

M icro sco p ically , there is congestion and infiltration by inflammatory 
cells in which neutrophils predominate. There may be increased secrc ion  o f  
mucus and in severe cases the epithelium may be destroyed. I he lumen contains 
mucus, leucocytes, dead epithelial cells, lung worms and their ova.

R esu lts ; Recoveiy; bronchiectasis; abscess formation; bronchopneu
monia; chronic bronchitis.

(  H R O N IC  B R O N C H IT IS
Causes; 1. M ild, continuous irritants— smoke and dust; 2. Chronic venous 

congestion—as h r  heart disease: i .  C hronic infection of upper respiratory tracts — 
chronic sinusitis; 4 Bronchiectasis 5. M ost common cause in animals is lung 
worm infection, tuberculosis and lung ab-cesses.

M acro sco p ica lly , the bronchial mucosa is thickened and has a velvety: 
feel. Symetimeait may be congested bu t m ore often is pale and edcm a'ous. 
The exudate, is m ucoid o r m ucopurulent andht-eases 6f,icqrrq-,-«ftC0®il(- it is 
mixed with worms aDd their eggs. The bronchi may also be dilafeH.

M icro sco p ica lly : there is infiliration by lymphoid crlls. The ciliated 
epithelium is lost and replaced by a cuboidal variety The mucous glands may 
show atrophy There is hyperplasia o f peribronchial glands which now resemble 
goblet cells. There is increased fibrosis o f the walls.producing polypoid projec
tions into the lumen —bronchiolitis obliterans. Lymphoid follicles m aybe formed 
in the walls of the bronchi.



R esults : 1. Bronchopneumonia; 2. Atelectasis; 3. Bronchiectasis;
4. Emphysemi—putting greater stiain  on  the right side of heart—chronic veuou * 
congestion will result ultimately.

L U N О S
A te le c ta s is  : The failure of the alveoli to open and contain air is called 

atelectasis. So the alveoli become collapsed. This condition may be congenlia) or 
acquired.

C ongen ita l a te lec tasis : Animal is born dead and has no t breathed. 
Causes; l Obstruction of the bronchi bv mucus or inhaled liquor amnii ..

2. Damage to the respiratory een irethat may occurin injury to the brain.
Tbe lungs are dark and reddish-blue in color due to d ila ta tion  of the 

alveolar capillaries . Tjie lungs are firm to the touch and sink in watei since there 
was no aeration. The alveoli are collapsed and the epithelium I t- in j  the alveoli 
!> cuboidal. Someti nes the alveoli may contain fluid.

A cquired a te lec ta s is  (Pulmonary collapse)
Cause : I. O b s tru c tio n  ; The lumen of the bronchus is o titru c ted  and the

air in the alveoli is resorbed. The eause of the obstruction may be
a) In  th e  lumen : foreign bodies, pus, mucus, n.asses o f  parasites.
b) On the w all—tumors, abscesses, enlarged lymph nodes, cysts.

2. C om pression ; E x trapu lm onary—hydrotho.ax”, pneumothorax, hydro - 
pericardium, abdom inal distension as in tympany of rumen and ascitet.

M acro sco p ically , there is never a total collapse but only focal. The 
affected lung tissue is dark or reddish-blue in color and is depressed from the 
level o f the surrounding healthy lung. The affected part sinks m  w ater and is 
leathery in consistency. Pleura is thickened and wrinkled.

M ic ro sco p ica lly , the alveoli are devoid of air. They may appear as sma 1 
or el< ngaled clefts or the walls may lie in apposition with each o ther wiih no 
lumen vidble. Due to the absence of pressure o f  alveolar air, the capillaries 
become dilated and engorged with blood. In later stages the alveolar epithelium 
may be desquamated while the tissue of the interlobular sepia may proliferate.

EM PH YSEM A
Emphysema is increased air in the lung. This is divisible into:

1. Acute alveo lar em pbysen.a; 1 he alveoli are greatly distended and some
times may rupture, orming “ Vesicles ”  .

Causes; a) C om pensatory  — In  pneumonia or atelectasis when affected 
portions o f  lungs cannot dilate other healihy parts dilate to  a greater extent to 
fill the space created by the expansion of the chest cavity.

b) O ver e x e r t io n —in coughing and struggling over-ventilation occurs.
c) Feeding on lush pastures.
d) Allergic o r toxic agents—feeding mouldy forage or mouldy sweeet 

pota'oes. Parathion poisoning causes acute emphysema.
2. Acute in te r s t i t ia l  emphysema ofien accompanies the acute alveolar empby- 
sema. In tb s  condition air collects in the interlobular space beneath the pleura 
and other interstitial tissue o f the lunij. This is seen more often in cattle and 
sheep.
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C a o se s ; a) Condition that produces dyspnoea—pneumonia.
b) Bellowing — in oestrum or when separated from  c a lf ; common in 

tosher-killed animals.
c | Peifora'ion o f lu n g  by mechanical means—foreign body through the 

lumen and reticulum.
d | Forced breathing as in old hunting dogs.
c) Pulmonary strongylosis.

Jo these cases, alveolar emphysema, when it occurs, is so severe th a t 
the ulveoli rupture and air escapes into the interstitial tissue of the lung, especially 
in the inter-lobular septa. In severe conditions air may escape via the thoracic 
inlet into the subcutis o f the neck and may accumulate there along the spine, 
Oom the pole to the base o f  the tail. - .:ё~ге
3 C hronic alveolar emphysema : Commonly c a l le d ‘Broken wind’ o r ‘Heaves’ 
in horses, in which animal it is more often seen.

Causes; I. W orking horses imm:diately after a heavy meal — digestive
orgins are distended and so prevent the expansion o f diaphragm during
inhalation. So animal makes violent respiratory effjrts;
2. Dusty and mouldy foods—causing coughing.
3. Obstruction o f the bronchi—as in bonchiolit s.
4. Allegry to some sensitising agents (pol'en, dust or fungi) may play a part 

The above conditions cau|e severe anJ continuous cough.
So during violent cough and inspiratory movements alveolar walls arc 

•objected to undue pressure. This process, repeated for m onths and years produ
ces «trophy of the walls and their subsequent rupture. Pressure also interferes 
with capillary circulation — so the nutrients and oxygen supp 'y  to the alveolar 
wall is diminished with resultant fatty degeneration o f the alveolar epithelium, 
degeneration and disappearance of elastic fibres and the inter -  alveolar and the 
Inter infundibular septa, resulting in rupture of the alveolar walls. Hence the 
adjacent alveoli become confluen t—"bullae”

In bronchiolitis with obstruction, air passes through the pores o f Kohn 
and so adjacent alveoli become balooned-collateral ventilation.

Owing to their diminished elasticity and permanent distension, alveoli 
expand with difficulty at each inspiration and also con tract less easily on expira
tion and consequently continue to increase in size and finally  rupture.

Besides the mechanical stress that produces emphysema as detailed 
above, it may primarily be also due to  inflammation o f  respiratory bronchioles, 
alveolar ducts and alveoli. These structures becomes necrotic  and weakened 
thrreby oeeoming balooned due to the pressure of a ir that may be trapped.

M acroscopically,-affected lung is voluminous and is pale due io decrea
s'd  blood circulation. L ungpim  ou ptessure easily and the indentations o f ihq 
rlb« are seen clearly.

M icroscopically , the alveoli are over distented. Theix w alls are atrophied 
.и.I then rupture of soma alveoli with confluence o f neighbouring alveoli give 
tlae to giant alveoli.

Sequelae Hypertrophy and dilatation of right ventricle—chronic venous
•ingestion.



V ascular disturbances e l  th e  lung
Active H yperem ia is commonly seen in some acute general infectious 

diseases or in acute pneumonia.
P assive  Congestion occurs generally in older animals.

Causes; I. C ard iac  lesions' a) Myocardial weakness; b) Lesions in tho 
mitral valve; c) Chronic pericarditis.

2. E x tra tb o rac ic  Lesions Bloat—intra—abdominal pressure increases
3. G eneral vascu lar d ila ta tion  : Shock.

M acroseopically, the lung is larger insize, dark red in color and is firm 
to  the touch. On sec-ion blood oozes.

M icroscopically, alveoli contain red ceils and macrophages that have 
engulfed the red cells (Heart failure cells)'

S eq u e lae : 1-. Edema of lung-brow n induration ; 2. Bronchopneumonia-
3. Dyspnoea; 4 Generalised hypoxia—fatty changes in the liver and kidneys;

H yposta tic  congestion; In aaimals in moribund conditions blood accu. 
mutates in Jung on the side on which the animal reclines. This is because the 
-heart is too weak to maintain sufficient blood pressure.

E D E M A
Usually precedes pneumonia.

Canses : 1. Passive congestion of lungs—in lesions o f myocardium and mitral 
valvo

2. Toxic material that increases the permeability o f the capillary
endothelium—AN1U (Alpha Naphthyl Thiourea) poisoning; in shock
3. Hypoproteinemia

/ 4. Acute anemias
3. After inhalation of smoke,phosgene,chlorine,ammonia,nitric oxid
( .  Mulberry heart disease of swine
7. Bacterial toxins (exo or endo, produced locally o r elsewhere)
8. Allergy «vaccination with strain 19 agninst Brucellosis and in 

helminthic infections)
9. Intiavenous administration of fluids increasing venous pressure In 

pulmonary circulation.
M acroscopically, lung is large and firm. On section edematous fluid 

drips from the cut sutface. Trachea and bronchi contain froth—due to churning 
action o f the tracheal air on the prolein-contaming fluid. Edema o f  the inters; 
filial tissue is present. The alvqolar septa stand out prominently.

M icroscopically  the alveoli and bronchi contain a pink stained homoge
neous materia). The pink'staining capacity is proppctiouaERTamounl o f  the 
protein present. The greater the amount of proteiu.ptesent, the pinker will bo 
the fluid stained.

The edematous fluid is a good medium for the growth o f microorga
nisms and so pneumonia is a frequent sequel.

Hemorrhages Blood in sputum due to pulmonary hemorrhages is called 
hemoptysis This is rare and m ud be distinguished from the blood present in 
lun^j by inhalation while the animals are slaughtered.
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Causes: 1. Erosion of the blood vessels and rupture into a bronchus.
2. Extreme over exertion—as in youDg horses.
3. Extreme cardiac action as in death due to asphyxia.
4. Injury from a  foreign body.
5. General hemorrhagic conditions

Bacterial diseases—Pasteurellosis, Anthrax
Viral diseases—Hog cholera
Defects in coagulating ability — hemophilia and bracken fern poisoning
Toxins—Uremia in which injury to capillary endothelirm occurs.

M acroscopieaTy, hemorrhages may be in the nature o f petechiae.eccby- 
moses or even hemato.ysts. I ulmonary hemorrhages are dangerous because air 
is displaced and hypoxia may tesult. Blood in brOUchi and trachea foams.

M icroscopically , blood may be found in alveoli.bronchioles and bronchi. 
THROMBOt'IS, Often in pneumonia, due to extension of infection to the 
blood vessels thrombosis n ay occur and is frequently observed in septicaemic 
diseases—Pasteurellosis and Hog cholera.
EMBOLiSM; The strategic position of the lung is well suited for the arrest of 
emboli. Emboli emanate from;

A. Thrombi occurring in
1. Heart-worm infection in dog. 2. Mesenteric veins in horses (Stron-  

ly lu s vulgaris infection) 3. Uterine veins and pelvic veins (metritis and masti
tis). 4. Posterior vena cava—extension.of infection from hematic abscess.’ (No 3 
and 4 more common ш cattle;

B. Ascend larvae
C. Tumor cells—metastasis in  m alignant tumors,
D. Fat — not so common in animals as in man in whom it arises from 

trashing fractures o f tones.
Sequelae ; Abscesses, thrombosis, infection and parasitic cysts. 

INFARCTION ; For the infarction o f  lungs to occur there must be damage to 
both pulmonary ai.d branchial circulations.

M acroscopically , the affected areas appear dark-red, firm and solid 
looking. They bulge on the cut surface. They ate cone, shaped with base at 
the pleural surface and by careful dissection it is possible to disclose the TKroin- 
bus and embolus a t the apex of the wedge.

M icro sco p ica lly , the whole area o f  infarction, includingtbe alveoli, 
capillaries and the septa, is filled with blood. Later necrosis sets in the alveolar 
walls. -  .л  . ' I . -

INFLA M M A TIO N OF T H E LUNGS
Inflammation of the lung is called pneumonia. Pneum onitis—literally 

meaning inflammation of the lungs—is used by different authors to convey slightly 
different meaning. Runnels uses it as a synonym with pneumonia; Smith and 
Janes apply the term for "any  inflam matory disease of the lungs’* preferring the 
use of the term pneumonia to ‘‘apply to  one o f the acute infectious inflamma
tions with copious exudate filling the alveoli” . Juba end Kennedy differentiate' 
the two terms by saying, ‘‘in pneumonitis ihe reaction ,s largely confine J to the
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wall o f the alveolus and in pneum onia it is the alveolar lumen which reveals 
the most obvious changes” . In o ther words they reserve the term  pneumonitis 
to  the specific disease in w hich alveolar wall is the prim ary site o f paihology. 
To avoid confusion, the term puenm onia  alone is used in these descriptions.
«  Pneum onia is a very com m on disease found in anim als except probably
the cat, in which it is rarely m et with.

In m a n , a specific type o f  pneumonia called the  lobar or croupous 
pneumonia caused by Diplococcus pneum oniae  is met w ith, in  which w hole lobes 
may be affected, characterised by a  fibrinous o f  ereupous exudate in the alveoli- 
Differing from this condition is an o th e r type, called the C atarrhal or lobular or 
bronchopneumonia which is patchy and in which only parts o f a lobule o r only.a-c. 
lobule .не affected, characterised by a catarrhal exudate o f  the  alveolus

In anim ats, it is the lobu lar pneumonia that is frequently seen. There is 
no condition sim ilar to the lobar pneum onia o f man. M ost varieties in animal- 
mry start as a  lobu lar pneum onia bu t end up as a lobar variety. S o  all gradas 
tions may be met with in the sam e anim al and, what more, the sam e etiological 
factors may give rise to these d ifferen t grades of pneumonia.
C auses 1. By far the m ost com m on causes are the bacteria , the viruses, fungi 
and parasites. Again pneum onia may also be a hsion  lcu u d  m many specific 
diseases.

B a c te r ia  i -
Corynebacterium cqui
Streptococcus equi \  H O R SE !
P. m allei J

M ycoplasm a mycoldes 
Pasteurella m ultocida \
Corynebacterium pyogenes ! 
Actinobacillus lignieresi I CATTLE 
Staphylococci i
Strep tococci I
M ycobacterium  tuberuclosis-

C . Pyogenes 
Pasteurella nuAtocida 
S ta p ’iylccocci; C. ovis 
Streptococci: E . coli.

■ - Streptococci', E . coli
Bordet-’lio  bronchisepticus
Staphylococci
Klebsiella

i
J

!
S H E E f

DOO

Streptococci; C. pyogenes 
Haemophilus suis 
Pasteurella multocida  

Pasteurella multocida  
C olijorm s

SW INE

CATS
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Viruses
Equine infectious pleuropneumonia, Equine influenza, C alf pneumoni

tis, Canine distemper, Ranikh-ч Disease, Sheep pox.
Fungi : Blastomyces, Coccioioides, Histoplasma, Actinomyces, Aspergillus, 
Cryptococcuj, Mucormycosis.
P a ra s i te s :  Metastrongylus apri in s*ine; Cictyocaulus viviparusin  cattle; 
Prot- strongylus rufescins and Diayocaulus filaria in sheep and goats; Ascaris 
lumbricoides var suum in f igs.

2. I r r i ta n ts  : Inhalation of dust, pollen, foreign bodies, smoke, hot and
cold air, anse&theticji, w^rjgases. medicinal agejts.
Routes o f in fec tio n  :

I. Through the  resp irato ry  passages—B ronchogenons : This is by far
the most common route. Some infection agents like Aspergillus fum iga tus, 
Streptococci, S t'phylococci, E coli and Corynebacterium pyogenes and some viruses 
(Eg. viruses of Ranikhet disease aod v ira l; neumonia c f  pigs.) may invade the 
lung through this route.

2 Through tbe blood vascular system  —H em atogenous : Blood stream 
may carry bacteria (Salmonella. Pasteurella) and parasitic larvae to  the lungs.

3. Through p en etra ting  wounds : Wounds by bullets, knives, pitch forka 
etc., may penetrate the lungs from the extenor, usually carrying bacteria and 
producing pneumonia. Similarly, foreign bodies penetrating through rumen, 
reticulum and diaphragm may set up pneumonia.

P red isp o sin g  causes : Conditions, called predisposing factors make 
the animals more suscptible to diseases of respiratory system. 1 hese are fatigue» 
exposure to cold air, long travel by .train or ship, [severe hunger, m alnutrition; 
chronic undernutrition, parasitism, exposure after dipping ш  winter months, 
cardiac weakness and recumbency for a considerable time.

The predisposing factors produce rhinitis and laryngitis by . virtue 
their lowering the resistance with superimposed infection. These affect c r  even 
destroy the ciliary movements and so predispose the organ fo r infection. Edema 
of the lung, that results due to cardiac leiioos and other factors is an  ideal 
condition for pneumonia to occur since the edematoup fluid is a  good medium 
for the organisms to develop and so cause pneumonia. In  the recum bent animal 
"Hypostatic Pueumonia”  may ultimately.result. .

Some etiological agents appear to become pathogenic only when the" 
pulmonary tissue is suitably altered ty  other agencies, eg: in swine, virus of 
porcine pneumonia requires Haemophilus s u is : in swine, Pasteurella multocida 
paves the way for a pleuropneumonia-like organism.

Some organisms, which are natur.il. inhabitants in th :  upper respiratory 
tract become virulent and pathogenic, when the vitality o f  the animal is lowered 
eg. Bordelelln bronchiseplicus produces pneumonia in dogs in Canine distemper 
infection The virus of Distemper per se may not l e able to  cause jneum onia 
Similarly pasteurella will cause pneumonia m Hog cho.e.a .

Jz6
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V arieties of pneumonia

It has already been observed that in animals lobar pneumonia as it 
occurs in man is not met with. So the clear-cut classical stages described in 
human paihology are not seen in animals in entirety. Since , a description of the 
stages o f human lobar pneumonia helps in the understanding o f the eenesis and 
development of pneumonia the same is given below.

1. T he s tage  of congestion : 3 his is the early stage in which there is activo 
heperemia and edemra of the alveoli.

M acroscopically , the lungs are congested and swollen. These still 
Boat in water On section, blood tinged-fluid escapes,

M icroscopically , the capillaries on the alveolar walls are dilated and 
filled with blood. Alveoli contain a 1 ttle serous exudate and often a few red 
blood celts. .Depending on the tn itan t, this may develop within a few minutes 
(chemicals) to  a few hours (infectious agents).

2. S tage of red hepalisat'on : M acroscopically , the affected portion of 
the lung is quite compicrous being readily discernible from the healthy. A 
distinct line o f demarct on is found. The affected part is red, and consolidated, 
solid looking resembling liver—h ep atiza tio n . Portions o f the affected parts sink 
in water, since all air is replaced. Over this area the pleura is inflammed and dull 
red in color. A membrane may form. Lymphatics are obstructed by fibrinous 
plugs. 1 he pleural fluid is increased. The peribronchial and perviascular lymph- 
hatics are dilated with protein-rich fluid.

M icroscopically , the alveoli reveal a fibrinous exudate containing 
erythrocytes, polymorphonuclear leucocytes and desquamated epithelial cells. 
D ilatation of lymphatics and widening of septal cells ate observed.

Develops in two days.
3 S tag e  of grey hepaiisalion : M ic ro sco p ically , tbe lung is still consoli

dated and sinks in water. The color is less red than the previous stage and some 
parts are grey like grey granite The rednes is due to persistence o f  capillary 
hyperemia or the fcemorihagic nature o f  the exudate.

M icroscopically , the alveolus appears to be less filled than in the pre
vious stage. Fibrin can clearly be seen and strands may be found to passjfrom one 
alveolus to  another through the pores of Kohn trythrocytes have almost disap
peared from alveoli. The greyness o f the affected tissue in this stage is attri
buted to >) ischemia of the alveolar capillaries due to pressure’of exudate on 
them;' ii) increased infiltration- by leucocytes iii) thrombosis in the alveola^ 
capillaries and iv) lysis of red blood cells.

The liquefaclion of the%xudate commences and the nuclei o f  polymorphs 
become blurred and less distinct.

4. S tag e  of Resolution : At this stage liquefaction and removal of the 
exudate tase  place. The liquefied material may be absorbed via lymphatics or 
Veins Or may be expectorated.

M icroscopically , the exudate is disappearing What remains is granular; 
polymorphs are either absent or the few th a t remain are degenerated. A number 
o f macrophages derived from alveolar epithelial lining as well as from the blocd
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are in evidence. The epithelium , most of which has died and was desquamated 
is regenerated. Thus the lung returns to the normal state o f functional activity.

Jn animals, though the classical lobar pneumonia described above is not 
met with, yet, in infection by Pasleurella muliacida in cattle, sheep and swine ai 
croupous type of pneumohia is encountered. But,, even theu, the quantity o f 
fibrin in the alveoli is hot as much as in the human condition Infection is usu
ally by inhalation, the earliest lesion produced being a bronchiolitis From this 
place the infection spreads rapidly. If  the bronchiole is ob.tructed ,, the flood
ing exudate infects the surrounding parenchyma And through the pores o f 
Kobo, the edema flu id  may infect the neighbouring lobule, which is not directly 
served by the obstructed bronchiole. Infection may also be direct and continu
ous from the bronchiole to the alveolus In a third manner, the infection may 
take place through the wall o f the bronchus, namely by peribronchial path-way, 
when infection passes on  to  the alveoli lying immediately .adjacent to the bron
chiole by contiguity. Lastly, the infection may spread rapidly via lymph and 
blood.

Usually -the apical, cardiac and intermediary lobes and the anterio- 
ventral portions o f the diaphragm atic lobes are affected,

Due to difference in age o f  the lesions in different areas, one may see 
different stages o f the disease in the same aDimal and hence we may see different 
colored areas. Again, throm bosis o f pulmonary vessels, producing infarction 
may add difference in color o f  some areas.

Contagious pleuropneumonias o f cattle and goats are o f  this lobar vari
ety in which the in terlobular septa are dilated and prominent due to a great out
pouring of plasma and fibrin into them. It is the dilated septa that give ihe 
“ marbling” effect to  the lung in these areas.

Bronchopneum onia
This is the commonest type o f  pneumonia found in animals.

Causes;
Calves—is enzootic, caused by a virus.
Sheep—is enzootic? (Virus?)
Swine—i) V ituaplus H em ophilussum—swine influenza 

ii> Salm onella  choleroe sum—hematogenous 
iii) In Hog cholera— Pasleurella sp plus H em ophilus sp.

Fbals— Corynebacierhm  equi (may also be a complication o f Strangles.)

Primarily, infection starts as a bronchitis and bronchiolitis from where it 
may spread to the alveoli a t described earlier viz. by flooding with exudate when 
there is occlusion o f  the bm nth i.by  direct extension from bronchi and brqachioles 
to alveoli and by peribronchial paih-way.Compared to the lobar varieiy.exiension 
to different parts is slow. The anterior and vaotral parts o f the lungs are more 
commonly affected because the bronchi to these p irts take o ff vertically and so 
{nfeetioo gravitates. Also the respiratory movement o f  these parts is less due to 
limited rotatory action of anterior ribs. As the infection spreads, fresh foci are 
set up and hence different stages o f the disease are noticeable within the same 
animal
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The lesions a re  patchy in distribution. One or several lobules may be 
effected which are red and firm , sinking in water. ' Areas adjacent to the affected 
show “ compen atory emphysema” .

The lymphatics a re  swollen and become easily visible. The lymph nodes 
are  hem orrhagic and swollen. The bronchi Contain hem orrhagic exudato. Ths 
pleura over the affected area shows inflammation with fibrinous exudate.

M icro sco p ica lly ;o n e  or the other o f the four stages described under tho 
lobar variety may be seen

S eq u e lae : 1. D e a th —due to  i) Toxemia; ii) H ypoxia and Hi) Cardiac 
failure.

i .  A te le c ta s is—when bronchiole is still obstructed, even after resolution o f 
the  alveolar exudate. ... <5, ^ .  .

3. S u p p u ra tio n  and ab scess  form ation—if the causative agent is pyogenic. 
C om m on ia  dugs, caused by Bordcttlla bronchisepticus and in  foals by Coryne- 
bacterium  equi.

4. G angrene—this occurs when there is superimposed infection by sapro* 
phytic putrefactive bacteria. Usually occurs in aspiration pneum onia.

5 S e p tic e m ia  when the infective organisms enter the  blood.causing inflam 
m ation  in other parts o f the body eg. arthritis, meningitis etc.

6 In co m p le te  r e s o lu tio n —resulting in organisation of the  alveolar exudate. 
F ibrosis o f  the lungs and pleura may resali—carnification. (becom ing like flesh).

O T H E R  T Y P IS  OF P N E I M O N IA

N e c ro tic , G angrenous and A sp ira tio n  p n eum onia  
C au ses : 1. Faulty  d ren ch in g  in cattle and careless passage o f  stomach tube in 

horsps. ^
2 . In h a la tio n  o f  irritan t drugs, oils, anesthetics o r feed (lambs and 

pigs)
A sp ira tio n  o f  i) m ilk or gruel (in  pail -  fed calves,)

ii) ingesta—in paraylsis c f  th ro a t in parturient paro- 
sis of cattle.

H em atogenous—from gangrenous lesions elsewhere in the body, eg 
g angrenous m etritis or mastitis.
P e n e tra tio n  o f  sharp  foreign bodies through rum en and reticulum- 
D ire c t In fe c t io n  by Spherophorus necrophorus.

The irritants produco severe inflammation and extensive thrombosis o f  
the blood vessels resulting in necrosis. The leucocytes an d  bacteria produce 
liquefactibif of the necrotic m aterial, resulting in c jv ita tiоp .^P u trefac iiye  orga
nisms produce gangrene.

3.

4.

5.
6.

M ic ro sc o p ic a l ly , there is extensive consolidation o f  the anterior and 
ventral portions o f the lung with foul smelling exudate. The affected parts are 
greenish or black in co lour and sometimes larg e . cavities are seen. The area 
around these lesions shows congestion and intense reaction.

Gangrenous pneum onia may be a sequel o f  Choke (esophageal obstruc
tion) S eq u e lae—Death in all cases.
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M etasta tic  su p p u ra tiv e  pneum onia

This may be acute or chronic This is due to  embolic deposition of 
pyogenic organisms from lesions somewhere else in the body, eg Suppurative 
m etiitis, m astitis, lesions in Strangles, navel ill and heart valve lesions. (Vege
tative endocarditis)

M icroscopically : because the pathogen is hematogenous,there is unifor
mity in  the distribution and size o f  th e  lesions. I h e  diaphragmatic lobe is 
mostly affected and a number o f foci may be found beneath the pleura. The 
(edged organisms produce inflam mation with suppuration.

There may be several abscesses scattered with a zone o f  acute inflam ' 
m ation in the parenchyma-surrounding them. There may be a capsule, the thick
ness o f  which indicates the duration o f the process, (older the lesKon. thicker the 
capsule.) Encapsulated abscesses may be organised, leaving a depressed scar.

V erm inous pneum onia
Pneumonia in animals is caused by many species o f  parasites. They are

P arasite  H a b ita t
Cattle— Dictyocaulus viviparus BroDchi

Paragoriimus westermanii Bronchi and cysts in the lungs
Sheep— Dictyocaulus filar ia Bronchi

fro lo stro n g yh s rufescens. Bronchi
M ullerius minutissimus (capillaries) Alveoli and blood vessels 
Paragor.imus westermanii Cysts o f  lung an d  bronchi

Swine— M etastm ngylus apri Bronchi
A scar is  larvae M igration

Horse— Picryocaulus arnifieldl Bronchi
C at— Aleurostrongvlusabstrasus Bronchi
Dog— Angiostrongylus vasorum Pulm onary arteries

Parazonimus westermanii Cysts in lung and bronchi

The infection by stroogyles, whose habitat is in the lungs, starts by the 
ingestion o f  infective larvae with feed and „vrater. !b a  larvae enter the portal 
circulation and finally reach the capillaries on the alveolar walls. Here they 
pierce the capillaries and enter the alveoli where they develop and become matu
re in about a week to 10 days. The m ature worms then go up  to  the broneb 
and settle.

. T he pathology produced by these "lung  w orm s" may, therefore, bo 
described in two stages. In tho first stage, the larvae enter the alveoli, develop 
and m ature and in the second, they settle down in the  bronchioles and bronchi. 
There may not be any clear-cut demarcation of the two stages, which may there
fore overlap. In the place where the larvae enter the alveolar walls arelound 
microscopic necrotic foci surrounded by an infiltration o f  neutrophils, eosino
phils and macrophages. Thus thickening o f the alveolar walls occurs. A few 
giant cells may also be seen. In massive infection, there may be severe hemor
rhages.
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When the parasites have become mature, they migrate, into the respira
tory bronchioles and bronchi where they sei up inflam mation on the walls. A 
thick mucous exudate comnining fo lynorphs, eosinopi ils and macrophages 

forms at the site, often occluding the bronchi. The epithelium of the bronchi 
and bronchioles becomes hyperplastic and thickened. W eakening of the bronchial 
walls because o f pressure and inflammatory process results in bronchiectasis. 
Obstruction of the bronchioles and bronchi results in emphysema, since during 
inspiration air enters but which is not exhaled. So repeated trapping of the air 
results in  emphysema. In places where there is complete occlusion of the bron
chioles, atelectasis develops as the air in the alveoli is resorbed.

The lesions are found mostly in the diaphragmatic lobes and consist of 
focal wedge-shaped areas of emphysema and atelectasis. Secondary bronchial 
infection may complicate the picture.

M icroscopically , the lesion is one of bronchopneumonia. Tbe exudate 
in the  bronchi contains the worms with their embryonated egg^along with 
neutrophils, macrophages, lymphocytes and desquamated epithelial cells. The 
alveoli may contain besides the inflammatory cells, worm ova.

M u lle r iu s  capillaris, a parasite o f sheep and goals lives,not ;n the bronchi, 
but in the pulmonary blood vessels. The lesions produced are nodular aDd con
sist o f granulomatous process—viz. fibrosis, g iant cells, mononuclears and eosi
nophil!- When the worm dies the nodule may become caleified.

Paragonlm us w esterm acii, a fluke, is found in the lungs of cattle, sheep 
and dogs ialso inmaD). These are usually found in pairs in inflammatory cysts in 
the lungs Most of the cysts have communication with the bronchi fot the passage 
of eggs. Those not having such outlets become organised.

Larvae o f Ascaris in their itinerary to complete their life-cycle pass 
through the lung, where they may cause severe damage and in seme cases even 
death, i f  infection is sufficiently heavy. As in the strongyle worms, tbe larvae 
reach the lung via blood. From the capillaries, the larvae enter the alveolj 
through their walls thereby damaging them in the process. In  heavy infection 
there may be massive hemorrhage When the larvae pass through capillaries. 
While the lung tissue is thus dam aged, bacteria, normally found there migrate to 
the damaged areas and produce inflam mation. Thus the cbmbined action of the 
parasitic larvae and bacteria causes death o f the animal.

Sometimes liver flukes may be found in the lungs, but this is an aberrant 
location. A nodule is formed with a fibrous capsule and the parasite dies as it 
cannot thrive in a strange locality. c ~

* -V*"*
In te r s ti t ia l  pneumonia

This is. a condition in which rhe alveolar septa are affected. Though 
some exudate may be found in the alveoii, by far most o f the changes, prolfera- 
tive, are found in the alveolar septa. The following characterise thii variety.

i) Thickening of the alveolar septa by
a) exudate-serous or fibrinous
b) infiltration by leucocytes and \
c) formation of new connective tissue
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ii) Proliferation of the epithelial cells of the alveoli
iii) Formation of hyaline membrane in the alveoli and over the alveolar 

ducts and
iv) ’ Almost complete absence of neutrophils in the exudate.
Causes are many and varied.

1. Tbe usual cause are viruses, which may be the primary cause as in 
swine influenza and feline pneumonitis.

2. Or this condition may be pulmonary m anifestation o f  generalised 
septicemic diseases like Erysipelas, Leptospirosis, endocarditis o f  the right side. 
Salmonellosis etc.

3'. Psittacosis group of organisms.
4. Larva! migration of ascaridi and other intestinal parasites (not-  usually 

im portant!
The condition may be acute or sub-acute in intensity. Injury to tbe 

capillary endothelium is responsible for the flbrinous exudate in the the alveolar 
septa, bacteria and parasitic larvae injure the endothelium directly and so т а Ц  
it more permeable. In tbe case o f ihe viruses, increased permeability occurs in 
an indirect manner. The viruses affect the alveolar epithelium which proliferates 
and so becomes thicker preventing oxygen transfer. Hypoxia injures tbe capillary 
endothelium which therefore, becomes more petmeable. This edema is partly 
responsible for the thickening o f the septa.

M acroscopically, the lungs may be pale o r reddehed and do not 
collapse when the thorax is opened. As a whole, the lung appears edematous, 
w tb fluid dripping from a cut surface The interlobular septa are also widened. 
Usually interstitial pneumonia is the seat of secondary bacterial invasion aud 
resultant bronchopneumonia.

M icroscopically , alveoli may contain serous or serofibrinous exudate, 
which is also present in me alveolar . and interlobular septa. There is fibrous 
thickening of the septa and metaplasia o f  the alveolar epithelium, which is flat 
and pavemental normally and pot easily seen, becomes cuboidal and prominent. y 
These are called Ceils of tr ip ie r . This change is said to be Ftialisation or 
rpilhtliolisaiion. Furthermore, the cells may proliferate, become rounded and 
desquamated, forming macrophages with phagocytic properties. In some casespVJ- 
giant cells also form ty  the fusion o f the macrophages thus formed from tbo 
alveoiar epithelium or by me proliferation of their nuclei w ithout the division of 
the cytoplasm. Predominance of tbtse cells gives rise to the “ giant-cell”  pneu- 
monia. , _• -

Lymphocytes and macrophages infiltrate into the alveolar septa and 
around tbe small blood vessels.

One characteristic feature o f interstitial pneumonia is tbe presence of 
hyaline membranes, which are found covering the alveolar epithelium. The 
membrane is thought to be derived from anJ composed of the plasma proteins.
Due to vascular damage and inct eased permeability of the capillary endothelium, 
rpofuse exudate forms, which nearly resembles plasma and hence the formation 
o f  the membrane.
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Complete resolution may occur with alveoli regaining their normal 
histological structure aDd physiological function. 1 he hyaline membrane may be 
removed by the macrophages. If  resolution does not occur, healing by fibrosis 
takes place.

The fibrinous exudate is organised if  it is no t resorbed and remains 
longer than 1 to 3 weeks. This organised tissue is shrunken and grey and is like 
flesh—carnification.

\  M y co tic  pneum onia
' Inflammation of the lung caused by a variety o f fungi is called mycotic 

pneumonia. Various fungi that may invade the lung and cause pneumonia are 
Aspergillus, Blastomyces, M ucor, Coccidioides and .Cryptococcus. O f these, the 
m ost common is Aspergillus Jum igaius.

Aspergillus fum igatus is ubiquitous and is found everywhere in nature. 
I t  is surprising that more cases o f  pneumonia are no t caused in man and animals 
with the wide spread distribution o f the spores o f  this fungus.

Though man and domestic anim als are susceptible to Aspergillus and 
stray cases o f pneumonia are encountered, bu t by and large, fowl is the most 
frequently affected.

The spores of the fungus are found in the poultry  litter and mouldy 
grain. Infection is by way of the respiratory tract. Spores may be inhaled with 
the infected dust or may be aspirated from  the m ouldy grain. Sinpe this affection 
is very common in brooder houses, it is called “ Brooder pneum onia'’.

Lesions are found in the trachea, bronchi, and  a ir sacs. Sometimes, 
larynx also may. be affected. W hite or greenish, thick cheesy m aterial is found 
in  the affected areas.

The spores after entering the term inal bronchioles *nd alveoli, grow by 
budding and formation o f septate hyphae. This produces a local inflammatory 
reaction, a nodular bronchopneumonia and there is infiltration by polymorphs 
and macrophages. This focus expands and more and m ore lung tissue is affected.

M icroscopically , the lesion is nodular. Evacuation of the central 
caseous ma'erial into the bronchus results in a central cavity. In lesions that are 
no t progressive, increasing number o f  macrophages and  epithelioid cells may be 
present with a fibrous capsule.

M icroscopically , septate hyphae o f  the fungus w ith the inflammatory 
cells may be found around a central caseous m aterial. In some cases, foreign- 
body giant cells m*y be found at ihe periphery. In  lesions lhat are not progressive 
and are'being obliterated, the hyphae are very short and  the lesion -resembles that 
caused by actinomyces—the “ asteroid body” .

Pulm onary  adenom atosis
This is a disease o f domestic anim als, characterised by hyperplasia and 

hypertrophy o f the alveolar epithelium , giving it a  glandular or adenomatous 
appearance.

The disease has been described in sheep (in various parts o f the world 
and in India), in cattle, pigs, horses and m an. The causes are:—
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Sheep; A filterable virus is supposed to be the cause, though it is cot 
yet conclusively proved. A mycoplasma may also play an etiological role.

C sltie - Food allergy or some intoxication is thought to  be the cause: 
feeding on m ouldy foods.

M an: Nitrogen peroxide from silos is supposed to be the etiologicaj 
agent.

P ig s and ho rses: A pleuropneumonia-like organism and toxins o f 
Crotalaria dura respectively are supposed to cause a  condition similar to pulmo
nary adenomatosis in  these animals

The disease iu sheep is called Jaagsiekte (Jaag=drive, siekte»sickness) 
or driving sickness In Afrikans since fits o f coughing are produced when affec
ted animals are driven (exercised). The disease.may occur sporadically or as an 
outbreak The incubation period appears to  be about 7 months. After the onset 
o f  symptoms, the course is slow, death occurring in 1 to 3 months. N atural trans
mission is by droplet infection.

The disease can be differentiated from other pneumonic conditions by 
the absence of rh in itis in this condition.

T he les io n , starts as a  sm all nodule, resembling th a t  produced by 
M ulliriuscap illarh . But the former is softer ami more friable. The nodules that 
are discrete to start with may coalesce to form bigger nodules and so finally, the 
lung is bulky and heavy, showing the imprints of the ribs. Emphysema of un- 
affecied lungs is also noticed. Bronchial lymph Lodes m sy frequently show 
metastases.

M ic ro sc o p ic a lly , the characteristic change noticed is hyperplasia and 
hypertrophy of the alveolar epithelium. The normal pavemental epithelium , not 
easily discernible, becomes cuboidal o r columnar with rounded nuclei. There may 
be papillary projection o f  epithelium into the lumen of the alveolus. In same 
places, there may be desquamation o f  the epithelium into the lumen. The alveoli 
seldom contain any exudate lound in other pneumonias. The bronchi il epithe
lium may also show papillary projection into the lumen. The bronchial lumen 
may contain desquamated epithelium as svcl! as alveolar septal cells. Lymphocy
tes and plasm a cells may infi.trate in the stromal tissue.

The thickening o f the alveolar epithelium prevents the norm al exchange 
of gases and so hypoxia is produced, causing dyspnoea. Due to decrease in the 
pulmonary capillary bed, dilatation o f  the light side of the heart may result. 
Fibrosis o f the lung usually supervenes since the condition is no t resolved com
pletely and early.

In  c a t t le  lesions similar to  the above may be seen but the condition is 
more acute and so fibrosis is not usually observed. "•

In  m an, pulmonary adenomatosis is common in those working near corn 
silos, where n itrogen  peroxide is liberated. This is, therefore, called ‘’silo-filler’s 
disease” . Death is quick occurring in six weeks after initial exposure,

In the hum an disease, bronchiolitis fibrosa obliterans is more in evidence 
due to the organisation of the bronchiolar exudate. Grossly these lesious appear 
as numerous uniformly distributed, firm miliary nodules.



\

l UN 3S

<|>ТЩТ t̂ TT ГЩРГ 

xsiuci ЗиТ ?ц. >33

M acli
This means dyspnoea in leel in lie language. Maedi is found in Iceland 

and probably in Holland and North America. A condition similar to Maedt was 
reported in lnd<a.

The incubation period is long, upto 3 years. The disease is contagious 
and oc.urs as an outbreak- A virus is supposed 10 be ihe causal factor.

Maedi affects older sheep, usually those over two years. AfTccted an'mala 
show progressive debditiy, dyspnoea and inanition and may linger on for thiee to 
Six months In final stages a^ute pneumonia may supervene tdueto pastcutellosis).

M acroscopically , the lungs do not .collapse,» hen thorax is* openrif,-6ut 
fee! rubb- ry I hey are greyisn-blue in color, brger and very heavier than normal. 
The altetnt.on in lungs is uniform in the absence of any complications. There 
is hyperplastic lymphadenitis and so the nodes are swollen. Except in terminal 
stages, consolidation, as found in other types of pneumonia is seldom met with, 
to . on section, no exudate oozes and the cut surface is dry.

M icroscopically , the lesion is chronic interstitial pneumonia and the 
reason fo the in.reused density of the lung is due to increase in the thickness of 
the alveolar wads. I’nere is infiltration of walls by lymphocytes ar.d n tu u lo -  
endothelial cells -m aerophiges and short reticular cells The alverlar lumen may 
contain de quamated epuhelial ceils T here is hypertrophy ar.d hypen lasia of the 
broiu-hiolar epithelium. Peribronchiolar and perivascular infiltration with lymph- 
oevics is mark d I here may be increase in tne sm >0 h muscle of the respiratoiy 
bronchioles.which may give a false appearance of fibrosis.No healing is observed-

Inclusion bod e-, >  to 3r* ino'iamcter, bluish-grey with Giemsa', stain aie 
found in the cytoplasm of the alveolar macrophages

1.
Jaagsiek te

Alveoli show adenomatosis •
M aedi

Adenomatosis is not seen
2 Indus ons absent 2. Inclusions prese.it
3 Lesions local, not diffuse 3. Lesions diffuse
4 Lymph nodes not affected 4. Lymphadenitis present
5. Course shorter 5 t ourse longer

TUMO»S Oft THE LUNGS
In the lungs primary tumors are rare. Those reported are classified 

as having the following cell tyyis: squamoascell,columnar cell, mixed cell and 
undifferentiated-4.11 The exact sites o f orig n are still under dispu'e, whether 
from the bronch ai epitheliu n (ih sughcninst o f ihe tumors are believed to arse 
from this site) or tbs alveolar epiihelium or from the epithelium of the 
mu.ous glands. ;.T*

Both benign anJ malignant tumors occur.' A few connective tissue 
tumors have also been described. Ly mphocylntn i i< the commonest.

DISEASES OF THE PLEURA
Oonaestion and ed.-ma (hydrothorax) arecominon in acute poison 'rgs 

and passive congestion.
Pneum othorax is the presence of air in the pleural cavity. This may be 

due to eatr, o f air into the _lcur_i by the following ways:

I
i
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1. From  the lung":; when some bullae rupture,
2. Through the chest wall—by piercing sharp.objects.

Pneumothorax causes atelectasis o f the lungs aoJ this is o f great impor
tance in the horsein which the right and left cavities communicate.

P le p r it is ;  PIeuritis is inflammation o f the phura . It is alto inow n as 
p leu risy  Mostly pleuritis is secondary to pneumonia,through primary infection 
ol the pleura may occur. 1 he infection may be by st-seral routes:

1. By d irec t e x lo s io n  from the underlying lungs or mediastinal glands or 
esophagut.

2. By btnod stream  in septicemic diseases.
3. In tro d u ctio n  th roughic  tfaorac wall—trauma by kn ive', bullets eto
4 . In tro d u ctio n  from  the  rumen via reticulum and d iap h rag m ;- '' ’
5. T brough the esophagus—when sharp bones or p:ns may penetrate the 

pleura and convey bacteria.or in the horses when choke occurs.
Pleurisy may also be a condition noticed in specific diseases like swine

erysipelas and contagious bovine pleuropneumonia. When oleum is n.volved in 
pneumonia, the condition is known as plruropn,umortia. But it is not neceassry 
that pleura should be affected whenever lungs are. It is also possible to have 
pleuritis when the underlying lUDgs are healthy as in Black Quarter.

Bacteria that reach the p eura are readily spread due to  respiratory 
movement. Bacteria) growth damages the mesothebum and the endothelium of 
the superficial blood vessels, resulting in an inflammatory reaction, characterised 
by congestion and thickening of the membrane. The fiiction, between the pariet- 
ral and swollen visceral surfaces causes intense pain during respiration 1 he pain is 
relieved on the formation o f inflammatory exudate v, hich separates the two 
surfaces.

The exudate may be serous bat more often is serofibrinous or fibrinous. 
Usually it is copious and may press on the lung, producing pain. Pyog t ic 
bacteria may produce put ulent exudate when the conditions is known as empj ema.

i f  the exudate is purely serous, it may be absorbed. Hut il serofibrinous 
or fibrinous, complete absorption does not take plrce, organisation sets in 
producing “ adhesions”  in which the p ® ffifa n d  visceral su rfa u s  get sewn,cau
sing pain Curing respiration.

I f  saprophytic organisms gaic entry to the pleura along with foreign 
bodies, gangrenous pleuritis will occur.

- Tuberculosis o f the p le u r it is  most com mo:: in cattle, frequent in dogs 
and cats but seldom found m other animals. —e

Tum ors o f the  p leu ra  are rar-.They may befaVPrimary—mesothelioma, 
a m alignant tumor o r (b)  secondary,—metastasis of melanoma.
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T H E  D I G E S T I V E  S Y S T E M
Teeth—ca.tes 
Moulh and Pharynx 

Stomatitis 
Thrush

Salivary glands
Foreign bodies 
D ilatation  
Sialoliths 

. Sialadenitis 
Esophagus 

Choke 
Dilatation 
Esophagitis
Ob-'ruction o f crop in birds 

Fore stomachs 
Tympanites 
Impaction o f rumen and reticulum 
Traumatic reticulitis 

Stomach
Abomasal displacement 
Torsion !
Rupture 
Acu<e dilatation 
G a - i r i t i s —

Intestines
Congenita! anomalies 
Circulator* disturb mces 
Mechanical obitruction 
Torsion and vjlvulus 
Intussusception 
Incaceration
Pro'apse o f tectum «
H ernm —- 
Enteritis /

Enteroliths 
Phytobezoars 
Trichobezoars 
C oli granuloma in fowls 
Colic 

Liver
F u n c tio n  
Liver fu action test3 

~ Postmortem changes 
( loudy swelling 
Fatty chang)
) epatitis 
Necrosis 
Cirrhosis S  

Portal ■
Atrophic o r Laennec’s 
Biliary 
Effects of 
Pericellu ar 
Pigment 
Gltssoni ta  
C afdiac 
1 arasitic 

Abscesses 
Cholangiti t 
tTholecy'titis 
Cholelithiasis 

Pancreas
Acute pancreatic recrosis 
Diabetes mellitus 
H \ pctinsultnismr%’

’ Glucagon 
Peritoneum

Ascites 
Peritonitis

- ; - ^  . The Ttgth 4
C aries isdecay o f teeth in wb'ch the enamel is decalcified followed by softe

ning arid discoloration. Caries is ra'her rare in dome-tic animals. This occurs 
occasionally in pet dogs with imbalanced and inadequate diets. The affected 
teeth have, usually, one or more depressed areas, which are brown or black in 
color The organic acids, especially lactic acid, thar are formed due to the action 
o f bacteria on catbohydrates, dissolve;the salts of the enamol. Then, the sam j 
acids ebrrode into the less stronger dentine, which contains in its structure30>vof

3J7
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protrin. The damage lo  the dentine is deeper and most widespread. The opposed 
surfaces of adjacent teeth may be more fiequenlly affected -Enamel F leets"  are 
yellow stained5p.»s on the enamel {n the earlv, incipient stages The affcited 
Kcth are shaky and are very p.nntul and so interfere »im  mastication.

Causes include distuihan>es in calcium and phosphorus metabolism as well 
as dietary defic e cies o f these minerals.

As we have a'ready seen, caries is frequently seen in fluorine poisoning. 
MOU I II AND PHARYNX

M alfnram ations :Olef|s o f the mouth occur due to fiilure in embryonic pro. 
cesses. The most cw n m  n is palatoschisis o r h a relip . In this c ndrtion ihe 
ingesta is I in ty to crt'rr the respira ory passages

S tom atitis : This is diffuse inflammation o f the mucous membrane r.f the 
mouth Hur » hen confuted to  pa 'ti' ular parts o f  the mouth it is known as: .

^G ingiv itisfo r inflam m ation of gums.
g lo s s i t i s  tor inflammation o f the tongue.
Lampas for inflam matu n of the palate.
C heili'is  for inflam mation of the lips.
If  pharynx alone is affected, inflammation o f that part is known as P haryn

g itis . If tonsils alone are affected, then Ihe condition is known a 'to n s i l l i t i s .
_ Stomatitis is a common affection not ced in animals and more of en it is a 

symptom of some other disease. Again, it may he a primary affection or may 
occur as'secondarv to o ther associated diseases viz gastritis or infectious diseasts.

Cause: 1. Physica l (a) T raum a by awns, thorns, burrs, wood pieces, glass 
pieces; sharp bits, irregular sharp teeib; sharp edged 

. feeding utensds
(h) H eat: Hot drenches, (cl eating frozen foods

2. Chemical ; caustic alkalies, corrosive acids, fertilisers.
3. Deficiency o f  vildm ins; a) Hypoviiamino-is A; especially in fowl 

b) Niacin deficiency : Black tongue in dogs—(necrotic stomatitis)
4. M icroorganism s ;
ij Ba CIEKIa ; Actinomyces bovis ; JdinobaciV.us lignieresi; Sphero- 

p  horns necrophorus ;  Ps- udomnnas arm  e inosa^^C ory- 
neharclerium pyogenes ;  Sl-eptnc cci and -iuiphylicocci:

iit FITNtil; M anilla  albicans and Oidiumpullorum  in poultry,
iii) VIRUSES: Foot and Mouth disease; Rinderpest; Virus diarrhoea—

Muc isal disea-e ; infection- Canine Hepa'iiis ; Contagious ecthym a; 
Vesicular exanthema ; Fowl pox, Blue torque in sheep, 

M acroscopically . the lesion stm ts as catarrhal inflammation of the month and 
pharynx with redJ.-nmg and swelling o f the mucosa, which is cr-vered ty  small, 
whitish spo's, ra sed than  the surrounding. “ Aphthou< stomatitis" is the name 
g ven to the condition. These spots may later divelop into small crusts or into 
ulcers.

Thrush: is fonrd  in birds. This is the name given to a condition in which grey 
or ycbowkh this к m .terial ten iciously geis attiched to the mucous membrans.

Vesicular s to m atitis  is the conditidn in «loch vesicles or'b lebs or blislere 
containing fluid are formed од t he mucosa and jeeo Л. Foot and Mouth disease.

3SS
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Infectious Vesicular Exanthema and Infectious vesicular Stomatitis. Rupture of 
the bl'sters results in the formation o f erosions, which subsequently heal.
Catarrhal and vesicular stom atitis may develop into ulcerative variety.

F ib rin o u s and n e c ro tic  s to m a titis ;  are seen in infection by Spherophorus- 
necioph'irus Very severe irritants may cause gangrenous stomatitis.

Fowl pox pro luces diphtheritic stom atitis and pharyingitis in which a grayish 
membrane is found.

S eq u e lae ; 1. Starvation as prehension and mastication areprevfnted.
2. Spread o f  infection to  o ther parts—esophagus, lungs, stomach etc.,
Tum ors o f  the  m outh and pharynx are common. Most common- neoplasms 

in  the dog and calves are the infectious papillom ata, pccurtingjts p lu s e s  рц the 
lips and gums. These are supposed to  be viral iq origin (verruca vulgaris).

Epulis is a fibroblastic tum or, usually.occutiinBiit1 >he gums .consisting of 
dense fibrous tissue witb varying am ounts of,epithelium and л  few giant cells

Carcinom a, sarcom a, fibrom a and melanoma are Other tumors occasionally 
seen.

SALIVARY GLANDS
Pathological processes are very rarely found in the  sail vary glands o f  animals 

because. (1) the salivary secretions have . some anti-bacterial properties: (2 )  
there is good flushing by the secretions and (3) the glands are in fairly we.l 
protected situations.

Foreign  bodies are occasionally found.in thcductssspecially o f the parotid 
and submaxillary glands. T hesesrp  usually, awns, slivers o f wood and kernels 
o f grain, causing inflam m ation. Sometimes,these may .prpducp pbstructipn and 
consequent dii station  o f  the  ducts.

D ila ta tio n  o f  the salivary ducts may occur when the flow of saliva is obstru
cted hy foreign bodies, inflam m atory exudates etc..

When the d ila tation  occurs as cyst on .the floor o f the mouth it is called a 
ranula, which is sm ooth and rounded, containing a  clear fluid and .which can be 
easily ruptured.

S ia lo li th s  are salivary calc il; a n i  are common in horses. These are 
formed by the precipitation o f  minerals around -nuclei o f foreign m atter in the 
ducts Salivary calculi are usually single, 'hod sometimes 'm ay be very large; 
preventing the flow o f saliva. These calculi produce stasis, distension o f  ducts 
and finally atrophy of the gland.

Inflam m ation  o f th e  sa liv a ry  g lan d s; Sialadenitis o r parotiditis is very rare 
in animals and may be due to  traum atic injury or due to infection by bacteria. 
Stasis o f saliva in the d u ;ts  facilitates infection. This m aybe associated with 
Strangles in horses, m astitis in-cattle and distemper ia dogs.

M acroscop ically , the glands are swollen and red, Abscesses may-be found 
in glands and sometimes cvslic dilatations may occur. Inflammation of the 
salivary glands may cause a trophy of the gland.

Neoplasms o f salivary glands, are not .common in .animals.
ESOPHAGUS

Choke; is obstruction o f  the esophagus, occurring in horses and cattle, but 
more common in the former.

335
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C au ses! I. Impacted masses o f feed due to : improper chewing, bad teeth 
and rapid gulping of dry feed.

2. Lesions of esophagus—stenosis or diverticulum—repeated choking may 
occur,

S. Old age.
4, In cattle, large objects o f food —beet root, carrot, apples, potatoes, fetal 

membranes, sticks, wire, (large bones in dogs).
5. Enlarged lymph nodes—mediastinal and cervical.
6- Enlarged thyroids.
7. Neoplasms of adjacent tisssue—especially thymus, thymom a in tiew-born 

animals.
Id the horses choke occurs in the thoracic атса while in cattle and dogs tile 

pharynx is obstructed. Choke may be complete or incomplete. In complete choke 
feed will be returned and water will come out оГ the nostril when animal is 
watered. Inhalation of the feed will cause secondary foreign-body pneumonia.
In cattle, complele obstruciicn will cause dangerous tympany.

ilecause cl pressure, iachcmia\and resultant necrosis develop leading to gan
grene л

Infection may spread to the surrounding tissues—cellulitis o r to  the lungs— ■' 
gangrenous pneumonia Sapremia or toxemia that occurs is the cause of death 
in fatal case .

Partial obstruction will give rise to  dilatation of esophagus above the obs
truction.—the esophageal diverticulum.

Sequelae : I. Death due to gangrenous pneumonia, bloat, cellulitis or asphy
xiation. 2. Ftophageal diverticulum. 3. Rupture o f  esophagus.

DILATATION i FCTASIA) The dilatation o f  esophagus may be fusiform  of 
cylyndrlcal o f  whi.h the former is the more common.

C a u se s : 1. Accumulation of food proximal to  a stenosed area.
2. In ruminants accumulation, o f food during regurgitation on the distal 

side o f stenosis.
3. Trauma from horns etc. rupturing the muscular coat.

Idiopathic, due, probably, to relaxation ot the esophageal muscles conse
quent on nervous lesions.

The food gets accumulated in these areas producing pressure;
S e q u e la e : I. Rupture due to pressure o f the food.

2. The food may become decomposed and produce softening of the epithe
lium, inflammation, ulceration gangrene and death. 3. In ruminants, bloat.

E SO PH A G ITIS .
Inflammation of the esophageal mucosa is rare in animals because of the 

thick and resistant ci ndition o f  the mucosa.
C auses : Trauma—probang; stom ach tube, foreign bodies.
Chemicals—corrosives
Parasites—bot-fly larvae in horses, and hpoderma larvae in cattle.
Persistent vomiting, in dogs and pigs.
Avitaminosis A is Fowls.
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M icro sco p ica lly , the m ucosa is red and swollen. In the catarrhal 
variety, the caudate is mucous. The u'cerative variety is met with in conditions 
caused by trauma (Stom ach tubes), in virus enteritis and in Mucosal Disease in 
cattle.

In the fowl, thallium  sulphate  poisoning produces esophagitis.
When pyogenic bacteria enter the place o f  obstruction iin choke) which 

had become necrotic due to pressure supi-urativc esophagitis occurs.
Sequelae : Usually recovery occurs.^ Sienosis may result if severe. 

NEOPLASMS : Neoplasms o f the esophagus are n'ot’com m on. Of those that are 
encountered, the connectise tissue tum ors o f  the dog m ust be m entioned. Ciju.he 
thoracic portion of the esophagus are found fibicsarcom as and osteogenic sarco
mas that have some connection with Sp'rocerca lupi infection. “The osteogenic 
sarcom a is evidently a m etaplastic m anifestation of the fibrosarcoma. Metastases 
o f  these tumors arc sometimes found in the lungs and oiher tissues.

Carcinoma in cat and hoise and pap illom a in cattle were other tum ors 
met with.

O B S T R U C T IO N  O F  C R O P  IN  B IR D S 
C auses .• 1. Alony o r paralysis o f  wall leading to  stasis o f  food.

2. Ingestion of large quantities o f  dry grain which swell in the crop and 
form  a hard mass..

3. Foreign bodies like w ire etc.
The stagnated food gets decom posed, gas accum ulates and inflammation

sets in.
Sequelae ; 1. Rupture due to  distended food and gas or due to penetration 

o f  a  fore-gn body.
2. Deaih because o f  (a) asphyxia, due to comperssion o f  trachea, (b ) heart 

failure due to pressure on heart, tc) starvation  since food  does not enter the 
proventriculus (d ■ intoxication due to  absorpiion  o f  toxins from fermented foods.

1NGLUVII I IS  r (Inflam m ation o f crop)
A cute ca tarrh a l iu g ln v iitis

C a u se s : I. 1 rauma by foreign bodies.
2. Chemical agents : phosphorus, fertilisers.
3. Toxins from decomposeS food.
4. Infectious diseases.
5 Parasites— Acuaria sp .\ C apiltarla  sp.
Lesions include cogestion, edem a and tym panites. D iphtheritic ingluviitli 

is found in fowl pox. -  ... ...
FO RE S T O M 4 C H S  O F  R U M IN A N T S  ‘ 

TYMPANiTES OR BI O : N orm ally anim a’s get rid  o f  gases produced in 
the rumen by eructation. B loat ( o ’ accum ulation o f gas) can therefore occur 
when the gas is produced at too rap id  a rate  than  can  be eructated or when the 
eructation mechanism is faulty.

Bloat may be acute o r  chronic. The chronic variety  occurs whenever there 
is any hindrance to eructation in the esophagus, e ither within o r w ithout— 
pressure by tumors, foreigb bodies, enlarged lymph nodee. abscesses, constrictions
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or diverticula. Or the les ion may Те in 'the rumen causing decreased contractions 
o f  the ruminal wall as in a'Kmy, serosal adhesions,paresis, diffuse'lymphomatosis.

A cute  Tympanites ; This may be due to choke in e-ophagus. Or it may 
also be due to sudden changes o f feed or to excessive feeding on  legumes that 
are Wet with dew of ram.

There are1 various theories' p ro p  unded to  explain b loat but none of them 
are quite satisfactory. 7 he follow mg arc some o f them.

1 .  " Soihe legumes comain HCN, which is tox c, causing paralysis o f  the 
rnmroai or reticular musculature and so inhibits eructation.

2. Some legume* contain Phosphatase which with arsenates accelerates 
Tirmentation so tB&Y.l3rge quantfty o f CO, is produced.

3. H3S,COi to d  CO produ.ed in large quantities casuse paralysis of 
lum inal muscies.

4. If fed excessively on green plants only, which do not contain sufficient 
stiff fibres, the mucosa of the rumen is not adequately scratched to elicit the reflex 
contraction o f the musculature.

Saliva which has im potiant antifoarrting properties plays a significant* part 
id th e  prevention o f bloat. Mechanical stimulation of cardia, especially by 
roughages, increases the r<ce of secret on of saliva. But with ingestion of young 
succulent legumes, too iits'e saliva may be secreted and so 'foam ing is not counter 
ateted and bloat results. Hence hay or srraw 'must be fed liberally  when animals 
are fed with succulent legumes. Mucin in saliva prevents formation of froth. 
But rum inal mueindlylib bacteria may destioy salivary mucin thereby producing 
bloat. I'olysaccharides produced by capsulaied rum inal bacteria maybe ano.ber 
etiological factor in bldat.

Interference with the nerve pathways that зте responsible for the eructation 
reflex May also lead tbtyfrfpany. The receptors fof this reflex are in the feticu- 
lum and the afferent and efficient nerve fibres are in the vagus nerve. Any lesions 
In this nerve may, therefore, lead to  bloat, since the reflex that leads to eructa
tion is interrupted.

Bloat is of two varieties: the dry arid frothy. The form er b le s s  harmful 
since in this cord--,ion the gases can be more easily got rid  o f  by eructation u a  
the other hand, m the lrothy bloat. Hie gas ts trapped as small bubbles in the 
fluid forming a foamy mass, which is not easi1/  eructated. The following are 
supposed to produce frothy bloat.

1. Saponin found ia plants is incriminated. Saponin is a  good saponifying
agent. ... ... -

2. Water-soluble proteins o f the legumes are capable o f forming Trbfh. 
T h b  is probably of g ra te r  importance than  No,-1, siace bloat was observed even 
Is animals fed with-low-saponin plants.

3. Changes in surface tension and viscosity. I t  was fooed that vl) feeding 
times: (ii) kinds o f feed and (iiil am ounts o f wartei, change the- viscosity and 
•urfaoe tension. Thnse increasing the viscosity and lowering the surface tension 
produce froth; NorMally^-m rumen duC4o bacterial activity, fatty atrds are 
produced. Theso increase- the surface tension. If  tho production of these fatty
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acids is decreased then their protective action is not available and so surface 
tensio;'» wilt be lowered.favouring froth production. This is the theory behind 
the use o f vegetable oils in the treatment o f bloat.

Distended rumen compresses other abdominal organs and causes passive 
congestion since the pressure on thin-wallvd veins impedes circulation. Along 
with this, there is torward thrust on the diaphragm, pressing on the lungs, which' 
become smaller and sometimes atelectatic. The result o f this is hypoxia and 
ultimate asphyxia and death.

In animals that die of bloat, besides congestion o f  the abdominal viscera, 
one may notice hemorrhages on ihe serous mcmbrai.e of the lungs, on the peri
cardium. on the tiacheai mucosa and in the lymph Dodes o f head and neck. 
Blood is tarry, as in Anthrax, The bronchial lymph codes may be hemoribagic. 
Liver is pale. Sometimes the rumen or diaphragm may be ruptured. If the 
animal is dead for some hours, the ruminal epithelium peels off.

Sequelae; If quickly relieved, acute bloat can be cured. If not, death may 
supervene due to asphyxia.

Im paction o f the  rumen and re ticu lum
This is a  common couditon in cattle, the im portant feature of which is 

that the rumen stops functioning, the musculature does not contract and so the 
food ingested stagnates. ,

Causes: 1. Overfeeding with large amounts o f highly fermentable carbo
hydrate feeds.

2 Penetration of the wall o f  the rumen or reticulum by sharp objects— 
wire, nail etc,

3 Lack of water.
1 4 Dtfectivemastication and insalivation due to defects in teeth or lesions

o f the tongue.
5. Paresis of rumen which may occur due to injury to vagus by pressure 

from abscesses, tumors, tubercular nodules, swollen lymph glands and ruminal 
displacements.

Lask of exercise and debility are supposed to predispose the animal to atony 
o f  rumen. Tight packing of the rumen leaves no room for bacterial growth and 

.norm al ruminal fecmen'ation and d geslion. This leads to  weak contractions 
o f the.ruminal and reticular walls and so the food does not get propelled. The 
stagnated fond becomes putrified with the liberation o f foul smelling gases- 
Anorexia develops and regtug tation stops.

In some aeimals, diarrhoea may be present if the putrid ingesta finds its 
way into the intestines c au in g  enteritis. In mild ia<es, if  the primary cause Is 
removed, normal state may. be regained. But in severe cases, Toxemth will cause 
death At necropsy, the rumen will be found to contain hard, caked, undigested 
food, with evil smelling odor.

Tne pathogenesis of atony and impaction of the rumen after ingestion of 
large quantities af carbohydrate-rich feeds is as follows; th e  catb «hydrates are 
fermented by gram positive organisms, notably Streptococcus bovis, with the 
formation of lactic acid, resu'-ling in lowering of pH m tK e_ rum tnat "contents to 
us low as 4 or 4.5 from a norm al 5.5 to 7. 5. Due to the production of lactic acid
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the osmotic pressure of ruminal contents increases and so fluid is drawn into 
the rumen from the blood and-so hemoconcentration, anuria, dehydration and 
circulatory collapse result. As the pH of the ruminal constituents falls, the 
motility of the rumen decreases and there may even be complete stasis. At the 
lowered pH, the normal microflora of the rumen are destroyed, the lactobacilli 
and streptococci thrive and the salivary secretion ceases' so that the buffering 
action o f the saliva is absent. Absorption o f the lactate causes acidosis. His
tamine may also be produced in the rumen which on absorption is toxic.

In such an atonic rumen, in which the normal microflora are lost, Fusi/ormis 
necrophorgs and fa ngi of ibefanyly Mucoraceae (those belonging to  the genera 
ifu c o r , Khizopus and у Ш /'та /invade the rum inal Wall producing m m initis and^. 
ulcers.

In animals that die o f acute atony, the contents of the rumen and reticulum 
are thin, porridge-like and bulky. The cornified epithelium is soft aDd peels off 
easily, exposing hemorrhagic areas underneath. The blood is dark  and thick. 
Lungs show bleeding into the alveoli and bronchi. Heart m usculature»  flabby. 
In animals that survive for three days and more, demyelination o f  the nervous 
system may occur. -

C om plications : Enteritis, peritonitis and ketosis.
Traumatic re tic n li t is

This is a very common condition in older cattle. These animals ingest and 
swallow, along with their feed, a wide variety o f sharp objects like needles, 
nails, pieces o f fencing wire and screws. Contraction of the rumen and reticulum 
durina pregnancy may aid in the development o f  the condition

The sharp objebt pierces the wall of the reticulum during its contractions. 
Usually, it pierces the antero-ventral wall, w h ich 'is  near the diaphragm. The 
passage through it is usually slow and so the track formed by the moving Dail is 
thickened by a  dense fibrous wall, piercing tbe diaphragm, the foreign body may 
enter the pericardium and even the heart, producing inflammation enroute. Cr 
sometimes, it m ay take a downward slope and pierce the chest waif near the 
xyphoid cartilage forming an  abscess there

A t the point where the object pierces the reticulum,- a localised peritonitis is 
formed and so adhesion o f the reticulum to the diaphragm at this place occurs!

The sharp object may sometimes penetrate the Jungs or the liver o r the 
spleen. I f  not contaminated, only mechanical injury t о the affected parts is seen. 
Traumatic pericarditis with serofibrinous or purulent exudate may be the result 
when the pericardium is affected. '  Other sequelae of traumatic reticuljtis are : 
vagus indigestion, when the ventral branch o f  the vagus is affected by the infla
mmatory and scar tissue formed .by the penetrating foreign body ; diaphragmatic 
hernia that may occur due to weakening of tbe diaphragm by lesions produced 
by the foreign body ; abscesess of liver and spleen and death due to  rupture of 
left gastroepiploic artery.

At necropsy : The thick-walled track followed by the foreign body and 
adhesions o f  the reticulum to the diaphragm may be clearly seen. Along the 
track may be found abscesses and fistulae connecting one abscess to the other^
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Fibrinous pericarditis with hypertrophied myocardium may be seen if foreign 
body has entered the pericardium.

U lcers of the fore stomachs may be seen in cattle occasionally . and are 
usually due to S . necrophorus infection. These ulcers may be found in animals 
that are started on heavy grain feed and also in calves kept on milk. Chemical 
ulceration due to corrosives may occur, though rare.

Ulcers arc seen in Viral diarrhoea and Mucosal disease.
Hepatic abscesses are considered to be complications o f ruminal ulcers.

THE STOMACH
MALPOSITIONS:

Diaphragmatic hernia of stomach may be met with in dogs and cats involved 
in automobile accidents. The diaphragm.-is ruptured and the^fomach enters the 
thoracic, cavity.

Ahnmasal displacem ent: Abomasum may be displaced from the normal
position either to the left or to the right. But th» left-sided displacement is more 
common, in which it comes to He between the rumen and left abdominal wall. 
The greater curvature of the body of the abomasum which is more mobile slips 
under the ventral ruminal sac.

Causes : This condition is met with more frequently after parturition. It is 
suggested .that during pregnancy the rumen may be lifted by the expanding gravid 
uterus and the abomasum may slip under the rumen. After parturition, when the 
uterus recedes, the rumen is dropped to its normal position, when it traps the' 
the abomasum. Atony of the abomasum due to feeding large quantities of 
concentrated feeds is a contributory cause for the codition to  continue without 
any tendency at correction. Atony may be caused by the inhibitory effects of high 
fat or protein feeds. Post-parturient diseases Tike milk fever, mastitis, metritis 
and ketosis may cause atony of the abomasum? Abomasa! displacement has been 
met with in cases treated surgically for chronfc indigestion. In such cases the 
incisions made are the weak spots where the abomasum may slip through. 
Violent activity like jumping in estrus, may be a cause in non-parturient ^ cases. 
A hereditary predisposition may exist.

Symptoms manifested are vague and are liko those of chronic indigestion— 
anorexia alternating with voracious appetite,* abdominal pain and ruminal tymp
any. Animal loses weight rapidly, is listless, dull and has a tucked-up-appea— 
ranсe. The dung is scanty but soft (not caked as in chronic acetonemia). Mild 
kutomtria is present. Frequent abnormal tinkling abomasal sounds may be-heard 
at the level o f paralumbar fossa.

. Due to  pressure and compressiMkthe normal function of the abomasum is 
interfered .with. Because of the abnormal position(consequent on the displaced 
position o f the abomasum). the function of the esophageal groove may be affected.

D iagnosis: Displacement of abomasum must be differentiated from
chronic acetonemia,traumatic reticulitis, vagus indigestion, diaphragmatic hernial 
pyelonephritis and .Lymphomatosis. Laparotomy may be needed for diagnosis.

Treatm ent consists in correction of the condition by (1) rolling the anima, 
gently. If this is not successful, (2) the animal is operated on the left or. both
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Banks, the rumen raised, the abomasum released and replaced in its original 
portion.

(UTORSION of the stomach may sometimes be seen in old dogs. There is 
twisting of the stomach around the esophagus. This is due to sudden movements 
(jumping, rolling etc ) especi a ly wtieu the stomach is full.- With the esophagus as 
the pivot, the heavy stomach rotates clockwise. The twist closes both the openings 
of stomach and so gastric tympany develops with icsultant dyspnoea In some 
cases the stomach may rupture. As the blood vessels arc compressed, there may 
be congestion and hemorrhage The contents of the stomach are blood stained.

RUPTURE OF STOMACH; This is common in the horse and is usually 
due to tympanites and dilatation. Sometimes trauma and violent gastric contrac- 
ions may be the causes.

ACUTE DILATATION OF THE STOMACH is due to excessive amounts
offend or gas accumulating in the (tomach. ,

Causes; I. Overeating; especially with grain in horse.
2. txcessive fermentation when easily fermentable foods are eaten.
The following tactors act as accessory causes ; Obstruction of the pylorus, 

(by rags or sacking n calves), reflex closure of the pylorus, aiony of the gastric 
musculaiure, incomplete mastication due ro poor teeth, diseases o f the stomach 
wall and hard wor k immediately after feeding, external compression o f  the pylo
rus b> hpoma in horses and lymphocytoma in cattle.'

T he accumulated Teed and gas in the stomach cause such a stretching of the 
gastric wall that consractions are interfered with. And th s stretching lauses 
severe pain also. Dilatation of the stomach cau-es vjmition. Loss of fluid may 
result in fatal dehydration and alkalosis. Rupture will result due to stretch ng 
of the muscle fibtes, when death will occur due to shock.

The stomach which is dilated 4 to 5 times its normal size presses upon other 
organs: pressure on diaphragm and lung results'in dyspnoea and , congestion. 
Sometimes the diaphragm may rupture. Obstruction of tne pylorus due to a tumor 
or cicatricial constriction and wind sucking may cau>e recurred dilatation with 
resultant hypertrophy of the muscular wall of the stomach.

CJASTRITIS
Inflammation of the stomach is a fairly common condition in aoimals. It 

may he primary or may b e secondary to some other infections, as in ranino 
distemper, viral diarrhoea, swine etysipelas. Gastritis may be acute or chronic 
Cmitrs may. be the same for bo.n but of diffjrcnt severity and acting for different 
lengths of time. , ‘ ; • •_

'A .  Physical: 1. Overfeeding, causing dilatation-of stomkefc, is always 
accompanied by gastrtis. ~

2. Feeding with frozen roots causing bloat, produces gastritis.
' 3. Feeding very coarse material (eating bedding in horses and dogs.)
4.4 Faulty dentition, preventing mastication is another cause of gastritis.
3. Foreign bodies may traumatise the gastric mucosa.
o. Spoiled, mouldy and fermented hay and silage.
2. Too sudden changes of feed n.ay also bo responsible.
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В. C h e m ic a ls ; ) .  Caustic and corrosive chemicals like mercury, lead; cOp- 
per, arsenic and phosphorus.

2. Toxic plants. .
3- Uremia; (Excretion gastritis is caused by the excretion of th e \ poisoning 

material through gastric glands.)
4. Feeding easily feimentable foods liberates irritating substances which

produce gastritis. '
5. Feeding heayily fatigued animals has the same effect as number 4 above," 

since in  such animals, the feed is not easily digested, stagnates, ferments 
and so produces irritation.

6. S tre s s  ; In stress, adrenaline isj produced in large, quantities? which is 
responsible for gastritis. This is seen in nervous dogs and In calves 
separated from their mothers

C. B a c te r ia l ;  In calves— enterotoxemia, colibacillosis ; pigs—erysipelas, 
vibrionic dysentry.salmenellosis, colibacillosis.

D. V iru ses; Pig—bog cholera; transmissiblo gastro-enteritis in baby pigs
C a ttle : rinderpest, mucosal disease. ’ c

E F u n g i ; Mucormycosis, moniliasis and aspergillosis cause gastritis In 
many animals.

F . P a ra s ite s  ; Stomach worms—Trichostrongylus, Hemonchus, Ostertagia, 
larval paramphistomes in rum inants. Larvae of Habronema and Gaste- 
ropbihis equi in horses. In pigs Hyostrongylus rubidus, Ascarops S'ron- 
gylina  and Physoccphalus sexalatus.

у /a general, close confinement and insanitary conditions where bacteria thrive 
contaminating feeds and feeding utensils are predisposing factors.

Gastritis may be acute or chronic. Acute gastritis may be catarrhal, fibrin
ous, suppurative, hemorrhagic or necrotic, depending upon the cause and their 
severity. By far the most common is the catarrhal and to a lesser extent, the 
hemorrhagic.

C a ta rrh a l g a s tr i t is :  M acroscopically ,there is increased thickening and. red
dening'of the gastric mucosa. A thick mucous exudate will be found  Covering 
the mucosa, which in some places may show ulceration. I f  severe, there m aybe 
hemorrhages and the gastric contents may be blood stained.

M ic ro sco p ica lly , usual characteristics of inflammation—hyperemia, 
exudation and leucocytic infiltration in the mucosa are noticed. Some o f the gastric 
glands may be damaged and !os,t. ...

Acute hem orrhag ic  gast: i tis  is also common: Oiieto^hemorfhage.ihe mucosa 
is bright red in color and the gastric contents are blood stained. Digested blood 
impaits a brownish coloration to the contents Besides, the changes described 
under cattrrhal variety are seen Hemorrhagic gastritis is met with in aefite 
infectious and intoxicating diesases like pasteurellosis, braxy, uremia, leptospi
rosis (in dogs) and in caustic chemical poisoning.

in gastritis, food does not get digested, motility of the gastric wall is retar
ded and irritation may produce pain and vomition.^
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PA RASITIC GA STRITIS
1 Special m ention must be made o f parasitic gastritis, since this is very 

common in animals. The p a rad e s  that produce gastritis are: 
fig s:—В  \ o sn o n g \lu i rubidus, Physocephatus sexalatus. Simondsia paradoxa, 

Ascnrops slronyylina.
Cat:—Gnatho.itoma spinigerum.
Cattle;— Hemonchu. contortu*, Osrertagia osrertagi. Trichostrongyhs a x e l ,
Sheep— Same as above
Hordes:— Tricknstrcngylus axei, Gasterophilvs cqui larvae; Habronema larvae.

■1 he strongyies are blood suckers and  they produce minute injuries on the 
mucosa The larvae may burrow into the.mucosa for completion o f  their life 
cycle and thereby cause damage to Vherglarids' and epithelium. Heavy infestation, 
besides causing anemia, will produce . cattrahal gastritis. Gasterophilus in the 
stomach may produce ulcers while Habronema larvae live in .granulom atous 
nodules which may be infected by secondary bacteria and which produce 
abscesses

CHRONIC GASTRITIS in animals has usually the rame causes as the 
acute but operating for a longer time. Sometimes.it m..y be secondary to  chronic 
gastric dilatation and hepatic cirrhosis. Partial anemia in the former and 
passive hyperemia in the latter decrease the local resistance thereby facilitating 
infection

This condition is usually o f a hypertorphic type with thickening o f  the gas
tric wall. The mucous membrane is thickened and covered wjih tenacious, 
viscid glassy mucus. Mouths o f the glands may be occluded resulting in reten
tion cysts.

M icroscopically , there is desquamation o f the epithelium with increased 
Interstitial connective tissue and this is the cause for exaggeration o f  mucosal 
foldings. Hyperplasia o f gastric glands and hyperplasia o f muscle fibres with 
Infillration of inflammatoiy cells and hypertrophy of hasa! lymphocytic nodules 
are other features seen. The mucosa may be thrown into polypoid folds giving 
rise to polypoid gastritis.

QA,$I R1C ULCERS are common among animals. Calves are more often 
affected. Usually gastric ulcers run an acute course, heal prom ptly and seldom 
become chronic as in man. So m ost often these ulcers are seen postmortem. 
Srpall superficial defects are known as erosions and these are com m on among 
ruminants Gastric ulcers o f animals rarely perforate.

* The exact causes of gastric ulcers are still obscure. The following are some 
of the causes cited. ; : -■_____

1. T raum a : This appears to be the commonest cause o f ahom asal ulcers 
jn calves. In  early weaning of calves (before fourth week after their birth) when 
they are put on roughages before the fore-stomachs have attained their full func
tional development and before rum ination has started, the coarse plants irritate 
the tender gastric mucosa producing gastritis which results in ulcer formation.

2. In fec tions; Erosions are common in the abomasum o f cattle m rinderpest, 
mucosal disease, pox and bovine malignant catarrh.
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3. C ircu la tory  disturbances; In intense hyperemia (stasis! focal hemorr
hages by diapedesis. that may occur through vascular nerves, the involved epithe
lium, because of disturbed nutrition, undergoes autolysis or even nercrosis and 
then is acled by the gastric juice: which digests it. Because the hemoglobin is 
digested by acid the area becomes brown in color. Such vascular .sia>is and 
hemorrhages are found in many infectious diseases— f> ot and m outh disease, 
canine distemper, rinderpest, rabies, purpura luinorrhagica and in uremia iD 
which toxemia is present.

4 Nervous effects; The sympathetic a.id the vagus nerves control the secre
tion and blood circulation o f abomasum. Any factors that disturb these nerves 
may produce stress, hemorrh; ges and increased secretion of glands Stress in 

. pregnancy and abomasa! displacement may cause-such disturbances and so it is 
that abomasal ulcers are common in post-parturient dairy cows.

• Vasoconsui.tion produced by adrenaline in stress is thought to  be another 
factor. Vagus indigestion causes atony of abomasutu and ulcers ate thereby 
caused there.

5. O bstruction  of pylorus in calves and adult cattle is another cause of 
gastric ulcers. In calves pylorus may l e obstructed by foreign bodies o r coarse 
feed. In adult cattle pylo..c obstruction occurs ia traumatic reticulitis and in 
abomasal- disp'acemcnt.

6. C hem icals: Corrosives and escharotics may act either directly on the 
mucosa or indirectly through their action on the nerves.- Grazing on pastures

. heavily fertilised with nitrogen is associated with gastiic ulcers.
7. P a ra s ite s : ln'horses larvae o f Gasterophilus species and Hebroncmo 

megastoma cause gastric ulceration.
8. N eop’asms o f the stomach, especially lymphocytoma, are accompa

nied by ulceration.
9 N u tritio n : Nutritional hepatic dystrophy (due to de5ciency o f vitamin E) 

in pigs is associated with gastric ulceration. Occurring in the young pigs, there 
may be heavy m ortality due to massive hemorrhage.

10. F u n g i:-  M ucorsp and Monilia sp. cause gastric ulcers in pigs.
M acroscopicalty , the erosions (in cattle) are of the size of a millet and usually 

affect the mucosa superficially. Slowly;- by the action of the gastric juice the 
erosions may enlarge and become deeper to form ulcers. Sometimes blood 
vessels may be eroded and fatal hemoirhages may result.. But this is Dot so 
eommon in animals as in man. The ulcers t.re usually demarcated, having raised 
borders and so have a punched-out appearance. The base of the ulcers may be 
the propria or submucosa or muscular coat or in some cases be even the serous 
coat. When the serous coat is the base, perforations are liltcly to occur.

M iroscopically , the erosion is covered by an exudate consisting of mucus, 
fibrin and inilammatory cells.the epithelium is desquamated and the sub-mucosa 
may be infiltraied by large number of leucocytes.

Fate  of the ulcersiU lcers develop very rapidly. The abomasal ulcers develop 
In three to four days. Perforation, when it occurs, may happen in six to se\en 
days.

3*9
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Most o f the gastric ulcers heal b> the formation of granulation tissue, which 
fills from the base of the ulcer. The resulting scar tissue |which contracts) is 
covered by the epithelium of the mucosa. Destroyed glands are not regenerated. 
Healed gastric ulcers have a star-like appearance.

Hemorrhages and perforation resulting in fatal peritonitis are the complica
tions seen in some ulcers. Stress that may occur in lactation- may be one o f the 
causes o f  perforation o f abomasal ulcers in cattle. Progressive anemia and ema
ciation may result in some cows.

N eop lasm s: Most common is the lymphosarcoma of the wall o f the abo
masum in „the bovine. Other tumors seen are : Leiomyoma, adenocarcinoma.

INTESTINE . r‘ *■ •' -
C ongenital anom alies : A tresia  o f the intestine may be found as a heredi

tary defect among cattle. . ._ )
In pigs and foals a tre s ia  of rectum is an inherited lethal characteristic:
In cattle, im perforate  anus at birth is a semi-leihal character.
P e rs is te n t om phalom esenteric duct is known as Meckel’s diverticulum, 

which is sometimes met with in pigs and horses and is probably hereditary. This 
may produce complications since it may become obstructed orinfiammed or even 
ruptured resulting in peritonitis.

S tenosis o f  the intestines sometimes occurs congenitally.
CIRCULATOR У DISTURBANCES

Acute p assim  hyperem ia occurs in conditions where there is sudden 
obstruction to the venous out flow as in prolapse, torsion, hernia o r intussu- 
ception. The involved part is dark-red in color, and swollen. There may be 
effusion into the peritoneal cavity and edema of the intestinal wall. Hemorrhages 
are common. Due to • acute passive congestion, the following may result: 
enteritis, necrosis, gangrene, rupture, peritonitis and death.

Chronic passive congestion is common in liver diseases o r obstruction of 
the portal vein or may be part of the general venous congestion (with lesions in 
the heart and lungs)- The veins are dilated and stand out prominently. The 
intestioes become predisposed to enteritis. The intestinal wall is thickened and 
edematous and ascites is also found. In long standing cases, there is fibrous 
thickening of fHe wall and atrophy o f the glands.

H em orravages are common on the mucosa and serous surface o f  the intesti
nes. The causes are;— blood sucking parasites, hemorrhagic diseases, entero- 
loxaemia (in sheep) and specific infections in which this is a lesion.

In fa rc tio n  : If  circulation is obstructed either by embolus o rfro m  pressure- 
from the out side, infarction may result.-. Putrefactive organisms normally fesi- ' 
dent in the bowel invade the infarcted part producing gangrene.

Throm bosis : Thrombosis o f the intestinal vessels is common in the horses 
and is mostly due to larvae of Suongylus vulgaris.

The infective larvae burrow into the mucosa and travel along the intestinal 
arteries, crawling against blood flow along the intima and.reach the anterior 
mesenteric artery where they settler At that place the endothelium is damaged 
and a thrombus is formed. This thrombus may become organised and canalised. 
Complete organisation of the thrombus is prevented by the penetration of larvae
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which produce irrita tion . The dam age caused by the penetration of larvae as 
well as their continued presence so weakens the wall o f the artery that an aneu
rysm may develop. Due to  the replacem ent o f  the elastic tissue by fibrous tissue 
the resilience o f  the arterial wall is curta iled  and so it cannot con tract when 
stretched and so  dilates (aneurysm). T he wall mav enlarge gradually  and some
times may rup ture. Calcification o f  the  fibrosed wall may sometimes occur but 
this still more weakens the wall.

O f various branches o f the an te rio r mesenteric artery, it is in the right 
branch that throm bus more often occurs. This branch supplies the ventra 
colon and so throm bosis o f the vessel produces ischemia o f these parts. Ische
mia o f  the parts results in atony o f  the musculature leading to  decreased peris
talsis and so to stagnation o f  and  TmpactiOiS Sy the ingesta. Gas may be produ
ced if  fodder is succulent. A ccum ulation of gas and im paction give rise to 
colic.

Em boli from  the thrombus may occlude some branches o f the  artery result- 
lug in  in farc tion , gangrene, shock and death.

M e c h a n ic a l obstruction
C auses : C o n g e n ita l ; Atresia and  imperforation have already been described.

A cquired  : (a) S te n o s is  may be due to  pathological lesions: hem atom a, neo- 
' plasms, abscesses, and chronic inflam m atory scars, displacements like torsion, 

volvulus, inlussuception, hernia.
(b) Im p ac tio n  :

(i) Foreign bodies—Bone, stones, cartilage, rubber b a ll, rags, golf balls.
(ii) H air balls—in cats.

(iii) Im pacted undigested coarse food, especially in the horse; sudden chan- 
‘ • ges in feeds and faulty den titio n  are accessory factors.M ay also be found

in  dogs—coproliths.
(iv) Im pacted meconium in new b o m  animals.
(v) Parasites—masses of ro u n d  worms-, in pigs and fowls and tape worms in 

sheep.
(vi) Enteroliths.
(vii) M eoplasms—lipoma in h o rses.
O bstruction causes weak peristaltic  movements o f  the bowel above the points 

of obstruction, resulting • in dehydration  of the contents a t  th a t place. Spasm's 
with violent contractions o f the gut above the place of obstruction causes intense 
pain (colic) and sometimes rupture  m ay occur. Vomition is an  usual symptom 
o f intestinal obstruction in dogs an d  cats.

'-P M acro s co n ic a lly , the place where obstruction has occurred is found to  bo 
distended. The contents are h a rd , w hich pressing on the mucosa may cause 
necrosis and erosion. U ltim ately stenosis may develop a t this part. Rupturo 
and peritonitis leading to death  m ay result if  the obstruction is no t relieved.

TORSl& N is a  twisting o f  intestines on its axis.
VOLVULUS is a twisting o f the. bowel on itself as occurs when it passes 

through a tear in the mesentery! These conditions seen in horse more frequently 
may also be met wiib in other anim als.

C auses : 1; Violent m ovem ents as in rolfingand struggling.
2. Violent peristaltic m ovements.
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3 . Foreign bodies—sand or enteroliths.by iheir weight make the pan  heavy 
and aid in its winding around other parts.

4. Gas. Accumulation of gas makes the part bulge and twist round other 
viscera.

Torsion occurs more often in the small intestines, which have a long mesen
teric attachment. In the hoise, the right colon is fixed by ligaments and so 
torsion occurs in the left and transverse colon. In the cattle torsion of cecum 
is more common.

The changes that occur in torsion are — acute passive congestion leading to 
edema, hemorrhage, gangrene, peritonitis and death.

- M icroscopically , the affected portion isswollen and darkened in color. The 
wall is very easily tom . Peritonitis may be evident in some

INTUSSUSCEPTION is telescoping of a portion of intestines into another, 
usually the anterior into the posterior, and occurs mostly in the jejunum and 
cecum in dogs and cattle. Along with the portion of intestines, its mesentery 
also is dragged along and so there is compression of the thin-walled veins result
ing iD acute passive hypermia.

M acroscopically, the affected part is dark-red or bluish and swollen. 
Usually gangrene and peritonitis supervene terminating in death.

!□ some stray cases, the invaginated portion may be. sloughed off.Jjpaling 
occurring by granulation tissue ^Epithelium covers the scar. But at the site of 
scar, circular stenosis may form. Death in volvulus and other intestinal displa
cements is due to : К Acute anemia which may occur due to extensive hemorr
hages into the intestine and peritoneal cavity. ^3r-Asphyxia and heart failure 
due to compression o f lungs and heart by pressure on the diaphargm by exetssive 
gas formation 3f Rupture of intestines and stomach lead ing to  peritonitis and 
absorption o f toxic products, 4. Toxemia due to absorption of toxins from 
decomposed food and bacterial growth .

(^^C A R C B R A T lpN  of the intestine is trapping of the intestine internally, 
from pressure on its external surface. Incarceration may oedur due to.

(i) adhesion of the intestxc to other abdominal organs........
(ii) the loop of intestine may pass through the epiploic foramen of 

of Winslow
(iii) occasionally a persistent urachus may cause incarceration.
(iv) Similarly an adhesion to the uterus may cause this condition.

. (v) when the bowel passes through a fissure of the mesentery, congenital 
o r acquired, incarceration may supervene . •

The changes in these conditions are similar to those found in acute passive 
congestion viz. stagnation of the intestinal contents, followed by venous stasis 
due to non-return of venous blood as the thin-walled veins are compressed; 
edema, infarction, gangrene and peritonitis. Ultimately rupture, shock and death 
occur.

PROLAPSE OF THE RECTUM : Sometimes the rectum protrudes through 
the anus. The causes are straining, irritation, abdominal pressure, diarrhoea, 
increased peristalsis and constipation.
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M icro sco p ica lly , the rectum, bright-red  in color, will be found hanging 
through' the anus.. It may be edematous and soon becomes gangrenous. The 
changes are similar to those found in incarcerated intestines. If  not attended to 
early, the prolapsed rectum will be pecked by fow Is or injured by swine. Due 
to swelling, fecal matter cannot be voided. Antemortem prolapse can be distin
guished ftom  the post-mortem prolapse by the absence o f  congestion in the 
latter.

HERNIA c f the abdominal organs is the protrusion cf the abdominal vis
cera through a natural or artificial opening. Hernia o f intestines is commonly 
seen in domestic animals, especially the pig and horse.

« The intestines may pass through a natural opening, th e ’ Internal inguinal 
opening which is patent in th e  males. The umbilicus, if  no t healed is another 
site c f  herina. Other causes are traum a when the abdom inal muscles may rupture 
o r even the dipbiagm may trar resulting in the intestines passing through the 
opening Violtm straining during  parturition or defecation may also be another 
cause.—

Depending upon the location, hernia m aybe external o r internal (diapharg- 
m atic, pelvic). /

Among the external, are;—
The ventral./»  hen the abdominal muscles are ruptured . This is common 

in horses (spontaneous in pregnant marcs) and occasionally in cattle. Causes* 
T raum a:- H ern  injuries, kicss. autom obile accidents, laparotom y and castration 
scars. In pregnant ewes this may due to  m uscular degeneration of nutritional 
origin.

The um bilical when the bowel passes through a  congenital or acquired 
defect of umbilicus and seen in foals, calves and pups.

The inguinal when the bowel passes through the internal inguinal ring. 
T h s  is not so common in animals as in m an, because of horizontal position: seen 
in  colts and pigs.

S c ro ta l  herina: the intestines slide into the tunica vaginalis aloDg the ingui
nal canal in contact “ ith the spermatic cord. The testes may undergo thermal 
atrophy when in contact with the intestines.

Fem oral hernia may develop when the omentum and intestines pass through 
the femoral triangle along the femoral artery and so the bowel is found on the 
inner surface o f  the thigh.

T he p erineal hernia may occur in old dogs due to violent straining in cases 
o f enlarged prostate. •v raee^ 'B r

External hernia consists o f ;— (i) a hernial sac formed by the parietal perito
neum and the covering skirt. (ii) a  hernial ring which is the opening in the 
abdom inal wall and (ii) the hernial contents.

I f  the hernia] contents can be returned into the abdom inal cavity it is called 
a reducible hernia. But if it cannot be so returned is is called irreducible. The 
causes o f  the latter are;— (i) adhesions between the visceral mass and the hernia) 
sac. (1 he adhesions arise due to inflammation of the peritoneum ) (ii) accumu
lation. o f  ingesta in the loop of intestines makiDg It too  bulky to be reducible and
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(iii) venous stasis, due to incarceration, whereby the volume is so increased that, 
the bowel cannot be reduced.

If the hernia does not have a parietal peritoneal covering of the viscus, it is 
called a fa lse  hernia. In such cases, opening of the skin will reveal the bowel. 
The condition is called eventration.

Strangu la ted  hernia is one in which the blood supply is cut off by the 
pressure o f  the hernia) ring through which the intestines pass. If not relieved in 
time, this condition is fata] since infarction, gangrene, peritonitis and shock will 
develop within 24 to 36 hoars.

ENTERITIS
Enteritis is the term denoting inflammation of the whole o f  tbe intestinal 

tract. But usually it is applied to the inflammation o f the small intestines. The 
inflammation o f the colon is called colitis, that of cecum typhlitis end of rectum
proctitis.

Enteritis is very common in domesticated animals and fowls and is of im
mense economic importance.

Since enteritis occurs along with gastritis (the same irritants causing gastri
tis passing on to intestines produces enteritis also) gastro-eutetftis is a frequent 
condition met with.

Causes are many and varied and they include, bacteria, viruses, protozoa, 
rickettsia, helminths, fungi, chemicals, disturbed metabolic processes as in rumi- 
ants, venous congestion as in portal hypertension and congestive cardiac failure, 
toxins of Clostridia, conforms and spoiled or mouldy feedS'and avitaminosis. In 
enteritis, the whole length of the bowel may not he affected, inflammation locali
sing only at one part or the other.

Based on the nature of the exudate and the changes produced in tho intesti
nal tract, enteritis is classified, as catarrhal, hemorrhagic, fibrinous, suppurative 
and necrptic. ~  ’ «''' ‘

Acuta catarrh a l en te ritis  is the mildest c f  inflammations of the intestinal 
tract, occurring in a  diffuse manner throughout the bowel.

Causes include mild irritants like foreign bodies, sand, coarse feeds, bites o f 
parasites (hook worms), chemicals and drugs, Vibrio coll (causing winter diarrhoea 
in cattle), /scute catarrhal enteritis may be noticed in

i) Enteritis in sucklings—scours in calves, lambs, foals and piglets caused 
by E. coli, pasteurejla, salmonella, proteus, vibrios and streptococci.

In calves and lambs avitarpinosis A is a predisposing factor while in youpg 
pigs deficiency of animal proteins and trace elements predispose them to infections. 
In such a state, the organisms are able to gain a foothoid auu thrive causing he 
disease. „ .

ii) Viral Diarrhoea-Mucosal Disease in cattle.
iii) Enterotoxemia in sheep.
iv) Virus gastroenteritis in pigs.
v) Salmon poisoning in dogs.

vi) В W.D, infectious cloacitis, pullet disease and ornithosis in fowls.
vii) Oral antibiotic therapy may cause enteritis in two ways: (1) these may
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themselves be irritants o r (2) they may so alter the intestinal flora that there is 
over growth o f other bacteria (Staphylococci, Proteus sp; Fseuaomonas sp) and 
fungi (Candida albicans) which are normally kept under restraint and so enteritis 
results.

M acroscop ically , one should be able to distinguish this condition from 
the normal hyperemia that occurs during active digestion. The mucosa is reddish 
in color and slightly thickened, covered with a mucinous caudate. The Peyer’s 
patches are prominent being hyperplastic, outlined by а гопе of hyperemia.

M icro sco p ica lly , the edema of the intestines is due to exudate with leuco
cytes in the lamina propria and to  a little extent ia the submucosa. Hyperemia is 
evident b y  the engorgement o f  the blood vessels. Goblet cells areTmmerous 
arising from metaplasia o f  the epithelial cells and produce large amounts of 
mucin. The tips o f  villi may be reddened and edematous. — -—.

The intestinal contents are watery, consisting of mucus, fibrin and desqua
mated epithelial cells. '

S equelae  : When cause is removed inflammation may subside and the bowel 
teturns to  normal. But if  irritant persists, the condition may develop into the 
chronic state.

C hron ic  c a ta rrh a l enteritis-m ay develop from the acute condition or more 
usually it may arise gradually as in Jbone’s Disease, intestinal helminthiasis,, 
chronic venous congestion (due to  congestive cardiac failure) and cirrhosis o f 
liver.

M acro sco p ica lly , the Wall o f the intestines is greatly thickened. The 
mucosa is smooth (covered by thick mucus) and thickened due to  infiltration 
by macrophages, plasma cells and . lymphocytes. This infiltration m ates tha 
mucosa corrugated due to  infoldment. The corrugations are at right angles to the 
length of the intestines ; (Chronic polypoid enteritis)

M icroscop ically , the characteristic appearance is the presence of numerous 
macrophages, plasma cells, lymphocytes and connective tissue cells in the lam ina 
propria  and even in the jub-muccsa. The intestinal glands are atrophied due to 
the pressure o f  the infiltrating tissue. Sometimes retention cysts due to  closure o f 
the mouths of glands are found. The mucosa is covered with tenacious mucus.
__ .H em orrhagic e n te r it i s  : This is a more severe form of catarrhal emeriti»,

characterised by the presence o f  erythrocytes in the exudate. Always patchy in 
distribution, this is mostly seen in septicemic, bacterial and viral diseases e. g. 
Anthrax and Rinderpest. This condition may also be found in  uremia of dogs ; 
eoccidiosis, poisoning by arsenic and croton oil, enterotoxernkj-jja.- vitamin Bk. 
deficiency.in dogs and pigs and in colibaeiilosis. Continuous feeding of dogs with 
horse meat causes an anaphylactic condition manifested by hemorrhagic enteritis.

M acroscopically , there is infiltration of blood in the intestinal wall which 
is thickened and the . intestinal contents, are bloodstained. Blood found in the 
anterior portion of the intestines is digested arid so is brown in color while in 
the posterior portion it is bright red.

M icroscop ically , red blood cells may be found in the exudate of the 
mucosa. The villi may show necrotic changes and thrombosis of some enteric 
vessels is evident.
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S eq u e lae  Being very severe, death usually occurs, i f  treated in time, 
prognosis may be favourable.
f i b r i n o u s  en te ritis  : This is of the diphtheritic type and occurs in cattle, 

pigs and cats, and rarely in  horse and fowl.
Causes:

Bacteria; Salmonella ckolerae suis (necrotic enteritis in swine), Escherichia coli 
Chemicals; salts of mercury and arsenic.
Parasites: Echinostomum, a fluke in turkeys

M acroscopicaily.the characteristic finding is the presence of strands o f fibrin 
on tbe mucosa of the intestines. The wall of the intestine is edematous. In more 
severe conditions, a thick, grayish or whitish-.gray membiane may be covering 
the intestinal mucosa, which is hemorrhagic and edematous The inflammation 
may extend into the submucosa and petechial hemorrhages may be seen. The 
mesenteric lymph glands are swollen, hemorrhagic and juicy.

Macroscopically, the membranous exudate consists of strands o f fibrin con
taining in iis meshes varying number o f neutrophils and cesquamated epithelial 
cells together with mucosa. Mucous membrane shows edema, hyperemia and 
infiltration by neutrophils. Coagulative necrosis of the epithelium occurs in somt 
places, which along^with the exudate forms the false membrane which is adherent 
to the intestine.

Sequelae; Being very a severe condition death is a common sequel. In 
those that are able to withstand, recovery with complete healing occurs.

Suppurative en teritis  is not common and may result due to infection by 
pyogenic organisms of wounds caused by helminths.

Causes; Pyogenic organisms ; Streplococci. Salmonella & Shigilla.
Macroscopically, the exudate contaius pus. i
M icroscopically, the exudate contains, besides mucus, desquamated cells 

neutrophils and bacteria. i
Necrotic enteritis : Necrosis o f the intestinal epithelium and underlying 

tissues occurs.
Causes; Severe irritants; Chemical — croton oil, mustard gas, wood pres

ervatives; insecticides. '  -,-v. - .-$vS£
, Bacterial—Necrophorus organism, Salmonella.

Viral —Rinderpest, Viral Diarrhoea—Mucosal Disease, Hog cholera;
Protozoa—Coccidiosis, Histomoniasis.
Vitamin deficiency—Niacin deficiency in swine. :v

Macroscopically; patchy necrotic areas are seen.The-necrosis o f the mucosa 
extends into the sub-mucosa also. Fibrin may be found on the necrotic mucosa- 
When the necrotic material is removed, a red, raw, bleeding surface is seen. The 
mesen>eric lymphatic glands are swollen and juicy. In ho» cholera, the charac-. 
teriitic lesion is tbe “ button ulcer” , which is a spherical ulcer in the mucosa of 
the colon. This is circumscribed with sharp edges.

Microscopically.besides hyperemia, exudate and cellular infiltration, necro
sis of the epithelium of the mucosa is seen. The ulcer reveals a demarcated zone 
of necrosis in the mucosa and sub-mucosa.
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Actually, these buttoijy'ulcers are tiay  areas of infarction that arise by the 
occlusion o f  small arteries by ihe swollen and proliferated endothelium .

S e q u e la e :  The condition is mostly fatal. If  the condition is one o f  niacin 
deficiency, restitution o f  the deficiency may cure the condition.

E N rE R O L irH S^som etim es stones are found in the large intestines o f  horses. 
They are formed o f  triple phosphates which are deposited concentrically, layer 
after layer, over a  nucleus o f sand or a  metal piece or an undigested vegetable 
fibre.

G en esis  ; W hen animals are fed on wheat or bran which ате rich  in m agne
sium phosphate’, intestinal calculi can occur. Normally magnesium phosphate is 
dissolved by the gastricjuice and then absorbed in the intestines: On the other 

_ hand, when excessive amounts ате fed to  an animal, and that to o  to  one suffering 
"from chronic catarrhal gastritis in which gastric juice is not secreted, m uch of 

the magnesium phosphate reaches the intestines in an undissolved state . This 
combines with ammonia that is formed from thedecomposition o f  pro tein  (which 
is also abundant in wheat and bran) to form triple phosphate. This trip le phos
phate crystalises around foreign bodies like a  grain of sand, a  piece o f  m etal or 
undigested p lant fibre Enteroliths do not form in the small intestines because 
(i) the movement o f the food is too rapid theie to allow the deposition o f  salts 
and form ation of calculi and (2) bacterial decomposition of proteins to  form  
ammonia does not take place there. The following may be contributory fa:tors: 
disturbance in the colloid protection o f  dissolved sails; change in bacterial flora, 
with altered fermentation conditions and slnggish intestinal movements that 
occur in the dilatation of the bowel o r in relaxation of intestinal muscle met with 
in feeding with bran. Enteioliths may sometimes attain a large size, som e may 
weigh as much as 20 lbs. and are usually round and smooth.

Phytobezo ars  ; These are food balls (phyto=plant, bezoar=concre!ion)
These arise from plant fibres and awns which are impregnated w ith triple 

phophate and rol ed into balls: These have a velvely surface, are light in  weigh! 
and are brown in color. They may also be found in the crops o f birds

T richobezoars iP ilic o n c re tio n s )—H a ir  balls.
Hair balls are found mostly in the rum ea. Animals having itching skin con

ditions (animals infected with mange or lice) may lick each other when the loose 
hair may be swallowed. Similarly, calves kept together, slick and lick each 
other’s ears, tails etc. swallowing hair. The hair is rolled into balls during ru
minal contraclions. Mucus o f rumen may form a smooth coat over such balls.

The enteroliths, phytobezoars and trichobezoars are usually o f  no  conse
quence unless they obstruct the passage, when, sometimes, even rap tu re  may 

-occur. fiteSgiffiay regurguitate a food bait into .tire -esophagus which may be 
choked More often these concretions are found only at postmortem.

C O L l G R A N U L O M A  IN  FO W L S (Hjarrc’s Disease)
A granulomatous condition o f  the fowl intestine and liver, caused by a 

mucoid strain  of E  co li is reported in m any parts .of the world including India. 
Usually adult fowls are aflectej.

DIGESTIVE SYSTEM
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MacroscopJcalfy, t  large Dumber of grayish - while nodules varying in size 
from a millet seed to a hazel nut are found projecting from the serous surface 
of the intestines. These are distributed diffusely from the duodenum to the ceca. 
The large intestines are free of the lesions. In some places, the whole circumfe
rence of the bowel may be involved.

M icroscopically, the lesion is a granuloma involving all the structures o f the 
bowel wall, with desquamation of the mucosa and fibrous thickening of the 
serosa.

; A typical nodule consists of the following structures from within out-wards; 
a central structureless mass which is calcified in some places; peripheral to this 
is a  zone of caseo-necrotio material with cells in varying stages o f degeneration 
and necrosis; peripheral to this is a zone o f granulation tissue, with epithelioid 
cells and a few giant cells interposed in between it and the previous zone. E. C oli 
could be demonstrated in and isolated from the lesions. Similar lesions are 
found in the liver.

The following are the differences between the , lesions of coli granuloma and 
tuberculosis, The tesions of coli-granuloma are( single while those of tuber
culosis form; conglomerates; lesions of coli granuloma are not found m spleen 
and bone while tuberculous lesions are found in those situations; in tuberculous 
lesions the acid-fast organisms can. invariably be found while in coli-granuloma- 
tous lesions only E. coli are seen.

Neoplasms of the intestines; Lymphocytoma is-the m oit common neoplasm 
met with in animals. Masses of the neoplastic cells are found in the wall o f
the bowel.

Other tumors met with are; — adenocarcinoma, lipoma, leiomyoma, sar
coma and papilloma.

Anal gfands of dogs may sometimes be inflammed and may become purulent 
if  infected by pyogenic organisms. There may also, be swelling of the g!andB 
due to retention of tke secretion. These swellings may cause constipation and 
so need to  be manually evacuated.

Adenoma o f the anal glands has been met wish.
COLIC

Colic means pain in the abdomen. This is a symptom manifested by aai- 
mals suffering from diseases of various organs. Animals suffering from colic 
have an anxious look, lie down and get up frequently, roll on the ground, look 
towards the flank often, have polypnoea and tachycardia. Though all animals 
may suffer from colic it is the horse that is most often affected.

Colic is not a term used by the pathologist, But for the convenience o f tby 
stadeatg, the conditions in which colic is a symptom are listed below (after Cobra)

4 Diseases o f  the stomach ; acute and chronic dilatation o f the stomach 
(caused by overfilling of the stomach or by pyloric stenosis), gastritis, gastric 
ulcers, gastric parasites.

Diseases of the iaies»iues;Volvo)us; torsion; intusssception, stenosis, dis
placement, obstructions, impaction, retention of meconium, enterolithiasis, 
foreign bodies, thrombosis and embolism of mesenteric vessels, enteritis,
parasites. '
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A cute  p e r ito n itis .
D isea ses  o f the  liver and b ile  passages : impaction of gall stones, acute 

hepatitis; sudden enlargement of the liver due to  hemorrhage, rupture  of the 
liver:

D iseases o f  th e  urinary organs : acute nephritis; renal abscess, pyelitis, 
displacement with obstruction of the ureter, cystitis, urethral obstruction.

D iseases o f th e  genital organs; torsion o f  the uterus, uterine contractions 
associated with the movements o f the foal, labout pains during norm al partu
rition or abortion , enlargement of the prostate causing retention o f urine.

D iseases  o f o ther organs Certain diseases o f the esoghagus (dilatation» 
stenosis, displacement, contractions), irritatior o f  the rectum, and the surround- 
7H&t issues by parasites (Oxyuris, Gasterophilus), equine m yoglobinuria associated 
with paralysis, hunger and extreme exhaustion.

O f all horses examined postmortem, colic has been responsible for 34 to 50 
percent o f  deaths. The following are the most common causes o f colic among 
horses: volvulus o f  small intestines, volvulus o f laige intestine, o ther forms of 
displacem ents, primary gastric dilatation, obstruction of small intestines, cecal 
im paction, impaction -of-large intestines, thrombosis and embolism of 
mesenteric vessels, and enteritis.

. Chronic o r recurrent colic, which is no t so frequent may also occur and is 
due to  embolic thrombosis, chronic impaction of the cecum,., chronic dilatation 
o f  the stom ach and intestines, obstruction causad by adhesions, old incarcera
tions, tumors, stenosis and inflammatory new growths; stones in the bowel and 
parasites.

LIVER
In addition to  being the largest organ in the body, liver also discharges the 

greatest num ber o f  functions. Hepatic cells are among the highly specialised 
cells in the body. At any one time, 25% of the blood in the body flows through 
the liver.

T H E  FU N C TIO N S O F LIVER ARE :
1. S e c re tio n  o f bile;—Bile contains pigments and bile salts'. Bile pigments 

a re  nc/t useful to the body. On the other hand, retention of these (hyperbilirubi
nemia!) is-toxic to the body.

Bile salts are formed in the liver from cholestero l, and excreted as sodium 
salts of taurocholic and glycocholic acids after conjugation with taurine and 
glycine. These bile salts play an important role in digestion, especially o f the fats.

The bile suits;— (a) activate pancreatic lipase and amylase;
(b) aid in the emulsification o f fats in the intestines^*.
(c) aid  in the absorption oL fats.
(d | aid in the absorption o f  fat soluble vitamins (especially vitamin K).
te) act as cholagogues and
(f) maintain a stable pH in the Intestines.

Bile contains mucin and related substances which act as stabilisers for the 
fat emulsion in the bowel.

Though not strictly antiseptic, bile renders the intestines uncongenial for the 
bacteria to  thrive and so is bacteriostatic.

2. P ro te in  m atabolism ; (a) Amino acids are deaminised.
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(b) Uric acid is converted in to  allantoin.
(c) Highly toxic ammonium salts are detoxified by converting them  into 

urea.
(d) The non-nitrogenous residues obtained after deam ination o f  amino 

acids, are converted 'nto glucose and ketones which are used by the body.
(e) From  Amino acids are form ed :

i) Plasma proteins (album in, globulin, fibrinogen, prothrom bin).
ii) Tissue proteins and

iii) Protein reserves stored in the liver.
3. C arb o h y d ra te  m etabolism  : Glycogen is synthesized and stored in the 

liver. Excessive carbohydrates ingested are convened into lipids and stored in 
the fat depots. AW ith the assistance o f  pancreas. liver maintains a  constant levef- 
o f,b lood  glucose. In times o f  need, gluconeogencsis from  proteins and fats 
occurs in the liver.

4. F a t m etabolism  : We have'alrcady seen how bile salts assist in the ab
sorption o f  fats. Fats, that are characteristic o f animals, are also  synthesized 
from fatty acids and glycerol by liver

With the assistance o f  choline, liver is able to transform the depot fats into 
tissue fats (phospholipids) so th a t the tissues can utilise them.

5. E ry th ro p o ie s is  : In the b ird , liver is the site for erythropoiesis. In other 
animals, during fetal life, erythropoiesis occurs in the liver In these an im al; 
under certain circumstances (in severe anemias) erythropoiesis takes place in the 
liyereven in the. adult, i.e., extram edullary hemopoiesis.

6. I ro n  m etabolism  : i be reticulo-endolhelial cells o f the liver are
capable o f destroying the red blood cells and the minerals released (Fe. Cu and 
Co) are storted in the liver for use again by the body.

7. D e to x ica tio n  : Some toxic substances, especially putrefactive produefs 
from the alimentary tract are detoxified by the liver by conjugation while 
bacterial toxins and hormones produced in excess of requirements are inactivated. 
Many drugs used therapeutically are also made harmless by the liver, eg. m or
phine, barbiturates, phenol, cam phor.

8 V itam in  m etabolism  and s to ra g e  : Failure of b ile 'excre tion  due to  
hepatic damage interferes with the absorption of fat-soluble v itam ins—A , D, E. 
and X. Vitam in A is stored in  the liver and I Vitamin К  is utilised there for the 
formation o f  prothrom bin and so these functions nil) be inierfered with in the 
diseases o f  liver. Some members o f the vitamin В group, especially Thiam ine, Ribo
flavin and N iacin are partly m etabolised in the liver where they may also be stored.

ft is, therefore, obvious that m tK spvere disease o f the liver, a  g re a t 'm a n y ' 
vital proeesess will be afiected. The following are the more im portant potiiolo- 
gical conditions met with :

1. Jaundice due to  retention o f  bile.
2. Bleeding may. be due to  (i) failure o f prothrombin form ation; J i l  lack of 

absorption o f  Vitamin K;.(iii)"iack o f  formation of fibrinogen.
3. Hypoglycemia due to  im pairm ent o f glucose metabolism; glycogen is not 

stored in the liver nor is it released into the blood. This condition makes the 
animals weak and irritable.
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4. Hypoproteinemia—due to failure to synthesize plasma proteins. 4nima| 
becomes emaciated and generalised edema develops.

3. Anemia due to iron and protein deficiencies; liver stores iron and so in 
liver disease iron stores are deplete i ,

6. Toxemia due to failure in detoxication of proteins and intestinal toxins,
7. Renal failure—Heptorenals syndrome—in severe hepatic injury, the‘.toxins 

that are not detoxified are excreted through kidneys, which are affected by these 
toxins resulting in renal degeneration. Renal function suffers—uremia develops.

8. Pyrexia —the heat regulating center is affected by the toxins since they 
are not detoxified by the injured liver.
JJyer Function tests -  ;

1 та---.;, 'S*jeveral te$ts have been evolved to measure differentTnnctions of the liver. 
It must be remembered that liver has a great reserve power and it has enormous 
ability to recover from injury. So the tests are not adequate, clinically, to eval
uate the correct state o f the health of liver and hence it is not wise to put too 
much reliance on these tests. Since the functions of the liver are carried out by 
the activity o f enzymes, inadequacy or absence of one particular enzyme may 
affect one function and so a decrease of one function does not mean that other 
functions are affected.

Postm ortem  changes : Postmortem decomposition of liver occurs rapidly 
since gas-forming organisms (Cl. welchii) invade from the intestines which are 
close by. Liver, particularly rich in nutrients, is a good medium for the growth of 
these bacteria. Gas bubbles form in (he blood vessels. The parenchyma and 
the blood vessels adjacent to the bowel are stained by hemoglobin blush-black. 
The presence of gas give» the liver a foamy appearance—"Foamy-Iiver” . Imbi
bition of bile by the liver tissue surrounding the gall bladder is noticed. 

DEGENERATIONS 
Cloudy swalling'is common in the liver:—

Causes : i) Bacterial toxins : seen in all infectious diseases.
ii) Poisons: (a) Chemicals .• salts of heavy metals—arsenic and lead, 

jb) Plant toxins —glucosides, saponin.
^ 4 ,  , Drugs—carbon tetrachloride used as an anthelmintic

iii) Viruses.
iv) Hypoxia.

M acroscopically, the liver is enlarged and the capsule is tense. Consistency 
is softer Borders are rounded. The organ has a dull, cooked appearance. On 
sectiqijjit bulges a^stES'-edges. Lobular marking are indistipet. ;

M ieoscopically, the cells of the liver are swollen and have a palbigSanDlar 
cytoplasm due to swelling of mjtgqhpudria. The nuclei may be indistinct.

Sequelae: Recovery of the cells OcctMs iL  cause is removed. But if it
continues the condition may progress to fatty oegeifefxtion or necrosis.
Fatty change in the liver is common and sometimes miy^Jbe of severe degree.

As explained in general pathology, all visible fat in theSjiveriis due to fatty 
infiltration. The liver is too sick to metabolise the fat brought to it from the 
depots.

^ The main causes a re : -Toxins, poisons and anoxia.
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Poisons : Inorganic—phosphorus, arsenic, antimony. ,
Organic : chloroform, carbon tetrachloride, tannic acid, tetrachlore- 
thylene alkaloids o f  phytotoxins, Aflatoxin, senecios

A noxia: C hronic venous congestion'. _
N u tr itio n a l: inadequate  choline; Metabolic — Diabetes mellitus in dogs 

and cats, deficiency o f  thyroxine and anterior pituitary hormones.
M ac ro sco p ica lly , the liver is enlarged, has a sm ooth surface and is pale o r 

yellowish. On section it bulges on the cut surface and fa t droplets are seen on 
the blade. Veryfatty livers, as in pregnancy toxemia o f  sheep, float in water. 
They are friable.

M ic ro sc o p lc a lly ^ tb t hepatic parenchymal cells contain fat droplets.tSiilthert'' 
as a single large globule or as multiple small globules If single and large th e  
nucleus may be th rust to  a side. The siousoids are compressed and so appear 
anemic. Usually the distribution af the lesions in the liver т а /  be diffuse or 
zonal. In chronic venous congestion it is in the periphery o f the central vein. 
But on the other hand, in poisoning, when poison is brought through the  portal 
vein, the fatty changes are found at the periphery o f the'lobule

S equ e lae  : I f  the cause'is removed early, the condition can be completely 
corrected, But in continued presence о Г  the pathogen hepatic fibrosis—p o rta l 
cirrhosis—will eventually result.

HEPATITIS
Essentially hepatitis is an alterative inflam m auon'of liver in ! which the vari

ous degenerative processes like cloudy swelling, fatly degeneration and necrosis 
are caused by irritan ts which also produce inflammation. Besides, in liver these 
degenerative changes are accomoanied by Imphocytic and exudative infiltrations 
typical o f  an inflam m atory reaction. Hepatitis is classified as alterative inflam 
mation  because the inflam matory process is caused by the same etiological agents 
th a t also produce degeneration and so alteration in the parenchymatous cells is 
produced.

Hepatitis may be either infectious or non-infectious or toxic. The latter 
may again be acute o r chronic^..-The chronic variety is usually called C ir rh o s is .  
In fec tio u s h e p a ti tis  ; Tnis is found in various infections as detailed beiow.
A. C ond itions in w hich  the  liver is only or p rim arily  affected

(i) Infectious Canine Hepatitis (Ruharth 's disease)
(ii) Blackhead in turkeys (Histomonas affections)

A. ( iii)W esse lsb ro n  disease of sheep,a viral disease found in South Africa
(iv) Leptospirosis.
(v) Viral hepatitis o f ducks. £  •

(vi) Viral hepatitis o f poultry.
К C onditions in w hich liver is also affected along w ith o ther o rgans;

(i) Necrobacillosis
(ii) Suppurative conditions
(iii) Tuberculosis
(iv) Histoplasmosis
(v) Toxoplamosis /
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(vl) Coccidioidomycosis '
(vii) R ift valley fever

(viii) Salmonellosis
(ixi C oligranttlom a o f  poultry
(x) Pasteurcllosis

(xi) Brucellosis 
(xiil G landers'

(xiii) Actinomycosis
(xiv) Botnomvcosis

R o u te s  o f In fec tio n  : Infection to th e  liver may be conveyed through several 
rou tes. The f  flowing are ihe m ore jjnportanti ,—  „* ля

1. P o r ta l  vein : Ingested organisms enter the portal vein and so are  con
veyed to  the l.ver.

1. H e p a tic  a r te ry  : Organisms when present in the b lood  as emboli o r in 
a  bacterem ic state, reach the liver.

3. U m b ilical vein o f th e  new born anim als: W hen the  um bilical vein is 
con tam inated , organisms grow well in the partially coagulate 1 blood which acts 
as a  good medium and reach the liver. S. necrophorus and  pyogenic bacteria 
are the  commonest organisms involved producing hepatic necrosis and abscesses 
respectively.

4 B ile  d u e ls :  Infection may ascend from the duodenum . Obstruction o f  
bile ducts causing stasis may be another source for infection.

5. By d irec t ex ten sio n  from neighbouring organs as in traum atic reticulitis.
..--A"fute to x ic  h e p a ti tis  ; This is characterised by necrosis, which is 

'u su a lly  preceded by degeneiative changes like cloudy swelling and fatty  
degeneration.

H epatic necrosis is conveniently classified, as per anatom ical d istribu tion  
in to  focal, centrilobular. m idzonal, peripheral, diffuse and paracentral necrosis.

F o c a l n ecro sis  In  this variety, numerous m icroscopic necrotic areas are 
seen scattered in the liver and may be found in any p a rt o f  the iobule.

C a u se s ; 1. Viral—as in equine viral rhino-pneum onitis in the foetus,
2. Bacterial—in bacteremic or septicemic affections—John«!s disease, Sabs: 

m onellosis. Tularem ia, Listeriosis in new-born.
3. Obstruction o f  b iliary passages.
4. Due to parasitic migration.
Focal necrosis o f  the liver is not o f  much consequence since the function 

o f  the liver is not affected* ■ Healed lesions show some scarring  buiffhis also 
ppears after some t im e ^ '- j f '

C e n tr ilo b u la r  n ecrosis or Periacinar necrosis.
In. this condition, the cells nearest the central vein are affected.
C auses; Anoxia ; i) Acute hemorrhagic anemia; ii)  Low atm ospheric press

ure; iii) Congestive cardiac failure; iv) In Shock—due to reduced blood 
pressure, r e d u c e d  oxygen tension and reduced volume flow.

T oxins: Blood hom e especially; Carbon tetrachloride. (See page 137) 
M ac ro sco p ic a lly .th e  liver is enlarged and paler than  norm al. In severe cases the 
organ  may be redder due to increased quantity o f blood The lobular markings
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are exaggerated. This is due to the difference in color a t the center and 
periphery. When congestion of the central part is present, the periphery is paler 
due to degenerative changes in the ceils. On the other hand, if  necrosis o f  the 
cells in the center occurs, then the center will be pale while the peripheral cells 
are darker.

M icroscopically , the cells round about the central veins have disappeared, 
blood taking up their places. Away nearer the periphery the cells may show fatty 
degeneration and those beyond these cells cloudy—swelling. Infiltration of the
periportal connective tissue by lymphocytes is seen after some days.

Sequelae : Single affection may heal by regeneration. Repeated attacks* 
however,wifi rpsn(jfin fibrosis which will ultimately reduce the s ir t  of-the Organ-

Pseudoiobulation with proliferated bile ducts and resulting nodulation is 
die ultimate result found in frank post-necrotic cirrhosis.

M id zonal n ec ro sis  : This lesion that is found in yellow  fever  o f m an affects 
the hepatic lobe, mid-way between the periphery and the central vein. This 
condition is not seen in animals.

P erip o rta l n ec ro s is  : In this condition the cells adjoining the portal tract 
become necrotic and so the toxins should have been conveyed by the portal vein.
This is mote commonly seen in phosphorus poisoning. Accompanying inflam
mation of the portal triads results in cirrhosis, similar to  postal cirrhosis.

M assive necrosis or Acute yellow atrophy : In this condition, there is
necrosis o f  considerable number of the cells in a lobule. This may be a severe 
manifestation of various types described above. \

Since whole parenchyma of the lobule is dead no regeneration occurs, the 
reticulum and fibipus frame work collapse and there is post-necrotic scarring.

The liver is yellow because of fatty degeneration and necrosis and smaller 
in size due to loss o f parenchyma.
C eases : Virus :-’in m an .

Poisons .'-Carbon tetrachloride, chloroform, phosphorus.
Dietetic .--Deficiency of sulphur-containing amino acids, Tocopherois and 

• Selenium, ■■"•та .
.Sequelae :-Death
Paracen tra l n ecrosis is a peculiar type of wedge-shaped necrosis occurring 

only on one side o f the central vein, but not around it and extending up to  toe 
periphery. This type i.v_encounier§^ in Rift-valley fever and in uremic conditions.

•■Saw dust liver : in  well-fed"young cattle, at postmortem, focal necrosis of-rf 
the liver is common. The animals do not manifest any symtoms while alive.
The foci of necrosis may be few or many, ah'd’ appear to the naked, eye as 
though saw dust is sprinkled on the liver. . ____ — "

M icroscopically , the lesion consists of hepatic ceils which have undergone 
coagulative necrosis and infiltration by lymphocytes and neutrophils. These spots 
are evidently scars resulting from 'inflammatory reaction. It is conjectured that 
tb« itritant is borne by the portal veins from the gut and it is for this reason 
--hat the lesions are found nearer the portal areas.
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Cirrhosis o f  the liver is chronic hepatitis characterized by fibrosis, degene
ra tion  and hyperplasia o f hepatic cells. The stim ulus for the fibroblastic proli
feration is some irritant, chronic and severe enough to produce degeneration and 
necrosis o f the parenchymatous ceUs.

The irritant may reach the liver through (a) Th* portal vein (b) hepatic 
artery and (c) bile ducts.

Based on the route o f  infection, the cirrhosis is classified as follows :
1. P o rta l or n o d u la r c ir rh o s is  ; '

C aases : Usually, the causes o f portal cirrhosis are the same as described 
under acute focal toxic hepatitis. But frequently о ne may no t be able to  ascer
ta in  the cause. I t  sh o u ld , be noted that the irritan t is mild and acting fo r a 
long time. In this context m ention m u s tb e m a d e o f  toxic plants and chemicals-
Am ong the toxic plants known to cause cirrhosis a r e : —

Crotalaria saggiia lis in horses; plants of Senecio  fam ily in horses, ra ttle  and 
sheep; A lalaya interm edia  in horses; Amsinckia interm edia  ( tar w ied) in horses, 
swine and cattle; plants containing high selenium content—in horses. (W heal, 
loco weed).

The following chem icals are found to produce this condition
Pitch in tar paper, repeated exposure to ch loroform , carbon tetrachloride 

and phosphorus.
Long continued intestinal toxemia is another cause o f  this condition .' 

P a th o g en esis :
W hen the irritap t is conveyed via the portal veins, changes arc noticeable 

first a t the periphery o f the  lobules—area next to the  po rtal tract. D ue to  the 
action  of the irritan t the following changes take p la c e : degeneration o f  the 
hepatic  parenchyma, stim ulation of the connective tissue in the in terlobu lar 
septa to  proliferate, infiltration of lymphocytes and  m acrophages in to  the 
islands o f Glisson: Depending upon the severity o f  the  irritan t necrosis o f  the 
hepatic tissue may also occur. Along with the new connective tissue, new ’ b lood 
vessels are formed. These irregular blood vessels anastam ose with the netw ork o f 
the portal vein as well as with the branches of hepatic artery. Thus arterio-venous 
shunts result and so ischemia o f  some paits of th e  liver occurs leading to  further 
hepatic necrosis.

Along with these changes, hyperplasia o f  (h e - surviving ceils takes place, 
replacing those th a t are destroyed. But the connective tissue, which is young 
and cellular in the early stage* becomes m ature and fibrous, then contracts, 
interfering with Wood circulation. The decreased blood supply-in terferes with 
the proliferation .oflthe hepatic  cells and so hyperplasia does not progress further.

In the netf fibrous tissue, in the portal areas especially, new bile ducts are 
formed. These are no t functional, lacking in outlets and so stasis o f bile occurs:?

As the fibrous tissue grows into the liver lobule, ihe hepatic cells become 
atrophied due to  pressure and lack of nutrition  The central vein becomes 
narrow ed (due to the pressure o f  the fibrous tissue) impeding the out-fiow of 
blood, thereby rendering the irritant to stay longer in the liver. G row th of the 
fibrous tissue into the lobule divides tfie parenchyma in to  small islands o f  hepatic 
cells—pseudolobulation.
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I f  irritant enters the liver through the hepatic artery, changes of damage 
are first noticed in the tissues o f portal canal and inter- lobular connective tissue. 
The features here are; lymphocytic infiltration and proliferation of the connective 
tissue which slowly encroaches into the lobules producing changes described 
above.

One noteworthy feature is that when once the fibrous tissue is stimulated to  
proliferate, this proliferating fibro j s  tissue itself becomes an irritant. So, even 
i f  the original-irritant is removed or destroyed, cirrhosis progresses with m ore 
and more fibrous tissue form ation until the condm on terminates fatally.

M acrosccpically, the liver is hard and firm . The surface is uneven and nodu
lar. In the early stages the o r g a n . B u t  as the condition progresses, 
due to atrophy of the parenchym a and contraction o f the fibrous tissue, the liver 
may be reduced in size. The color of the organ is tawny or yellowish-gray. an d  
it is to this color Jihat the name “ Cirrhosis”  was first applied. The color is 
due to the stasis of bile in the liver.

The architecture o f the liver is lost (the norm al m arking of the lobule dis
appears) sad the hyperplasia that is present gives nodularity to the orgau (H obn
ail liver) The nodules lack a central vein and are usually greenish in color due to  
the stasis of bile, which cannot be excreted since the newly formed bile ducti 
lack on outlet. Stasis leads to  deposition o f the bile pigment.

On section, the liver cuts with difficulty due to  the dense fibrous tissue for
med. While cutting a  peculiar grating sound can be heard.

M icroscopically, the characteristic picture is the increase in fibrous tissue— 
within and around the lobules. Id the portal area sm all new bile ducts and infia ' 
minatory colls (lymphocytes and macrophages) are present. Pseudolobulation 
is evident. Central veins in some lobules are either absent or are placed 
eccentrically.

The parenchymatous cells show various stages o f  degeneration—cloudy 
swelling, fatty degeneration and even frank necrosis.

Regeneration o f surviving cells is evident in  some places, giving rise to  the 
nodules noticed macroscopically. These regenerating young ceils are plum p, 
robust and stain more intensely.

M ultinodular o r A tro p h ic  o r G in d rin k e r’s o r  Laennec’s c ir rh o s is .
This is portal cirrhosis o f m an and merits description here briefly, since in 

the dog, a similar condition is met with, though not due to  similar etiology but 
to toxins absorbed Irom the intestines.

Though stbe exact causes o f  cirrhosis are still obscure, it is thought that 
deficiency of Vitamin В complex and lipotropic factors; especially in drunkards, 
produces this condition. Lack of Vitamin В complex and lipotropic factors results 
in a highly fatty liver, the fat globules literally occupying the cell cytoplasm 
pushing the nucleus to a side. Along with this infiltration , there is proliferation 
o f  the fibrous tissue which is infiltrated by chrouic, inflammatory cells, lhe bul- 

'g ing  cells. pressing on the sinusoids produce ischemia resulting in necrosis o f the 
parenchyma. New capillaries form and invade the lobule and connect the cen t
ral vein with the portal vessels. The penetrating fibrous tissue divides the paren. 
chyrna into smaller lobules. Some surviving cells proliferate and form nodules
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(Hobnail). Contracting fibrous tissuy makes the liver smaller and hence 
“ Atrophic cirrhosis” results. ,
B iliary cirrhosis (M onolohnlar or hypertrophic cirrhosis)

In man this type o f cirrhosis occurs consequent on obstruction and infection 
c f  the biliary tract. • The causes are:

a) Cholangitis—the inflammatory exudate and the desquamated cells clog 
the bile ducts.

b) Pressure on the bile ducts from without—tumor o f the head of pancreas-
c) Stone in the c'ommon bile duct.
d) Stricture of the duct. i  . t w a i f jfesflagat
e) Obstruction o f .biliary passages by flukes (Chlonorchls sbunsis) and

Bscarids.
Macrr-scopically, the liver is enlarged and the surface is either smooth or 

finely granular. It is greenish in color.
M icroscopically,connective tissu^encircles individual lobules (hence mono- 

lobular) . The bile ducts may be dilated and tortuous. There is great infiltration 
o f  the connective tissue with chronic inflammatory cells. Newly formed non
functional bile ducts are also found. Hepatic cells, reveal degenerative changes. 
Jaundice is a constant symptoml Ascites is not common.

Biliary cirrhosis in animals is rare because cholangitis and cbolangiostasil 
do not occur in them. Liver flukes that {inhabit the bile ducts do not causa 
extensive cirrhosis but only a local fibrosis.

/ E ffects o f C irrhosis
1. Due to disturbance in portal circulation

A. Ascites; due to ' '
i. Increased hydrostatic pressure in portal veins—flow of blood through 

liver is hindered due to compression and distortion o f  the portal and hepatic 
veins as well as sinusoids by the regenerating nodules. The effect is more in 
portal cirrhosis since the number o f  such nodules is greater in this condition 
than in the biliary type. -«*■., -,w

ii Decreased colloid osmotic pressure—since there is decreased produc
tion o f  plasma proteins, particularly albumin.

iii Hormones are not inactivated by a damaged liver In health, tha 
liver in’tetivates the mineralocorticoids of the adrenal and the an ti-d i;iTetic factor 
ofthepoxterior pituitary. But if  these are noflOaCfivated more of-sodium chlo—  
ride is reabsorbed and with it more o f  water is also reabsorbed, resulting in 
conservation of more fluid in the body and sd ascites results.

B. Varicosity o f esophageal veins—sometimes resulting in rupture and so 
hematemesis occurs.

C. Splenomegaly.
D. Gastroenteritis—result of С. V C. o f  abdominal viscera. r
E. Caput medusae in man—this is dilatation o f the cutaneous Yeini around 

the navel and is seen distinctly in white skinned people.
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11. Loss o f Inactivation o f hormones, toxins etc.i
I. Estrogens normally are inactivated in the liver in the male. Butin  

hepatic cirrhosis this does not occur and so gynecomastia and testicular atrophy 
occur.

ii. Toxins—exogenous or endogenous —are normally detoxified by the liver. 
If this is not done,„the toxins affect the brain, producing degenerative changes 
resulting in “ walking disease”  in horses.

iii. Jaundice—due to pressure on the bile capillaries by th e . compressed 
cord cells (by fibrous tissue). So there is obstructive jaundice resulting in 
digestive disturbances.

iv. Bleeding due to deficiency in production of prothrombin.
v. Anemia—since iron and: Erythrocyte Maturation- Factor cannot be

stored.
vi. Vitamin A deficiency since Vitamin A cannot be stored, in the liver.

Other forms of Cirrhosis
P ericellu lar  cirrhosis; In this condition the fibrous tissue invades the paren

chyma and encircles individual cells This picture may be seen in the far, advan. 
ccd stages o f  the multi and monolobular cirrhosis. In well developed afiatoxicosls 
pericellular cirrhosis is often -found.

Pigm ent cirrhosis: This is the fibrotic condition of the liver that is found in 
hemochromatosis (bfonted diabetes o f man). The macroscopical and microscopi
cal appearances are similar to mild portal cirrhosis With nodulation The. large 
amounts o f hemosiderin deposited in the hepatic cells seem to irritate the organ 
causing cirrhosis.

G llssonlan clrrhosls:Correctly speaking this is not a true cirrhosis since the 
liver as a whole is not affected. Inflammation of the Glisson’s capsule (the result 
o f  regional peritonitis)extends to the adjacent liver parenchyma. Though macros- 
copicaliy resembling portal cirrhosis.microscopically the fibrosis is sees to extend 
from tbe capsule to a short distance beneath it.

Cardiac or central or congestive or stasis cirrhosis In chronic venous con
gestion resulting from cardiac lesions the cells round about the centra! veins 
suffer—degeneration and necrosis due to pressure and hypoxia; As the hepatic 
cells disappear, a relative increase in the fibrous tissue is evident. Later on there 
may he diffuse fibrosis and alteration in -the architecture in some cases. Tbit 
may giverise to atrophy and granular appearance of the organ.

P arasitic  cirrhosis: In this variety, the irritant enters the liver through the. 
bile ducts. The cause is usually a chronic obstruction o f the bile ducts by flukes 
or other parasites. In swine mature ascarids invading the bile ducts cause 
biliary obstruction.

In this condition tbe changes are localised and-ire usually restricted Id 
animals to fibrosis o f  parenchyma for a short distanfce around the biliary passa
ges. Cirrhosis may spread out due to the penetration of bile into the tissues that 
surround the bile ducts. . . .  . /

M acroscopically , the liver appears larger, hard, firm and greenish in color. 
The surfaco is smooth. The bile ducts are hard and stand out due to extensive 
ealcification—‘clay-pipe* appearance. .

?C8
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M ic ro sco p ica lly ,th e  fibrous tissue is found encircling the bile ducts and the 
individual lobules (hence perilobular or m onolobular cirrhosis,). In this type 
there is form ation o f a large number of new bile ' ducts th a t are nonfunctional. 
Also there is infiltration o f a large number o f lymphocytes into the fibrous tissue. 
The bile ducts may be completely occluded by the flukes, blood stained 
exudate, and debris.

Because o f  the obstruction in the bile ducts, jaundice and deposition of bile 
pigment in the liver are present.

Besids the flukes and round worms that obstruct the bile ductsi other parasi
tes damage the liver and produce cirrhosis during their larval migratory phase- 
W herever th"e larvae lodge, chronic inflammatory changes arise-with resulting 
fibrosis. In milder infections, the lesions are usually diffuse w hite splits, one 
to  three cms. in diam eter. In heavy infections, advanced fibrosis may be encoun
tered. In pigs the scars produced by ascarid larva! m igration are depressed 
while those of Siephanurus dentatus larvae are elevated.

In infections by schistosoma species, dense white zones o f  fibrosis develop 
around jn lrahepatic  po rtal branches. The lesions produced are  similar to portal 
cirrhosis with nodularity.

M ic ro sc o p ic a lly ,. the ova or their remnants m ay\be seen in the fibrous 
tissue.

Kupffer’s cells contain brownish pigment granules.
A bscesses o f th e  liv e r: Due to the entrance of pyogenic bacteria abscesses 

may be found in the liver. These bacteria enter the liver by way o f portal 
veins and hepatic arteries mostly. Infection may also occur from  the umbilical 
vein in the young anim als. Though the primary um bilical site may heal, the 
liver may still have abscesses. In the aduit and older cattle, infection may occur 
from  traum atic reticulitis.

In  countries where cattle are fattened for slaughter, abcesses are frequently 
encountered in the liver. The cause is S- necrophorus gaining entry through the 
portal vein. In  these anim als, highly concentrated grain appears to  produce 
rum inal disturbances, resulting in ulcers.' Through these ulcersS . neorophorut 
enters the portal vein and ultimately reaches the liver, where it produces first 
coagulative necrosis. Subsequently this.lesion becomes liquefied by the Ж . E. 
cells and then gets encapsulated- Later these abscesses heal leaving fibrous 
scars. In time, these scars may disappear.

N eoplasm s: Tum ors o f  the liver may be primary (arising from the liver 
parenchyma and bile ducts) o r secondary (metastases o f tumors located some- 
where else.) ;

’ P r im ary; Hepatomas arising front "the hepatic cells o r  tum ors arising from 
the bile duct epithelium  are uow considered as not rare in animals. They may 
be benign o r  m alignant. The benign tumors are more common.

Another primary tum or o f  the liver that isjfound in the dogs is the heman
gioma causing, sometimes, fatal hemorrhage. Primary fibrom a may also be 
found iD the liver.

Secondary: Metastases o f lymphocytoma and pancreatic carcinoma are 
mostly seen, but metastases o f any malignant tum or may be found in the liver. 
In the cow metastases o f uterine carcinoma are common. The neoplastic cells of
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lymphocytoma may form nodules, or may infiltrate dffusely, replacing the 
parenchyma gradually.

Mammary gland carcinoma in the dog metastasizes in the liver from the 
secondary tumors in the lung .

CHOLANGITIS: In liver fluke infection, cholangitis is met with, earned 
by the irritation of the spices on the cuticle o f the parasites as well as the toxins 
liberated by them. The lumen of the, bile ducts is dilated and its wall is thickened 
due to fibrous tissue proliferation around it. These ducts stand out as thick 
cords. Jn some cases, due to calcium deposition, these maiy feel hard also.

M icroscopically, the mucosa is thickened and forms papillary projections 
Into the lumen. Infiltration of the walls by macrophages, lymphocytes and 
eosinophils is common. The lumen contains parasites, cell debris and some 
mucus.- The fibrous tissue that proliferates arouDd the walls o f the bile ducts 
may extend to a short distance into the’parencbyma of the liver.

Occlusion o f the bile ducts may give rise to obstructive jaundice.
•CHOLECYSTITIS: This is rare in animals. Infection is usually ascending, 

from the duodenum. Stasis of bile by the presence o f foreign bodies, parasites, 
concretions or by pressure on the biliary duct by pancreas are other causes since 
the retained bile is ttself an irritant. E. Cali and Salmonella are frequently found.

Usually the catarrhal variety is noticed with congested mucosa and increased 
secretion of mucus ty  the glands.
CHOLELITHIASIS? Gall stones or choleliths are not as common in animals 
as in man. These are found mostly in cattle. The gall stones may be found in 
the gall bladder or bile ducts but unlike in man,' bile ducts are • more often 
affected because of frequency of parasitic involvement. They may arise in the 
bile passages of the liver also.

Gall stones are composed of a mixture o f cholesterol, bilirubin, bile salts, 
calcium and an organic matrix. These may be dark brown or yellowish-green in 
color. There may be numerous small stones or a few large- ones in the gal) 
bladder. The larger ones may be faceted due to rubbing against one another. 
They are light and friable.

Etiology : Almost always gall stones occur as a result of cholescystltis. The 
dead cells or bacteria or mucus may form the nuclei around which are deposi
ted cholesterol, bile pigments and bile salts. Sand particles and food materi
als that may reach the gall bladder through the bile duct from the duodenum 
during violent peristalsis may also form nuclei of the stones. Cholesterol is 
normally held in solution by loose combination with bile salts. This combination 
may Ы  easily broken up. In cholecystitis, the bile salts are rapidly absorbed, 
leaving the cholesterol which is precipitated.

Sequelae: Most of the gall stones are “ silent” . That is, they cause no 
aymtoms, being observed at autopsy only. But some may cause colic, nausea 
and dyapepsia.

I f  the bile passages are obstructed, obstructive jaundice may occur. If 
the obstruction of the bile duct il complete, rupture o f gall bladder may occur 
sometimes.

370
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TH E PANCREAS

E x o crin e  d iso rd ers : in  animals, diseases o f  the pancreas are not common.
A cm e pancreatic  n ecrosis (acu te  h em o rrh ag ic  p a n c re a t i t i s ,  necro tis ing  

p a n c re a t i tis ;  acute hem orrhagic necro sis).
T his condition may sometimes be met with in 'dogs, cats, swine and horses. 

Rum inants are believed to be not affected. The essential lesion is necrosis o f 
pancreas by its own enzymes. How this is brought abou t is obscure: The pro
teolytic enzymes are the most im portant. How and where trypsinogen, secreted 
in the pancreas, is activated to  trypsin, to produce this acute condition is not yet 
cleari Probably occlusion of the duct (by parasites) o r injuries or circulatory 
d isturbances or regurgitation of bile o r bacterial infection (via_blood or ftom 
the intestines by ascending infection) may be the causes.

T he czymes escaping out o f  the pancreatic tissue digest the surrounding 
peripancreatic fa t first and the pancreatic parenchyma subsequently. The 
fats are hydrolysed with the liberation o f fatty acids, which form  calcium soaps 
in the tissues round about the pancreas. Entering lymph channels the lipase 
may produce fat-necrosis in different and d istant organs, even as far away as 
an terio r mediastinal region.

M scroscopically , in fatal cases, there is a  small quantity  o f fluid in the 
abdom inal cavity. Hemorrhages may be present in the om entum . In the mesen
tery and  around the pancreas, whitish areas or nodules - o f f a t ' necrosis with an 
inflam matory zone surrounding them are found.

T he pancreas is swollen, and soft, yellowish or slightly hemorrhagic. The 
lesions may be widespread or localised. I f  lim ited to a  little  area, encapsulation 
may occur. On section, yellowish-grey, soft (pus like) areas o f  necrosis may be 
visible.

M icroscop ically , one finds necrosis o f  th e  parenchym atous cells and fa t, 
edem atous swelling, infiltration by a  few leucocytes, hem orrhages and thrombosis 
o f  vessels. Crystals o f fatty acids and bluish calcium soaps are found in the 
necrotic area. Foreign-body giant celts are seen a t the periphery.

R e su lts ?  Death in acute cases after m anifesting severe abdominal pain 
and cardiovascular collapse in shock. C hronic inflam mation may result if  th j 
episodes are repeated and chronic fibrosing pancreatitis results with atrophy of 
the  o rgan  which is nodular (in cats and dogs). In  the horse and in some dogs, 
on  the o ther hand, the organ is enlarged due to great increase in the scar tissue. 
Pancreatic  fat will reveal a granulom atous reaction.

Steatoirhoea occurs due to loss o f  the 'pancreatic ju ice. In this condition 
the  feces is fatty and foul smelling, .

D iabetes meUjtus with glycosuria may be seen in dogs
N e o p lasm s! Tumors of the pancreas are no t com m on. Even in the few 

th a t are described, the exocrine tumors (tum ors o f  the acini) are more common. 
T h e  acinar neoplasm is an adenocarcinoma usually, while th a t  o f islets of 
Langerhans is an  adenoma.

ENDOCRINE DISORDERS
D iabetes m ellitu s: It is pertinent to  review here the carbohydrate meta

bolism  since diabetes is essentially its derangement.
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Carbohydrates are absorbed as glucose, which is converted into glycogen 
and stored in the liver. When needed by the tissues, muscles in particular, 
glycogen is conveited into glucose—6 -  phosphate and then oxidised releasing 
energy. The by-products—C 0 2 and water—are eliminated. These processes 
a te  regulated and controlled by various hormones. The m ost important of these 
is insulin.

In sn lin  : This is a  hormone produced by the Beta cells o f the islets of 
Langerhans. It is a protein, having a m olecular w eight'of 6000. It has 51 amino 
acids arranged in two chains zndjthese contaia 17 different am ino acids.

Insulin has the following functions; helping in the storage of glycogen in 
the liver, facilitating the entry o f  bexoses across the cell membrane into the cell 
(muscles especially)'; s tim ulation 'o f hexokinase for form ation o f hexose—6— 
phosphate and inhibition o f  activity o f  hepatic glucose—6—phosphatase and 
thus preventing overproduction o f glucose. -  .

Conditions may arise when
1. Insulin may not bo adequately secreted due to necrosis of pancreas. 

The causes for necrosis have already been described.
2. Insulin may not bo liberated in to  the circulation though synthesized by 

the Beta cells. Cause is unknown.
3. Diminished production o f insulin due to  “ work-exhaustion” . This 

•ccurs when insulin-antagonists act for a  long time. U n d erth is  category must 
ba mentioned.

a) Ineulinase, a proteolytic enzyme which destroys insulin.
b j Glucagon end'epinephrine are anti-insulin by virtue o f their capacity to  

stimulate hepatic phosphorylase and produce glycogenolysis and hyper
glycemia.

t )  Growth hormone (S. T . H .) This antagonises 
t) : the effect o f  insulin on hexokinase;
ii) the ability o f insulin to  transport glucose across the cell membrane.
iii) by  stimulating insniinase and
iv) by probably stim ulating the release o f glucagon.

-л d) Thyroxine—This increases the metabolic rate and gluconeogenesis.
e )  Adrenal corticial hormones—antagonise by gluconeogenesis and suppo

rting the action o f growth hormone.
The above antagonists ftrst stim ulate the islets o f  the pancreas, which 

become hyperplastic, releasing excess o f  insulin to  a rrest die hyperglycemia pro- 
dpced by them. In time, the celis become exhausted and atrophied.

The modern concepts o f diabetes in man are ;
I. Diabetes may be present from birth as an inherent defectiveucarbobydrate 

metabolism and this will be manifested later as diabetes due to various 
causes, viz,stress due to pregnancy/А С Т Н  therapy, Gushing’s syndrome, 
overeating, streptococcal infections and acromegaly.- This error is due 
to an inherited recessive M endelian factor.

1. Insulin is  diabetes may be in the body as inactive complexes.
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3. There m aybe autoimmunity so that patient’s antibodies against insulin 
may inactivate the insulin'in the body.

4. In diabetes there is inability to store sugar as glycogen and so it accu
mulates in the blood leading to hyperglycemia.

The following changes in the metabolism of carbohydrates take place in in
sulin deficiency.—though carbohydrate is transported in the form of glucose, it 
should be first converted into glycogen in the muscle cells before it can be meta' 
bolised to C 02 and water (by way ofTC A  cycle). For this, therefore, glucose 
has to be transported across the cell membrane, to enter into the cells.

In the absence of insulin, norm aj quantities o f glucose molecules are unable 
to move across the cell membrane and so it is not utilised and hence blood {lu- 
cose level rises—hyperglycemia. W hen'this is above the renal threshold (in dog 
normal is 160 to lSO.mg. per 100 ml) renal tublues fare unable to completely 
reabsorb the glucose of the glom erular filtrate and so glycosuria also results. Now 
became of glucose in the urine its osmotic pressure rises and this prevents the 
reabsorption of the water by the tubules and so po ly u ria  also results giving rise 
to  increased thirst, polydypsia and dehydration.

Glycogen stores of the liver are" depleted due to glycolysis. So sufficient 
amounts o f pyruvic acid and oxaloacetic acids aro not formed to combine with 
active acetate formed from the fats. So'this active acetate accumulates, conden
ses and forms ketone bodies, which in excess produce ketonem ia and- ketonnrla. 
Being.acidic, the ketone bodies neutralise the alkali reserve resulting in acidosis' 
which terminates in a ir hunger and coma.

Since tissues are unable to  utilise glucose (except nerve cells and red blood 
cells which do not require insulin for glucose utilisation), catabolism of proteim 
and fats takes place as source of energy. Since fat of fat depots has to move into 
liver for phosphorylation (without which it cannot be utilised in the tissues) fatty 
infiltration of liver occurs. Ketone bodies are therefore formed in excess (due to 
catabolism of excess of fats) and so ketonemia occurs. (Normally small quanti
ties o f ketone bodies are produced but these are metabolised in the body.) So 
ketonemia give? rise to ketonuria. T he breath and urine have the characteris
tic; sweet odor. These keto acids interact with sodium and potassium salts and 
so these bases are lost in the urine and acidosis develops. Acidosis, dehydration 
and ketonemia give rise to coma.

Protein is catabolised to amino acids ;from which glucose (gluconeogenesis) 
and fatty acids arc formed. Glucose cannot be utilised and so is lost in the 
urine. Hence body weight decreases. Excess o f amino acids are deaminised io 
the liver and so there is elevation of blood and urine non-protein nitrogen. With 
th e  depletion of carbohydrates, fats and proteins, body loses weight inspite of 
consuming considerable quantities o f  food.

Diabetes mellitus may be found in dogs and cats. In dogs it is a disease of 
older animals, especially in females, due to chronic pancreatitis. For some 
unknown reason, such dogs develop cataract in the eye.

In lambs diabetes is seen in those that are overfed on carbohydrate». 
Glycosuria is met with in enterotoxaemia in sheep.
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M icroscopically , the animal is emaciated and dehydrated. The !i»er is highly 
fatty. The pancreas may eiiher be normal o r show pancreatitis and necrosis 
with fibrosis. Lipemia is evident with the serum appearing white.

M icroscopically, lesions are not very constant and conspicuous. Necrosis 
aDd hyalinisation of Beta cells have been noticed. Vacuolalion of the Beta cells 
and the epithelium of ducts is present and is due to  glycogen infiltration. Similar 
glycogen infiltration o f the epithelial cells o f  jh e  Henle’s loops, and the distal 
convoluted tubules o f the kidney is noticed. The liver cells are loaded with fat 
(foam cells).

Tbr retinal and vascular lesions o f man are not met with in animals.
H yperlnsu iln lsm : : This can occur in  dogs with (1) excess of insulin injec* 

dons or increased production o f insulin by a tum or o f  Beta ceils. In (his condi' 
tion, glucose is removed from the blood by (a) glucose oxidation by insulin- 
sensitive tissues, (b) deposition of glycogen in the liver and fc) by lipogeuesis, 
resulting in hypoglycemia. The nervous system which is dependent primarily on 
glucose for energy suffers and its dysfunction is manifested by incoordination, 
dizziness, muscular weakness, tremors, loss o f consciousness and convulsions.

2. Moderate hypoglycemia (50 to  60 rag. percent) activates the sympathetic 
, nervous system, and so epinephrine is-released. This brings about glycogenolysis
in liver. Similarly glucagon may be released which also causes glycogenolysis in 
the liver. Hypoglycemia also stimulates the release o f  ACTH which in its turn  
causes tho production of glucocorticoids which raise 'b lood glucose level by 
gluconeo genes is and suppressing the peripheral utilisation o f glucose.

Glucagon : This is a  polypeptide horm one secreted by the Alpha cells of 
the islets aod contains 29 amino acids in a single chain. Its function is quite, 
opposite that o f insulin, namely to produce glycogenolysis o f liver glycogen. 
The release o f glucagon is brought about by hypoglycemia.

Glucagon action is to increase the activity o f  liver depbosphorylase kinase 
which activates phosphorylase and this causes glycogenolysis leading to elevation 
of blood sugar level. This activity sim ilar to that o f epinephrine. But 
glucagon does not cause glycogenolysis o f muscle glycogen since it has no effect 
on muscle phosphorylase, while epinephrine acts both on liver- and muscle 
phosphorylase.

THE PERITONEUM
Ascites o r H ydroperitoneum  is edema o f  the peritoneum and is common in 

dogs and cats but may also be encountered in sheep and -'cattle.
Causes: 1. Porral obstruction—due to hepatic lesions—cirrhosis, hydatidiasis. 

fsscioliasis, neoplasia (secondary) and pressure upou the vein by neoplasms, 
abscesses aDd enlarged lymph nodes.

3. General chronic venous congestion—cardiac valvular disease or pulmo- 
aary lesions.

3. Uriaary obstruction in male cattle and sheep with or without rupture 
of bladder.

4. Hypoproteinemia — gastrointestinal tricboitr.ongylosis and Johne's 
Disease in which there is protein loss.
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5. Cachectic diseases anemia and starvation—in which general dropsy 
develops.

6. Increased capillary permeability—due to histamine release in shock or 
due to toxins as in Edema Disease o f pigs.

7. Lymphatic obstruction—by neoplasms.
8. Carcinomatosis—primary (malignant mesotheliomas) or secondary (ex

tensive implantation carcinomatosis).
Hemorrhages into peritoneum are common in all animals and may be due to 

trauma of organs or sweet clover disease. Small focal hemorrhages are common 
in acute toxemias (enterotoxemia) and infectious diseases-anthrax, hemorra- 
gic septicemia and infectious canine hepatitis.. These hemorrhages are found on 
the serosa of the diaphragm, stomach and intestines.

Hemorrhages in the peritoneum are also seen in the course of certain para
sitic diseases such as distomiasis, Str'ngylus ederitatus infection etc.

PERITONITIS is a very common condition in most of the domestic animals 
and may be localised or generalised.

The pathogens may be bacteria E. col’, S'replococci, Staphylococci; Cory - 
nebacteria, Clostridia; Pasteurella group, Anthrax in pigs.

Viruses—of bovine encephalitis
Helminths
Chemicals—introduced for medication
Endogenous—Bile and pancreatic juice.
Routes of entry : I. Externally, through surgical wounds or from truama.
2. By blood stream as in bovine viral encephalitis.
3. By rupture o f an abdominal organ.
4. Extension through the walls o f stomach, intestine or uterus when their 

mucosa is inflammed.
5. Through osteum abdominale of an infected oviduct.
6. From an infected umbilicus.
7. By way of lymphatics from scrotal infection and infection of abdominal 

wall.
8. Direct extension from an infected kidney jr .s
Th* irritant first produces a serous inflammation which later becomes fibri

nous or fibrinopurulent. Tbe fibrin is helpful in localising the inflammation by 
forming adhesions. Being a very large absorptive surface o f the body, toxins 
are speedily absorbed from the peritoneum damaging other parenchymatous • 
organs. .

In the condition known as Glasser's Disease in swine, a diffuse serofibri- 
nous peritonitis is seen.

In visceral gout of birds, uric acid peritonitis occurs characterised by the 
deposition of urates on the serous membrane which consequently shows inflam
matory changes.

Tuberculosis of the peritoneum is very frequent in cattle, less frequent in 
dogs and rarely met with in other’auimals.

One of the protective mechanisms of nature is the mobilisation and move
ment of the-om:ntum which covers and sticks to the area of inflammation thereby
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restricting its spread. But this has its own drawbacks, since adhesions may form 
between it and the inflammed parts. Fibrin that forms, if  not removed within 
6 to 10 days, is organised, thereby inhibiting the movements o f  the intestines 
and impeding the digestive process -s

Neoplasm s : the primary tumors, mesotheliomas (malignant) arise from the 
serosa and are common in the young and newborn animals.

The secondary It mors are metastases from the liver or uterus. 
Transcoelomic implantation of-ovarian tumors found in women is not 

M>mmoa ia animals.
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' ' THE URINARY SYSTEM

Kidneys
Functions

-P rrorsjn  renal function 
Postmortem changes 
Anomalies
Cii culatory disturbances 
Hydronephrosis 
Nephrosis -  chemical 

Mercury poisoning 
O xalate nephrosis 
Sulphonamide nephrosis 
Endogenous toxic nephrosis 
Lower nephron nephrosis 
Nephrocalcinos'i

Suppurative nephritis 
Pyemic nephritis 

„  Pyelonephritis 
Non-suppurative nephritis 

li terstitial nephritis 
Glomerulonephiitis 

Neoplasms 
Urinary bladder 

Anomalies
Chronic bovine hematuria 
Cystitis 
Neoplasms 

Urethra
Obstruction 

Urolithiasis 
Urinary casts.

T H E  KIDNEYS
F u n c tio n s  o f the kidney : .

1. Excretion o f metabolic end products, especially end products o f nitrogen 
metabolism—urea, creatine, creatinine, ammonium salts e tc .—so as to maintain 
a standard chemical companion of the blood.

2. Regulation and maintenance o f acid-base balance o f the extra cellular 
fluids.

3. Selective reabsorption and thereby conservation of substances useful to 
the body : sodium chloride, glucose etc.

4. M aintenance of standard  extra-cellular body fluid volume by excretion 
of w ater o r its reabsorption, whenever indicated.

The above functions-are performed by changes in  the rate o f  excretion 
of the constituents.of piasma.

I h e  following extra-renal factors interfere with the functions o f the
-kidney.

1. H em o co n cen trs tio n  : In this condition the viscosity and osmotic pres
sure o f  blood are increased, resulting in decreased blood flow in the glomeruli. 
So there is decreased filtration o f fluid resulting in reduced  u rine.

2. Low blood p re ssu re  : Causes :-Shock and cardiac decompensation. 
Due to decrease in the effective filtration pressure there is complete

stoppage o f  urine form ation (Anuria)
3. O b stru c tio n  to  th e  out-flow-of urine: When urinary passages are obstru

cted by calculi or tumors, back pressure develops in the urine, which opposes 
the filtration pressure in the glomeruli and so urine is not filtered. Obstruction 
of urinary passage m -y also occur in cystitis.

The following intra-renal factors msy affect functions ;
A. In ju ry  to the  g lo m eru lar filter This may cause (i) increased perme

ability o f the i.lomeruiar capillary endothelium, thereby facilitating the passage
377
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of larger protein molecules into the.capsular filtrate, and so albuminuria results 
or (ii) reduction in the filtering surface as in (a) acute inflammation and (b) fibro
sis. In condition (ii) the capacity o f the glomerular fitter is reduced, resulting in 
reduced urine form ation—anuria or oligutia.

B. Injury to the tnbnles : This results in alteration ofthetubular functions:
(a) selective reabsorption does not take place and so the essential substances 
needed by the body like sugar etc. are lost; (b) water from the glomerular filtrate 
is not reabsorbed, resulting in polyuria and dehydration; (c ) ‘ubules may be 
blocked, thereby obstructing the form ation of urine-f-anuria. uremia; (d) the 
filtrate formed in the Bowman’s capsule may be completely reabsorbed by the 
lymphatics and veins resulting in anuria, and uremia; (e) substances that are 
normally eliminated selectively by the tubules are retained, eg. creatinine.

C. A lte ra tio n  in the c ircu la tio n  o f kidney : This may cause' reduction in 
tubular function due to decreased blood and oxygen supply to the tubules. This 
is brought about by (a ' narrowing of the arterioles when blood supply to the.organ 
is reduced and (b) fibrosis o f the renal capsule in which condition the renal paren
chyma is compressed so much that the total capillary bed is decreased and so the 
blood supply is reduced.

Mention must be made of the peculiarity o f  the blood supply in the kidney- 
The afferent vessels o f the glomeruli arise from the arteria* rectae. The efferent 
arteriole (having smaller diameter than 'the  afferent) on emerging from the tuft, 
breaks up into cap llaries, which suriound the tubules and arelhe nutritive vessels 
for these structures. Hence, it is natural to  find atrophy and disappearance o f the 
tubules if glomeruli are destroyed. And it is to be known that wbeD once 
destroyed regeneration o f glomeruli does not take place. Once lost they are lost 
for ever (but tubules can re enerate very well).

ERRORS IN  R EN A L FU NCTION
, PRO TEINU RIA : This is the presence o f proteins(albumin mostly) in urine. 

Ultimately this condition will lead to hypoproteinemia and so to. generalised 
edema (renai edema) finally.

Canses are;- (a) increased permability o f  the glomerular capillaries.
(b) tubular injury, (c) inflammatory reaction.

Albuminuria is met with in the following conditions: congestive heart failure, 
glomerulonephritis, renal infarction, nephrosis and amyloidosis.

GLYCOSURIA : This is the presence o f  glucose in urine and may be found 
in diabetes mellitus, enterotoxemia in sheep due to Cfrxiridium welchii type O , 
following intravenous injection of large quantities o f dextrose solution and in 
njection of adrenocotricotropic hormones.

KETONURIA is the prescnfee'STfeetone bodies in the urine and is met with 
in diabetes mellitus, acetonemia o f  cattle, pregnancy toxemia in ewes and in 
starvation.

ANURIA means complete urinary failure ahd O liguria  is a  condition o f 
reduced excretion of urine. These are brought about in the following manner.

(a) G lom eru lonephritis  : l n this condition due to (i) swelling of the capillary 
endothelium and (ii) infiltration of inflammatory cells, the capillaries o f 'th e
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gomernii are compressed and so blood flow through them is blocked. So urine is 
not filtered.

(b) Cloudy sw elling and fa tty  degeneration of the tnbnlar epithelium : In 
these conditions, the pressure within the kidney is raised so ranch by the swollen 
cells that it oblitentes the blood vessels. The tough, inelastic capsule of the 
kidney docs not permit'any expansion of the kidney and so the pressure in the 
organ is passed on to the vessels, compressing them.

(c) Stagnation of the secreted u r in e ;  If the urine formed is not evacuated 
from the kidney due to obstruction, the back pressure thus exerted will oppose 
the filtration pressure thereby preventing the formation o f urine.

(d) Extensive destruction  of tubu lar ep ithelium ; In this condition there 
is diffusion of the arine filtered by the glomerulas into the lymphatics and veins.

(e) Extreme dehydration  ; Sufficient fluid is not present to be excreted.’ ” "'
if) Low general blood pressu re  : This has already been dealt with above.
FOLY URIA ; This is increased amount of urine passed.

Causes (a) Diabetes mellitus.
(b) Diabetes insipidus (posterior pituitary involvement).
(c) Moderate injury to  tubular epithelium and so water is 

not reabsorbed.
(d) Chronic interstitial nephritis.
(c) In hypercalcemia and hypomagnesemia.

PY URTA : signifies pos in the urine and is found in suppurative inflammation 
of the kidney or some other part o f  the urinary system.

HEMATURIA is blood in  the urine which is therefore colored red. On 
centrifugation or standing o f urine, the erythrocytes settle down leaving a clear 
supernatant fluid. This condition is due to hemorrhage from any part o f the 
urinary apparatus—glomeruli to urethra.

Causes:- (1) Diseases of the urinary organs; acute nephritis; pyelonephritis4
cystitis, chronic bovine hematuria; urethritis;^renal infarction

(2) Traumatism
(3) Chemical irritants: cantharides; turpentine; carbolic acid;
(<t) Calculi
(5) Acnte septicemic conditions H.S. Anthrax
(fi) Neoplasms—Carcinoma of the bladder or kidney.
(7) Parasites : Dioclopkyma renale.

HEMOGLOBINURIA • This is the presence of free hemoglobin in the urine 
which is brown or coffee colored. Since there is hemolysis, red cells cannot be 
sedimented either.by standing or. centrifugation. This condition ariie^jjB e to 
hemoglobinemia, hemoglobin escaping through the glomerular filter.' Hemoglobi
nuria is found in

( i) Protozoan infections—Babesiosis in cattle, horses, sheep and dogs.
(b) In certain infective diseases: Sueptococcal stplicemia; infection by

Chsiridium, leptospirosis
(c) Chemical poisoning-potassium  chlorate poisoning, chronic copper

poisoning in sheep
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(d) conditions of unknown etiology-post-parturient hemoglobinuria in cattle.
UREM IA : Uremia is a toxemic syndrome resulting from  renal insufficiency. 

H is associated with urea retention but is not caused by that condition. It is due 
partly to the retention and toxic action by non-protein nitrogenous substances 
including urea, creatine, uric acid, am m onia etc., and partly io the development 
o f  an  acidosis. • •

The terra ‘azotemia’ means an increase of non-protein nitrogenous material 
in the blood. This may be due to extra-renal factors such as -^dehydration, rapid 
break down of proteins o r increased metabolism. Azotemia due to renal cause 
is uremia and can be differentiated from azotemia due to  the extra-renal causes.

Uremia is a fairly common condition met with in significant derangement 
o f  renal function. It is estimated that five percent o f all dogs that are examined 
a t autopsy have some degree o f uremia. This condition is more common in 
males than in females in all species ef animals.

Urea is formed in the liver by the breaking down o f amino acids. This is 
not toxic as is evidenced by injection o f  urea intravenously without any untoward 
effects However, the blood urea level is a  good index o f  the toxemia that 
develops in the uremic condition. The uremia that develops may not be of 
renal origin at all. It may be:

(i) P o st-rena l when the urinary tract is obstructed by calculi. In post- 
inflammatory strictures, carcinoma of bladder, prostatic enlargement and con
genital defects there is retention o f urine, which with back pressure in the kidney 
opposes filtration pressure and so anuria results.

(ii) P re -re n a l found i s  : '
(a) Lowered blood pressure due to  shock, trauma and intestinal hemorrhage. 

There is decreased glomerular filtration pressure. Waste products of 
protein metabolism which are thus retained, aggravate the condition.

(b) Diarrhoea, vomition and intestinal obstruction and excessive sweating. 
In these condition? there is salt deficiency, dehydration and electrolyte 
imbalance.

(c) Fever, large infarcts, gangrene, diabetes, high pro tein  intake. In these 
conditions there is increased protein destruction.

The renal lesions resulting in uremia may be : V
(a) Glomerulonephritis; b) Chronic interstitial nephritis (small granular 

contracted kidney, c) Toxic tubular necrosis and d j Extensive amyloidosis. 
These lesions cause the following disturbances in the Physiology o f the kidney: 
(a) decrease in glomerular filtra tion  resulting in retention o f utca, phosphates 
and sulphates, (b) decreasejn tubular reabsorption resulting in the loss of water" 
and electrolytes, (c) decrease in tubular secretion, resulting in the upsetting of 
the balance in potassium, H -ion , ammonia and creatinine, leading to hyperkale
mia (producing cardiac inhibition and death) and acidosis, (d) Probable dec" 
rease in the detoxifying mechanism of the kidney so that the accumulated 
toxins act on the hemopoietic system and cause anemia.

Normally, the blood urea nitrogeD (’BUN) is less than 14 mgm. per 100 ml. 
o f blood. But in uremic-states, this is well above this figure. Besides the non. 
protein nitrogenous substances (uric acid, ammonia, creatinine, urea, amino-acids)
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other substances, such as sulphates and phosphates of potassium and 
chlorides are retained. These deplete the alkali reserve and so acidosis develops.
This acidosis may be due to  (i) reduction o f  glomerular filtration ,of' the acid 
substances or (ii) loss of base especially sodium. In the damaged tubular epithe
lium “ ion exchange” does not take place With the rise in phosphates, the 
calcium content of the blood is diminished.
L esions met with in uremia are :

1 Гoxic degenerative changes in the parenchymatous organs: ulcerationof
the mouth and stomach accompanied by hemorrhagic gastro-enteritis. The 
toxins are presumed to  be excreted through the alimentary tract, causing tho 
inflammatory changes. (Excretion gastritis—See page 347). > ,v  - -  ... t

2. Injury to the neurones : by the toxic materials retained in the blood.
3 Deposition of calcinm  c ra te s  and u rea  on se ro u s mem branes: These 

minerals produce trauma of,the serous membaranes and jo in ts and so inflamma
tion in these places occurs.

4 . Dyshemopoietic anem ia dne to
ia) Decreased intake o f iron and Vitamin B12 as anim als suffer from anore

xia or vomition. (b) Toxic suppression of hemopoiesis in the bone marrow.
5. H yperplasia o f parathyroid: In cbronicnephritis, especially in the dog

with extensive tubular damage, there is ' phosphate retention. This produces- 
osteodtstrophv. The following processes are involved-. The damaged tubules 
reabiorb the phosphate indiscriminately thereby elevating the plasma phosphorus 
level Excess of the phosphorus, when being excreted through the intestines 
combines with calcium, forming insoluble calcium phosphate. So calcium is no1 
available for absorption and hence hypocalcemia results. This hypocalcemia in .
turn stimulates the parathyroid resulting in hyperplasia and increased parathy
roid hormone production. This in turn produces (i) resorption of bone by 
osteoclasts, thereby releasing calcium and phosphorus and (ii) increased renal 
tubular excretion and diminished reabsorptioo of phosphorus

These are attempts by nature to retain the plasma calcium and phosphoru 
levels within physiological limits. But the damage of the kidney in chronic renal 
disease is irreparable and so a vicious circle is  established, with more and more 
phosphorue retention and consequent, hyperparathyroidism and osteoporosis 
resulting. This is clinically known as osteodystrophy. Nature tries to strengthen 
tbs softened bone by the cheaper fibrous tissue, which becomes hyperplastic and 
this is more evident in the bones formed by intra-membranons ossification, 
namely those o f  the head and jaw. -Therefore these bones bee.cme vsi? soft and - - 
pliable and can be bent. - Hence they are known as “ Rubber nose” and ‘Rubbet 
jaw”  respectively. Histologically, some degree of osteodystrophy can be found 
in all the bones.

6 P o ly u ria : due to excretion o f large amounts o f  calcium and phosphoru 
osmotic polyuria and attendant polydipsia result.

7. M etasta tic  calcificatioo  : Hyperparathyroidism with consequent hype*, 
calcemia will result in m etastatic calcification o f soft tissues, especially gastric 
mucosa, larynx, trachea, lungs, viscera! pleura etc..

8. Degeneration of liv e r  w ith Ic te rus.
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9. Cardiovascular lesions : Found mostly in dogs.
(a) Increase in pericardial fluid with small amounts o f  fibrin
(b) Necrosis of the endocardium of the left auricle and the intima of 

the aorta and pulmonary artery to their first few centimeters. Later, the necrotic 
areas become fibrosed and calcified in those"animals that survive

(c) Cardiac hypertrophy (especially o f left side!, medial hypertrophy of 
arterioles and capillaries. These changes are attributable to hypertension that 
develops due to (i) resistance to flow of blood through the kidney in chronic 
interstitial nephr tis(leptospiral infection) consequent on fibrosis or (ii) production 
o f excessive amounts of renin by the damaged kidney, which releases hypertensiu 
(a vasoconstrictor) acting on piasiba hypertensinogen.

10. Termiual pulmonary edema
POSTMORTEM CHANGES IN THE KIDNEYS

As in the liver, in the kidney also, postmortem autolysis occurs rapidly 
after death So if autopsy in not conducted immediately after death, it will be 
difficult to differentiate between antemortem degenerative processes and postmor_ 
tern autolysis. The changes are observed in the cells o f tubular epithelium in 
which the nuclei and brqsh borders disappear and the Altmann’s granules become 
clumped together. In birds there is hyperchromasia of the nuclear wall and 
karyorrhexis.

More rapid autolysis of the kidney parenchyma may occur if prior to death 
there are already degenerative changes in the renal tubules. This is especially 
true in “ Enterotoxemia” of sheep, in which the kidney is very soft—‘‘pulpy-kid- 
ney". To the naked eyes, the cortex appears opaque and grey in this postmortem 
change. Gas bubbles may occur from bacterial putrefaction.

Hypostatic congestion, imbibition of hemoglobin and pseudomelanosis ar- 
otber changes noticed postmortem.

ANOM ALIES OF DEVELOPMENT :
Agenesis—absence of one or both, of the kidneys may be met with,

. Hypoplasia, in which the kidney is smaller, is more often seer. In saeb 
animals, the other kidney shows compensatory hypertrophy.

Persistent lobulation (normal in fetal life) may be seen in dogs, sheep and 
swine.

•'Horse-Shoe kidney” is seen in all species of animals. This results from 
fusion of the kidneys at the posterior poles.

Duplication of one kidney may be seen ih pigs and so in such animals three 
kidneys may be noticed. - “ Т-&‘

Cysts ; Cysts iu the kidneys are the most common congenital defects. One 
or more cysts may he found. Kidney with numerous cysts is known as congtniial 
polycystic kidney. These.arise due to lack of continuity between the nephron and 
the collecting'ducl and so'upine formed in ’the nephron is not evacuated but 
collects to form a cyst.

Cysts may also be formed (acquired) after birth especially in chronic inters, 
tidal nephritis, in which the fibrous tissue compresses the tubules with resulting 
dlatation (and accumulation of urine) o f the proximal part.
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C IR C U LA TO R Y  DISTU RBA N CES
HYPEREM IA: Active hyperem ia  is noticed in  acute nephritis and in genera

lised acute septicemias and bacterial intoxications. Passive hyperemia is a  feature 
found in generalised passive congestion. In these conditions the kidney may be 
slightly enlarged but due to  unyielding nature o f the tough capsule and theldense 
renal parenchyma, spectacular changes are no t found. U sually , congestion is 
more evident in the medulla. —

INFARCTS of the kidney are comm on due to occlusion o f  the branches of 
renal artery and are anemic in type. Renal infarcts are very common in cattle, 
especially cows, the commonest causes being thrombosis o f  the uterine veins after 
parturition and ulcerative throm botic endocarditis caused b y C  pyogenes and 
Streptococci. In pigs infarcts are seen in erysipelatous endocarditis. They are 
wedge shaped, with base o f the wedge towards the cortex and apex towards the 
pelvis. I f  the condition is no t septic, healing by scar tissue will ensue, with 
pitting on the surface.

EDEMA ofthe kidney is not common because there  is no place in the kidney 
-for the fluid to accumulate. The capsule is inelastic and the parenchyma is firm- 
In acute interstitial nephritis some inflammatory edema may be observed.

DEGENERATIVE PROCESSES IN  THE K ID N E Y : Degenerative renal 
lesions are known as N e p h ro sis . This term is applied to  necrotic lesions o f  the4 
kidney also. Though formerly d istinction was made betwcn nephrosis (degencrtive 
changes) and nephritis (inflam matory), as per our concept o f  alterative inflamm
ation, the distinction is no longer tenable.

The degenerative processes affecting the tubules m ainly, include cloudy 
swelling, fatty degeneration and even necrosis. I t  is the highly functional and 
specialised epithelium of the proxim al convoluted tubules th a t is greatly suscep
tible to the irritants. Next in o rder th a t are affected are  the Hehle’s loops and 
the distal convoluted tubules

HYDRONEPHROSIS : la  th is condition there is .d ilata tion  o f  the renal 
pelvis due to  obstruction to free flow o f  urine,. The obstruction produces stasis 
of urine, which with its b a c k . pressure causes atrophy o f  the renal parenchyma.

The obstruction may be any where in the urinary tract—from the urethra to 
the renal pelvis. For hydronephrosis to  develop, the obstruction must be partial 
leading to gradual stasis. I f  it is com plete, atrophy o f  the corresponding kidney 
results. Hydronephrosis may be congenital or acquired Among the causes 
for the acquired a re :-  (a , calculi; (b j  hemorrhagic cystitis; (c) enlargement o f  
the prostate in the dog ; (d) tum ors of renal pelvis, ureter, bladder and 
urethra (el compression o f the ureters by surrounding inflammatory tissue, 
neoplasms, gravid uterus, ovarian or uterine masses ; (f)  displacement of the 
bladder in perineal hernia.

Hydronephiosis may be un ila tera l o r  bilateral. Extreme degree is observed 
only in the unilateral affection w ith partial obstruction proxim al to the bladder. 
Here the whole kidney may be converted into a bag with a paper-thin capsule. 
In the not-so-severe cases, m ere is atrophy o f the tubules, some o f which may 
be widely dilaied. The cortex will be thinner and grayish in color.

- “ 383
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Sometimes, the fluid in the kidney may be pus due to supervening pyelone
phritis, when the condition is known as pyonephrosis.

Results : In bilateral—death due to uremia
In u n ila te ra l- in  uncomplicated cases, hypertrophy of the other kidney.
Pyonephrosis if  infection supervenes as in pyelonephritis.
TOXIC N E PH R O SIS  : The toxins are conveyed to the kidney by blood 

The toxins are:-
hemicai : In o rg a n ic :  salts o f ;  mercury (used as cdom el; mercuric 

perchloride; mercurial fungicides ; uranium (uranium, citrate); cbrom'um (pot
assium dichromate); copper tcopper sulphate used to eradicate molluscs, para
sites and fungi); bism uth (in В.1 P.P. as dressing for wounds); cadmium, arsenic 
and phosphorus

O rg a n ic : Carbon tetrachloride and te'racblorethyleDe (anthelm initicsJ , 
insecticides containing chlorinated hydrocarbons, oxalates and oxalic acid (from  
plants): sulphonamides. turpentine, iodoform, canthandes, phenol.

M ercury po ison ing  is common in cattle, horses and swine. Mortality is high. 
This is a chronic type of cumulative poisoning,' a single dose of acute poisoning 
not being common. The kidneys are enlarged, pale and bulge on cut surface.

M icroscopically , in the aente disease there is coagulation necrosis and des
quamation o f the epithelium of the proximal convoluted tubules. G ranular and 
hyaline casts are formed. There is moderate dilatation of the lumen o f the tubu
les Infiltration o f  edema fluid and lymphocytes is found in the intertubular 
tissue. If  death does n o t occur within about a week, regeneration of the epithelial 
cells occurs. These new cells are fiat and dark staining. A notable feature is the 
deposition o f calcium in the basement membrane, oh the necrotic epithelium and 
Use debris. By the th ird  week, regeneration is complete (See page 133).

O xalate  n ep h ro sis  occurs in dogs and cats by swallowing ethylene glycol 
(used as an antifreeze) and in sheep (hat eat plants rich in oxalic acid o r oxalate. 
The kidneys are slightly enlarged and are greyish brown in color. The doubly- 
refractile, rectangular crystals of calcium oxalate are deposited in masses in the 
tubules, especially in the proximal convoluted tubules Jhe tubular epithelium  
reveals vacuolar degeneration. There may be focal necrosis but damage is mild. 
Anuria is explained by the obstruction o f the tubules by crystals.

Sulpbonam ide nephrosis may be met with in calves subjected so sulphona, - 
reide therapy but with inadequate sodium bicarbonate and water. In the acidic 
urine, the crystals are deposited in various parts o f  the kidney. “>

The epithelium o f the proximal convoluted tubules and the Bowman’s capsule 
undergo hydropic degeneration. Swelling and proliferation of the epithelium  o f 
■he distal tubules is also evident. Anuria may result due to mechanical blockade 
of the tubules.

Endogenons to x ic  nephrosis occurs in ketosis, icterus and degenerative 
changes found in severe septicemic and toxic diseases. There is at first cloudy 
•welling and thea early necrosis of the tubular epithelium.
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Among the above varieties, special-mention must be made of Cholemic nrph- 
rosis, seen in the jaundiced animals. The nephrosis is believed to be due to tbe 
action of the substances retained in the bile on the tubules. This condition,there
fore, is more pronounced in obstructive jaundice. In these conditions-the kidneys 
are swollen, pale and opaque and are brown in -color due to the deposition of 
blood pigment ib the renal tubules. The pigment is found intracel lularly.

H epato-renal syndrom e When there is damage to and necrosis o f  liver 
parenchyma, severe degenerative changes and necTosis may be found in the renal 
parenchyma also. Normally liver detoxifies various'texic substances formed some 

. ̂ 'b p je jn  the body But when it is damaged, this function of tbe liver is deran
ged and so the toxic substances reach the kidney and  daniage i t .J

Anoxic nephrosis : When adequate supply of oxygen is lacking, degeneration 
o f renal tubules may result. Anoxia may be found in (i) urine retention produ
cing increased intra-renal pressure; lii) shock—due to  severe bums; (iii) intestinal 
obstructions. The kidney is pale and soft.
Lower nephron n e p h ro s is—the crush  syndrom e—hemoglobinuric n ep h ro sis ;

When large quantities o f hemoglobin are excreted through the kidneys, lesions 
are found in the lower portions o f the nephron, viz, the ascending loop of Henle 
and the distal convoluted tubule. This condition, therefore, occurs whenever 
there is hemoglobinemia as in (1) excessive hemolysis—by poisons or protozoa or 
incompatible blood' transfusion; |2) severe burns; (1) equine Azoturia and 
(4) in crushing injuries—automobile accidents and air raids- In acidic urine the 
pigment is precipitated, which blocks the tubules resulting in anuria. Selective 
damage seems to  be caused in the lower nephron with hemoglobin casts in these 
places. Tubular epithelium contains fine particles o f hemoglobin and may show 
hyaline droplet formation.

M icroscopically , the kidney is swollen and pale with reddish streaks in 
the medulla.

NE PH R OCALC1NOS1S

T t f i i i  types o f disturbances in calcium metabolism are met with. White 
streaks or spots may be seen macroscopic ally denoting the. places of calcium 
deposition. Calcium is deposited as phosphates and carbonates,

1. D ystrophic calcification . (P rim ary  ep ithelial calcification,): In 
this conation  the epithelial cells o f  the tubules are affected. As explained'ear!rfer 
(page UH jthis occurs whenever there is necrosis o f the cells and so may be encoun. 
tered in nephrosis. Actually calcification is met with iii sub-aciile mercury 
poisoning. Due to poisoning by the  mercury salts, tbe tubular epithelial cells 
are degenerated and necrosed and”calcium salts are deposited on them.

2. Calcium  casts : When the a rm ; is concentrated and inspissated in the
distal convoluted tubules, the ascending loops of Henle and the proximal part of 
the collecting tubules, the calcium in the urine is precipitated on albumin casts 
These calcium casts may destory tbe tubular epithelium, which may also, on the 
other hand, be calcified. Later there is inflammatory reaction in the interstitial 
tissue, evidenced by infiltration of histiocytes and fibrosis.
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3. D eposition of calcium  in the in te rs titia l tis sn e : This condition is seen 
in dogs between the ages o f 6 months and 4 years and is usually found in such 
affections in which there is reaction in the interstitial tissue. Therefore, this is 
seen in leptospirosis. Tbe process starts with tbe deposition o f calcium salts in 
the basement membrane of the tubules and later it may extend to the interstitial 
tissue The capillary vessels may also reveal calcium masses in their walls- 
Sometimes this condition may be found in association with deposition of .calcium 
in other organs

INFLAMMATION OF TH E KIDNEYS
The following classification of nephritis, among animals, appears to b t the

- i* * * * "  * * *

1. Suppurative :— i. Pyaemic—hematogenous
ii Pyelonephritis—urinogenic—ascendiDg ..

2. Non-suppurativc ;— i. Interstitial
ii. Tubular (already dealt with under nephrosis) 

iii. Glomerulonephritis.
3. Specific :—  Tuberculosis, etc.

PYAEMIC N E PH R IT IS  OR EMBOLIC N EPH R ITIS is a focal suppurative 
nephritis arising from infection with pyogenic organisms which are blood borne-

Causes are :— Cattle—conforms in calves.
Corynebacterium pyogenes and Streptococci in adults.

Foals : Shigella and Streptococci
Swine : Streptococci and Staphylococci
Infection may occur as a secondary to suppurative processes elsewhere—the 

umbilical vein, mammary gland, uterus, the pericardium . or the lung In the 
foal, the infection may be acquired in utero

The bacteria may reach the kidney in clumps or in the emboli, from cardiac 
vegetation. These are arrested in the glomeruli or in the intertubular capillaries 
where abscesses are formed

M acroscopicsHv, there may be numerous tiny abscesses, literally studding 
the kidney. These may be visible on the cortex through the capsule. Abscesses in 
the cortex are circular whiltf those in the medulla are elongated. All the abscesses 
are o f the same size, being o f same age.

M icroscopically , abscesses with leucocytic infiltration are found. Bacterial, 
emboli are found in the glomerular loop; and in capillaries between the tubules

S eq u e lae : Mostly terminate with death.
PYELON EPHRITIS : This is a term used to indicatiFShe inflammation or 

all parts o f  the kidney— involving the pelvis and parenchyma o f the kidney.
Usually, this condition is met with in cows, but may also be found, in sheep 

and swine
Infection in most of the casts, is thought to be an ascending one from the 

lower regions of the urinary tract. For such an infection to occur stasis of 
urine is an essential predisposing factor. When slasis occurs, the bacteria, espe
cially the motile ones, ascend to the pelvis.

Canses o f s t a s i s : In young animals-anomalies of the urinary system—
pervious urachus, in calves and kinking of ureters in pigs.
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In mature anim ats :— In pregnant females gravid uterus presses upon the 
bladder and ureters; m m ales (dogs especially) enlargem ent o f  the p rosta te  and 
obstruction by urinary calculi. Tumors, abscesses and fibrosis along the urinary 
excretory tract may prevent evacuation o f  the u rine. Sim ilarly, cystitis and 
ureteritis may also-hinder speedy emptying of urine.

The c au sa tiv e  o rg n ism s :
Cattle : C orynebacterium  renalt mostly and C pyogenes  sometimes.
Sow : C o llfo rm r, Proteus, Streptococci. Pseudomonas and Salm onella .
C. renaie appears to  have selective affinity for the pyram ids o f  the-pelv is 

and is the organism seen in most o f  the cases in the cows. The co nd ition  occurs 
more frequently in the  post-parieSfenE^perioa^because a t th a t ' tim e there may
be infectioa o f the uterus and vagina from which infection spreads to  the pelvis 
o f the kidneys by way o f  the short and broad urethra. Infection m ay sometimes 
be hematogenous also. л

A t fi'st ther* is pyelitis from where infection spreads to  the k idney parenc
hyma by way o f  large uriniferous tubules.

M a c ro sco p ic a lly . bladder is  enlarged and ureters are dilated. T h e  pelvis is 
widely d ilateJ-w ith pus; beneath the capsule on the cortex are  v isible irregular 
spots, grey in  color, indicating' tiny abscesses. Gray streaks may be  found in 
the m edulla in the early stages. The calices are widely d ilated  and filled with 
purulent material containing calcium particles. The walls o f these a re  red aDd 
ulcerated. The papillae are either absent or it they are present are dirty-grey in 
appearance~with erosions and a zone of hyperemia around. Tne ren a l pelvis is 
filled with purulent m aterial which contains triple phosphates: The ureters are
thickened and their m ucosa is roughened. Due to  increasing accum ulation  
and  retention o f urine, back, pressure may produce pressure a trophy  o f  the 
parenchym a so that in  some in-nancis only a  thin rim o f  cortex may be  found.

M ic ro sc o p ic a lly , the lesion is a purulent process with neu trophils and a  few 
lymphocytes, which may be found as streaks among the tubules. GJornerula* 
loops and Bowman's capsules are filled with leucocytes and bacteria . Tubules 
may contain cell-casts as well as bacteria. The walls o f  the collecting tubules, аэ 
well as the interstitial tissue.'m ay become necrosed and th is is dem arcated from 
the healthy tissue by a dense zone o f leucocytes and hyperem ia. T he epithelial 
lining of the pelvis may be necrosed and there may be leucoytic infiltration  
underneath.

U r in e  is bloody and contains pus. ^
•' , firThe'condition is fatal.

v N O N -SU PPU R A TIV E N E P H R IT IS  1
INTERSTITIAL NEPH RITIS : Among anim als, this is the m o st common 

type o f nephritis seen. In dogs, it is an important disease. Bloom believes that at 
least 55% of all dogs autopiied have s o u : form or other o f  in te rstitia l nephritis* 
The condition is found more frequently in older and m ale dogs. The disease is 
sometimes observed in horses, swine, sheep and cattle.

I n  a  norm al kidney, no tissue is found between th e  tubules(in terstitia l space)- 
But iu interstitial nephritis there is infiltration o f inflam matory cells an d  exudate 
as well as proliferation of the fibrous tissue.
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Causes | In most of the cases, the cause is obscure. Usually the condition 
is associated with retention of urine. Lesions o f the lower regions o f the urinary 
tract causing hindrance to free passage of urine are conducive to the development 
of the condition. Though infection is mostly hematogenous, ascending infection 
is not ruled out.

Possibly tubular damage is a starting point and a factor in many cases, 
damage occurring while toxins are excreted by the kidney. Interstitial nephritis 
has been seen in the following conditions.’

Dogs Lcptospiral infection; infections Canine Hepatitis; m etritis; pyometre; 
bronchopneumonia and other respiratory affections; cystitis; prostatitis, chronic 
peritonitis and chronic infections.

C a ttle  and sw ine ; Leptospiral infection, in  pigs this condition is a  metas
tatic infection and the organisms responsible are. organism  of erysipelas, coryne- 
bacteria, E. co li and non-hemolytic staphylococci and streptococi, besides leptos- 
pira. Though the condition is frequent in these anim als, it is benign and is 
encountered a t autopsy in normal looking anim als,

Fowls : The condition is usually seen in infectious diseases notably PuUorum 
disease. It is focal in distribution.

Young calves : Pneumonia and enteritis ('White spotted kidney).
The disease may be acute, subaente or chronic. Again it may be diffuse or focal. 

D IFFU SE IN TER STITIA L N E P H R IT IS  
M acroscop ically , in the acute type, the kidney may be of normal size or 

slightly enlarged. The capsule strips off easily. The cortex shows a mottling of 
red and gray. The gray areas are the places o f infiltration by inflammatory cells 
and are present in the cortex and may also occur in the outer medulla. In the 
normal yellow kidney o f cat these changes are usually no t easily observed.

The subacute and chronic types o f interstitial nephritis merge imperceptably. 
The kidney is smaller in size, pale-grey in color, is hard and cuts with difficulty. 
The thickened capsule peels with difficulty and when stripped some portion o f 
cortex is torn. The cortex is shrunken and very narrow . The surface is uneven 
due to irregular contraction of the fibrous tissue—the “ Small granular contracted 
kidney” .

It is not easy to distinguish kidney with chronic glomerulonephritis from 
that of chronic interstitial nephritis. The following differences may, however, be
aoticed.

C h ro n ic  glom erulonephritis

1. Surface.finely granular 
I. Inflammatory process begins in the 

glomeruli
3. Involvement o f interstitial tissue 

secondary
4. Diffuse involvement of glomeruli.

C hro n ic  in te r s t i t ia l  s e p h ritls

1. Surface coarselygranular
2. In flam m atory^roc’ess begins in 

the interstitial tissue
3. Involvement o f glomeruli is 

secondary
4. Glom eruli not involved or only 

few affected.

Similarly difficulty in differentiating between the kidney with interstitial neph
ritis and that with pyelonephritis may be felt. But the lesions in the latter art
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more irregular and asymmetrical and lesions may also be found in the pelvis and 
bladder.

Retention cysts of varying'numbers and sizes are present Sometimes they i 
may be so many as to resemble the polycystic kidney. !

M icroscopically , the acute diffuse interstitial nephritis presents a picture 
that is essentially a true inflammatory reaction, consisting of exudation infiltra
tion and proliferation, affecting the interstitial tissue. The infiltration, consisrs 
mainly of lymphocytes and plasma cells, with fewor number o f neutrophils. The 
infiltration o f the leucocytes is found mostly in the cortex and outer medulla and 
is diffuse and widespread. Heaviest infiltration is found atthecortico-m edullary 
junction Early in the lesions fibroblastic proliferation is evident, especially in a 
case o f leucocytic infiltration. Glomeruli, however, are found to be normal T te 
epithelium of the tubules shows degenerative changes (especially in Canine 
leptospirosis), which may be so severe and extensive as to cause death by uremia- 
These changes are more pronounced in the proximal convoluted tubules.

The acute episodes may pass off with rcsolntion and healiDg. But the con
dition may also progress to the chronic phase, with scarring, especially with 
repeated acute attacks.

The gradual increase in the fibrous tissue in the chronic diffuse interstitial, 
nephritis produces atrophy and disappearance of tubules, by pressure. Some of 
the. tubules may show cystic dilatation in the parts proximal to constriction by the 
fibrous tissue. Granular and hyaline casts are found in 's u c h  dilated tubules. 
As the fibrous tissue increase', the leucocytes diminish in number bu t do not 
completely disappear denoting thereby that (he inflammaiory reaction still exists. 
The Bowman's capsule may show rings of fibrous tissue around them. Eventually, 
the fibrous tissue replaces much of the renal parenchyma. Collagen that forms 
may contract, producing the granularity on the surface, fn so in e  places hyaline 
changes can be seen in the fibrous tissue and some glomeruli may be represented 
by hyaline nodules only,

fn the cortex may be found hyperplastic and hypertrophic changes in those 
tubules, which are still normal, with tall columnar epithelium, having an "adeno
m atoid '' appearance but which is purely compensatory..; Calcium may be depo
sited, especially in the glomeruli. The walls o f blood vessels become thickened 
and the lumen narrowed.

As in the liver, after a certain stage of fibroblcstic proliferation, the fibrous 
tissue appears to  continue to proliferate and is self-perpetuating even though the 
causative factors may no longer be present. The: stimuli for such proliferation 
appear to be (I) the constituents of-urine that may leak out o f  the damaged 
tubules; (2) the degenerative changes in the tubules due to encircling fibrous tissue 
and (3' the alteration in the blood vessels and circulation caused by the fibrosis.

FOCAL NON-SUPPURATIVE IN TER STITIA L N E PH R IT IS  
The causes far this condition may be those enumerated for the diffuse variety. 

But the lesions are focal and sparse. Incomplete resolution of diffuse interstitial 
nephritis may result in focal type, while coalescence of numerous foci in ihe 
focal interstitial nephritis may be the cause for diffuse variety.
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The best example for focal interstitial nephritis is the "White spotted kidney”  
seen in calves, which do not seem to suffef much of this condition and show no 
symptoms, since, when they grow old, complete resolution and obliteration of 
the lesions ensue. It is only incidentally that the lesions may be observed in 
calves that die Of some other disease. E. Coli is incriminated to be the etiologi
cal factor in these animals.

M acroscopically, the lesions are small. Pin-point-sized, grey-white, circums
cribed areas that arc found scattered on the cortex under the capsule and also 
deep into it, are seen on section. Outer medulla also may show these lesions. 
Some foci may bulge on the cortex and ate clearly noticeable through the 
capsule.

M icroscopically , there is inflammatory reaction of the interstitial tissue only 
while the glomeruli are free.~There is edema of the interstitial tissue with infilt
ration by moderate number of lymphocytes and plasma cells Fibrous tissue proli
ferates causing degeneration of the tubular epithelium and later atrophy and dis
appearance of some of them. As in the diffuse variety. Some tubules may be dila
ted and cystic. Granular and albuminous casts are present in the tubules.

Clinical c o rre la tio n ; In the early stages of interstitial nephritis, maybe 
found marked albuminuria, casts and either oliguria or polyuria.

In the chronic stage is found polyuria with low specific gravity, because the 
damaged tubules are not able to concentrate the glomerular filtrate.

With progressive loss of renal parenchyma, due to replacement by conne
ctive tissue the renal function fails and uremia supervenes with ultimate death, 
[n such animals there may be calcification of laryngeal mucosa, left atrial endo
cardium, pleura and pulmonary artery (due to metastatic calcification that occurs 
consequent on secondary hyperparathyroidism that develops on phosphate reten
tion occurring in this condition )

GLOMERULONEPHRITIS
In glomerulonephritis, the glomeruli are chiefiy affected. This condition is 

not as common in animals as it is in man. It may sometimes be found in dogs, 
cats, swine, horses and mink. Horses used for antisera production suffer from 
this disorder. Acute glomerulonephritis may sometimes be seen as an enzootic 
among minks vaccinated against distemper.

The exact cause of glomerulonephritis is not yet known but it is believed 
to be an allergic (antigen-antibody) reaction to foreign proteins The glomerular 
capillaries become sensitised to the foreign protein and get damaged due to depo
sition of antigen-antibody complex. Two mechanisms by which the antigen-anti
body reaction is brought abbot in the kidney have been identified. In one,there is 
production of antibodies by the animal to the glomerular basement membaranes. 
In this variety, deposition of antibody, complement and fibrin beneath the endo
thelium on the basement membrane is demonstrable by microimmuno—fluores
cent technique. In the second variety, there is deposition of antigen-antibody 
complex (which is not of renal origin) in the basement membrane beneath the 
epithelium. In this condition it is thought that the antigen antibody complexes 
circulating in the blood react with the cells releasing histamine, which increases
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the permeability o f the glomerular capillaries, thereby facilitating deposition of 
such complexes on the basement membrane.

G lom erulonephritis is often ..seen as a sequel to bacterial or viral diseases 
elsewhere in the body.

The primary changes are in the glomeruli. The tubular and interstitial lesions 
are secondary to the glomerular, affection since their blood supply depends on 
the efferent arteriole emanating from the glomerulus. Among animals though 
acute diffuse glomerulonephritis as occurring in man is not observed, focal glome- 
rulonephritis is met with in various acute septicemic infections such as acutJ 
swine erysipelas and infections by Coliforms, Leptospira. Streptococci, Staphylo
cocci, P as'ture lla  and Salmonella.

Acnte g lom erulonephritis
M ac ro sco p ica lly , both the kidneys are enlarged and pale. The capsule which 

peels easily, is tense. On the cortex, red dots indicating the congested glomeruli, 
arc seen. Sometimes small hemorrhages arc also observed on the cortex. On 
section, the kidney slightly bulges on the edges.

M ic ro sco p ica lly , there is hyperemia of the glomerular capillaries, soon follo
wed by proliferation of the endothelial and epithelial cells This proliferation 
blocks the capillary lumens and so glomerular ischemia'results... Infiltration by 
inflammatory cells aggravates the ischemic condition. Hence the efferent arteiiole 
becomes ischemic, and so nutrient blood supply to the tubules is diminished. So 
now there is “ increased cellnlarity”  o f the glomeruli. The capsular space, thus 
appears completely occupied by the swollen tuft, leucocytes, precipitated protein 
and a few erythrocytes. The subepithelia! basement membrane becomes thicke
ned. Electron microscopical examination reveals swelling of the basement 
membrane and deposition of electron dense material between the membrane and 
endothflium, within the membrane and between the membrane and epitheliaj 
cells. The changes in the basement membranre are evidenily due to the increa
sed permeability o f  the membrane. Fibrin-thrombi forming in the golmerular 
capillaries may unuse hemorrhages. Collagen-like material may also be deposi
ted between the capillaries. The ischemia that results is the cause of degenera
tive changes in the tubular epiihelium which may edntain hyaline droplets- 
Casts o f  protein, leucocytes and erythrocytes are seen in the tubules.

S equelae  : The condition may heal and resolve in mild cases. I f  not, it таУ 
progress to subacute and chronic p.hases.

Subacnte  g lom eru lonephritis  ; Macroscopically in the subacute glomeruloneph
ritis we find the “ Large white kidney” . The kidney is enlarged," pale and smooth 
with non-adherent capsule Cortex may reveal a few hemorrhages The capsule 
is tense. The cortex is wider than norm al and is yellowish in color and so there 
is distinct color contrast between it and the medulla.

M icroscop ically , the proliferation o f epithelial and endothelial cells ill more 
pronounced. The proliferation of the epithelial cells of the parietal layer of 
Bowman’s capsule results in a crescent-shaped tissue, several cell-layers thick— 
‘‘epithelial crescents” .
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Due (о deposition o f collagen-lil.c materia) between the crescent» and th* 
tufts, adhesions develop. Hence the  tufts are obstructed and subsequently 
destroyed.

The tubular epithelium  undergoes fatty degeneration, which progresses to 
hyaline droplet degeneration and necrosis. The tubules reveal casts o f  protein, 
leucocytes aod necrotic epithelial cells. The interstitial tissue is edem atous and 
contains infiltrated inflammatory cells together with some amount o f  collagenous 
tissue. The basement membrane becomes diffusely thickened and permeable to 
proteins.

C hronic g lo m eru lo n ep h ritis : The subacute glomerulonephritis may imper. 
ccptably merge with the chronic phase. It is not necessary, it must be understood, 
that all.cases of acute glom erulonephritis should culminate into chronic form. 
Cnlya'smaTi proportion may do so.

M icro sco p ica lly  we fiod in this stage, a shrunken and contracted kidney 
with a finely granular surface. The capsule is adherent and when removed some 
of the cortex is peeled off. On sectioD, the coitex is found to  be narrow er and 
markings are obscured. Small tetention  cysts, due to obstruction o f  the 
tubules, are- seen
M icroscopically  almost all tbe glomeruli are found to be affected and most 
of them are fibrosed. Some show hyaline changes while quite a  few are a tro 
phied and may disappear altogether. Still others may show adhesion between 
the tufts and the capsular epithelium. The inflammatory changes in  the inters
titial tissue is more pronounced. G reater number of lymphocytes and m ore n a r- 
ked fibrosis are evident. In the scarred tissue, many tubules have disappeared. 
Arteries show thickening due to proliferation o f the media and in tim a and so 
are narrowed. Some o f the tubules which are still connected to  functional 
glomeruli, are dilated

C lin ic a l C orre la tio n
Acnte s ta g e  :

Urine ; O iiguria— due to ischemia o f tbe glomeruli no blood is available for 
filtration.

High specific gravity o f urine : some o f  the still normal 6nd functional 
tubules .concentrate tbe urine. Album in, erythrocytes, leucocytes, renal 
cells and casts seen.
Blood ; Raised B U N  content o f blood.
C hronic s ta g e :  U rin e  i Polyuria with low specific gravity—later urine 
decreases in volume, album inuria, casts, red and white cells.
Blood ; Progressive anemia. 3  U N abnormally high.

F iltra tion  rate «rd  ren&i plasm a flow are reduced.

MAIN t y p e s  o f  n e p h r i t i s  i n  d i f f e r e n t  s p e c ie s  o f  a n i m a l s

Species. Typo. Cause Frequency Source. .
o f incidence.

Cattle. Pyelonephritis C. renale Common Associated with metritis
C. pyogenes and retained placenta

v following gan u ritio n
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Species. Type. Cause Frequency. Source, 
o f incidence.

Cattle Pyemic C. pyerenes  Rare '  
Staphylococcus

Specific '
Calves Focal interstitial.

M . tuberculosis Rare Miliary 
E. colt. Common From umbilical infection 

White spotted kidney.
Sheep. Focal interstitial. — -  Fairly — 

Common

Pyelonephritis. Streptococcus Associated with calculi. 
Staphylococcus Rare

Horse. Glomerulonephritis not known (anti- Associated with recent
fen-antibody streptococcal infections

foal. Pyemic.
Pig. Focal interstitial

reaction?) Rare of the upper repirat'ory 
tract.

Shigella equirulis Common Associated with j oint ill 
E  rhusiopaihiae 
E  colt, C orytt'bi- 
t ttr ia , nonhm oly-
tic slrepto & Associated with vegeta 
staphylo. Common tive endocarditis.

Pyelonephritis E coll. Probably an ascending 
Streptococcus infection.

Cog. Interstitial
Staphylococcus Common
Leptospira cani-V*ry
cola Common —

• ■ L. icterohemorr- Not s о
hagiae Common Associated with rats

Tubular, Poisons.
P, As, HgCI, Common —

Pyelonephritis Streptococcus Rare
Staphylococcus Assd'ciafed with caicui*

Specific.
Cat. Interstitial

U  tuberculosis Common Miliary.
not known been fre- leptospirosis occasions.

- quently Uy.

Glomerulonephritis, not known .• Rare.
Specific. m . tuberculosis Common

Fowl. Interstitial. S. p u l l o T u m .  Common Associated with pullo- 
rum disaese.
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NEOPLASMS
Prim ary  neoplasms o f the kidney are not very common. Two neoplasms 

deserve special description They are "Embryonal Nephroma” and "Hyperne
phroma” . These have been described under “ Neoplasms” (Vide pages 261 and 262)- 

Secondary tumors may be found more often than the prim ary .. The most 
common is the lymphosarcoma. Masses of the neoplastic cells may be found in 
the kidney as discrete nodules o f varying sizes or the cells may infiltrate diffusely 
into the intertubulnr tissue. 1 hen it may present a problem to distinguish these 
neoplastic celts from inflammatory infiltrating cells. But a careful examination 
reveals that in the neoplasm only the lymphoblastic cells are present while in the 
inflammatory lesion, besides, the smaller lymphocytes, other inflammatory cells 
are also present.

DISEASES O F THE URINARY BLADDER 
A nom alies: Persisten t urachus may sometimes be seen iir foals but very 

tarely in other animals. Urachus is the tube that connects the bladder to the 
umbilicus in the foetus. Just before birth, this is severed ftom the umbilical cord 
and becomes obliterated But iu some instances, it is still patent after birth and 
is said to be “ pervious” . This is a problem needing surgery, since infection of 
bladder may occur through a pervious iirachus:

D iv erticu la  of the bladder wall and division of the bladder into several 
cavities are other anomalies rarely observed.

R upture  o f the bladder may occur due to(a) Trauma—automobile accidents, 
gunshot wounds and faulty catheterisation (especially when bladder is full) or (b) 
obstruction of the urethra—by calculi, enlargement of prostate, neoplasms o f  
urethra or inflammatory debris.

P ro lapse  of the bladder may occur through the urethra into vulva in cows, 
mares and sows due to straining during parturition. The short, broad urethra 
facilitates this condition. If not corrected, necrosis and gangrene of the bladder 
will supervene.

P e rin ea l h e rn ia tio n  of the bladder may occur in male dogs during straining 
in prostatic enlargements.

C alcu li in the bladder form due to causes described under the subject *‘Uro. 
lithiasis” . (See later) The calculi may be small and numerous and have a smooth 
surface. Or they may be large, when due to mutual rubbiDg against each other 
during contractions o f the bladder, smooth facets develop.

Calculi are o f  consequence only when these occlude the urethral passage 
resulting in stasis o f urine and atteii.dsnt~seguelae:- Viz, cystitis - catarrhal o r /  
fibrinous developing into hemorrhagic); rupture of the bladder or uremia.
BOVINE ENZOOTIC HEMATURIA OR CHRONIC BOVINE HEMATURIA 

This is a chronic disease of cattle that is observed it) all parts o f the world. 
It occurs as an enzootic only in certain localities In India this is mostly seen in 
the hilly regions of Darjeeling, Ooty, Kodaikanal. G»rwhal, Kumaon and other 
Himalayan regions.

/  Though the exact cause has not yet been definitely established some toxic 
principle in the plants ingested may ultimately prove to be the cause.
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Various agents have been incriminated from time to time. These are:—
Coccidia; liver flukes; piroplasms; schistosomes; Aspergillus kamala; high 

oxalic acid content o f  the food; deficiency of mineials in the soil (calcium, phos- 
pherus. manganese etc.), feeding on bracken fern and a virus. In Russia and 
Poland, plants o f  the genus Ranuncvlaceae have been found to damage the kidney 
and bladder

The course o f  the disease is chronic and may last for months o r  one' o r two 
years. The early symptoms are the presence of blood in the last few drops of 
urine. As the disease progresses the blood content increases and in the later 
stage.', pure blood may he passed. Secondary anemia supervenes with degenera
tive.charges in various organs o f  the body. Animal becom es'ejhaciated and 
finally dies

M acro sco p ica liy , the lesions may he found on the mucosa o f  the bladder. 
In.the early stages, petechiae or ecchymoses may be found, which e d a ig e  and 
become confluent as the condition progresses. The mucora becomes thickened 
and red cauliflowtr-like tumor masses develop on the walls.

During excretion, the irritant produces inflammation ot kidneys which 
therefore manifest hemorrhage». Later due to  mechanical obstruction to passage' 
o f urine cystic dilatation  may bs found.

M ic ro sc o p ic a lly , in the early stages may be seen hemorrhages on the . 
bladder, followed by hyperplastic proliferation of the epithelium. Metaplasia 
to squamous or columnar (mucin producing) epithelium is frequent. The 
hyperplasia may be o f  neoplastic dimensions and in some cases may be a 
precursor to carcinom a (precancerous stage).
- Vhe capillaries also proliferate and growths similar to hemangiomas are 

observed. These are o f two varieties. One is arranged as cavernous hemangioma, 
with th in  walled, large d ilated blood spaces, The second is capillary hemangioma 
in which masses o f  endothelial cells invade the surrounding structures, even into 
the muscular coat. Lesions o f glomerulonephritis, tubular degeneration and 
interstitial nephritis may be seen.

IN FLA M M A TIO N  O F  T H E  BLADDER—CYSTITIS
C auses : The most important predisposing cause is re tention o f urine, 

especially if  associated with trauma. Hence paresis of the bladder is a chief 
contributory cause.

Infections by bacteria in the m ajority o f  cases is by the ascendine route and 
so this is more frequent i.u the female animals with short urethra—cow , sow and 
mare, (from suppurative endometritis and vaginitis). In some cases, infection 
may be descending also (from suppurative nephritis and pyelonephritis).

Pervious urachus in the foals and calves is yet another route o f  infection 
while catheterisation is also found to  be a factor in the causation o f  cystitis.

Infection may also occur by expansion from neighbouring organs. The 
infective organisms are ; Escherichia coli, Corynebacterium renale (especially in 
cow aDd sow). Proteus vulgaris. Staphylococci and Streptococci 
C y stitis  may be acute o r chron ic

M acroscop icaliy , acute catarrhal, fibrinous, purulent or hemorrhagic types 
may be found. In the catarrhal form, the mucosa, is thickened, edem atous and
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reddened. 1 he urine is cloudy. In the hemorrhagic form due to hemorrhages 
in and on the wall of I he bladder, the urine is coloured red , while in the purulent 
form the urine is opaque: In the fibrinous variety, flakes o f  fibrin are present in 
the urine

M icroscopically , the epithelium is degenerated and desquamated. There is 
leucocytic infiltration of the mucosa and submucosa, and form dense sheaths 
around blood vessels. In the purulent variety the infiltration of leucocytes is heavy 
extending even to the muscular coat. Congestion o f the blood vessels it seen. In 
severe conditions, ulceration o f ,the mucosa supervenes.

In chronic catarrhal cystitis, (usually due to calculi) the mucosa is very 
much thickened due to fibrosis and frequently there is epithelial desquamation. 
There may be hypertrophy of the muscuTSr layer with infiltration by lymphocytes-

Sometimes one may encounter chronic polypoid cystitis in cattle, in which 
the mucosa is thrown into folds. In this condition, there is dense infiltration of 
the proliferated connective tissue by mononuclear leucocytes.

In the dog, a follicular form is frequently seen in which the mucosa is stud
ded with small, grey nodules, resembling lymph nodes consisting of aggregations 
of lymphocytic cells

Neoplasms of the bladder are seen occasionally. The most common is lhe 
metastatic lymphosarcoma, in which the neoplastic cells infiltrate the wall of the 
bladder, forming diffuse or nodular thickening. The primary tnmors include;, 
leiomyoma, papilloma, transitional-cell carcinoma and squmous-cell carcinoma-

T he U re th ra  ; Affections o f the urethra are rare since the lining mucosa is 
sufficiently tough to withstand infections.

O b stru c tio n  of the lumen by calculi is the most common cause of urethritis- 
In this condition, if the calculi are not removed, necrotic or hemorrhagic ureth
ritis may result. When healing from urethritis takes place, slenosis of the 
urethral lumen may sometimes occur.

U R O LITH IA SIS
Urolithiasis means the presence o f  calculi in the urinary system. They may 

be found in tho urinary tubules, in the ducts of Bellini (microconcretions), in the 
pelvis o f kidney (nephrolithiasis), in the ureters, in the bladder (cysticeajculi) or 
in the urethra

Urinary calculi are found in all animals and they are of greater importance 
in the ox, since the stone may be arrested at the sigmoid curve and-cause fata] 
obstruction. The groove in the osjpenis o f male dog is a frequent site for the 
lodgement o f the calculi. , j s .

The calculi differ in their chemical composition in different species of animals. 
This difference is largely governed by the pH o f the urine. In  alkaline urine 
(herbivores) the . calculi are mostly carbonates and phosphates of calcium, 
magnesium and ammonium. In the acidic urine (carnivores and omnivores) 
oxalates, urates, xanthine and cystine predominate.

With infection the nature of the urine may change depending upon the 
infecting organism. Staphylococcal infection renders the urine alkaiine while 
infection by conforms renders it acidic; So even in herbivores in coliform 
infection of the urinary passages, oxalates and u/ates may be found.
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The following types of calculi are common among anim als:
H o rs e s  : Calcium carbonate; triple phosphate (ammonium-magnesium phos

phate); magnesium phosphate; magnesium carbonate.
Ox and other ruminants : Frosapbates and carbonates o f  calcium , magnesium 

and am m onium ; silicates; oxalates.
P ig s  r  T riple phosphates; carbonates o f calcium and magnesium; magnesium 

phosphate; oxalates; silicates
Dogs and C ats ; Oxalates, urates, uric acid, cystine, triple phosphates, calci' 

urn carbonate and phosphate.
The uric acid calculi as uratic calculi (composed o f am m onium  or sodium 

urates) are sm all, hard and brown in color. They show concentric rings on section 
These a re  comm on in Dalmatian dogs.

The oxalate calculi are very hatd and the  surface is rough  and spiny (mul
berry calculus). - So it products severe irrita tion , inflam mation and hemorrhage 
and hence these stones are daik in color as they contain blood. These may also 
show concentric rings, but not as well defined as in uric acid calculi. These are 
mostly found  in acid urine and may be so litary  and large in the bladder.

Phosphate stones consist usually o f  calcium phosphate, m agnesium  phosphate 
or triple phosphate and are white, sm ooth, chalky and easily broken, lbese are 
formed in alkaline urine and may contain small amounts o f urates, oxalates and 
carbountes.

X anthine stones are brownish-red, often laminated concentrically and are 
easily broken.

Cystine calculi are small, irregular, friable aDd yellow, becom ing greenish on 
exposure to a ir. These are more common in cals.

S iz e  .-'The size of the calculus depends on its location. T he renal calculi 
may be microscopic in the tubules, t he pelvic calculi a tta in  to  a  size .upio 8 ems 
and are hard  and ovoid in shape.

The c y n ic  calculi may vary from a grain  o f  sand to that o f  a tennis bail. 
They may be sm ooth or rough,circular o r ovoid and lam inated o r sm ooth on sec
tion. Some calculi develop smooth facets by the rubbing o f  one with the other.

They may be white or if containing b lood , dark.
F o rm a tio n  o f calculi . For the form ation of the calculi there must be a 

nidus o r nucleus arouse winch salts may be deposited. Such a nidus may be 
organic m aterial that may be found iu the fo. o л i jg  condition» ;

c a s ts .... .....
b) bacteria /
c) leucocytes and c
d) degneraled cells
e) keratioised desquamated *

epithelial cells i
0 mucoproteins

C auses ; How urinary calculi form
singly or in com bination, may be the

From  the injured nephrons in
nephritis

In vitamin A deficiency and in 
st.lbesiroi adm inistration

is not very clear. The following factors
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1 Vitamin A deficiency: In vitamin A deficiency, the transitional epithelium 
of the urinary tract undergoes metaplasia into keratinised stratified sq u tm o u s 
epithelium. The keratinised epithelial cells get exfoliated and may form the 
nidus of calculi

.2. in fe c tio n : Infection of the urinary tract by Streptococci, E  C oli and 
micrococci may occur when formation of calculi may be facilitated because the 
exudate and bacteria may not only form the nidus but the reaction of the medium 
may be suitably altered for the deposition of salts But it is not always possible 
to detect infection in urolithiasis.

3 C oncentration of sa ils  : The organic and inorganic salt content o f  the 
food and water has an  influence on formation of calculi. If  the feeds consist o f 
concentrates, • tfiih-m adbquate water, then calculi m ty  be formed. -A lso  i f  
drinking water contains a high precentage of minerals, formation o f calculi is 
facilitated, because in these circumstances, the mineral concentration o f urine is 
increased. Hypervitaminosis D may cause hypercalcemia and so hypercalcuria- 
Curtailment of water, excessive sweating and ingestion of plants with h 'gh oxalic 
acid content increase the salt concentration of urine

An inborn error in the metabolism of these salts, probably predisposes for
mation of calculi. 4

4. Deficient green  feed: It was found that when animals were maintained on 
dry concentrates without alfalfa or green forage, incidence of urinay calculi was 
greater This was due to ihe excretion of muco proteins in the urine in the absence 
of the green fodder These mucoprotefns act as nuclei for thecalculi.

5. Sulfonam ide m edication : Formerly, in the early days of sulfonam do 
therapy, calculi were common. If sulfa dugs were used without sodium bicarbo
nate and sufficient water acetyl salts were formed and precipitated in ihe renal 
tubules, pelvis and ureters, forming calculi.

6. Hormones ; (a) "Рог fattening lambsdiethly stilbestrol pellets are im plan
ted under the skin. This has a metaplasticaciion on the urinary epithelium, which 
is transformed into keratinised squmous epithelium. The desquamating cells, 
form nuclei for the deposition of mineral salts. The calculi that form in the 
bladder m iy cause obstruction of the urethra.. ,

(b) In man tumors of parathyroid, in which there is hypercalcemia, ore 
associated with urolithiasis

7. Prolonged confinement : In man when patients are confined to bed for 
long periods with inability. to  moi'e tteir limbs, the bones are decalcified and 
phosphatic calculi are formed in the blander.

Sequlae : Calculi are harmful imiw.pways :
1. They may irritate the urinay passages and cause inflammation.
2 Obstruction of the passages roaft occur.

The results depend upon the place of. obstruction.
a) If the obstruction is inthe urethra, there is retenion of.urine with 

attendant uremia and dilatation of the bladder. In some extreme cases the 
bladder may rupture with fatal results.
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b) if  the obstruction is in the ureter :
i)  Atrophy of the-corresponding kidney if obstruction is complete.
ii) Hydronephorsis i f  the obstruction is partial.

URINARY C a s t s

Casts are supposed to be products of albuminous exudate into the tubules 
from  the blood vessels. Presence o f casts in the urine is known as clyindruria. 
Casta m ay also contain tubular epithelial cells that may become swollen, destro
yed and desqumated. Usually urine containing casts gives positive test for 
album in. •

Presence o f  casts in urine, in most cases, is indicative o f some type o f neph
ritis and is o f  great diagnostic value.. ...,

Cases have been classified according to their microscopic appearance as 
fo llow s:

H y a lin e  cas ts  are pale, often colorless, homogeneous and cyindrical in shape. 
They have straight parallel sides and rounded ends. These casts dissolve in 
acetic  acid (but fatty casts do not), Hyaline casts are found in congestion and 
in inflam mation o f the kidney.

G ra n u la r  eas ts  may be either coarsely granular o r  finely granular. 
They may be curved or straight With rounded or broken ends. The granular 
material is composed of album in, fat, epithelial cells or-disiniegrated leucocyte* 
o r erythrocytes.

E p ith e lia l  casts contain epithelial cells o f thetubules and indicate acute 
nephritis. They may be yellowish d u e io  imbibit’on of blood pigment. When the 
Condition changes to subaiute or chronic, these casts may become fatty or waxy.

W axy ca s ts  are m ore opaque than the hyaline ca>ts and are yellowish in 
color. These are found in chronic nephritis, but seldom in acute. They are 
invariably found in amyloid degeneration of the kidney.

B lood  cas ts  arc found in acute nephritis, renal hemorrhage and in acute 
congestion of the kidneys. They axe formed o f erythrocytes and so may have a 
reddish color.

F ib r in  ca s ts  are found in cases where there are hemorrhages?'' They may be-” 
yellowish due to  altered b lood pigment.

P sen d o c a sts  have no connection with renal disease but occur due to conglo
m eration o f  various substances on mucous threads. Urates and phosphates may 
aggregate together to resemble casts The following are examples qfpseudocasts :

F a tty  cas ts  : These contain-numerous fat globules which can-'be stained by 
Sudden III  or Osmic acid. r The fat is probably derived from the degenerated 
epithelial cells. The fat globules are not soluble in acetic acid

P u s  c a s ts  consisting o f pus cells that have been kneaded together are found 
in renal suppuration. They may contain a lew fat globules also.

G y lin d ro id s  are not casts but consist of mucus and some fat globules. They 
are striated.

B a c te r ia l  casts occur due to proliferation of bacteria in stagnant urine but 
are not true casts.



CHAPTER. 19
ГНЕ NERVOUS SYSTEM

By O r. J . L. Vegad

General concepts Parasitic encephalomyelitis • *
Reaction o f nervous tissue to injury Ccstodiasis (Gid; Sturdy)

Neurons Cerebrospinal nem atodiasis-
Neuroglia (Kumari)

Wobbles
The cerebrospinal fluid in neuropatho

logy
Toxoplasmosis

Paths o f  infection ‘Allergic’ encephalitis
Biood-bnaitS.bamer -•>' Meningitis
Congenital anomalies Pachymeningitis
Distrubances o f circulation Leptomeningitis
Hydrocephalus Myelitis
Disturbances in growth The peripheral nerves

Degeneiation (W allerian degene-
Caicifi cation ration)
Traumatic injury to nervous system Regeneration
Necrosis Neuritis
Inflammation Marek’s disease

Fibrinous Congenital myoclonia o f  pigs
Suppurative Epilepsy
Lymphocytic Sway back (Enzootic ataxia)

Specific inflammations o f  b ra in  and Tumors
--spinal cord

G EN ER A L. C O N C E PT S:
The general laws o f pathology remain fully applicable to the nervous system 

hut certain peculiar characteristics o f  the nervous tissues have to  be recognized’ 
For example, when the central nervous system is attacked, tbs functional distur
bances in turn may be widespread, and could affect the entire body . This becomes 
all the more im portant when we realize that once a neuron is destroyed, i* 
cannot be replaced. The functional distrubances o f the neurons (nerve cells) in 
the brain are therefore o f suprem e importance because they govern so many 
vital activities o f  different organs. When irritants a !te r\th e  colloids o f the 
■nerve cells and their fibres, the  functions o f the nervous system may be directly.-, 
disturbed, indirectly affecting the activities o f the organs. The anim al may 
riot only be affected m entally, bu t its body movements, its £land secretions and 
its reflexes are also affected. Various activities ol the brain can be upset by 
diseases. These are usually m anifested by loss o f consciousness, nervous dep 
ression, and increased nervous irritability. Another im portant feature o f the 
central nervous system is that i t  is often possible to diagnose, from a careful

400 . !
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itudy o f symptoms such as paralysis or other disturbances o f function, as to  in 
what particular portions o f the brain o r spinal cord lesions may be located- 
Actually, many symptoms noticed in diseases of other systems or in generalised 
diseases are due to either malfunction of or injury to  the nerve tissue. In disea 
ses o f the nervous system the following symptoms a r t  exhibited mpscula 
tremors, ataxia, convulsions, dullness, coma, fever, anorexia, sleepiness, mani; 
stupor and paralysis. Though cytological and macroscopical changes can be 
demonstrated in the nervous system in some of the diseases showing the above 
symptoms, in some others, functional disturbance is not accompanied by mor
phological changes. For example, in Tetanus, though profound fnnetiona 
disturbances take place, yet no macroscopical changes occur in the nervous 
system . _ . . . . .  .......

Loss o f consc iousness :• results fro m 'ffie“fcfltect of variuos toxic agents 
upon the brain. Complete loss o f  consciousness is said to be the state o f  coma. 
In this animal lies outstetched and motionless, its reflexes arc gone, the pupils 
are dilated, respiration is slow and irregular, heart beat weak, and skin cool. It 
usually ends fatally. N ervous depression  results from pressure upon the 
brain, such as the one brought about by hemorrhage within the cranial cavity 
a brain tum or, o r even collection ot fluid within the ventiicles. 1 here is los 
o f feeling, sleepiness, and muscular incoordination. A good example o fth i 
functional d islu ibanceis equine encephalomyelitis. N ervous excitem ent resu 
Its from congestion and inflammation o f the brain and its corerings. There i: 
delirium and mania, and even convulsions. The best example o f  this functions 
disturbance is rabies.

I
Disturbances in nervous functions also affect muscles in two ways. In tb 

first ease, there is increased activity (spasm ), and in the other loss o f  cont'act. 
lity ( p a ra ly sis  and p a resis): In m uscle spism s there are sudden, violent
involuntary contractions. They may be continuous [Tonic spasm s I, or intermi
ttent (c lon ic  spasms). When the spasms are mild and are confined to  groups 0 | 
muscles, they are called trem o rs: a  vety good example o f this being epidemi 
tremor (avian encephalomyelitis) o f chicks. If  the muscle spasms are widesprea 
and involve the whole body, including the limbs, they are called convulsion! 
They are olten stearin puppies infested with ascarids. '  When tonic and cloni 
spasms alternate, and are accompanied by loss of consciousness, they are terme 
epilepsy. In the secondTorm o f neuromuscular functional disturbance paral 
ysis (the complete immobility o f a muscle) and p a resis (the incomplete loss o' 
motion), the underlying cause is the  defective innervation o f the muscle. Th 
defect may lie in the motor centres or in  the conduction"paths. It prevents tb 
flow.of m otor.iqipulses and immobility results. H em iplegia is the paralys; 
arising in the brain cortex and in The peripheral nerves and is unilateral. ... 
bilateral paralysis of'the posterior parts .of the body and hind limbs resulting froi 
injury to the curd is called p a rap leg ia .

REACTION O F NERVOUS TISSU E TO  IN JU R Y  ;
Nervous tissue is very susceptible to injury. Further, when a neuron i. 

destroyed, it cannot be replaced. When the neivous system is sick and fails to
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perform its functions, the structural changes may be of three types: I. macros
copic alterations. 1. microscopie alterations, or 3. the changes may be of a 
biochemical nature, and nothing may be visible even microscopically, j i t  would 
be helpful to  examine separately the reactions o f tne neurons and the. glial cclis 
to injury.

Neurones: These are the cells that are responsible for carrying the impulses 
The DeuroDe consists of a cell body and one or more processes—the axon or 
dendrites. Degem tate neurones are normally found in healthy brain but more 
so in the young animals. Since autolysis occurs very early after death in the 
nervous system it is essential to know how to distinguish between autolytic and 
degenerative changes. The following are the changes noticed postm ortem :—

Imbibition of large amounts of fluid giving a spongy, wet appearance to the 
tissue; Neurones and glia shrink, leav ug a clear space between the ceil atiB 'the 
surrounding parenchyma; Shrinkage and condensation of the nucleus (P. M. py- 
knosis); Fragmentation, fading and disappearance o f  the nucleus.and cytoplasm 
and Nissl granules; Axis cylinders, which are normally unstained, take stain 
diffusely.

Tho neurones be'mg highly specialised are easily susceptible to  injury by 
hypoxia or toxic materials, evidenced by degenerative and necrotic changes. Tb* 
following-reactive changes are noticed.

1. S h rinkage characterised by cells becoming very irregular, nucleus pykno- 
tic, clumping and condensation of Nissl substance and tortuousness o r sclerosis 
of the processes- This is seen in senility and chronic infections.

2. Sw elling  o f th e  nerve cells : Here the cytoplasm stains very faintly 
and only the cell outline may be discerned with fragmentation o f the processes. 
This is a reversible condition and occurs in severe intoxications and systemic 
infections.

3. Vacnolation o f the nerve cells may be seen in toxic conditions and in 
viral encephalomyelitis.

4. C hrom atolysis .- In this condition the Nissl substance becomes fine and 
dispersed and later may disappear. The nucleus may be eccentric. This change 
is seen in injury to the axon. It is suggested that the Nissl substance being a 
ribonucleoprotein is actively involved in the synthesis o f axoplasm and so chro
matolysis may denote an exhaustion phase. When axon regenerates and is 
repaired, Nissl substance is restored.

In viral infections and other severe intoxications chromatolysis occurs when 
the Nissl substance disappears. The cytoplasm also shows degenerative changes: s 
swelling and rounded contours. Unlike in the.axoDal traum s, in viral infections'.^, 
and injury to central axoas cbromatolysis is irreversible since the neurones re 
destroytd.

5. N euronophagia: when,tho nerve Cell dies, microglia and oligodendroglia 
invade the cell and remove it by phagocytosis.

6 S a te ll ito s is  : Normally every neurone has one or two oligodendroglia 
near them. They are called satellite cells in this location. Whenever a neurone 
is damaged, oligodendroglia and microglia crowd around such cells, without 
actually invading them, and this phenomenon is known as “ satellitosis". Both 
satellitosis and neuronophagia are  indications of necrosis or a neurone.

4fJJ
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The following are some of the causes that bring about the degenerative 
changes described above :—

Inoroganic salts : Lead, arsenic.
Organic • Anesthetic agents.
M etabolic : Toxic products of uremia.
Infections agents: Neurotropic viruses.
N utritional deficiency : Deficiency of B,t Copper, r 0balt
Vascular : Interference with blood supply—causing anoxia.
Effects of vaccination : Allergic encephalitis occurs after vaccination with 

vaccines containing brain tissue. There is destruciion of myelinated tracts in the 
white mailer

Toxic agen ts; a) In liver disease, toxic agents; exogenous or endogenous', 
are not detoxified and tso these pass on to the brain producing degenerative 
changes

b )  . In mercury poisoning, neural degeneration and necrosis o f the brain 
and demyeiination of the nerve tracts extending to the spinal cord are noticed.

c) In laihyrus posioning there is degeneration of neurones in the spinal 
cord accompanied by gliosis and ultimate atrophy of the spinal cord.

d) In poisoning, by chlorinated hydro, arbons, there is Nissl degeneration 
and necrosis of neurones, especially of the ganglia and brain strm.

Astrocytes, which are star shaped, are the supporting cells found throughout 
the central nervous system. These cells react to injury and proliferate and this 
process is known as “gliosis”, which may be uniformly diffuse or may be focal.

Apart from the function of forming a supporting matrix, astroglia probably 
/ actively paiticipate in the transport of fluids and solutes between the blood ves

sels and the nerve cells.
When nervous tissue is destroyed, repair does not take place by fibrosis The 

fibrous tissue from the adventitia of the blood vessels may repair sometimes. 
But, if a cavity arises due to softening and absorption of the brain, it is not filled 
in but a cv;t is formed with a thin fibrous capsule around which the astrocytes 

"proliferate. Inclusion bodies may be present in the astrocytes also, (gemistocy- 
tes.in Canine Distemper).

O ’ligooendroglia arecellscontainingdarkroundnuceli and are found mos
tly in the white matter, in long rows between the fibres. They may also be found 
in small numbers as satellite cells around the nerves and blood vessels. Though 
their exact function is obscure, oligodendroglia are supposed to be connected 
with the maintenance of myelin sheaths, in places where medullated nerve fibres 
are dstrove! oligoiealroglia are Tound; to dlfa'ppear. The cells invade the:- 

. dead neurones and engulf them (neuronophagial.
M icroglia are mesodermal in orig n (while astroglia and oligodendroglia are 

o f  neuroectodermal in origin) anJ so belong to the reticuloendothelial system. 
They are ihe phagocytes of the central nervous system and are found in both 
white and gray matter. With ordinary stains, only their oval dark nuclei are 
noticed. Their branching cytoplasmic processes require special Stains to be seen.

Microglia are amoeboid and phagocytic and become hypertrophied and proli
ferate. Hypertrophied cells that engulf the dead tissue are rounded and the



CHAPTER 1У

cyiopiuini is foiituy containing lipids and are called “G u ie r  c e lts"  (from (j'lrer- 
irllen . German!, "C om pound granular corpuscles’’ or Ja t granule ce lls '’. Often 
these gitier cells migrate to  the perivascular spaces (space o f Virchow-Robin).

T he m eninges : The < ovenng, o f the central nervous system consist of the 
dura anti pia-arachnoid. W hile the dura in the cranium is attached to the cranial 
periosteum, in the spinal colum n it is separated widely from  the vertebral peri
osteum. 14a closely follows the brain and is separated from  the arachnoid by 
the subarachnoid space, The space contains the cerebrospinal fluid and has the 
spongy network o f arachnoid trabeculae.

The meninges are composed of cells that are mesodermal in origin Their 
reaction to iniury is com parable to  that o f other tissues elsewhere in the body 
Reaction to injury is byjoflam m ation and librosis, unlike thaL fouud .in jjic  res^; 
pause o f  glial tissue.

Blood vessels - The. blood vessels of the brain have some peculiarities. 
These are : (1) The arterioles -and venules are very thin walled, devoid o f elastic 
and muscular tissue. (2) Veins do not have valves. (3) The blood vessels acquire 
д m eningothclial sheath as they pass through the subarachnoid space and a 
second outer sheath derived from the pia. So a perivascular space is formed 
between these sheaths—the space o f  Virchow-Robin,which is continuous with.the 
perineural and interstitial space o f the C. N. S. It is in this space that the cells 
accumulate and give rise to  **Perivascular Cuffing". Depending on the nature o f 
the pathogen, the celts vary. In baterial infections, neutrophils predominate 
while in viral, lymphocytes and in allergic encephalitis m acrophages, lympnocy • 
tes, plasma cells and eosinophils are found. In infections o f the brain, inflam
matory exudate collects in the space o f  Virchow-Robin. The adventitial wall 
is the source o f macrophages (in some instances) and the fibrous tissue elements 
that compose the capsule in abscesses th a t arise in some bacterial infections.

C ereb ro sp in a l fluid is found in the ventricles, spinal cord and the subarach
noid «pate and probably serves the function of lymph (which is absent in the 
C. N . S.). Its function i i  not only to serve as a medium for metabolic exchange 
but siso to  serve as a protective cushion for the delicate C. N . S

Cerebrospinal fluid is form ed by secretion and dialysis from  the blood by the 
choroid plexus in tho lateral ventricles. -From ihe lateral ventricles the^fluid 
passes into the th ird  ventricle through the foramina of M onro and from there, 
through the aqueduct o f Sylvius into the fourth ventricle. F rom  the fourth ven
tricle; the fluid passes through the foramina of Luscbka in to  the subarachnoid 
зрасе. M ention has already been made that the subarachnoid space is continuous

In this;place. Since periheu- 
space, the fluid is also found

in the perineural space.
Most o f the fluid is drained into the venous sinuses found in tbedura  through 

tho activity of arachnoid villi, which project into these venous sinuses. Some 
fluid may also diffuse into the blood vessels from the space o f ‘•Virchow-Robin” .

Normally, ihe cerebrospinal fluid is colorless and clear with Sp. gr. never 
exceeding 1009, pH . i» 7.4 to  8. Leucocyte count is very low,fewer than  10-12cells 
(mostely monouclears) per cubic millimeter being present. The globulin content

jsC m

with the^peavascular space. So the fluiffh^found 
;'т5Т?расе also communicates with the jnsbracbnojd



NERVOUS SYSTEM

' doses not exceed lOmg/iOOml. But in infections.! he C. S. F. may show conside
ra b le  change. It may become cloudy or even bloody and the globulin content 
may be very high, 130 to IJ0O mg / 100 ml. and the leucocyte count also being 
very high. Normal sugar content is 35 to 70 mg%.

' 0 5

P ath s o f in fec tio n  : -
-  Infection may reach the central nervous system1 by way of the bloodstream  

or the lymph stream, o r it may pass along the axis cylinders o f m otor or sensory 
nerves.
B lo od-b rain  b a rrie r  :

It is now well established that the cerebral blood vessels differ from other 
vessels in  their"permeability. It has been demonstrated, for example, that when, 
large molecule dyes are injected intravenously they appear in the reticuloendo
thelial cells o f liver, spleen and lymph nodes, but ho t in the microglia o f 
brain, which also belong to  the reticuloendothelial system, and are  the brain 
histiocytes. 1 hus, blood-brain barrier is an obstacle that exists between circulat
ing blood and the brain which effectively prevents a wide variety of toxic subs
tances of large molecules from teaching the brain. The blood-brain barrier, thus 
is essentially a defence mechanism against noxious agents. In pathology, it* 
importance lies in the fact that it successfully prevents the entry o f  most bacteria 
and viruses from the circulating blood into thebrain . A nd. it is bnly when cer
tain toxic substances, including bacteria and viruses, break down the barrier 
that they are able to enter into the brain tissue and set up the infection, o r 
ioduce other pathological changes. Histologically, the blood brain barrier is 
composed of the vascular endothelium of the cerebral blood vessels, the base
ment membrane, and the perivascular glial membrane which it the close appli
cation of the cytoplasmic foot processes оГ innumerable astrocytes to the endo
thelium of the capillaries.

CONGENITAL ANOMALIES :
A uencephaly ii the absence o f most of the brain, and is seen in most animal 

species.
A craoia is the complete failure of cranial development.
Amyelia
C ran lo sch isls
Encephalocelc

Exencephalus

is the absence o f spinal cord.- 
is congenita! fissure of the cranium.
is the protrusion of meninges, alouc or with part o f the brain, 
through a defect in the. cranium.

’ia the aSeffC cpfcranial vault exposing the fullyf-deivSo'ped 
brain.

M icrocephaly
M eningocele

R achicele  
Spina bifida

is the presence’ o f an abnormally small brain, 
is hernia o f the meninges, which protrude through an opening 
of the skull or spinal column. , 
is hernia o f  the spinal cord.
is a congenital defect in walls o f spinal canal caused by lack of 
union between the laminae of the vertebrae. Through this defect 
the spinal cord may herniate. The condition has been repot-
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ltd in cattle, dogs »nri sheep. Sometimes there is no prolru. 
sion and swelling to indicate the defect This means the con
dition is hidden, and is then called sp ina  bifida occult» 
(hidden.)

DISTURBANCES O F CIRCULATION
Hyperem ia :

A cate  general active hyperemia is present when bacterial or virat discus
ses involve the entire central nervous system (rabies, viral equine encephalomyc- 
ii;is, and hog cholera).

Acate focal active hyperemia is seon in the vicinity of abscesses, tumours 
and infarcts. : "  ~ . ; -Чг

C hrouic general psssive hyperem ia : This occurs when there is a
passive hyperemia due to  lesions in the heart or lung or an obstruction to the 
flow o f  blood from the brain such as thrombosis o f both jugular veins. His
tologically, there are increased number o f glial cells throughout the brain and 
spinal cord, which indicates chronicity of the condition.

C hronic focal passive hyperem ia : This occurs when a tumour or
abscess presses- upon a vein, or a thrombus forms within a vein causing a 
reduction in the flow of blood from a local area of the brain.
Anem ia .

G eneral anem ia: This occurs when anemia involves the entire indivi
dual. This may be seen in parasitic anemia as in gastrointestinal parasitism, 
excessive hemorrhage and in anemias associated with deficiency of iron- 
copper and the vitamin В complex.

The brain and spinal cord are whiter than normal, and the blood vessel» 
contain decreased amount of blood and are therefore less prominent. Histolo
gically, areas of liquefactiye necrosis as well as gliosis and neuron degeneration, 
may be present. These result from oxygen deficiency.

Local anemia or ischemia : This occurs from a deficiency of arterial
blood in a  local area of i he brain or spinal cord, the two main causes being 
thrombosis and embolism.

T hrom bosis and embolism of carebral arteries are rare in animals and may 
occur in the brain and spinal cord. Emboli may be (I) detatched vegetations from 
the cardiac valves or may arise from lesions of the lungs. left atrium or coronary 
artery, (iil clumps of bacteria, (iii! tumor cells, (iv) Parasites (larvae of 
ascaris, onchospherev of tapeworms, young trichinella etc:) or (v) agglutinated' 
erythrocytes. -f - t t -  iZ&L.

Thrombus can arise from leisons of cerebral vessels (atheroma) or can 
occur in diseases that damage the vascular endothelium :— traum a causing frac
tures o f  the skull, invasion of the vessel wall by neoplastic cells, abscesses and 
hog cholera. If collateral blood supply is insdeouate infarction results The- 
infarcted area is finally liquefied, a cyst being formed

If  the blood supply is not adequate to main'ain the nutritive and oxygen 
requirements of the атеа. Infarction occurs. The infarcted area is pale or 
red depending upon the blood supply. Infarction ends np in liquefactiv»- 
aecrosia o f  the involved area

■ ■ O e
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H em orrhage
1'etechiae are common in acute septicemic diseasees (A nthrax , Hemorrhagic 

septicemia. Hog cholera. Leptospirosis) o r in infections by pyogenic organisms. 
These also occur after thrombosis or in degeneration o f the vessel walls or in 
general hemorrhagic diseases as bracken fern poisoning

R u p tu re  o f an artery will give rise to  large areas of hem orrhage with clots 
causing apoplexy. Rupture may occur in injuries—autom obile accidents, gun-shot 
wounds, diseases o f wall o f blood vessels (atheroma) with hypertension as in 
arteriosclerosis, chronic-nephritis, bursting o f  an aneurysm as in  parasitic  aneu
rysm in  horses.

. The first symptom in cerebral hemorrhage is shock, later passing on to  CQtna 
and term inating in death. Animals that survive the first shock suffer from 'some 
degree o f  paralysis due to pressure on and damage to neurones. Hemorrhages 
may.be found subdurally. They may also occur in the substance, o f the brain. 
When hemorrhage is present in the ventricles, the cerebrospinal fluid may be 
blood tiDged.

The blood clot in the brain first contracts separating th e  serum  which is 
absorbed. The clot that remains is liquefied and a cyst is form ed with a clear 

-fluid—the "apoplectic cyst” . The capsule o f the cyst is form ed by the neuroglia.
Hyperemia o f  the brain and meninges together with petechial hemorthage 

and edema are found in the following conditions: (a) E lectrocution, (b) Lightning 
stroke and (c) Sunstroke.

Edem a o f  brain : Edema of brain may be focal, caused locally by local 
lesions such as :

(a! N eoplasm s; (b) Traum a accompaincd by hemorrhage and laceration; 
(cj Meningitis ; fd) Focal necrosis ; (e) Cerebral and m eningeal hemorrhages.

Generalised edema of brain may be found in; i) Diffuse m eningitis; ii) Viral 
encephalitis ; iii) Enterotoxemia caused by Ctostr’dium  . w -lch ii iv) Lead 
poisoning; v) Poisoning by organic mercuty compounds; vi) Shock; v»l) ANTU 
poisoning; viii) Sunstroke ; ix) Causes that give rise to general edema of the 
body ; x) Salt poisoning in pigs.

M acroscopicaliy  the bcain appears more moist and heavy. The gyri are 
widened while the sulci are narrowed. Swollen gyri that _ press against the skull 
appear flattened.

On section, the gray matter appears wider while the internal white matter is 
softer. The ventricles appear narrowed.

M icro sco p ica lly , the white and gray m atter appear to have a  loose texture 
and the. interfibriilar space is widened. .Neurones and glia appear swollen. 
Edem atous fluid accumulating around the space of V irchow-Robin (Perivascular 
space) widens these areas.

N o te  t— Swelling of the brain occurs as a  post-m ortem  change (Aotolytic 
change) especially in the young animals and so care is necessary in interpreting 
the condition.

HYDROCEPHALUS is the condition on which there is abnorm al accnmu- 
lation o f  cerebrospinal fluid in and around the brain.

In  animals thi3 is a congenital condition due to some e rro r in development, 
obstructing the palhways of fluid passage. Vitamin A deficiency during intra- i 
uterine life may cause internal hydiocephalus in calves and pigs.
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If the accum ulation is in the ventricles, the condition is called internal hyd
rocephalus. But if  fluid accentuation occurs in the sub-dural space or pi a-arach
noid, it is cailed external hydrocephalus.

In te rn a l  h y d /o cep h alu s can arise.whenever there is obstruction to the free 
passage of the cerebrospinai fluid. The obstruction can occur at tbe foramen o f 
M onro, the aquednet o f  Sylvius or the foram ina o f Luschka. Cysts, ("hydatids 
and coeDurids) tum ors or inflammatory exudate are the usual causes for the 
blockade. Congenital narrowing of the lum ina may also be a contributory cause.

Due to pressure o f  the accumulating fluid the  ventricles dilate and the 
adjoining nerve tissue atrophies The cranium  is greatly enlarged causing foetal 
dystocia. If hydrocephalus develops before the cranial sutures fuse, the cranial 
bone may grow to a large^sfee; ":

E x te rn a l hydrocephalus results due to either too  much fluid formed and not 
rapidly drained by tho arachnoid villi or to hindrance to the drainge o f normally 
produced fluid аз occurring in congenitally constricted tentorial aperture. Jt is 
usually the result o f  rupture o f the thin dorsal wall o f the third ventricle 
which allows the fluid to escape into the subarachnoid space between the cerebral 
hemispheres and  the cerebellum The external hydrocephalus is called the 
“ Com municating hydrocephalus” which is k ss  comm on than the internal Variety. 
The accum ulated fluid exerts pressure on the surface o f  the brain. So there is a 
general atrophy o f the brain and widening o f the sulci between the convolutions. 
Usually, the external hydrocephalus is “ acquired” . The result o f  hydrocephalus 
is pressure a trophy o f  the surrounding nervous tissue causing depression, inco
ordination , ataxia, and death.

DISTURBANCES IN GROWTH i
A p lasia  : Aplasia o f  portions of tbe brain and spinal cord are observed in

young anim als.
H y p o p lasia  : This is relatively more comm on than aplasia; certain import

ant examplesbcing-congenital posterior paralysis in calves and swine,spastic paresis 
in cattie and cerebellar hypoplasia in pigs, dogs, cats, lambs, goats, and calves-

C e re b e lla r  hypop lasia : This anomaly is seen in calves and cats mostly but 
may also be found in other animals. In the Jersey calves and cats, this defect is 
inherited. Anim als may usually die shortly after birth. Those that survive for 
a short while, show locom otor disturbance and incoordination. A t necropsy, 
cerebellum may be found to be rudimentary or even absent. Cerebellar hypo
plasia was encountered in calves born of cows which were affected with Virus 
diarrhoea-M ucosal Disease while pregnant. Similarly modified hog choleia virus 
causes, (when used as a  vaccine, in the dam) cerebellar hypoplasia in the fetal pig.

M ic ro sc o p ic a lly , molecular and granular layers are reduced in size, There 
is a  relative reduction  in Purkinje cells.

H y p e r tro p h y : This may result from increase in size o f  tbe glial cells, 
m icroglia show ing the greatest degree of hypertrophy. The neuron does not 
increase in sizc-

H y p e rp la s ia  : This results from an increase in the number o f glial cells.
G lia, especially the m icroglia, increase in num ber under conditions o f hypoxia. 
Hyperplasia o f she neurons does not occur.
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M etap las ia  : This does not occur in the nervous tissue proper. It may 
occur in the connective tissue of the meninges and bicoo vessels, in which case 
cartilage and bone may be found.

Atrophy ; Atrophy o f the cerebrum may occur in hydrocephalus. Pressure 
atrophy also occurs in the vicinity o f tumors, abscesses, haematocysts, and 
depression fractures o f the skull.

DISTURBANCES IN  CELL M ETABOLISM  ;
Cloudy sw elling  : The neurons and the glia undergo .cloudy swelling as a 

result of hypoxia 'o r  irritation produced by toxic substances or infectious 
agents. The cells become larger, cellular outline mere round, and cellular 
structures indistinct

F a tty td eg en eratio n  ; This appears as fat droplets in the cytoplasm of the 
neurons.

H pdropic d e g en e ra tio n : It is a continuation of cloudy swelling: In this 
droplets o f  edematous fluid are observed in the cytoplasm of the neurons and
glia

Amyloid in filtra tio n  . This is uncommon in the central nervous system of 
most domestic animais.

Glycogen in f il t r a t io n  : This docs not occur in the central nervous system.
Pigm entation  : In cattle and sheep, melanin is most frequently encountered 

in the pia mater o f  the anterior one-fourth of the brain , Focal areas o f melanin 
may be found in other portions o f the meninges and even within the brain and 
spinal cord.

C a lc ifica tio n : This is more commonly found in the meninges than in the 
brain and spinal cord proper. It occurs in the presence o f dead tissue and. faulty • 
circulation, examples being abscesses, infarcts, parasitic lesions, sites o f  old 
hemorrhage and in necrotic neurons.

T raum atic  in ju ry  theN eryous system : The brain be'mg soft, is susceptible 
to shock that emanates from  impact, especially from fast moving objects.

A sudden blew on the cranium may result in fracture of the cranial bones 
which may not be depressed. On the other hand a blow on the vertebra! column 

.results in fracture .or dislocation. Fracture o f the skull causes considerable 
damage to  the meninges and brain. Hemorrhage may oecur and nerve fibres 
disrupted. Hemorrhage aggravates the condition by the pressure o f  the accumu
lated blood on the brain tissue.

Concussion occurs when the skull 'receives a sharp blunt blow suddenly, 
not accompanied by fracture, .Jhero is loss of consciousness. The condition is 
noTfatal and no morphological changes are present. Recovery is  the ru le .- 
Lesions may consist o f small hemorrhages in the brain and under the skin at the 
site o f  injury ^

L aceration  : In this condition there is discontinuity o f  the tissue and usually 
occurs in automobile1 accidents. Blunt objects nitty cause laceration and со»tre
coup lacerations occurs on the brain on the side opposite to that on which the 
injury is struck. This is due to striking of the brain on the skull on the opposite 
side, since normally the brain is smaller than the cranium and is slightly movable.,. 
In such places hemorrhages are common Penetrating wounds, usually caused by



gun-shot wounds, ace followed by severe hemorrhage. Fractures are also 
common in such injuries. Penetrating wounds are usually followed by secondary 
infections and are fatal.

NECROSIS
1. Coagolative necrosis :
This involves the neurons and the glia The causes are severe injury to the 

cells brought about by hypoxia, chemical poisons, bacterial toxins and viruses.
No changes are seen macroscopically. Microscopically, the cells are swollen 

and become more globular in shape. The N issl substance may eventually dis
appear (chromatolysis or tigrolysis), the cytoplasm stains more intensely with 
eosin. am? the nucleus shows pyknosis, karyorrhexis, or karyolysis. Micro
glia accumulate around the nfccrotic neurons, the process being known as 
satellilosis. when the microglia phagocytose the necrotic neuron, the process. 
is called neoronophagia

2. Liquefactive necrosis :
This is the most common type of necrosis encountered in the brain and 

spina) cord compared to toagul.uive and caseoue types because the nervous 
tissue contains little coagulable albuminous material but is rich in lipoids In 
fact, necrosis of the brain is almost always liquefactive in nature. It so happens 
that when necrosis occurs in the nervous system, the autolytic enzymes released 
from lysosomes of the dead cells, cause disintegration o f myelin into a liquid 
mass that consists mainly o f lipoid

Infarction is one of the common causes o f liquefactive necrosis. It may 
also occur when the centtal nervous system is invaded by pyogenic bacteria. 
The lysosomal enzymes released from neutrophils induce liquefaction of myelin, 
neuroglia, and other structures, and this is known as ancephalomalacia. Softe
ning of gray matter is known as poliom alacia and that o f  white matter leu- 
ccmalacia. Encephalomalaoia is commonly seen in the following conditions :

Deficiency of Vit E. in young chickens (crazy chick disease); Mouldy corn, 
poisoning in horses (Cornstalk disease); Acute pancreatitis in all animals; Anre— 
natal copper deficiency in larnbt (sway back); Cobalt deficiency (Enzootic 
marasmus); Emerotoxemia in lambs; Mulberry heart disease in swine;Vitamin В 
deficiency (Chastek paralysis) in fur-bearing animals and ia calves and sheep, 
when it is called cerebro-cortical necrosis; Blue tongue in sheep; Rift valley 
disease of Kenya; Distemper of dogs; toxoplasmosis and lead poisoning; Infar
ction due to an embolus consisting of tumor cells o r parasites o r a  piece of a 
thrombus or due to thrombosis o f  an artery; poisoning by roecuric salts.

The lesions seen are:-thickening o f the blood vessels, endothelial hyperplasia 
and liquefaction of brain substance. Thrombosis and hemorrhage may be found 
in Some casts. Around the area, there may be proliferation of capillaries and 
the fotmaliou of a capsule by the cells of meninges. Astroglia proliferate and 
surround the a'«a of encapsulation. The involved tissue undergoes liquefaction 
and a  serous fluid is present.

3 Caseous n ecrosis :
The cause of this type o f necrosis is infection of the brain by M ycobacterium 

tuberculosis. The necrotic area is seen as a  dry, crumbly, yellowish - white 
mass. It may even contain areas o f calcification. Microscopically, all cellular 
or architectural structures are Io,c, and the necrosed area is surrounded by . a 
zone of inflammation.
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N ecrosis of nerve fibres o f the peripheral nerves, the tracts and central ner
vous system is first indicated by fatty degeneration o f the myelin shegths o f the 
nerve fibres affected. This change occurring in the brain and spinal cord is called 
demyelination. Ultimately  the axon may disappear, but demyetination alone can 
render the nerve fibre non-functional. If demyelinatiou alone bas taken place, 
regeneration is possible with restoration uf function;

G a n g re n e :
This could occur if  brain is invaded by saprophytic microorganisms, as ir 

the case o f traumatic injuries o f the skull or as septic emboli from areas on 
gangrene in the lun^s.

IN FL A M M A T IO N
Term inology :
E ncephalitis — is inflam m ation o f  the brain
M y elitis  — is inflammation o f the spinal cord
Encephalom yelitis — is inflam mation o f the brain and spinal cord 
M ening itis — is inflammation o f  the meninges
Pachym eningitis — is inflam mation o f  the dura mater 
Leptom eningitis —  is inflam mation o f the pia mater
M eningoencepbalom yelitli — is inflam mation o f  the meninges, brain and the

spinal corn.
P olioencephalitis — is inflam mation of gray m atter in brain 
Po liom yelitis — is inflammation o f gray m atter in the spinal cord.

The same general laws o f inflam m ation apply to the brain and spinal cord 
as elsewhere. Since there ate no mucous mimbranes, catarrhal inflammation does 
not occur. Serous mflammatio.i also probably does no t o i.u r: if it does it 
resembles edema. Hemorrhagic exudates are rarely met w iihand  fibrinous infis.tr.. 
mation is limited practically to1 the meninges. Purulent, lymphocytic and prolife
rative inflammations are th* types which are regularly encountered in the central 

^nervous system.

F ibrlnons en cep h a litis , m yelitis  and m en in g itis  ;
These are seen in cattle and sheep during pasteurella infection of the central 

nervous system They are characterized hycard inal signs i f  inflammation and 
increased fibrin content in th ;  sub-arachnoid and Virchow-Robin spate.

Suppurative (P o ro len t) e n c e p h a litis ,  m y e litis  and m eningitis:
'TsVP^se are observed in all species o f  naira .is-' 'I here are the usual cardinal 

sign* o f inflammation ; the principal cowstim .ut o f  the exudate being pus. The 
inflammation may be focal or diffuse.

The pyogenic organisms responsible are staphylococci, streptococci, corync- 
bicterium , pasteurella, listeria, and pleuropneum onia-like organisms.

Rentes of in fec tio n : I. By direct extension from suppurative conditions or
the middle ear, nasal passage, cribriform  plate or from meninges.

2. Throtigh blood stream (in septicemic diseases) and lymphatic vessels 
accompanying nerves (Listenosts).
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3. Infection o f penetrating wounds o f the skull. Suppurative myelitis will 
result due to infection of the wound made while docking the tail.

The lesions may be microscopic and consist o f  focal collection of neutro
phils and lymphocytes. The accumulation o f pus causes pressure and destruc
tion o f the local tissue If an im portant area in involved, severe effects follow. 
The abscesses do not have well developed capsules as mesodermal cells tba* 
form it are few Astroglia proliferate and form a poorly defined capsule around 
the cerebral abscess.

L is te r io s is  (L iste re llo sis)
This is the  most frequent cause of a purulent reaction in the brain of 

farm  anim als. Infection by L is te ria  m onocytogenes produces suppurative mrni* 
Dgoencephalomyelitis in cattleiSeep and  goats. How actually this organism reaeb'es - 
the central nervous system is not known. The disease is characterized by the 
presence o f  multiple microabsccsses which contain the organism .-

L ym phocytic  m eningencephalom yelitis :
This is the  most important form of inflam m ation of central nervous system in 

an im als.. In this the lymphocyte is the. principal constituent o f  the exudate: 
the ceils being trapped in the Virchow-Robin spaces as they leave the vessels— 
p e riv a sc u la r  lymphocytic in filtra tio n  o r p e riv a sc u la r  c u ffin g . This type of 
inflam m ation is caused mainly by viruses.

The viruses may be (1) . Neurotropic. That mcaas to  say, those that 
- affect alm ost only the nervous system. Examples o f  these are the Rabies in dogs 
and Borna disease in the horses.

(2) Organotropic. The viruses that affect other tissues may also infect 
the nervous tissue by chance. Examples : Canine distem per; Hog cholera; 
Epidemic trem or o f  fowls ; M alignant catarrhal fever and R inderpest.
* Encephalitis is said to be due to  allergic causes, when no other obvious 

etiological factors can be discerned. U nder this category are listed those con
ditions that result after vaccination (Post-Vaccinal encephalitis) with vaccines 
containing nerve tissue. Others that may produce encephalitis are the causa) 
agents o f  psittacosis and ornithosis, PPLO, rickettsia and trypanosomes.

R ou tes o f eq try : I. Blood stream —Hog cholera,
2. Nerves—Rabies. *
3. Neurolymphoger.ous—infection ascending along the lymph pathways o f 

cerebrospinal nerves.
The virus entering a neurone kills it. Demyelination o f the nerve fibres 

may be present. Petechiae also may be f o u n d s  
— -'v?-'' «Vlacroscopic;ally, no gross lesions o f significance are noticed. Hyperemia and 

edema o f  the pia-arachnoid may be the only lesions seen. O ccasionally localised 
areas o f  softening may be found.

M acro sco p ica lly , the following are the characteristic features noticed .-
1. Congestion and hemorrhages.
2. Cuffing of blood vessels : i.e. accumulation of lymphocytes in the space 

of Virchow-Robin; Later plasma cells and macrophages may also be found in 
these places. This lesion is found bo th  in the white and gray matter.

3. Edema.
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4. Gliosis : diffuse proliferation o f the astrocytes throughout the brain 
giving the tissue a dense and celluar appearance.

5. Satellitosis—appearance o f scavenger cells or "H ortega cells”  or ‘‘Gitter 
cells”  around the necrotic area. These are the microglia and oligodendroglia 
which remove the dead neurones and debris by neuronoghagia, The gitter cells 
contain lipid and are tho only cells seen in the a.ca where neurones were situated 
previously. Some times in more chronic cases, the microglia increase in number, 
their nuclei become elongated and their cytoplasam contains . iron deposits and 
such cells are known its “ Rod cells”

6. Neuronopbagia.
7. Rarely proliferati in of blood capillaries may t e seeff.'-'*® aiS3£” '
8. Inclusion bodies may be found in the neurones o r astrrg lia  in a number 

o f diseases ; rabies, canine distemper, infectious canine hepatitis, Boina disease

S P E C IF IC  IN FLA M M A TIO NS O F  B RA IN  AND SP IN A L  C O R D : 
R ab ies :

It is an acute viral disease o f domestic animals characterized by a very 
severe lymphocytic inflammatioa o f nervojs system. There is diffuse and 
severe meningoencephalomyeluis. A characteristic feature o f the disease is the 
presence o f intcacytoplasmic inclusion bodies (Negri bodiis) in the cells of the 
hippocampus auu cerebellum.
Pseudorab ies :

It is an infectious viral disease o f cattle, pigs, dogs aud cats, in pigs_ 
there is diffuse lymphocytic meningoencephalomyelitis which does not seem to 
occur in cattle, ч
Hog cho lera  (swine fever) en cep h alitis  :

In hog cholera 80 to 50 per cent o f the animals suffer from an acute diffuse 
lymphocytic meningoencephalomyeluis.
C anine d istem per encephalitis :

The virus o f canine distemper also produces a typ ical diffuse lymphocytic 
meningoencephalomyelitis- However, not all the affected dogs develop lesions 
in the central nervous system. л~-
In fec tious v ira l equine encephalom yelitis :

This is an acute viral disease o f  horses and mules and is also character
ized by a typical diffuse lymphocytic meningoencephalomyelitis. It terminates 
fatally in about 50 per cent o f the cases. Ж

- и  .... Ж . Гг ааЗВцгшгявма»: • 0 "

This is an  acute diffuse viral m:ningoencepbalomy> litis of the horses that 
occurs in Europe, especially in Germany. It has not been described in India. 
Louping i l l  :

This is an acute diffuse viral lymphocytic meningoencephalomyelitis of 
sheep in Scotland, England, and Ireland.
A rian  v ira l m eningoencephalom yelitis or Epidem ic trem ors :

It is an infectious viral disease o f chicks. Microscopically, the disease is 
characterized by a diffuse lymphocytic inflammation of the entire central nervo
us system.

/
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KaeSkliel disease (Pnenmoencepbalifis o f  poultry) t
it is.a viral disease o f chickens which is also characterized microscopically 

by diffuse meningoencephalomyelitis.
Chronic m eningoencephalomyelitis i

The only important example of this in domestic animals is that of tuber* 
culous meningoencephalomyelitis. The lesions in the central nervous system 
consist of a central area of caseous necrosis which may be partially calcified. 
Tbis indicates that a generilized tuberculosis is present.

PARASITIC ENCEPHALOMYELITIS
M yiasis: £
-  ffypodermo bevis larvae may be found in the fat of the vertebral с т а  I 
in cattle. At times they may invade the spinal cord or the brain. The latvae 
of Uesuus ovis have also been reported to invade the brain.
Cestodiasis:

Tapeworm cysts are found in the central nervous system of the domestic 
animals, examples being the cysti o f MuUiceps multiccps, Taenia pisijormis and 
Taenia echinococcus. The ova of these tapeworms are ingested by the animal. 
In the intestine, the hexacantn embryo comes out, pierces the intestine, and is 
carried by blood stream to various places in the body. Some of the larvae, 
particularly those of MuUiceps muUiceps, reach the braio where t&cy encyst 
The path of migrationyof the larvae in the brain is macroscopically visible as 
ted streaks dne to the ' persence of hemorrhage.

The larval stage of Muhiceps muhiceps, a dog tapeworm is known as Coe- 
nurus cerebrelis. It causes a laiher uncommon disease of the central nervous 
system o f sheep, known as ‘x id ’ or 'sturdy'. The symptoms depend on whether 
ihe bladderworms are located in the brain or spinal cord. In both the places, 
they form cysts reaching SO inm in diameter or more. . Each cyst is filled with 
clear fluid and contains even up to SCO scolices. As the cyst enlarges there is 
pressure atrophy of the surrounding nervous tissue. So the convolutions may 
be flattened and cortex becomes thinned Even the cranial bones may be sub
jected to pressure atrophy and some may be punctured even. The chronic ini* 
tation induces a chronic lymphocytic meningitis, encephalitis, or myetilis, depen - 
ding on the location of the parasite. In severe infection, an acute diffuse lym
phocytic meningoencephalomyelitis is produced, and the Sniroal dies. Cysts 
usually involve the lumbar pottion of the spinal cord, which results in such 
symptoms as inco ordioation and paralysis of tbe posterior extremities. , Death 
of the larvae will result in calcification of the cyst. ~ *"
N em atodiasis: ‘ '

Various nematode larvae are found in the central nervous system. Strong 
yle larvae are found in the horse. Tbe larvae of ascarids, strongyloides, hook
worms and microfilaria of Dirofilaria immilis may be found in the capillaries or 
in the nervous tissue of the braiD, spinal cord or meninges. Their lesions are 
characterized by a chronic lymphocytic inflammation.
Cerebrospinal nem atodiasis (Neorofilariasis; Enmri);

This is found in sheep, goats and horses, and is caused by Seiaria digitaia. 
In horses it ts known as Kumri (Hindustani fo r‘weakness of the loin’) in our
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country, whereas in sheep and goats it is known as ‘lumbar paralysis’. Besides 
India, the disease also occurs in Sri Ian к a , Burma. Korea and Japan

Seiaria d ig tia 'a  is a natural parasite o f  cattle. But when the microfilaria find- 
entry into heterologous hosts, like sheep and goat, they wander away to the 
central nervous system. Symptoms are basically neuroparalytic and include 
njotor weakness, inco-ordination and loss o f  balance. Severe cases exhibit par
esis of one or all lim bs. the bir d limbs being most frequently and severely 
affected. The cases may terminate fatally, or recovery may follow.

M a c ro sc o p ita lly , lesions are found in the brain and spinal cord and the 
severity depends on the number of parasilies present. Narrow tortuous tracks of 
hemorrhage and softening may be found den -ting the path taken by the parasite. 

M icro sco p ica lly , the lesions consist o f  a  central space (where (he parasite 
was) surrounded by a degenerated and necrotic tissue The necrosis is liquefac- 
tivc in type. Hemorrhages may be present in this area Due to  rtamage by tbo 
larvae the axis cylinders in the affected area are s»o ll.n  and degenerated and 
appear enlarged and fragmented. The myelin sheath becomes swollen and distor
ted, accompanied by g la l  proliferation.

Lymphocytes, eosinophils and microglia infiltrate around the area. Perivas
cular cuffing of neaiby vessels is Observed. The larvae may not be visible >n 
these lesions as they might wander off. Careful microscopic examination of ibo 
tissue and cerebrospinal fluid is neceesary to seethe larvae.

The condition known as “ W obbles”  among young horses and mules may bo 
a manifestation of cerebrospinal nematodiasis. Animals one to two years o f age 
are affected. Suffering anim als move with difficulty and on  m otion sway (or 
wobb'e) from side to side. Thev may fall frequently and show difficulty in rising. 
Trauma o f the spinal cord at the cervical region is suspected to  be the cause-by 
some authors. Weakness inherited genetically is also 'suggested. Lesions are 
found only in the cervical portion p f the cord where tracts o f  hemorrhagic 
necrosis and bilateral symmetrical areas o f  malacia are found

M icroscop ically , the following are noticed liquefacttve necrosis.hemorrhage, 
degeneration and demyehnation o f the peripheral nerve tracts, perivascular cuffing, 
sate'htosis, neuronpphagia and gliosis.

la  some cases, though parasites may be found in the central nervous sytem 
neither symptoms nor lesions are observed.

' л  T o x o p lasm o sis: . -V
Toxoplas.ua gondi, a  protozoan parasite is found rn the central nervous 

system of domesticated animals. Lesions consist o f a central area o f coagulative 
necrosis, surrounded by m icroglia and neutrophils. There is also lymphocytio 
meniagitis, lymphocytic perivascular cuffing, and gliosis

‘A llerg ic’ en cep h alitis  (P ostvaccinal encephalitis) :
This sometimes occurs in dogs following rabies vacccination, It occurs 2 to 

3 weeks after vaccination, and is characterized by a lymphatic meningoenceph- 
alomyelitis. There is m otor paralysis o f  one or more limbs, which may later 
involve most of (be body. Death is the usuai outcome.
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M E N IN G IT IS
Pachymeningitis ; The inflammation o f the dura mater is usually secondary 

to infection of the middle ear o r adjacent bone. It may be suppurative or 
aon-suppurativo In the suppurative variety which- is more common, local 
abscesses may be found on the dura and the peridural spaces. Subsequently 
chronic fibrosis may develop when the dura is thickened with local adhesions 
Infection may spread to the arachnoid causing leptomengitis.

Leptom eningitis is the inflammation o f  the pia-arachnoid. When associated 
with inflammation of the brain, which is usually the case, the condition is known 
ns meningoencephalitis

Lcplomeniogttis may be suppurative or non-suppurative, The causes(Aid:-?
I Extension from adjacent tissues—as in viral encephalitis (swine fever,

rabies etc).
2. Mechanical injuries—fractures.
3. Batcterial imection from neighbouring areas—middle ear, nasa 

cavity a'id sinuset (Usuaily Slrrptococci and Staphylococci: other bacteria that 
may cause leptomeningitis are : — Lis'eria , C- pyogeaes. Pseud,monat, coliforms > 
Pasteurclla ; Chronic meningitis is produced by Toxoplasma, Mycobacterium tuber
culosis and 'Cryptococcus In swine Lept"Spira pomona  causes non-suppurative 
meningitis).

A. Hematogenous infection in septicemic conditions—navel Ш: enz otic 
pneumonia, Colibaeillosis, purulent pentum nnia, metastasis from infections such 
m  mastitis, metritis or peritonitis.

5. Parasitic invasion as in muiticeps infection in sheep.
6 Hemorrhagic meningitis is seen in acute lead and copper poisonings. 

Duo to the movement of the C. S. F. the inflamm ttion is usually diffuse.
Hyperemia is severs in  meningitis. The causative organisms grow on 

the surface o f the pia-arachnoid and in its spaces. Injury to the blood vessels is 
responsible for the inflammatory exudate, in  suppurative meningitis, the exudate 
which is yellow or greenish accumulates in the pia-arachnoid space. Pus may 
also be found in the spinal fluid. When it accumulates' in the lateral 
ventricles, the convo’utions tend to be flattened. Due tograv i'y  the inflammatory 
fluid collects at the base o f  the brain. Suppurative inflam m ation is characterised 
by -he infiltration of neutrophils while mononuclears (lymphocytes and macroph
ages) predominate in the non-suppurative variety.

Examination of the spinal fluid collected from a lumbar punctuie gives, 
valuable information as to_ths nature o f infection.. ■ re

M yelitis is inflammation o f  the spinal cord. Usually myelitis is found along 
with encephalitis when the condition is known as encephalom yelitis Myelitis 
may be suppurative or non-suppurative and the lesions are comparable to those 
o f ihe brain. Sometimes non-suppurative myelitis may occur wuhout any attri
butable cause. In such cases traum s (automobile accidents) are believed to be the 
cause. Fractures of spinal column and protrusion o f  inter-vertebral disc may be 
o ther causes.

M acroscopicatly, there may be congestion of the pia, petechiae on and 
inside the spinal cord and in advanced cases, softening o f the nervous tissue.
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M icro sco p ica lly , congestion, infiltration by inflammatory cells and'degene- 
rative changes of the nerve cells are seen. The nerve cells are-swollen. H ist I 
subs'ance disappears and the nucleus assumes an eccentric position. Degenerative 
changes o f  the nerve fibres are also observed

THE PERIPH ERA L NERVES
D egeneration  : When a nerve cell undergoes degeneration due to action of I

an irritant, the degenerative process also aflVcts the nerve fibre o f  that cell. This 
is known as descending degrnaration. Degeneration can also begin in the netve 
fibre and progress towards the nerve cell (ascendingdegeneration). M icroscop i
c a lly , both axis cylinder and myelin sheath are simultaneously involved (total 
degeneration). Loss o f  thfi myelin substance is called dem yelination . Lipoid 

r'of the myelin can be stained and demonstra’cd by Marchi’s method.
When a nerve fibre (axoni gets severed from its cell body, the distal part o f  

the nerve fibre undergoes characteristic degenerative changes known as W allerian  
d egen eration . The axis cylinder disintrgra'es and disappears, the myelin sheath 
(medullary sheath) also degenerates and is transformed т Ц  a chain of lipoid 
drop'ets which can be s'ained black by Marcht’s method. The cells o f  the sheath 
o f  Schwann proliferate and get converted into phagocytes which temove the 
remnants o f  axb cylinder and the lipoid droplets Similar change occur in the 
proximal part up to the first node o f  Ranvier.

R egen eration : In a degenerated nerve fibre there are also attempts at 
repair. Nerve fibres in the central nervous system cannot regenerate, but 
the peripheral nerves regenerate fairly rapidly. Schwann cells play a leading 
role in the healing o f  nerves, i f  the sheath p f Schwann (neurilemma) is intact, the 
Schwann cells proliferate and arrange themselves in both proximal and distal ends 
in the form o f  a tube. Along this tube new axis cylinders grow and unite the two 
severed ends- They fail to heal the gap if  it is more than one inch. In such cases, 
the gap is tilled in by granulation tissue which originates from the three connec
tive tissue coverings o f the nerve and its bundles. The Schwann cells proliferate at 
both ends, i s  case o f  amputation, the axon fibrilis co il up and form a nodule 
called am putation neuroma which is covered by fibrous t ssue 

: - '.-When a peripheral nerve is cut degenerative changes occur in the neurans. 
These changes are called N is J 's  D egeneration  in which the cells become enlarged 
and the nucLux is pushed to a side (eccentric) Chromatolysis o f  N u sl’s substance 
occurs after breaking up. W hin regeneration o f  the nerve fibre starts the neuron . 
tends to return to normal. Nut si granules reappear, nucleus takes up a central 
position and the cell becomes smaller; Repair in sTjIMve 'fibre is a prolonged 
process requiring ‘0 lo 12 months for com plete'’b a lin g . Repair o f  Ihe nerve 
fibres o f  criti'ral nervou; system, lacking a shrath o f  Schwann, does no occur

N e u r it is  is inflammation o f  the peripheral nerves Inflammation o f  the 
tervSs is usuallv accompanied by degenerative changes.
Causes: I. Trauma.

2. Toxins—bacterial mostly. Neuritis occurs in infectious diseases 
■ as in strangles, protozoal—dourine, viral— rabies and distemper

3. Chemical poisons—lead, mercury, arsenic, alcohol.
4. Plant poisons— L a ih yru i salivus.
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1 Nutritional deficiency—deficiency of the members of vitamin И
group
Allergic factors.

7. Viruses— Marek’s disease, Ranikhet disease.
M ucroscopically , the nerve may be swollen and reddefied More often d o  

naked eye chances are noticed.
M icroscop ica lly , degenerative changes even leading to Wallerian degene
ration are found, Edema and infiltration by inflammatory cells o f  interstitial 

connecti*‘> tissue can be sem . The exudate may be serous (serous neuritis) or 
purulent (purulent neuritis), fhe latter variety may destroy the nerve completely.

G ross evidence of any abnormality may be completely absent. In some cases, 
however, nerves may reveal mild conge.tion or they may be unusually swollen, 
soft or flabby. M icroscop ica lly , inflammatory changes are present in the 
connective tissue and degenerative changes in the nerve fibres. All degrees o f  
changes are met with, the more severe forms leading to destruction o f  the 
nerve fibres and Wallerian degeneration in tha distal portion o f  the fibres.

M arek’s d ise a s e :
It is a lymphoproiiferative disease of the domestic fowl which has an 

unusual predilection for peripheral nerves It occurs in classical and acute 
forms. The classical form is characterized by peripheral nerve enlargement, 
and paretic and paralytic symptoms. The nerves that are commonly affected are 
the brachial and sciatic plexuses, coeliao plexus, abdominal vagus and inter
costal nerves. Microscopically, the nerves are infiltrated with lymphoid cells, 
which include primitive and activated reticular cells, lymphoblasts and small, 
medium and large lymphocytes

CONGENITAL MYOCLONIA OF PIGS (TREMBLES)
New born pigs are affected by this condition, which is characterised by clo

nic convulsive movements due to hyperirritability o f muscles. After a few weeks 
the symtoms may disappear and the pigs may then thrive. In severe cases Ihey 
die o f  inanition as the piglets are unable to suckle properly.

C ense : Definite cause is not known. The following are suspected : heredity 
factors, hypothyroidism, virus infection, defective care and deficiencies o f  the 
sow during pregnancy. Many workers feel that the last two may be important 

■" M acroscop ica lly , no visible changes may be noticed. Edema, thickening a> d 
hemorrhage in the cerebellum may be noticed. Congestion and hemorrhage may 
be observed in the brain, lymph glands, liver, kidney, lungs, spleen, thymus and 
ocular muscles.

M ici o scop ica lly , there may be delay in the myelin sheath formation in the 
spinal cord. Ganglion cells Of carpus striatum may reveal changss o f shape and 
vacuole formation. Vasculitis affecting small arteries (sometimes obliterating 
them) is seen in various organs.

E P I L E P S V
Epilepsy is a sudden brief (petit [mal) or prolonged (grand mal), loss o f  

consciousness usually preceded by convulsions.
Symptom atic ep ilep sy  : may occur in animals due to organic brain lesions 

saeh as neoplasms or inflammation or trauma; disturbances is  brain metabol.sm
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doc to visceral parbology or metabolic disease! or poisons; cerebrospinal nema
t o d e s  ; verminous infeslations o r  profound toxemias.

T ru e  or Id io p a th ic  ep ilep sy  is an  inherited condition in Brown Swiss cattle 
and Cocker spaniels. 1 he inheritance is through a recessive factor. Between 
attacks the ammals are perfectly welband the condition persists fo r life.

Sym ptom s • A true grand mat epileptiform seizure is m anifested by an early 
period o f  alertness, followed by a  state o f tetany, which gives way after a  few 
seconds 10 a clonic convulsion with padding, opisthotonus, cham ping ol jaws and 
salivation . The clonic convulsions are followed by a period o f relaxation. The 
convu sion Jtnay sp read -fro m  the initial area to  the rest o f  jhe body, which is 
referred to  as Jacksonian epilepiyr"'T he animal is unconscious throughout the 
seizure. Evacuation o f th e  bladder o r bowel o r both is comm on during th e  
seizure. The animal mav quickly regain its normal state after the seizure or act 
dazed or uncoordinated for a  few minutes The temperature may be elevated os 
norm al. The pulse is frequent and respiration rate is increased. The blood, 
cerebrospinal Quid and urine are normal.

The atteks are always recurrent and the animals arc norm al in  the interve
ning periods.

Symptomatic treatm ent may be administered. Sedatives are usually resorted to.
Control : The anim als should not de used for breeding.

SWAYBACK OR ENOZOOT1C ATAXIA

The disease is seen in new bom  lambs in certain parts o f  the world. The 
symptoms noticed are severe ataxia, locomotor disturbance, paralysis and inebi- f 
lity to  walk. Affected anim als m ay be blind and so are unable to  move. Death 
may also be due to  broncho-pneum onia (exposure).

. Sway back is a ttributed  to  a  deficiency of copper. The ewes which are main- I 
rained oq a copper deficient d iet o r  grazed on lands with molybdenum-rich gras
ses may m anifest anem ia and produce -Steely”  wool. Lambs o f such ewes show 
demyelination (see page 149) and suffer from -‘Swayback” .;

M ic ro sc o p ic a lly , lesions are not prominent in mild cases. But in severe ca
ses, cavities containing gelatinous material may be found in  the white matter due 
to  liquefaciive necrosis with secondary internal hydrocephalus. . I he lesions are 
bilaterally symmetrical. F lattening oferanial bones occurs due to  cystic degene
ra tio n  and increased iu t1 acranial pressure.

M ic ro sco p ica lly , d ffuse symmetrical destruction o f  the while m atter in the 
cerebrum is noticed, which is liqucfactive necrosis. There is destruction of des
cending myelinated tracts. G itter cells are numerous in th e  area. There is 
reduction io the cytochrome oxidase activity o f  neurones.

Tum ors (Neoplasm s)
Primary tumors o f  the brain  and spinal cord are rare. However, Mimors 

o f the central nervous system are most common in dogs and least common in 
the pig and sheep. Prim ary tumors include those of the neuroglie (gliemas
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astrocytoma, oligodendroglioma), nrrve cell and fibres (neuromas), ganglion 
cells, (ganglioneuroma), ependymal cells (ependymomas), and o f meninges 
(meningiomas). Central nervous system is also prone to secondary tumors, 
which are metastatic, their piimary sites being the lung or some other organ.

The brain tumors are of limited malignancy, metastases not occurring 
elsewhere. Pressure on the brain by the developing neoplasms produces various 
symptoms depending upon the (art of the brain involved and the functional 
disturbances in turn are dependent on the neurons o f that part which are respon
sible for them. Death id the invarible outcome.

«JO
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DEVELOPMENTAL ANOMALIES
Freemartin

The bovine freemartin. is a genetic female born cotwin with a normal 
male with which it has exchanged whole blood. The structural modifications of 
female genitalia are supposed to-result from the in0uence of androgenic hor
mones produced by the mate foetus

The gonads are undifferentiated. Ovaries are small. The Mullerian duct 
system is not differentiated fully. There »re usually portions of cubular system, 
which do not develop and often the uterus is small. and incomplete. The vulva 
has frequently long tufts of hair. The clitoris is quite prominent 'h e  vagina, 
is fairly developed and the cervixps.usually »bseot,-Qne-feature of the reproduc
tive tract, which is very useful in distinguishing this condition from severe 
cases of aplasia of Mullerian ducts is the presence of seminal vesicles. Epididy
mis may be present or absent. The histologic appearance ot the gonad is one 
of a quite undifferentiated structure. There are small tubular structures resem
bling primitive seminiferous tubules with lining cells similar to the sertol. 
cells. There are interstitial cells, which in the new born freemartins resemble 
fibroblasts. In the freemartin which is allowed to live the age of one or more 
years, the interstitial cells develop and resemble luteal ceils in the ovary or 
Leydig cells of the testis. In the older animals, these develop into multiple 
large masses of orange or tan colored masses which resemble both interstitial 
cell tumor or corpora lutea on gross examination. Most freemartins do not 
develop ovarian follicles. Endometrial glands are present and produce fluid 
resulting in'cystic distension ofvestigeal remnants

/The seminal vesicles are usually small and have abundant fibrous stroma. 
The epithelium resembles that Jof seminal vesicles o f  a castrated bull.
A rrests in the M ullerian 'duct development

These defects are of significance only ia cattle and swine.
W hite heifer’s disease

This condition is scenhnore commonly in short horn cows due to arrest in 
the Mullerian duct system and consists of a number o f abnormalities.

depending on the intensity of arrest in The development it may be classified-' 
into three groups.
Group A — Hymenal constriction; absence of anterior vagina, cervix, uterine 

body; cystic dilatation of uterine horns. Presence of well mar
ked Wolffian bodies and occasional submucous vaginal channels. 

Group В — Uterus unicornis, tho abnormal horn being present as a flat 
muscular imnd. Hymenal constriction may or may not be present. 

Group G — Essentially hymenal constriction and the rest of genitalia compar
atively developed. If constriction is complete, gross utero
vaginal distension results.

In addition to aplastic or hypoplastic defects of Mullerian ducts, there 
are common anomalies which results from failure of fusion of caudal portions 
of the ducts. Complete failure of fusion results in double vagina and double 
cervix. The more common failures of fusion occur in or adjacent to the cervixi 
Tha anterior vagina may he partitioned by a dorsal septum in conjunction with
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a double cervix. A dorse-ventral band may be present across the external os 
(double external os), the cervix and vagina being properly fused. The failure 
of fusion may involve only a p a r t  of the cervix, chiefly the caudal part, so 
that there is one uterine body and bifurcated cervical canal with duplication 
of external os. The cervix and uterine body may be completely divided, 
a  condition known as u te rn s  didelpbys.
In te r s e x e s . The intersex is an individual with congenital abnormality, where the 
diagnosis o f  the sex is confused. Intcrseies may be of two types; 1) True herma
phrodites in which gonads of both sexes are present; 2) Pseudohermaphroditee 
having gonads o f one sex only but possessing reproductive organs with some 

..characteristics o f the opposite tex: Male and female pseudohermaphrodites 
depending on the gonads present arc recognised.

Pseudohermaphroditism is very common in goats and studied in detail from 
genetic p jin t o f view. It is caused by a  recessive gens The incidence of herm a
phroditism in Saunen breed o f goats is high and mostly present as male pseudo
hermaphroditism.

Intersexes are common in pigs but not to the Same degree as in goats. In 
bovioes intersex seems to  be a  rare condition.

THE OVARY
placed in th : abdominal cavity, the ovaries are well protected from exoge

nous causes.
The functional activity o f  the ovary is under the control o f the anterior pituitary 

through the two hormones, Follicle Stimulating Hormone (FSH> and the 
Lutemising Hormone ( L H )  Hence any pituitary endocrine disurbance affecting 
the gonadotropin levels affect the ovaries considerably. Placenta also elaborates 
certain hormones which have considerable effect on the ovarian function: Ovary
produces two hormones, estrogen and progesterone, which have very important 
functions on the development of tubular female genita! organs and control of estrui 
cycles.

DEVELOPMENTAL ANOMALIES
Supernumerary and accessory ovaries are veiy rarely seen in cow. Supernu- 

m etaiy ovary is an extra gonad which is entirely separate from the normally placed 
gonad and appears to arise from a separate analogue. An accessory ovary is situa
ted near the normally placed gonad and may be connected to it giving ths impre
ssion that it developed from a  normal ovary.

A n o m ie s  in the position of the ovaries occur and vany gpcording to the 
length o f the broad ligament. It is not unusual to find cows with a shoit broad 
ligament on one side resulting in the ovary being located closer to  the body wall 
than normal In cows with uterus unicornis the gonad of the affected side i( 
generally located near the body o f the uterus. On the other hand in bitches with 
uterbs unicornis, the ovary may be located some distance from the uleius. In such 
cases, the ovary may be overlooked during routine ovariohysterectomy.

DISTURBANCES OF GROWTH
A plasia or absence of ovaries is occasionally seen, especially in swine eti4 

sheep

4M i
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H ypoplasia o f  the ovary is considered to be due to the failure o f  migration 
of primordial germ cells from the yolk sack to the developing gonad during em
bryonic stage. Thus the developing gonad (i.e. the ovary) becomes devoid of 
germinal epithelium, which is the precursor for the follicular system Both ova
ries may be affected, or sometimes only a single ovary or a part o f  the ovary may 
he affected In the Swedish Highland breed af cattle, hypoplasia is determined 
to have been caused by a single recessive autosomal gene.

The ovaries are small and rudim entary in the form of a thin band with wrinkled 
rough and irregular surface sim ilar to that o f  new born calves.

In ovarian hypoplasia gonads consist o f predominantly m edullary tissue. 
Tunica albuginea is thick and covered byTow cuboidal epithelium. Follicles a.o 
completely absent The strom a is dense and made up of thick fibrous Tissue with 
several anovular cords o f Type I and Type II, blood vessels and rete tubules.

P o lyacgonla  is a condition in which each follicle, which norm ally contains 
only one ovum, may contain several ova without disturbing the function o f  
genital organs

HEM ORRHAGE occurs : I, during ovulation (o f  no  consequence) 2 
while enucleating corpus luteum manually in the cow, 5. while expressing 
ovarian cysts in the treatment o f Sterility and *. in hens affected with avain leucosis 
complex, pnltorum  disease and fowl pest.

PER IO O PH O R ITIS
Usually chronic in nature and is more common than oophoritis. I t  is more 

commonly a localised serositis which is seen as red fibrin and serosal tags 
containing numerous leucocytes attached to the surface o f the ovary. Fine bursal 
adhesions may result but are too delicate to interfere with ovulation.

Serosal granulomas may occur in bovine peritoneal tuberculosis o r porcine 
brucellosis or in setariasis in bovines. These appear as reddish nodules or tags. 
These infective granulom as remain strictly localised to the surface o f  the ovary 
and do not penetrate its substance. ->

Grossly the ovarian surface is shaggy and often encapsulated with adhesions 
of bursa i

M icroscop ically , the tunica albuginea is thickened by fibrous tissue with 
occasional lymphocytic and plasma cell infiltration.ln tuberculosis, ovaries may 
be covered by tuberculous granulom atous tissue with Langhans’ type o f  gianl cells 
In Setariaris, granule tsatous foci with sections o f larvae along with neutrophils 
and surrounded by mononuclears, epithelioid cells and fibrous capsule may be 
seen.

OOPHORITIS : (Inflammation of the ovary) is rare in anim als. Sometimes 
abscesses may be found in or about the capsule. They are usually the result ol 
an ascending infection from the oviduct or uterus.

Peritonitis may involve the ovaries when adhesions may occur. This is 
especially true in the case o f bovine tuberculosis of the peritoneum  and brucel
losis o f swine, when infective granulom ata may be found on the surface of. the 
ovaries.
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CYSTIC OVARIES

The ovaries contain one or more cysts o f varying size. Though met with 
in all animals, cysts o f the ovary are more frequent in the cows, sows and 
mares. , •

Cysts are found in high m ilk yielding cows more frequently and so endo
crine disturbance is the main cause. G reat enhancement in the milk yield by 
selection has resulted in more and more cows suffering by this disorder.

F o llicu lar c y s ts : In this condition, the graffian follicle does not rupture 
as it should normally and so liquor folliculi accumulates and so the cysts enlarge 
upto аз much as 11 cms. in diameter.

Tho granulosa cells which are normally of several layers' degenerate as' 
atretic bodies. In most o f the follicular cysts a single layer of granulosa cells 
are left appearing as a string of pearls lining the antrum. In some, even the 
single layer of granulosa cells disappears leaving the membrana propria to line 
the antrum. The cumulus oophorus and the ovum degenerate. However, tho 
glandular cells ofTheca interna continue to  be secretory adding to the estro
genic pool.

The incidence of cystic ovary is high in high lactating animals immediately 
after parturition. Defective feeding and faulty animal husbandry practices 
may be some of the contributory factors- There may be an involvement of 
hereditary predisposition.

The cause of the cystic ovaries is considered to be failure of release o f  LH 
or failure of release o f LH in sufficient quantities to cause ovulation. It may 
also be due to imbalance o f FSH and L H . \

Changes have been noticed in the basophil cells of Hypophysis which are 
believed to elaborate the gonadortopbic hormones. The cells assume a bigger 
and bizarre shape, with large nuclei and large nucleoli. The basophilic granules 
are at first large and numerous. Later, the cytoplasm becomes clear, homoge
neous and later even becoming acidophilic. Side by side with these changes, the 
acidophils become hypertrophied and densely laden with granules which produce 
growth hormone and prolactin.
The following ex tra-ovarian  lesions a re  observed :

1. Relaxation of the sacro-sciatic ligament.
2. Uterus enlarged and edematous
3. Cervix-enlarged with patent os
4 . ' endometrium—cystic endometrial hyperplasia,-'4swiss-cheeso” type. The

hyperplastic glands secrete excess o f  mucin,:producing retention cysts.
5. Vagina and vulva are edematous.
6. In the dog mammary tumors aod uterine fibroids
7. Enlargement o f the thyroid gland and so hyperthyroidism
8. Increase in tho width of the zona fasciculata o f the adrenal gland.
Clinically, nymphomania (persistent sexual desire) is observed in cows and

bitches.
Lutein cystsi Normally, after ovulation, corpus lutuem forms from the pro

liferation a n d  luteinizatLon of the ceils o f theca interna and the follicular'.
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epithelial cells. A small central cavity is present. B ut in M ein  cysts, there Is 
abnormal» ccumulation of fluid in this cavity. These are more common in cows 
4nd sows than in other animals.

The cause is probably non-release o f  adequate quantities o f  luteinising hor
mone by the anterior pituitary.

Increased production of Progesterone by these cysts renders the uterus sus
ceptible to infection, pyometra being the usual sequel.

The ovary is laige, round or oval and soft. The corpus luteum  is not dis
cernible on the surface as in the case o f  normal one. The cyst has a narrow 

;y. ; internal lining of yellowish-brown luteal tissue and contents are opalescent, lig h ts
yellow and gelatinous.

M icroscopically, the cyst wall comprises o f three layers surrounding the 
eentral cavity containing fcomogneous contents. The inner layer consists of a 
thin band o f loose connective tissue separating the adjacent luteal tissue from 
cystic contests. Toe middle iayer has varying thickness u f lutein tissue. The 
outer layer consists of concentrically arranged dense bands o f connective 
tissue merging with ovariaD stroma. . ч

>  ■ -  
Ic tra -fo ll ic u la r  latein isation

Formation of luteal tissue within the follicles even before rupture is called 
м  intrafollicular luteinisation. Usually the ovaries are of medium size.

This condition is noticed only on histopaihology. The follicle is located 
In the centre o f ovruan stroma. Tunica theca is thick and lined by several 
Uyers o f  granulosa colls. Iu the centre there are irregularly airanged lutein 
cells with large vacuolated cytoplasm and lar-e  nucleus having scanty 
chromatin. . ,

- I t  may probably be due tp hormonal disturbance oetween FSH and LH
end requires further investigation.
Im bedded corpus lu teum ;

Small encapsulated yellowish-brown lutein tissue is located in  the middle 
o f cortical stroma and associated wiih endometritis. ^ b -

Thc embedded corpus luteum has lutein cells o f  norm al appearance but 
the fibroblastic proliferation forming irregular masses is conspicuous

The embedded CL seems to be significant by way o f  inhi bitting the oestrum 
resulting ш  anoestrous condition.
Smal}'and Sclerose? o v a rie s; _

This is the ccr.nmor.csi abnormality noticed in ovaries o f buftaloes. The 
ovaries are small with smooth surface. Neither follicle nor corpus luteum is 
apparent on the surface. The cut surface reveals dense stroma with no develop
ing follicles.

M icro sco p ica lly : The surface epithelium is usually absent: Tunica albu. 
ginea is thickened with dense fibrous tissue. The cortex is reduced in thickness- 
Developing follicles are completely absent and a few atretic follicles may be seen. 
The strom a is dense with thick fibrous strands runnig in different directions 
Aggregates o f  thick walled, closely packed capillaries are seen in the stroma.
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Different views are put forth for the development o f this condition Snbac- 
tivity or inactivity could be due to hypofunction of thyroid as evidenced by low 
blood levels o f  thyrotropic hormone in buffaloes with small ovaries. An imba
lance o f  gonadotrophic hormones is suggested. Nutritional error might have a 
significant role.

Epoophoron i These consist o f intercommunicating, short, closely packed, 
acinar structures in the loose connective tissue of mesovarian attachment at 
either poles o f  ovary. The lumen is narrow and lined by cuboidal to columnaj 
epithelium with large lightly stained nucleus. These have the origin from anter
ior mesonephric tubules.
' T'Rete o v a r i i : Consists of tubular net work of anastomosing canals, separ

ated by thick bands of connective tissue at the failus. These tubules are lined 
by low cuboidal to columnar epithelium with round or elongated lightly stained 
nucleus. At times the epithelium may be hyperplastic and assume adenomatous 
appearance. Rete ovarii is seen prominently in the old ovaries. The origin i* 
from mesonephros.

A novuiar cords : These are seen in the ovaries o f bovines as scattered or 
in groups in the ovarian stroma. Anovular cords are probably originated either 
from groups or nests of epithelial cells wnich never had oocytes from normal folli
cles in the early stages of development replacing the follicles.

Three types o f anoyular cords are recognised.
Type I  anovular cords : These are elliptical and surrounded by s thin 

layer o f  PAS positive membrane. The cords are filled w ih 3 to  4 rows of irreg
ularly arranged epithelial cells with d o  ovum. The nucleus o f  the cells adjacent 
to basement membrane is oval with diffuse chromatin. The cytoplasm is stained 
light and contains a net work of very thin eosinophilic fibrils.

Type II anovnlar cords : These are elliptical or round and slightly larger
than-type I cords. The cells are arranged in one or two layers of cells. The 
lumen contains a moderate amount o f Pa S positive material.

Type I I I  anovular cords : These are larger than T ypeII, the diamater 
reaching 200 microns. There are iwo layers of epithelial cells with PAS positive 
am orphous substance-mconcentric layers in the lumen. The connective tissue 
around the anovular follicles is arranged in several circular layers end in these 
epithelioid and eosinophilic cells are often found.

Presence of anovular cords is directly proportional to tho severity o f  hypopla
sia o f dYaries. la  very severe cases Type II and Type III forms are seen. In less 
severe cases Type i t  and Type I cords and in early cases'of hypoplasia-Type .1 
cords are predominantly seen.

Folllcu lo ios : These are seen in  ovaries onmicroscopic'eaamination and are 
present in one or both the ovaries of aged bovines. Two types o f folliculoids 
are recognised.

1) Trabecuiar type 1
2) Colloid type
T rab ecu la r type : These have distinct connective tissue PAS positive caps

ule with tbe invaginations of septa into the lumen dividing it in to  smaller cavities. 
The septa are lined on either side by single or double layers o f granulosa-like
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cells. These cells are elongated having Urge vesicular nucleus and scanty cy top
lasm. Several rossette-like structures consisting o f  eosinophilic irregular bodie4 
surrounded by radially arranged single or double layers o f cells are present in the 
cavity. These s truc tu res have a resemblance to Call-Hxner bodies, characteristic 
o f Granulosa-cell tum or but the origin and morphogenesis o f  rossettes is diffe
rent

C ollo id  type : A few irregular shaped PAS positive collo id  bodies are 
characteristically seen in the lumina of solitary folliculoids. The cellular elem ents 
are few Two types o f  colloid bodies are-seen. One type is large, irregular in 
size and shape with a lam inated appearance. The other type is sm all and spheri- 
cal wvth hom ogenous structure. Both the^types are surrounded by a single layer 
o f  granulosa-hke cells.

The common association of anovular cords with folliculoids and their close 
morphological resem bUnco suggest that the anovular cords m ight be precursors 
o f the folliculoids. Probabiy under constant stim ulation o f  gonadotrophin, parti- 
culnrly in aged anim als, tho anovulatory folbcles proliferate to  form folliculoids.

P a ro v a rian  cy sts  : These occur frequently!in m ost species o f  dom estic ani
mals in the vicinty o f ovary in mesosalpinx and vary in size from  a few mm. to  
1 cm. or more in diam eter. The cysts are lined by a single layer o f  cuboidal 
epithelium. The wall o f the cyst contains smooth muscle.

Parovarian cysts arise from the remnants o f  either M ullerian or W olffian 
ducts.

T U M O R S  O F  T H E  OVARY : These are com paratively rare in aoim als.
O f the primary tum ors, cystadcnoma and cystadenoc ireinom a are the  most 

frequent and m et with in the bitch and ben These may be unilateral o r b ilateral 
and may be unilocular o r  m ultilocular, the cavities coutain ing  clear fluid ami 
lined by either cuboidal o r low columnar cells. Sometimes cilia may be noticed 
in these cells. M ore frequently, there may be papillary projections from  tfce 
lining, filling the cavity. Usually, such papilliferous tum ors are m alignant. 
Peritoneal im plantation  o f the ovarian carcinoma may be observed. M etastasis is 
by way of lymphatics.

Tumors consisting entirely o f  the epithelial cells m entioned above a re  know n 
as solid carcinom ata and are seen in fowls and rarely in bitches. TranscQelomic 
spread occurs in this tum or.

Other tum ors, called endocrine tumors o f  the ovary th a t may be rarely seen 
a r e gTanulosa-cell tum or, theca-cell tumor arrhenoblastom a and dysger- 
minoma O f these, the  gr arm I osa-celH umor is more often •ncountered in  lb* 
cow and bitch . ‘"S '-" ^

The follow ing'secondary tumors may be found; lymphosarcoma; m am m ary 
tumor o f  the bitch, intestinal carcinoma o f  the cow

Teratom as and derm oid cysts may be found in the ovaries o f anim als and 
birds

AFFECTIONS O F  BURSA
B u rs itis  is generally due to  the extension o f  inflammation from  the peritoneum  

or from the infundibular end of the oviduct. The ascending infection from  the 
oviduct is com m on in cases of retained placenta and septic m etritis. Perim etritis



OVIDUCT 429

ITI
ш ;i

■

-V

may also contribule to bursitis. Exgcssivo pressure during enucleation of corpus 
tuteum may cause inflammation of ovarian bursa

Adhesions : Occur as a consequence of bursal inflammation or due to 
hemorrhage caused by ovulation or enucleation of corpus iuteum. The bursal 
adhesions cause infertility by interference with the tiansport o f gametes The 
adhesions may be in-between th« membranes. „

DISEASES O F THE FALLOPIAN TUBES
The disease q f the Fallopian tubes (oviducts)'are not common in animals. 

Affections o f the oviduct are o f  importance since the’ovura is transported to  the 
uterus via these tube» and any disease of the tubes, therefore, will interfere with 
pregnancy and reproduction.

M a lfo rm atio n s: absence o f fallopian, tubes ,£jt segmental aplasia may be 
met with. Accessory tubes, reduplication of the tubes are ■ other malformations 
seen.

Of importance in animals are the following conditions o f  the oviducts 
—hydrosalpinx salpingitis and pyosalpinx. These conditions are more important 

in the cow and sow.
H ydrosalpinx denotes a cystic dilatation of a part o f the oviduct, containing 

clear fluid This condition arises due to some obstruction in the oviduct. It is 
usually a result o f  salpingitis in which, occlusion of the lumen may arise.

Based on gross changes and histopathology two types are recognised :
1) Hydrosalpinx simplex and
2) Hydrosalpinx follicularis or multilocularis.
It may.be seen affecting one or both the tubes.
In tbe simple form, the fallopian tube is considerably distended, elongated 

and tortuous forming several coils in the mesosalpinx. The wall is thin, translu
cent and distended with varying amounts of clear fluid. The distension is more 
often located in theiampulla.

Ir. the follicular form, unlike the simple form, the tube is distended with 
a little fluid but is hard, tortueus and irregularly beaded. On cross section the 
iumen presents a multilocular appearance.

M icroscopically , the mucosal folds in the simple form  are considerably 
— atrophied and.lined by low cuboidal to columnar epithelium devoid of cilia. The 

lam ina propria and muscular coat arc thin.
In the follicular form, the fibrous septa are usually thin, but in some places, 

thickening is marked. The trabeculae are lined by low cuboidal or flat epithelium, 
sfilnflltrattojs of lymphocytes, a  few plasma cells and eosinophils are seen in the 
« lam ina propria. ..■•гц. V.-^.. ...

S a lp in g it is :  This is the most common disease o f the o v iducrand  which is 
usually not diagnosed while the animal is alive. This is o f  great economic 
importance since salpingitis is one o f the causes o f  sterility.

The organisms that are incriminated are : S trep to co ccu s  viridans, S taphyloco
ccus aureus, M, tuberculosis  and Brucella suis.

T he organisms may enter the oviduct
1. By way of the blood stream —.n peneralised infection as in tuberculosis.
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2. Through the osteum abdominale—spread of peritonitis (descending'
3 Through the osteum uterinum—extension o f endometritis (ascending) 
Sometimes irritants may be introduced by uterine insufflation or surgical 

operations
Macroscopically, there may not be visible changes in the tubes except for 

slight enlargement and congestion o f  the mucosa. In the milder forms, there may 
not be any exudate in the lumen In more < eve re cases catarrhal or fibrinous 
exudate may be present, consisting of dean cells and "debris

Microscopically, there may be mononuclear infiltration besides congestion 
of the mucosa desquamation of epithelium and proliferation o f stromal elements 
Plasma cells are particularly abundant.. These microscopical, «jhanges^may be 
evident even in normal looking (grossly) tubes

The mucosa of the fallopian tubes does not possess much o f regenerative 
capacity and so when once the epithelium is lost it is not restituted.

S te rility  occurs in salpingitis for the following reaso n s:- ( l)  The ciliated 
epithelium and contractile muscle necessary for transport o f ovum, are destroyed» 
preventing the movement o f  the ova to the uterus. (2) The inflammatory exudate 
is toxic to the spermatozoa, causing their death, (3) Exudate or proliferating cells 
may occlude the lumen 6 f  the tubes. («) Fibrosis in chronic salpingitis may cau»e 
occlusive stenosis.

Pyosalpinx ; This is pus in the salpinx and occurs in suppurative salpingitis, 
which is usually a sequel to suppuinuve metritis- Pus accumulates in some scg. 
mend of the tube due to occlusion of the lumen in certain places by inspissated 
exudate or inflammatory thickening or by chronic granulation tissue.

The wall of the oviduct is infiltrated by neutrophils, lymphocytes and plasma 
cells, which are also found in the exudate that collects in the lumen. Metaplasia 
o f the epitheliunrto squamous variety is common.

Pyosalpinx invariably ends in sterility.
Tuberculosis t Tuberculosis o f fallopain tubes is common in cows. Two 

varieties are seen I. Caseous tuberculous sa lp ingitis, in which the tube is very 
much thickened and syypllen. The mucosa is much thickened and caseated. The 
inmen contains the disintegrating tissue'maises. Adhesions may be present bet
ween the ovary and the tube and between the individual coils o f  the tube.

2. Nodular tuberculous sa lp ing itis  in which miliary tubercles are found in. 
the mucosa, as a result of generalised tuberculosis.

_ In birds, salpingitis is а сопзщрп affection.
C auses; Primary, bacteria Salm onella  pullorum , (descending infection 

from ovary), E  Ы 1. .; i -
Parasites: Prosthoeonimus m acrorchis 
Secondary : Pullorum disease, vitamin A deficiency.
&(acr.pscopical!y, the oviduct is swollen and distended. The body cavity 

contains masses of yolk material and fibrin strewn about, which may cause loops 
of intestines to become adherent. The mucosa of the oviduct is red and edema
tous. th e  cloaca and parts round about arc soiled.
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M icroscopically , catarrhal, fibrinous, hemorrhagic or purulent salpingitis 
may be encountered. Ascending infection may cause ovaritis or peritonitis.

N eo p lasm s; The most common neoplasm in the oviduct o f  fowls is the 
leiomyoma. It is also frequently met with in the right mesosalpinx 

T H E  U T I B U S
M alform ations : The following malformations may sometimes be seen :— 

Aplasia, hypoplasia., duplication o f cornu, longitudinal division o f  the uterus by 
asep tum .

-The malformations of the uterus are due to the failuie o f  development of 
M ullerian duct system. The conditions are bilateral in the case o f  infantile geui- 
talia and freemartins and unilateral in the case of uterinumjjnico.rnis. Sometimes 
cystic dilatations, are noticed in the ubdeveloped segments.

R u p tare  of the uterus may occur during parturition due to  violent contrac
tions or doe to obstetrical,manipuiation in dystocia. Rupture may involve only, 
the mucosa in which case healing will occur. If the whole wall o f the uterus is 
involved, death may supervene, due to ( \)  hemorrhage, (2) or inflammation of 
the uterus spreading to the peritoneum ; or (3; entry of the placenta into the 
abdominal cavity.

Rupture may occur in prolonged dystocia and torsion due to weakening of the 
wall Another rare cause may be over .distension of the uterus with introduced 
fluids

m a lp o s itio n s ; Torsion of the uterus is most common in the cow, especi
ally during the terminal stages of pregnancy. Minor twists arc self corrected. 
The condition assumes importance only if  the twist is 18(T or. more. The 
veins o f the broad ligament and ovarian ligaments are compressed while acute 
hyperemia occurs in the arteries. If the condition is not corrected th e  dam will 
die o f gangrene, sepsis and peritonitis As the cervix is tightly closed in the 
twist, parturition cannot take place unless the disorder is corrected. The uterus 
is liablq to rupture easily in this condition as the walls become weakened and 
friable.

H e'rnla : Displacement o f the uterus, especially uterus in advanced preg
nancy, through a ruptured diaphragm in to  thoracic cavity may occur in dogs and 
cats (possessing sufficiently long broad ligaments) as a result o f automobile 
accidents

Displacement ol the uterus in abdominal and ventral hernias is also met 
with. In the bitch perineal hernia is also seen. Herniation into, the inguinal and 
femoral canals may occur,, when it is called a m etrocele if a^'pcritocca!-Tmicg of 
the sac is present.

P ro lapse  of the uterus through the vulva is most common in the cows - but 
may also be seen in other animals. It may be due to strong uterine contractions 
for expelling the fetus, the placenta or the exudate. Forced traction during 
distocia, post-parturient hypocalcemia and retained placenta are the predispos
ing causes. The sequelae are similar to those found in intussusception viz. acute 
congestion, hemorrhage, necrosis, infection, gangrene and death. Sows and 
poultry may injure everted uterus.



412 CHAPTER 20

CIRCULATORY D ISTU R B A N C ES
P hy sio lo g ica l hyperemia and edema o f  the endometrium are found during 

estrus.
H em orrhage occurs during estrus, analagous to  the m enstrual discharge. The 

source o f the blood is capillaries o f  the endom etrium . This is more often found 
in heifers and bitches. Ecchymoses on the serosa aDd musculature are normal 
ia heifers during estrus.

P a th o lo g ical : Acute hyperemia is present in metritis^
Chronic general venous congestion is found with' cardiac and pulmonary 

lesions hindering normal blood flow through these organs.
. H em o rrh ag e  can occur during parturition and dystocia. Cine of the common 

causes is m anual intervention in dystocia when rupture o f  the uterus with 
hemorrhage may take place.

Torsion o f the uterus as well as prolapse m ay also be responsible for he
morrhages. Hemorrhage from the arteries o f  the b road  ligament, especially in 
the. sow, is a  surgical hazard during cesarean operation , if  too much traction is 
applied on the uterus. In dogs m etrorrhagia may be the result o f hormonal 
disturbances. There may be severe lowerinz o f  folliculin.

Lastly, massive hemorrhages may be met with in cattle in sweet clover 
poisoning.

T hrom bosis o f  the uterine vein may be observed in septic m etritis, torsion or 
prolapse. The affected veins are dilated and to rtuous and do no t collapse at 
death.

ATROPHY OF U TER U S; Causes;- 1. Senility
2. Oophorectomy after a norma] full growth o f  uterus is attained.
3. Hypopituitarism : (a) due to  wasting disease or (b) primary, lesion of

the pituitary. ,
HY POPLA SIA may be observed in oophorectomised young animals, the 

ateri o f which have not attained full size.
H Y PER PLA SIA  : Hyperplasia o f the endom etrium  is observed in all 

species of animals bu t is more often met with in  the dog. I t  is also known as 
cystic hyperplasia o f  the endgmetrium.

The cause appears to be increased estrogen and or progesterone secretion, 
under the influence of which the endometrium undergoes hyperplasia.

This condition has been noticed in animals having granulosa-ceH tumor, 
papillary cystsdenom* and persistent corpora Iutea and  ovarian follicular cysts.

Feeding on pasture legumes—lucerne and clover—containing substances 
having estrogen activity has been found to cause hyperplasia o f the endometrium 
in the ewe and cow. ’

Though a  variety o f organisms, including E. co li, Staphylococci and Strepto
cocci. have been isolated from the affected uieri, they m ust be considered as 
secondary invaders o f the already existing hyperplastic endometrium.

M ic ro sco p ica lly , endometrium ot both the  horns contains cysts o f different 
si'ssz some micrescopic and some others as big as 4 or 3 mm in diameter. The 
cysts may completely fill the lumen giving it a“ swiss-cheese”  appearance. They
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contain clear fluid. The lumen ot the horns'm ay also contain, in some cases, 
mucus or pus (if infection by pyogenic organisms has occurred} which may flow 
out o f  the vulva.

M icro sco p ica lly , no inflammatory changes may be present in the uncompli
cated cases but only cyst formation of the glands which are increased in number 
and irregularly distributed (unlike the normal orderly arrangement). These cysts 
contain a single layer o f  epithelium enclosing clear watery fluid. In  some 
animals there may be plasma cell infiltration of the lamina propria. The endome
trium may show thickening dua to polypoid proliferation. In those animals in 
which infection has taken place, there will be pus in cystic glands and neutro
philic infiltration o f  the lamina propria, In this type, the uterine horns show 

i  alternating constrictions and dilatations whiefi appearance mimics pregnant uterus
C lin ical fe a tu re s  : 1. Abnormal uterine bleeding.

2 Disturbances in estrus cycle: (a) irregularity i b) longer or short duration 
(cj.; diminished or enhanced characteristics o f the different phases. 3. Ste
rility; 4. Aborton 5. Long or pregnant lactation. 6. Development of 
secondary infection, characterised by high leucocytic count with a shift 
to the left.

INFLAM M ATION 6 f  T H E  UTERUS
M e tr it is  is inflammation of the uterus and is found in alt animals. I f  th« 

inflammation is restricted to  the endometrium alone the condition is known as 
endometritis. O n the other hand, if  the whole thickness o f  the wall ijj involved 
m etritis is the term used. Inflammation of the serosa is known as perim etritis.

ENDO M ETRITIS
Causes 1. Infection
(a) Trichomonas fe tu s , Vibrio fe 'u s , Brucella, weaker strains o f pyogenic 

cocci and coliforms Infection may occur during coitus or during artificial insc4 
mination or during manual handling of the Uterus for therapeutic p u rposes.

(b) A severe m etritis might have subsided leaving a low grade inflammation 
o f  the endometrium.

2 I r r i ta n ts  • Introduction of too hot Saids or too irritating chemicals 
into the uterus, thereby injuring the delicate mucosa.

M acroscop lcaliy , no gross lesions are evident. An increased secretioB of 
tenacious mucus may all that may be visible. The mucosa may be swollen, red 
and rough instead o f  having a smooth surface and covered with fragments of 
necrotic material.

M ic ro sco p ically , in the mild catarrhal variety th e re . may be slight but 
diffuse infiltration by lymphocytes, plasma cells and macrophages,_The blood 
vessels are fcngorged.

More severe forms invariably involve all the layers o f the wall and must b t 
considered as metritis

C lin ical c o n sid e ra tio n : Though'mild in appearance, endometritis rrusi 
be attended to promptly or else conception may not occur. The inflammatory 
exudate being toxic is lethal to the ovum whether fertilised or not. Besides, the 
condition may progress to the chronic stage whon pormsnant sterility may 
supervene.
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Causes . Metritis is caused by bacteria, infection being facilitated by tbe 
following, which may cause an initial injury: parturition, dystocia, mechanical 
injuries by the obstetrical instruments, projecting fetal bones after embryotomy, 
excessively warm irrigating fluids, chemical antiseptics and disinfectants introdu
ced into tbe uterus.

The organisms that invade the 'rnjured uterus aret Corynebaderium pyogenes. 
Streptococci, Siaphyylococci, E. coli, Sphenophorus, Clostridium sp.

Tuberculosis and other chronic granulomatous infections may also invade the 
uterus.

The parturient uterus, with its lochia is a good medium for the growth of 
bacteria. Retained placenta and albuminous exudate are also ideal'forthe pro
pagation of microorganisms and so infection is common in those animals in which, 
lochia is plentiful and involution is delayed. The latter condition may result d u e \ 
to weakened and injured uterine musculature in prolonged dystocia.

Nutritional deficiencies and disturbances and hormonal and endocrine distur
bances are considered as predisposing factors by preparing the soil for infection. 
Routes of infection

1. Ascending infection from the vagina. This is the most importantroute.
2. Descending infection from the abdominal cavity through the fallopian 

tubes.
3. Through lymphatics from the peritoneum.
4. By way of blood : this is important in tuberculosis.
Depending upon ttye'virulence and nature o f the organisms, metritis may be 

.‘cute catarrhal, acute suppurative and chronic suppurative.
Acnte C atarrhal M e tritis  : This is acute endometritis and has been descri

bed above. This condition is difficult to be differentiated from ah uterus during 
estrons cycle.

Chronic non-purnlent endom etritis can be met with in which there is heavy 
infiltration oMeucoytes, mostly plasma cells, in the mucosa, which, therefore 
-becomes thickened. This thickening is not uniform because of the fixed position 
of the outlet ducts o f the gland and so assumes a polypoid appearance. This is 
known as Chronic Polypoid Endometritis.

Because of the proliferation and the subsequent contraction of the super
ficial connective tissue, the-mouth of the glands may be closed rendering them 
cystic. This condition is known as Chronic Cystic Endometritis.

tf the causes o f the endometritis, is .removed, the leucocytes 'are replaced bv >. 
fibrous tissue'which on contraction produces atrophy of the glands and tne 
mucosa and so Chronic atrophic endome'ritis results.

In cows the mucosa in  chronic endometritis may undergo degeneration and 
subsequently be calcified and the condition then is knowD as endometritis 
caltificans

Acutg suppurative m etritis  : This condition which usually arises from in
fection by pyogenic organisms is a frequent complication of dystocia, retained 
placenta or abortion.

\



M icroscopically , the mucosa o f the uterus is very much reddened, thickened, 
rough and is covered by a purulent, often reddish exudate. This may frequently 
contain shreds o f disintegrated fetal membranes. The uterine wall is thickened 
and friable. The mnscle fibres atrophy and disappear or show Zenker’s degene
ration. Subserosa is edematous and infilti ated with leucocytes. Serous coat 
also shows inflanmvdory changes

M icroscopically , there is infiltration of the endometrium by large num ber o f 
neutrophils. After several days, macrophages, lymphocytes ar.d plasma cells infilt
rate the endometrial stroma.

Infection extending into the uterine-veins results in thrombosis o f  those 
vessels. * a-

Chronic S nppnrative  m e tr itis  P yom etra : Pyom etra literally means pus in 
the uterus. But usually this term is applied to  chronic suppurative metritis. This 
conditionis seen in dogs, cats, cows and swine.

In cattle, pyometra is encountered as a result’o f retention of placenta. The 
placenta pntrifies since it is a very good medium for bacteria to thrive. iDComp^ 
Icte involution may he an associate factor.

The pathogeneiis in the dog is different. In this animal, increased progeste
rone activity seems to be the prime cause.

Pyometra arises due to infection o f the hyperplastic endometrium me! with 
in “ Pseudopregnancy” o f  bitches, which is caused by persistent corpus luteum 
releasing large amount of progesterone.

Corynebacterium pyogenes, E  coli, Proteus sp . and Staphylococci have been 
isolated from tfie uterine exudate.

In the cow Trichomonas fe tu s  infection is a common cause.
M acroscopically , in the cow, thin cream-like pus may be discharged through 

the vulva, soiling the tail and the perineum When the animal lies down, due to  
pressure on the abdomen, pus which may stagnate due to gravity during a  stan
ding position, may flow out. The uterus is dilated, and involution may Dot be 
complete.

In the bitch, the exudate is always retained as the cervix is completely closed. 
The horns are dilated and thin-w ailed and contain cbocolatepolored fluid. The 
abdomen is enlarged as in a full pregnancy. The serosal surface may show con . 
gesled vessels and evidence o f  inflammation. The mucosa may be thickened 
irregularly and in some places it may be ulcerated and hemorrhagic and covered 
with necrotic shreds o f membarane appearing as though bran is sprinkled. Reten
tion cysts may sometimes be seen. . -a. . , . :

M icroscopically , in the cbw the appearances are similar to those o f endo
metritis. viz, congestion of the blood vessels, infiltration  by inflammatory cells 
especially neutrophils and lymphocytes and plasma cells. These cells accumulate 
under the epithelium, leading to its purulent softening land separation o f  the 
necrotic area o f tissue and these appear as bran-like  material.

The condition io the dog is more acute and so greater infiltration o f  neut
rophils and. lymphocytes occurs. There is hyperplasia o f  the endometrium, pro
ducing psdudostratification or papillary proliferation. Sometimes squam ous 
metaplasia may b.er noticed.
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E x trag eu ita l lesions : These arc found in the dog and cat and may be due 
to  the -toxic’ effect on other orgau-- as well as to periodical bacteremia that may 
occur. The lesions are : I Anemia due to .depression o f the bone marrow.

 ̂ 2. Extramedullary leucopoiesis, especially in liver, spleen, kidneys, .adrenals,
lungs and lymphnodes. /  /

3. Lesions o f the kidney—glomerulonephritis, tubular degenrttion, hemorr" 
hages in the medulla, infarcts, pyelonephritis.

4. Congestion and degenerative changes in the liver.
5. Adrenals—necrosis o f the cortex and hemorrhages in ihe medulla.
6. “ Sinus Catarrh”  of the lymph nodes
7. Intense leucocytosis. The total white cell counts vary from 30,000 to 

160,000 per c.mm. An ex те  me shift to th e lc fta p d T o x ic  granulation of 
neuttophils are found. " "

S c le ro tic  m etritis  is characterised by complete destruction o f midometrium 
as a result o f severe chronic endometritis. A thick dense connective tissue layer 
replaces the endometrium. The foci o f infection in the. connective tissne layers 

✓  is responsible for purulent exudate in the uterine cavity. The nterine caruncles 
and endometrium are dcstoryed resulting in permanent sterility. The uterus on 
rectal examination appears bard and firm and the cervix thickened. Cow is 
usually anestrus and the corpus luteum is found deeply embedded.

P e r im e tr it is  and P aram etritis  are characterised by varying amounts of adhe
sions between uterus and broad ligam en ts,'w ith  other pelvic, and abdominal 
organs. The adhesions are reusltant o f severe metritis, douching with strong 
irritan t solutions, perfotation of rectum with leakage of its contents, torsion of 
uterus vaginal and cervical lacerations curing diffcult b irth , excessive bleeding, 
following enucleation of corpus luteum or vigonrous massage of infected uterus. 
The condition may also be due to peritonitis or tuberculosis o f  the genital organs.

In women uterusj.may be infected with organisms producing gas gangrene 
whilc.abortion is induced. The muscles and peritoneal co&T arc involved with 
inSammatory changes and gas form ation. This condition is known Us Pbyso- 
m etra . Among animals a similar condition may be met with in infection of the 
uterus by the bacillus-of Black Q uarter.

Necrobacillary metritis that,m ay occur in cows due to  puerperal in fec tion  
by Spherophorus ntcrophorus is always fatal.

T u b ercu lo s is  of U terus : Infection may bejdesccnding from tubercular per- 
toniyis o r it may be hematogenous as occurs in generalised tuberculosis. Two 
forms are seen : (1 ) Disseminated m iliary  tuberculosis in wtych the tubercles

^are found uniformly in thsjnjicpsg. (2 )  D iflyse ensealing t r t A e t r i t u i ^ i e h  
the body or the cornua are ^jffnselv thickened.' The lumen contains large quan
tity o f  serous or purulent" exudate containing large caseattng masses. The , 
mucosa is very much thickened and caseated.

A ctinom ycosis : Incidence o f actinomycosis is not common. Large swel
lings with extensive pelvic adhesions are produced. Prognosis is generally poor

B ru cello sis  of the uterus of p igs : Some aged pigs reveal pea sized, miliary 
yellowish-white nodules in the uterine mucosa, caused by Br. suis These nodu
les may be single or may occur in groups. The mucosa which may be raised
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may sometimes be ulcerated. In tbe centre, the nodules contain a little pus. 
Histologically ih ; nodules are granulomas. Animals having these lesions give 
positive test for brucellosis.

M ucom etra/H ydrom etra
The two .conditions are considered together as the difference is probably 

only in physical properties and depends on the degree o f hydration of mucin, 
which in turn may be related to the relative activity o f  estrogenic hormone.

The accumulation of thin or viscid fluid in the uterus is concurrent with 
tbe development o f endometrial hyperplasia or is proxim al to  an obstruction of 
the lumen o f  the uterus, cervix or vagina. In tbe first instance the adouDt of 
theflntdrma'yfibe several' litres-and the greater the volume o f th e  fluid tfiei less 
viscous it is. Small amounts o f mucin gives tbe mucosal surface a gummy sticki
ness. In cows with cystic ovaries, tbe large volumes o f  fluid is usually 'associ
ated' with functional cysts o f the follicles.

In the second instance, that of obstruction to the lum en, the volume of 
fluid depends on the site of obstruction. The fluid is slightly cloudy and watery.

Animals with mucometra are sterile. I f  affected uterus becomes infected, an 
intractable pyometra results. •

An abnormally long and tortuous cervix may result in a  form of mucometra 
caused by the retention o f uterine secretion.

M icro sco p ica lly  : Tbe endometrium is thin and lined by a  single layer o f 
cuboidal to  low columnar cells. The uterine glands are reduced in number. The 
endometrial stroma is edematous.

U te rin e  abscesses are usually man made lesions. These are commonly 
present on the dorsal wall of the uterus a t the anterior extremity o f the body and 
produced either by an insemination pipette o r some instrum ent used for uterine 
m edication.

These are o f variable sizes containing thick yellow pus.
S ndom etriosis : Means presence of endometrial glands and stroma in 

places other than endometrium. If these are seen between the muscle bundles 
o f myometrium, the condition is called en d o m e trio s is  In te rn a  o r adenomyosis- 
On the other hand, if these are seen in places other than  uterus such as 
mesosalpinx, ovaty, cervix or intestinal serosa, it is called en d o m e trio s is  externa.

Hndometriosis is occasionally noticed in bitches and bovines. The endome
trial glands show changes in response to . ovarian activity and often there are 
hem orrhages^ In women these appear as chocolate coloured cysts, ffistogenejis. 
of endometriosis is still cbntfcjyersiat~ "• у

M um m ification of feins : Cf;'-'
Mummification of a dead fetus is seen occasionally in any, but usually in 

multiparous species aud most commonly in the cow. In  the m are it is typically 
one o f  twin fetuses which is mummified.:

A prerequisite for mummificatioD is absence o f infection unlike in maceration 
The fluids are reabsorbed and the membranes become closely applied to the desi 
ccated fetus. The whole fetus becomes brown or black aDd ra ther leathery, 
moist on the surface with sticky mucus w ithout odour.



4 3 8 CHAPTER 20

The time required for complete mummification depends on the size of the 
fetus but probably requires as long as ь to 8 months. In uniparous animals, 
tbe mummified fetus is usually retained indefinitely or if  aborted may only be 
delivered into vagina. In the case o f multiparous animats, it may be delivered 
along with viable fetuses. Animals which had and recovered from mummified 
fetus usually breed normally on subsequent occasions

In bovines, haemic mummification is seen while in mare and sows it is or 
paperaccous type.

M aceration  of fetus : Depend» on the presence of infection in the uterus. 
If the early embryo succumbs to  uterine or embryonic infection maceration is 
usually followed by resorptfon from the uterus or expulsion along with a smalt 
amount o f purulent discharge. If the fetus is about three months, complete 
foetal maceration does not occur and bones resist maceration. These may be 
discharged or be retained in the pus o f pyometra indefinitely, often near the 
cervix.

Advanced uterine lesions accompany tbe macerated foetus. The uterine wall 
is thickened and the reaction within it varies from the aente exudative inflamm
ation of pyometra to more or less complete sclerosis and replacement by graaul- 
ation tissue in  long standing cases.

ABORTION
Expulsion of a  dead fetus prior to the normal full gestation period is called 

abortion. Abortion is mostly due to infection of the fetus, placenta or the uterus 
since these conditions cause death of the,fetus. A dead fetus is a foreign body 
and so is expelled from the uterus .

The following are the causes :
1. Speeific in fec tio n s :
A, B ru c e llo s is :  Brucella abo 'tus, melilensis and suis affect the coW, sheep 

goat and pig. Brucella ovis, a new species, affects only the sheep These strains 
can be differentiated by means o f  biochemical methods.

Bovine b ru c e llo s is  : The typical abortion occurs a: about the.7th month.of 
vesjalion jn jh ic r jw  The organism has special affinity for the pregnant endo
thelium A few weeks after abortion or parturition, the organism can no longer 
be detected in the uterus.
Routes o f in fec tio n  :

1. Alimentary cabal—ingestion o f . feed or water contam inated by fetal 
membranes, fetus or uterlbe discharge.

2. Vagina—coitus, artificial insemination.
3. Conjunctiva.
4. Skin:
5 Contamination o f healthy udder from an infected one during milking.
The organism produces abortion in the following m anner:
1. First placentitis is produced by the invading organism.
2. Sero-purulent exude accumulates between the endometrium and 

chorion
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3. Edema and infiltration of the chorion by macrophages, lymphocytes and 
plasma cells

4. Necrosis and hyalinisation of chorio-allantois.
5. Thus the membranes become separated from the uterine endometrium.
6. Fetus dies.
7. Severance o f  blood supply to fetus.
8. Dead fetus is a foreign body and so expelled—abortion.
In milder cases, a  live fetus may be born, which is usually weak aDd may 

succumb soon after. In the chronic cases, there is fibrotic adhesion of the 
placenta to the endometrium, resulting in retention of placeata. In these casts, 
calves may be boro alive. ‘

In the aborted fetus may be found croupous or catarrhal pneumonia; edema 
of the pericardium, umbilical cord and skin and serosanguineous exudate in <be 
serous cavities. Suppurative or hem nrrhsgi: gastroenteritis is present. Hyper
plasia o f lymph nodes and spleen are prominent: lesions.

B rucellosis o f swine has a course similar tn the bovine but is more acute
and severe, abortion* oc urring between the >ud and 3rd months o f pregnancy._
Coital infection is more frequent.

B rucellosis in dogs. B rucella  can is causes abortion in dogs. This is a 
highly infectious disease »nd transmission may be by contact, through infective 
dischargts and also by venereal transfer. In male dogs epididymiti-, testicular 
atrophs and complete sterility may be caused

No fever is noticed. Abortion occurs between the^Ti^amcMTth weeks of 
gestation.

Ovine B rucellosis (Br ovis); Infection is probably by ingeuion.
In rams after an initial bacteremia and mild systemic reaction, the organisms 

localise in the rpididymts causing sterility. Semen is of poor quality and contains 
leucocyies and brucellae. There may br acute inflammation of the scrotum with 
edema. The condition may become chronic with enlargement o f opiiidymis, 
thickening of the scrotum and atrophy of aster.

In ewes abortion may oceur irt late;,pregnancy or still births mav also result 
due to placentitis T hereispurule.it exudate on the placenta and edema of 
allantois. There may be elevated, firm, yellowish-white plaques in the inter- 
cotyledonary areal and the cotyledons are enlarged and edematous.

B rucella m elifensis abort;en in goals .• Infection is by ingestion. Abortiou 
may occur, bu sometimes live kids may be bora. Viable k ds are infected and ; 
infection persists in a latent form and at maturity clinical symptoms are manifested.
In ihe goats-an acute systemic reaction develops and later localisation of the 
organisms in the placenta causes.-placentitis and thus abortion results. After 
abortion the uterine infection persists for over S m entis and the mammary 
glaods remain Infected for maoy years. In some cases, spontaneous recovery 
may occur.

B. V ibriosis :■ Vibrio abortion occurs in cows and sheep and infection i« 
by ingestion in sheep and coitus or artifical inseminatioo in cows.

Vibrio causes acute caiai rbal endometritis, ceiyjcitis and vaginitis.



The pathogenesis o f abortion is sim ilar to that o f  brucellosis, the initial 
lesion being a placentitis followed by exudation, necrosis, vasculitis, separation 
o f the placenta from the endometrium, death o f the fetus and abortion.

Jn the cow abortion occurs between th ^ 5 th  & 7th m onths o f pregnancy while 
in the sheep at 2 months. Usually placenta is not retained.

In the fetUs"may be found edema of the subcutis, serofibrinous pleurisy, 
peritonitis, pericarditis, fatty degeneration of the liver and kidney and hemorr
hages in the renal cortex Infection causes repeat breeding.

C. T richom oniasis:
Trichomonas fe tus is transm itted to  the cow through coitus, the bull harbou

ring the flagellate in thetmuotjas membrane of the penis, terminal-portion of 
urethra and prepuce,.

in  the cow, within three days'after infection, vulvitis and vaginitis develop, 
from where infection spreads producing cervicitis and endometritis and placenti
tis. There is copious greyish-white thin exudate and abortion will occur within 
abouLI6weeks^>f pregganev. Sometimes the dead fetus may be macerated in the 
exudateTruTthe fiuid may be absorbed (if not infected by other bacteria) and 
the fetus may be mummified I f  pyogenic organisms invade the uterus (C orync- 
bacterium , Staphylococci and Streptococci.) pyometra w ill result. In chronic 
infection with fibrosis, placenta may be retained. Infection causes repeat 
breeding.

D. L is te rio sis .
L isteria  m onocytogenes, w t ich primarily affects the brain, may sometimes 

infect the pregnant uterus and cause abortion in cattle and sheep, The organisms 
become septicemic in the fetus aud cause iis death. Abortions usually occur 
during the^ajturm estcgof pregnancy.

The fetus shows hemorrhage in the kidneys; anasarca; areas of necrosis and 
granulomas in the liver, spleen, lungs in d  kidneys; calairhal gastro-enteritis, 
cardiac vegetations and hemopericard.

E. Epizootic bovine abortion :
A virus of the family psittacosis- lymphogranuloma group is found to cause 

abortion in cows and ewes (In sheep it is called enzootic abortion).
An arthropod vector is probably important in transmission Animals rarely 

abort more than once, due probably to development o f  immunity. In an c u r  
break 75% of affected may abort.

Abortion occurs during the last trimester.
The virus causes death o f thet fetas.r  .Xhe ^characteristic lesion found in all th e . 
organs is a focal inflammation consisting o f neutrophils, lymphocytes and m acro -:. 
phages. Injuring the vascular endothelium, the virus is responsible fur petechiae 
found on the skin and internal organs.

M acroscopically, the fetus shows subcutaneous edema, hemorrhages on the 
conjunctiva, cm the mucosa of ventral surface of the tongue and on. the tracheal 
mucosa. Skin at the groin shows erythematous patches. Body cavities are filled 
with serosanguineous fluid. The pathognomonic lesions are found in the liver, 
which is enlarged, friable, pale red to reddish-orange in color and has a coarsely 
granular surface (due to chronic venous congestion). Placenta is not retained.
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M ic ro sco p ica l);, the liver may either show ehaages consequent on chronic 
venous congestion (dilatation of the central vein and sinusoids and consequent 
pressure on  the hepatic cells causing necrosis) or granulomatous lesions in the 
hepatic capsule, in the portal triads or in the adventitia o f the central veins. 
M eningitis, focal encephalitis and mild degenerative changes in the kidney, pan
creas and lung may be noticed. There is hyperplasia o f th e  reticule-endothelial 
tissue o f  the spleen, thymus and lymph nodes and so' these organs are enlarged, 
infiltration of the adventitia o f meningeal and parenchyma cells of the brain by 
pleomorphic mononuclear .cells, arranged concentrically is a characteristic appea
rance.

7 he granulomas wherever they are seen (liver, kidney, spleen, lymph node) 
consisV 'of c'ehtral fi&rotic areas surrounded by neutrophils, epithelioid cells 
and lymphocytes, surrounded by fibrous tissue.

'D ia g n o s is : Is difficult because of inconstancy o f Usions. I t  is difficult tc 
isolate the virus. Serology is not useful. Only symptoms must guide one to arrive 
a t a  diagnosis.

F . L eptospirosis in c a tt le
In cattle various strains o f  Leptospira produce abortion, after 6th month of 

^pregnancy. The'p'acenta is avascular with collapsed blood vessels. Cotyledons 
are  atonic, yellow-brown in color and leathery. No infiammatory infiltration 
is noticed.

in  the fetus arc found edema o f the subcutis, peritoneum, nmbilical cord 
pericardium ; focal interstitial nephritis with round-cell infiltration, glomerulo
nephritis, infiltration of eosinophils into the cortex and round-cell infiltration 
into the periportal tissue a f  the liver.

Abortion is due to fetal death.
G. A bortion in m ares by Salm onella  abortus eqni :
The orgaoisms produce a purulent hemorrhagic placentitis. Allanto-chorion 

is edematous and exhibits hemorrhages and necrosed areas with a wall o f fcemo- 
nhag ic  reaction separating it from  the surrounding tissue. Abortions occur 'ate 
in pregnancy. Infection is followed by development o f immunity.

H . Equine Tirol ab o rtio n
Two viruses of horses are inerffoinated : (1) The virus o f  equine Thinopneu- 

monitis (miluenza). the fetus shows edema o f the subcutis, jaundice and edema 
o f the lungs The lungs are heavy an J voluminous. Liver shows focal necrotic 
areas. Visible under the capsule are grayish-white foci. Such necrotic areas a rt 
seen in the spleen and lungs >aho. Pciechiac are found througnout the. body. 
Ajjojtion^ occurs inUie 9in or H):h month Acidophilic nuclear inclusions tires._ 
found in the bronchial and'alveolar epithelial cells.

(2) The virus of equme arte ritis  brmgs about the death o f the fetus. The 
fetus shows hemorrhages in tne splenic capsule and respiratory mucosal

I .  A bortion caused by the virus of In fec tio u s Bovine K binotfacheltls
A bortion  ш cows may be caused by the 1BR virus when the animal suffers

from respiratory affection caused by this virus. Vaccination of cows with th t 
IBR virus vaccine also brings on abortion.
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Symptoms: Abortion occurs during theJast trim esterof pregnancy. No sym
ptoms are noticed prior to abortion. There m ay. be history of vaccination by 
IBR vaccine or of a respiratory affection, fe tus is usually decomposed when 
aborted since abortion occurs only 24 to 36 hours after its death. Animals which 
abort do not become sterile.

M acroscopically , fetus shows petechiae on the heart. Serous cavities con
tain serosanguineous fluid '1 here isedema of lungs and plscenta.

M icroscopically , there is focal necrotisin* bepaititts and placentitis. Renal 
cortex shows heptorrhagic necrosis. No inclusion bodies are seen.

D iagonals: 1 . By symptoms.
2. Affected animals ate serologically positive.

. ' 3i - Vi№s isolation from cotyledons.
J. M ycotic abortion  : C attle  and sheep.

Abortion in cattle may occur due to infection by fungi o f tbe following 
species: Asaereillus. Ab.udia, ucor and Rhizopus The infection is a secon
dary one, the primary let ons being in the lungs, abomasum (ulcers) and tbe 
intestines. Infection is by the blood stream.

Abortion i,n affected cows occurs during tbe_ later half o f the gestation 
period between 6th and 8th months and placenta is fetained.

MacroscoptcaTlyTtbTfeiui'may'sEow only cricutnscribed grayish plaques on 
the skin resembling ring worm lesions. Internal organs arc tree

In the cow, lesions are present in the placenta The Chorioh-allaatois is 
thick and leathery. Infection occurs first in the ptacentones which show necrotic 
plaques and the fungus can be demonstrated in rnese locations.

M icroscopically , the typical lesion consists of focal collection of inflam
matory cel!» macrophages predominating, Extensive necrosis o f the placeulti
mes occur!. In the uterine wall,the intercaruncular area» show red patches covered 
in places by a thin yellowish-grey pseudomembrane Thrombosis and periva-cular 
necrosis occur in these places and hyphae are found both in the tissues -and over 
t ie  mucous surface Some degeneration of circular muscle is noticed and small 
arteries are hyalinised throughout the uterine Wall. Hyperemia and hemorrhages 
are common in the affected area. Separation of the placenta from the cotyledoos 
causes death of tbe fetus.

2. A bortiou may occur in Infections by various orgauisms which first 
produce m etritis , followed by placentitis and abortion or birth o f weak fetus.
1 he following a re  no tew orthy:

C attle : Salmonella sp; Cofyncbacteriunr .pyogenes: Streptococci; Staphy
lococci; M. tuberculosis; Actinobociilus; Pasteurclla

M ares: Streptococcus zooepidemicus; Klebsiella genital turn; Shigella
equirulis; E. coli.

Ewes : Virus o f Ovine Abortion; Solm^nella abortus oyis.
3. Poisoning on adm inistration of Ergot: Ergot being an ecbolic products 

violent contractions of the uterine muscle resulting in abortion.
4. N eu tra lisa tio n  of the effect of progeslerooe by estrogens: Progesterone 

maintains pregnantly while estrogen terminates it by inuucing uterine contraction.
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5. Po isons : (a) Chlorinated naphthalenes (which are anti-Vilomin A 
and so may prodnce metaplasia o f  the uterine epithelium, infection and separa
tion of the placenta); (b) Purgatives; (c) nitrates through ingestion o f plants 
containing large quantities o f this chemical,

6. F au lty  n u trition  of the  m other: Deficiencies of minerals and vitamins.
7. V accination of m other d a rin g  pregnancy against b a c te ria l and v iral 

disesses.
8 Severe and acute sep ticem ic  diseases of the m other : Leptospirosis,

donrir.e, viral diarrhoea, hog cholera, erysipelas, infectious rhino-tracheitis In 
these diseases, abortion may frequently occur.

9. H ered itary  p red isp o sitio n .
10. T o rsio n  o f the um bilical cord (rare),
11. T rau m atic  in ju ry  to  th e  p lacen ta  (very rare).

NEOPLASM S o f the  u teru s : In the domestic animals neoplasms are
neither common nor important as in man.

The most common uterine tumor is the lymphosarcoma, a local manifesta
tion o f  a generalised condition. In the uterus the neoplastic cells may aggregate 
as nodules or may diffusely infiltrate the organ.

Adeuccarcinomata o f the uterus are encountered with metastases in the lungs 
and liver

In the bitches, uterine fibroids (leiomyomas) are most frequent.
CERVIX

M alform ations
These occur more frequently in ibe cervix than in other parts o f the repro

ductive tract.
Varying degrees o f persistence of the median wall o f the M ullerian ducts 

which are destined to develop into cervix result in th» formation of a  complete 
-or partial duplication of cervix. • •

Incomplete double cervix occurs much more frequently than  a  complete 
duplication and usually involves the portion of the cervix adjacent to vagina. In 
the case of both incomplete or complete double cervix, if tho insemination is 
done pregnancy may occur but it may result in dystocia.

Absence o f external os may be commonly encountered. In this case; the 
expulsion o f uterine secretions cannot occur resulting in accumulation of fluids 
id uterine horns— hydrometra.

Double ex te rn a l os ; Presence o f a dorso-ventral band adjacent to  exter
nal cervical os giving an impression as though two cervical openings are .there.

. It may not interfere with conception or pregnancy but may cause dystocia- occ
asionally. The fetal membranes may be caught on this dorso-ventral band 
This condition is inherited and conditioned by a single recessive gene with low 
penetrance.

H ypoplasia  of cervix ; The cervix may be very small and thrrc may be 
deficiency in number of cervical rings. Such a cervix is usually defective in prote-. 
cling the uterus against bacterial invasion from vagina.

T o rtu o sity  of cervieal canal ; Extreme degrees o f tortuosity o f  the 
cervical canal may be a cause of inferility in heifers. There may be S-shaped 
Kink and insemination pipette cannot be inserted into cervix.
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A B O R T IO N  D ISE A SE S O F  C A T T L E  : C A U S E S  A N D  D IA G N O S IS

C linical
features R a te  T im e

Brucellosis 
(B r .  a b o r tu s)  
reported  in 
India.

T richom oni
asis
(T r . fo e tu s )  
R eported  in  
W est Bengal. 
U tta r Pradesh 
M ad у a

Pradesh

A b ortion  
an d  «repeat 
b re w in g

H igh , up to  
50%  in  
suscepti
b le cattle

Repeat 
breeding 
due to  
em bryonic 
death .
Post-co ital
pyom etra
in  1Q% o f  th e  cows

L ate
a b o r tio n , 

after 
6  m onths

M oderate 
5 to  J0%

E arly .
w ith in
2 -4
m onths

Placentitis, Pneum onic 
necrosis o f  lesions,
cotyledons fetal d ia r

rh o ea  m ay 
be present-

P lacenta is 
edem atous 
U terine 
d ischarge 
w ith  floc- 
cu len t m a
te ria l, clear 
and  scrons.

Fetus 1
slightly
m acera ted .

^ L aborato ry  d iagnosis _  
Is o la tio # K6 f  etio lo - Serological
gical agent

A ) In d iv id u a l te s ts
1) B lood p la te  agg lu tination  

w ith  co lo red  an tigen .
2) Serum  agg lu tina tion  

(tu b e  ag g lu tin a tio n  1 in 
40  positive).

3) V aginal m ucus agglu ti
n a tio n  test.

4)  Sem en agg lu tina tion  in 
bull.

B) H e r d  te s ts
1 ) . M ilk  rjn n  test
2) W hole rnslfc an d  whey 

p la te  ag g lu tin a tio n  tea t.
Sero logical test w ith 
vaginal m ucus n o t 
p o p u la r.

C u lture: d f  
materiaf& h 
10%  C os' 
tension. 
C brom o^ 
genic on 
p o ta to  
m edium .

C n ltu ra l 
exam ina
tion  o f  fe
ta l  s tom ach , 
u terine  §x- 
u d a te  and  
p re p u tia l 
washing^

2, D em onst
ra tio n  o f  
th e  orga
nism s in 
th e  above.

Vibriosis 1. R epeal Low , 5% 5—6 Placentitis, F lakes o f C u lturing

( V .  fo e tu s ) breeding to  20% m onths sem i- pus on . o f  organ i

N o  confirm ed 2. P ro lon  opaque , visceral sm s under

reports in ged and sm all th ic peritoneum 10% C oa
Ind ia. ^ l ,  irregular kenings; tension .

S ? «mts p atech iae, Pathogenic

U cycles localised stra ins  are
avasculari- catalase
ty an d  edem a * positive.»;

Leptospirosis R epeat 25— 30% A fte r A vascular Fetal C u ltu ring

( L e p . p o itiona ) breeding 6 m onths p lacen ta. dea th fetal

O th er strains due to  en a ton ic . com m on stom ach,

are incrim i dom etritis; : yellow placenta

nated  in A .P. A b ortion brow n cot-’ and  u terine

m ay occur yledons- exudate .V
du rin g  feb  B row n gel If*
rile  condi atinous
tion ; later edem a bet* ■ -Ц

. due to  fe- w een allan
| a )  dea th  A to is  and

am nion .

C ervical m uco u s aggluti 
n a tion  tests (1/50 positive) 
M ucus to  b e  co llec ted  a f te r  
40 days o f  suspec ted  service

Serum  ag g lu tin a tio n  
and m icroagg lu tina tion  
lysis test.
aga ics t a ll le p to tp ira l 
an tigens. (21 days af te r 
febrile co n d itio n ). Positive 
cases in  b rucellosis- free 
an im als  rep o rted  in  A .P .
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VAGING
|l

C ervical d ila ta tio n  and d iv e rticn la ; Dilatation and diverticula usually 
occur in heifers at the level of third and fouth cervical rings. The cervical canal 
is usually very small anterior to the defect so that it may be difficult to  insert 
insemination pipette. With age tenacious mucus tends to accumulate in the 
area of the defects.

P ro lap se  of cerv ica l rings i is a condition which usually develops with 
age following repeated parturition. Lacerations and hemorrhages which occur 
during parturition, results in the formation of excess fibrous stromal tissue, 
enlargement o f  cervical rings, vascular embarrassment and occasionally squam
ous metaplasia o f  the affected rings. The first and sometimes the second cervical 
rings prolapse into the vagina. . .  .

** C erv ic itis  is the inflammation o f the cervix and norm ally‘follows abnormal 
parturition such as abortion, premature birth, dystocia, retained placenta, post 
partum metritis, pneumovagina and vaginitis The organisms responsible for 
cervicitis are the same as those qf metritis.

Cervicitis, always occur* whenever metritis or vaginitis is present, since 
cervix is located between these two. Causes iuclude :

). M echanical in ju ries : (a) during parturition,
• (b) copulation and

(c) phooka—criminal stimulation o f the 
vagina or os for higher milk yield.

2. Diseases of uterus and vagina.
Cysts ; Retention cysts of the cervix are seen in cows.' These are usually 

small. Bigger ones may partially occlude the cervical canal.
Neoplasms Squamous cell carcinoma may be encountered.

VAGINA

Developm ental abnorm alities :
Double vagioa due to persistent-median septum along the vaginal passage.
Median vertical hands connecting the fioor with the roof at the hymenal 

border. This condition is more common.
Heterotopic vulval opening may be located in the inguinal region behind 

the udder instead o f below the anus in the perineum
Cysts i D ilatation o f the Gartner’s canals (which are remnants o f  Wolffian 

ducts) may be noticed in the cow poisoned with highly chlorinated naphthalenes 
and In those having ovarian follicular cysts. Multiple cysts are located on the 
floor of the vagina as parallel rows. These contain a thin clear fluid and are 
lined by simple cylindrical epithelium.

P .u p lire  of vagina may occur during parturition or during coitus (especially 
in sows). Infection o f the rupture may result in abscess, phlegmon, gangrene 
and peritonitis.

V aginitis and V ulvitis
Causes in clu d e ' Physical—Trauma; Chemical; Nutritional deficiencies. 

Bacterial and Viral agents that arc the same as for metritis and abortion
Appearances are similar to those of inflammations of other mucous 

membranes.

4 47
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G ran u la r  v a g in itis  is otherwise called nodular venereal disease. This dm 
is described as one o l'tb e  causes o f  infertility and is believed not to cm • 
abortion.

Tbe causative agent is no t clearly established, Many organisms have I • 
listed : hemophilus, pleomorphic rods and viruses. Tbe incidence of the dir,, 
is highest in naturally served herds.

Raised orange-red areas ab o u t 3 mm. in diameter are noticed in the f o « n  

rior part o f  the vagina upto the urinary meatus. The lesions are m ost commi" 
seen in the region o f the clitoris,1 below the lips o f  the vulva. Sometimes Icai- ■>« 
extend up to the dorsal commissure, th e  raised areas or granules are isolnh 
and in Severn cases may coalesce. The granules are lymphoid follicles or b "  
phoid accumulations. T h r epithelium over the granules is easily injured •»■ 
bleeding may o tcur.

“ V esicu la r venereal d ise a se ’’, "vesicular vaginitis” , “ C oital exanlhci • 
The cause is supposed to be a virus, which is considered to  be the same can > • 
infectious rhinotracheitis and infectious keratoconjunctivitis in cattle, an opldi* 
liotropic virus.

This is a highly contagious disease, frequently transmitted^ by coitus, i 1 
course o f the disease, is about 10 days. Recovery is the rule with tra n i" 1 
immunity. In cu b a tio n  p e r io d  is  I  to 3 days

M acro sco p ica lly , pustu lar lesions may be found ooly in the vagina and viil > - 
Early fever and leukopenia m ay b e  seen during viremic phase. S tarting r»" 
hyperemia o f the mucosa o f this pa rt hemorrhages may be observed later in и 
submucosal lymphoid follicles. The mucosa is covered with thick mu* «* 
Within 34 hours, there is m ucopurulent discharge from the vagina. T h e r e » -  
be pustules over the lymphoid follicles. Rupture o f these lesions results in rii** 
ration. Extension o f infection to  cervix and uterus results in cervicitis ■■■ 
metritis. •

M icro sco p ica lly , the epithelial cells undergo hydropic degeneration ■ 
acidophilic intranuclear inclusion bodies are found in them , since the vine, 
epitheliotropic. Neutrophilic infiltration is present pear these lesions. In"' * 
lamina propria, infiltration by lymphocytes and plasma cells may be found tm 
ther with edema and hyperemia ~

Resolution occurs in abou t 8 days.
S p e c ific  bovine venereal ep id idym itis and vag in itis  (Epivag) is a elm 

viral d i s e a s e  of cattle, transm itted by coitus and is found in Africa. T h e  disem  ■ 
characterised by m ucopurulent vaginal discharges in females and causing pci" 
nent adhesions o f  fallopian tubes. In the .bulls, the disease causes swelliiu -W 

'epididym is. “ **
Pnenm ovagina is common in. mares and is due to the deform ities or injuii*» 

to the vulva and its suspensary apparatus It is also due to tbe vice of - ■ 
biting In  this condition, the  m are m a k e s  an inspiratory effort h o l d i n g  sot"» 
thing hard in its m outh. Because of this effort, and because o f  tbe a l r e a d y  r ■ 
ting negative pressure o f the uterus, and due to the inability of tbe v u lv a  • 
k e e p  b a c k  tbe external air from  entering the vagina, a ir , enters the v a g i n a  ■ 
cau»s b a l o o n i n g  o f the vaginal wall. Along with air, urine a n d  d u n g  a l s o  к > ■»
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entrance into the vaginal cavity. This contamination causes vaginitis, cerviciti- 
and endometritis. . K lebsiella  can generally be isolated from the exudates of the 
vagina.

Tumors : F ibrom as may be found, which may be soft o r hard, peduncu
lated or sessile.

Leiomyomas are also seen» Some have fair amount o f  collagen fibres when 
they are known as fibromyomas. These are comparatively harder than the pure 
leiomyomas.

Transmissible venereal tumor of the bitch is frequently seen in tba vagina.

THB OVIDUCT OF THE BIRD

The oviduct is divisible into five portions.
The infundibSlDOt.' This is thin walled and sucks in the ovum released 

from the ovary.
2. The m agc’.'iim is very glandular and has a good muscular wall The yolk 

during its passage through has a rotatory motion W e to the spiral arrangement 
o r  the outer muscular layer. It is in this part that the yolk gets its albumin 
layer.

3 . The. isthum us .• Here the two egg membranes are added to  the albumin 
covered yolk.

4. Shell gland or u terus : Here the shell is formed.
5. Tbe vagina : This is the terminal portion. Between shell gland and the 

vagina is a sphincter.
The formation of a  normal egg depends upon :
1. Th* speed with which it passes through the several portions of the ovi. 

dnet and 2. The normal function o f various parts. So abnormal eggs may be 
encountered if  T

i) the yolk is held too long in  one section—excessive amounts of the sub
stance that is normally added, will be deposited.

ii) the ovum is'driven back by anti or reverse peristalsis, in  this condition 
more or less o f the substance already deposited will be added.

iii) there are disturbances o f secretion of the parts. In this condition 
more or less o f the substances may bo added.

iv,) if  tbe movement o f the ovum is too rapid, the quantity o f  the material 
to be deposited, may be too thin or even no material may be added.

v) if there is any inflammatory exudate in the oviduct. T his will also b<- 
enclosed in the egg formed.

The following types o f abnorm al eggs may^be encountered,
1. Double j olked egg§;In this cbrtdio&n two yolks enterthe oviduct simulte 

neously and So are enveloped in a  single layer of albumen, membrane and shell*
2. Ovum in ova : In this condition there is fully formed smaller egg v-itbia 

a  large one. A fully formed egg, due to reverse peristalsis reaches anterior parts 
and comes in contact with another ovum and gets attached to it. Then this com 
bined mass while moving downwards is enclosed with albumin and shell.

3. Y olk-less eggs : In this variety, the fully formed egg does not contain 
yolk. The explanation offered is the yolk that is released does, not enter the



450 C H A P T E R  20

oviduct doe to closotc. But at the same time stimulates the oviduct to ptoduce 
various layers o f albumin, membrane and shell.

Or, a nidus of exudate may be coated by albumin etc. to  from a yolk-less egg.
4. S o ft shelled eggs -• This variety is also known as leathery eggs. In this 

a shell is lacking, Tbe causes are various and include deficiency of calcium, 
vitamin D or there may be disturbances o f secretion of calcium by the shell 
gland. This disturbance may be due to:

ia) poisons-chemicals such as Zinc sulphide used as sprays on trees.
lb) infective agents as in infectious bronchitis; or
(O too rapid peristalsis at that part.
5. Layered eggs .• In this the various layers are duplicated. This is due to 

forward and backwaid.-movement of the egg mass-so that various substances are 
deposited again and again

6. Egg concretion: When there is some inflammatory process o f the oviduct 
the egg may be retained and so more and more clayers o f albumin, membrane 
and calcium are deposited. There may be deposition of fibrin also and the whole 
mass may be dehydrated and calcified to form a huge mass o f  concretion.

7. Foreign  bodies within eggs : Egg» may contain various foreign bodies 
These may be :

a) Feed, feathers, feces, small pieces of wood etc. that have reached 
through the cloaca, upper parts of the oviduct by antiperistalsis and get’incorpo 
rated into an egg .

b) Parasites — Prosthogonimut maernrehis which is found in the Bursa ol 
Fabricius normally, may go up the oviduct and be incorporated in an egg. So also 
Ascaridia galli may go up the oviduct from rectum and be incorporated in an egg.

c) Blood clots may be found whenjbemorThage occurs due to rupture of 
vitalline membrane.

Abnormal location of eggs
Sometimes eggs, in various stages of development may be found in the abdo

minal cavity. They may bs there because :
1. Yolk does not get sucked by the infundibulum and so is found in the 

abdominal cavity.
2. By autiperistiTsis. partially formed egg may be thrown out through the  

infundibulum into the abdominal cavity.
3. The oviduct may rupture so that the egg is found in the peritoneal 

cavity.
The eggs and their contents acting as foreign bodies produce peritonitis and 

death. Sometimes, if secondary infection were t o  occur, the organisms multiply 
quickly since the egg-contents are good medium, death resulting.

Fgg bound conditian in the fowl is that in which the egg is lodged tightly in 
the oviduct or cloaca nnd is not iaid. this gives rise to local irritation, inflam
mation, peritonitis and death if  not relieved in time.

This condition may by due to :
(a) narrowing of the oviduct as a result o f inflammation, thereby making 

it difficult for the egg to be laid. .
(b) Far too large an egg like a double yolked egg.
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(c) Paralysis of the muscles o f the oviduct. la  this condition the egg is 
n e t propelled further towards the cloaca.

tHEMAMARY GLAND
MASTITIS ( mammitis)

Mastitis or inflammation of theuddei, may theoretically be caused by trau
ma o f various kinds_ But by far the roost common causes are the infectious 
agents. All domestic animals suffer from this condition, but it is in the cow that 
mastitis is o f  importance because of the economical loss the owner may suffe/.

Bovine M a s t i t i s ;  Causes : The bacteria that have been found to cause mas
titis, arc Streptococcus agolaclioe: Streptococcus dysagalacii-e; Staphylococcus 
aureus and a!bus; Corytubaclgriam py tgenes,’; E. coli; Pseudomonas aeruginosa: _ г 
Pasteureila multocida: Brucella abortus: Mycobacteriiim tuberculosis; Actinomyces 
bovis; Aclinobacillus lignieresi: Mocardia; M ycoplasma and Crypiccoccus neofor- 
mans.

Though formerly Streptococciк  agalactiae was the commonest organism cau
sing mastitis, after the advent o f antibiotic treatment Staphylococcus aureus has 
been found.to be the major cause of mastitis in cows.

In India, Staphylococcus aureus and pyogenes have been isolated’ from largo 
number o f mastitis cases,' In some herds, on the other hand, gram negative or
ganisms ( E . coli.and Aerobador aerogenes) have been isolated.

Since the pathology of Streptococcus mastitis has been well studied, the samo 
is described here When once udder becomes infected with Streptococcus agala
ctiae, it is said that it never becomes free o f this organism. Though seme kind 
o f equilibrium develops between the. udder and tbc organism, at times acute 
exacerbations may occur when the organisms multiply and increase in great 
numbers.

In a herd a ll cows are not equally affected. The route o f infection appears 
to- be through the teat canal. WounJsjthat occur in cow pox o r those- caused by 
suckling calves, facilitate infection. Contaminated cups o f  milking machines, 
milkers hands and farm utensils are othet sources of infection.

The teat canal is lined by the same type of epithelium that covers the teat, 
bujt this epithelium seems to secrete a type of smegrna,(rie!i in fatty acids) aad 
this inhibits the streprococci.

The development cfmastitis can be described under three phases: (1) The 
Invasion phase  in which the bacteria are able to enter the .te a t orifice and be 
present in the teat canal and cistern; (2) The infection phase in which the orga- 
nisms are able to overcome the resistance and multiply and lastly (3) The inflam, 
matory phase in which the organisms invade the udder. •

When the streptococci iuvade the epithelium of the ducts inflammation 
results and due to  the rapid development of the granulation tissue beneath the 
epithelium it  is thrown into folds of polypoid thickening.

The organisms that penetrate the interstitial tissue cause edema and infiltra
tion by neutrophils which dcsloiy some of the organisms. The lymphatics in the 
stroma become widely dilated due to infiltration by leucacyles that migrate from 
the regional lymph node. Toe epithelium of the acini becomes vacuolated and
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desquamated. Streptococci are numerous in the ducts Milk being a good 
medium for the growth o f bacteria infection is much more serious in a lactating 
hdder than in a dry one. The exudation process gives rise to pathological 
fibrosis~~ап<Г involution o f tne acini. Subsequently macrophages and 
fibroblasts increase in number while neutrophils decrease. There may be stagnation 
o f  secretion in the smaller ducts and atthis stage ..the udder may be firm and 
indurated due to the inflammed interalveolar tissue and retained secretion. When 
acute stage passes off and the damage caused is slight regeneration of the acini 
may occur. But if there is large scale destruction, regeneration is not possible 
and <o the acini collapse and are replaced by 'granulation tissue. Interstitial 
spaces are infiltrated by lymphocytes. Such a gland is reduced in size and 
becomes hardened in consistency—“ the shrunken quarter".

The acute systemic symptoms ar'efdue tb rfie action of the bacterial toxins 
that diffuse into the, general circulation.

M acroscopically , one or more quarters may be affected The secretion may 
be serous or may contain floculi and sometimes it may be purulent.

The gland is swollen and slightly hard. On section, it dose not possess the 
silky pink color of normal udder bur is red or white. Lobulation к  distinct. 
When fibrosis has set in it can easily be seen surrounding tne lobules and the 
ducts.

M astitis  caused by Slrptococcus dysagalactiat is more severe rhan that 
caused by Sir agalactiae and more destructive leaving non-functional udder.

Streptococcus'uberis produces a mild and chronic mastitis
Staphylococcus aureus usually affects younger animals; especially aftert 

parturition. Infection is supposed to be contagious and through the teat canal. 
There may be a peracute and fulminating type or more commonly a chronic type. 
Treatment is not very satisfactory. Differing from the stretococcal variety, in 
this type organisms persist in the interstitial tissue producing the granulomatous 
lesions described hereunder.

In acute cases mortality may be high due to toxemia and the udder is hard, 
swollen and very painful. Secretion of milk is very little and that too blood 
stained. Uninfected quarters are also swollen because of the action of tbe toxin 
(alpha) that has diffused into them. Gangrene may supervene when infection 
spreads to-theiblood vessels causing thrombosis. The udder then becomes cold 
aDd greenish or blue. Pitting edema is seen in the Sank, inguinal region and tbe 
ventral aspect of the abdomen anterior to .the udder. Gas may be present in the 
affected gangrenous area producing crackling sound on pressure. In such cases 
death may supervene or if  the animal survives, the udder is totally lost.

Jobless severe cases' necrotic foci are found surrounding jvbich isra-'zone o f  
leucocytes and this in turn is enveloped by fibrous tissue ' This granulomatous 
lesion is known as bolriomycosis, in tne ceotre of which can be seen gram positive 
cocci. Tbe udder tissue contains numerous such granulomata. Fibrosis 
ultimately-occurs resulting in the shrunken quarter des:ribed under streptococcal 
mastitis.

Staphylococcus pyogenes produces a very. acute type o f mastitis accompa
nied by severe systemic disturbances and fever. Animals die in a few days. 
Gangrene may supervene.
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Corynebactcrium pyogenes is the cause of the so called “ Summer M astitis’ 
affectibg both immature and iaetsting glands. The organism being pyogenic 
large amount of pus is produced,. resulting in abscesses. There may be fistula 
discharging the pus to the exterior as well as Urge scale necrosis and sloughing. 
The latter are evidently due to thrombosis. Fibrosis with loss o f  function results 
in those animals that survive.

. C olifo rm  organisms, E. coli and Aerobactor aerogenes, produce, sometimes, 
an acute inflammation of the udder, infection is supposed to  be by blood stream 
though galactogemc infection cannot be ruled out. The affected quarter is hot, 
painful and edematous. Clotted milk, sometimes blood tinged, may bo scene 
Infection may subside, with involution of the quarter or it may Lbecome eb ron i' - 
with acute exacerbations'developing later. Sometimes severe general toxic symp
toms may be noticed with death following due to tbe potent toxins.

G angrenous‘ci-csiitis : In severe cases of mastitis caused by virulent strains 
of organisms thrombosis o f the mammary, vessels occurs resulting in infarc
tion and gangrene. Staphylococcus auteus and E  coli w ith . Clostridium vtelchii 
produce this condition. Usually all the four quarters may be affected. Tbe udder . 
becomes cold, and bluish within 3 to 4 days after infection. In many cases 
death may supervene.

Cryptococcal m astitis  is a  surgical hazard that may be ’ encountered in 
repeated intra-mammary infusions. Cryptococcus'neoformans produces an acure 
inflammatory reaction. The gland becomes hard. One or more quarters may 
be affected. The milk tu rn i  to a  watery, flaky secretion. The gland is fleshy 
aod interlobular septa are distended with edema. There is large -scale destruction 
o f the glandular tissue aod the alveolar and ductal epithelium is liquified to form 
a viscid, mucoid material. In sections, the double refractile fungus can be seen 
in large numbers, some of which are found englufed by the histiocytes. In some 
isolated chronic casesjgranulomatoui nodules with interlobular and intralobular 
fibrosis occurs together with infiltration by histiocytes and lymphocytes.

Orgaoisms may be found in the supra-mammary lymph gland. M etastases, 
in some casts, may be found in the lungs.
Brucella m astitis : •

In infection by Brucella, udder is the reservoir o f the organism, which is 
excreted through the milk. The udder may not show any changes or only scat
tered lesions may be observed which are not very characteristic.

Histologically the lesion is a granuloma which is intralobular. I t  consists 
o f lymphocytes, plasma cells, histiocytes anjfca_few Langbans’ type giant ceils. 

r~ - ' In  some cases, instead o f tfife granuloma; an interstitial m astitis is seen with 
infiltration of lymphocytes, histiocytes, plasma celis and fibrous tissue. Kegional
lymph nodes may or may not be swollen'.

M ycoplasmal m as titis  ; This is identified to be caused by several 
strains of MycopUsmocsp. Cows of all ages are affected. All four quarters may 
be involved, with sudden drop in milk yield Milk becomes abnorm al grossly. 
There is cessation of lactation and the animaT-wHf not be useful again for dairy 
purposes. Faulty milking machines and unsterilised teat syringes, contamination 
of teats during milking and inhalation are the sources of infection
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The condition is a purulent mastitis and the organism may also invade the 
blood and then affect the joints and other tissues causing systemic symptoms- 
There is arthritis with swelling of the joints and lameness.

Milk.is thick and cheesy and may be tinged with blood. There may also 
be clots or granular material in some specimens. The udder is swollen and 
later it gets atrophied. Treatment so far has not been of any avail.

The following organisms also may cause mastitis : Pseudomonas aeruginosa; 
Pasieurclla multocida; Hocordia asleroidts; Candida sp , and to ycobaclerum 
tuberculosis.

M astitis fne nes
The organisms responsible for mastitis in ewes are Staphylococcus aureuSi 

Pusteurella hemolytica; Corynebacteriunrpyogenes; Streptococci and Conforms.
Infection is usually ascending through the teal , canal. Injuries made by 

suckling lambs provide a route of entry for the organisms.
Staphylococcus aureus produces a more acute disease than in the cow 

Morbidity is-25% and mortality is greater than in the cows, being 25 to 50%* 
There are severe systemic disturbances with intense edema of the udder, which 
may extened upto the belly and gangrene may supervene, when the udder assumes 
blue color and so the condition is named “ bine bag” . There is serous or sero
fibrinous or purulent exudate in the acini, interlobular septa and in the interaci- 
nar septa. Alveolar exudate co.ntaions desquamated epithelial cells and leucocy
tes. Large scale necrosis may occur with abscess formation. Abscesses may 
rupture onjthe skin. Ultimately, the gland becomes fibrosed and functionless. 
Mastitis caused by other organisms is less severe than that produced by Staphy
lococcus aureus.

Contagious agalactia* of goats and sheep ;
This is a disease primarily o f  goats but slightly infective to nearby sheep also 

The causal agent is Mycoplasma agalactia.
Though the udder is mostly affected, the disease may run a septicemia 

course in which mortality is heavy (10 to 33%). Later, infection localises|in the 
eyes, the joints and the udder.

Infection is probably by ingestion, though it may also occur by way of teat- 
canal and th* conjunctiva. The infective agent is eliminated-Ht-tliersecretians 
and discharges.

Both adult goats aodikids are susceptible. Pregnant animals may abort. 
If live kids are bom, they may be found infected.
The lesions noticed are :

Mammary gland : The inflammation corrffiences in the interstitial tissue, 
with fibrosis-' Later acini may be involved and they may be atrophied as the 
fibrous tissue increases and encroaches on the acini. Ultimately tha udder is 
completely fibrosed and so lost. . Organisms are voided in the milk.

Eyes In about half the number of cases mucopurulent conjunctivitis and 
keratitis complicated by ulceration are noticed.

Joints : Mostly the carpal and tarsal joints are affected showing arthritis 
and periarthritis, manifested by lameness. The peri-articular tissues apprar 
swollen due to inflammatory edema.
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M astitis  in pigs.
Staphylococcal mastitis. Stphylococcus aureus causes sporadic cases. The 

condition is chronic with the formation of large fibrous nodules in the gland. 
The nodules may open out through sinuses and then pus containing small granu
les may be discharged. The udder is lost.

M astitis caused by Coliform bacteria .* 1 his is usually found in sows hea
vily fed with concentrates and in those which farrow in unhealthy pens. Heavy 
losses are encounteredi

The udder is swollen, hard, discolored and painful. There may be severe 
systemic reaction. Tne sow does not get up and does not allow piglets to suckle. 
So the piglets die of starvation, if  they suckle, they suffer from enteritis, : There : 
may be concomitent metritis. The udder is lost and even if the pig survives, it 
will not be nseful for breeding.
M astitis  caused by C. pyogenes.

This is very frequent in pigs. The infection may be primary or it maybe 
secondary from metastatic involvement from a focta somewhere else. In the udder 
there are absecesses with central collection of greenish pus. Fistulae may be 
present opening out on the skin from the abscesses. Such animals are no more 
useful for breeding.

Mammary neoplasms : As descrebed earlier, tumors of the mammary gland 
are common only in the canine species in witch the mixed tumor (fibroebondro- 
adenocarcinoma etc.) is frequently seen, (pages 255, 256.)

THE MALE GENITAL SYSTEM
_________________________ :___________A______

Testes
Cryptorchidism
Hypoplasia
Hematocele
Hydrocele
Testicular degeneration 
Orchitis 

Epididymis 
Spermatic cord 

Funiculitis

Seminal vesicles 
Prostate

Hypoplasia 
Penis and prepuce 

Posthitis
Baianoposthitis * 
Phimosis and Paraphimosis 
Neoplasms

TESTES
Cryptorchidism : In the fetal life the testes are located in the sublumbar 

region, from where they descend into the scrotum during later stages of preg
nancy. Sometimes the tastes do not descend and so are retained in the abdomi- 

■ na! cavity. This condition is knowu as cryptorchidism.
Cryptorchidism may be unilateral or bilateral. The bilaterally cryptorchid 

animal is sterile The condition is more often seen in swine and horses . In 
horses it is believed to be hereditary, being a sex-linked dominant factor.
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Because o f  the higher temperature in the abdom inal cavity, the testes it, 
not develop norm ally Spermatogenesis, therefore, is arrested. The interstitial 
cells o f Leydig may be norm al or hyperplastic. Testes are sm aller and soltri 
than norm al.

Cryptorcbid stallions sometimes develop increased sexual urge (Satyriasin) 
and become vicious and difficult to control. In dogs, cryptorchidism  appears tu 
predispose the testes to tumors. Seminoma and Sertoli-cell tum or are met with 
more often in such anim als.
H y p o p lasia  o f te s te s  :

'ib is condition , though seen in all animals is more frequent and o f  greatn 
importance (economic) in the bull In the Swedish Highland cattle , hypoplasia 
of th e 'fe stes  is a  problem , being hereditary.. H orm onal disturbances, vitamin 
deficiencies and some poisons may be the other causes.

Hypoplastic testis is smaller in size and is harder in some cases. M icros 
copicalty  the picture, varies with different degrees o f  hypoplasia. In severe con 
ditions the tubules are narrowed and have only one layer o f  cells, which do not 
show m itotic activity, denoting cessation o f  spermatogenesis. The basement 
membrane may be hyalinised and thickened. Increase in the peritubular cqn 
nective tissue is responsible for the hardness. N o change may be noticed in tin, 
cells o f  Leydig which may be increased in num ber.

In m ilder cases varying degrees of spermatogenesis may be found, soint 
showing giant sperm atids.

H em ato ce le  is the presence of blood in the tunica vaginalis. A part from 
trauma locally, this condition is found whenever there is hem operitoneum . In 
leptospirosis and Infectious Canine Hepatitis hemolysed blood is seen in tuna ■ 
vaginalis ,

H y drocele  is the condition in which clear serous fluid accumulates in tlir 
tunica vaginalis. This condition may be an accom panim ent o f  generalised edenm 
or ascites. U may also be due to local inflam m ation as a  result o f  traum i, 
when the fluid m ay be turbid or biood stained.

t e s t i c u l a r  d e g e n e r a t o i n

Degeneration o f  seminiferous epithelium is the com m onest type o f  bull infer 
tility encountered. This condition may be unilateral o r bilateral.

C auses : The causes o f testicular degeneration are many and  it is not 
possible to pin-point the primary cause, because the factors responsible fo r dcge 
neration may have ceased to exist before the Regeneration is noticed.

F a ilu re  o f  therm o -reg u la to ry  m echanism  which is responsible fo r the main 
tenaoce of testicular tem perature tower than th a t o f  the body is proved to I» 
one of the influencing factors for testicular degeneration. Excess o f  scrotal fat, 
short Cremaster muscle, inguinal or scrotal hernia, periorchitis and dermalili 
and edema o f  the  scrotum , interfere with therm o-regulatory  mechanism.

P h y s ic a l:  Excessive heat, freezing, traum a, hem atom a and laceration of 
scrotum may cause testicular degeneration. The condition may also  be nolnl 
in the animals recently transported.



Localised and system ic infections are also common causes o f testicuilar dege
neration. Fever, toxemia, inflammatory changes o f tunica vaginalis, orchitis, 
inflammation of the scrotum and epididymitis, contribute to the testicular dege
neration.

Belgian workers have found an enteric virus to be a cause o f this condition.
N utritional facto rs : deficiency o f : Vit. A, phosphorus, protein and energy 

requirements.
Avitaminosis A causes testicular degeneration through inhibition of release 

o f gonodotrophins
Vascular le s io n s ; torsion of testes, testicular tissue biopsy, spermatic 

cord compression (while controlling hemorrhages), .inflammation o f testicular 
artery, especially in the horses due to-migrating strongyl larvae may cause testi
cular degeneration.

Hyaline degeneration of arteriolar walls and thrombosis o f testicular arteries 
which are associated with ige also cause testicular degeneration.

O bstructive lesions of the head of the epididymis interfere wiih the flow of 
spermatozoa and secretions of the tubular system of testes. The back pressure 
ihus caused produces degeneration of the germinal layers o f the seminiferous 
tubules.

Toxic substances that саше testicular degeneration include a number of 
chemicals (arsenical dips), metals, rare earth salts, and radiation.

Injection of Cadmium chloride causes testicular degeneration'tbrough lesions 
o f  vascular endothelium resulting in thrombosis

The degeneration caused by highly chlorinated napthelenes is generally 
reversible. Spermatogonia-В and late spermatogonia-A are highly sensitive to 
radiation.

Hormonal imbalance of the FSH and LH and improper administraiion of 
hormones.

Auto im m unisation with autoiogus or isologus spermatozoa! materials.
M acroscopicaily , the gross lesions-jnclude soft and flabby] consistency in. 

normal sized or smaller testes- The tunica albugenia does not bulge on the cut 
surface. In chronic cases fibrosis of the testes may be recognised. In cases ol'_ 
extensive fibrosis the testis is firmer and " smaller. Calcium deposition may be 
noticed as yellowish white flakes in the degenerated products o f the tubules

In acute degeneration deposition of calcium is observed in the connective 
tissue.

M icroscopically , the tunica albugenia js.condensed, thickened and wrinkled 
Sometimes it becomes impossible to differentiate'the hypoplasia' from testicular 
degeneration. Histological changes vary wifTTfhe severity and stage o f degenera
tion. The degenerative changes may not necessarily involve the tubules uni
formly. The entire length of some tubules may be affected, while-in others only 
partial. During early stages of degeneration, failure o f maturation of spermatozoa, 
and degeneration o f spermatids, are evident. Many spermatids are observed to be 
necrotic. Some o f these give rise to multinuclear phagocytic giant cells. During 
advanced degeneration cytoplasmic vacuoiation and nuclear pyknosis are observed
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in Ibe precursors o f  spermatids. As the condition further advances denuda' 
tioD of layers of germinal epithelium occurs leaving the basement membrane 
exposed. Lastly even Ihe very resistant Sertoli cells may become denuded. The 
tubules then collapse and are replaced by connective tissue.

in some cases when the degeneration is not rapid, along with the changes 
in the germinal epithelium, thickening and byalinisation of tho basement mem
brane and an increase in the interstitial connective tissue are noticed. Finally the 
the tubules become replaced by dense hyaline connective tissue In the lumen 
of stenotic tubules large polyhedral mononucleate and binucleate cells with gra
nular eosinophilic cytoplasm are observed These may contain within their 
cytoplasm a golden yellow pigment—“ wear and tear” pigment. The,nature o f  
these cells is not known but are probably altered spermatogonia with an unusual 
capacity for survival.

Stenosis of a portion o f  tubules leads to stagnation o f  spermatozoa and 
tubular secretions and ultimately calcified foci desquamaie and the basement 
membrane fragments. Contact of degenerated sperm, with the connective tissue 
causes granulomatous reaction.

The semen picture is o f great diagnostic value in testicular affections. The 
semen volume is not generally affected but the density may tend to be poor. 
The sperm mobility is affected. Sperm count may be low. The number of 
abnormal sperms increases ranging from J0% to 50%. Detatchment o f heads, 
variation of the size and the shape o f  the heads are common abnormalities- 
Presence of proximal protoplasmic droplets, looped middle piece and tail, tight 
coils of middle piece and tail, may be other abnormalities encountered.

ORCHITIS
Inflammation of the testes occurs того frequently in sheep, cattle and swine.
Causes:

ч 1. Trauma : This is more common in rams, in which the testes are 
pendulous

2. Bacteria: A variety o f  bacteria are responsible. Infection may be
hematogenous or may be extension from the lower genital organs 
through the epididymis.

The most common bacteria causing orchitis a r e Brucella abortus in bulls, 
„ Brucella suis in boars.

Salmonella abortus equi and P. m allei—in equines.
Corynebicierium pyogenes, Corynebacterhtm o\'is—in rams.
Orchitis produced by Brucella abortus in bulls, is mostly an acpte ̂ condition 

with swelling of the scrotum, which is hot and painful. Since the testis is Iocs 
ted compactly in tunica albuginea, a tough fiibroelastic membrane, swelling of 
the testis to any appreciable degree does not occur. It is only the accumulation 
of the inflammatory exudate in the tunica vaginalis and the scrotum that is 
responsible for the swelling seen. The exudate is fibrino- purulent and sometimes 
hemorrhagic Adhesion o f  the parietal and visceral layers o f  tuuica vaginalis 
may occur. Due to pressure by the tunics albuginea, and the action of the 
pathogen, necrosis o f the testes occurs w ith1 suppuration and abscess formation. 
Abscess may open out on the scrotum.
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M icroscopically, there is mycrocyst formation, degeneration and desquma- 
tion of the tubular epithelium. Infiltration o f  lymphocytes, macrophages, and 
plasma cells occurs in the interstitial tissue and the Organisms can be seen ib 
large numbers in the epithelial cells and necrotic areas In many cases, an 
accompanying epididymitis is present.

In chronic cases, in the initial stages, miliary tubercle-like granulomas form 
(as in mastitis) in the tubules and inlertubular connective tissue. Because o f  
pressure o f  the infiltrating..tissue and action o f  the pathogen, degenerative changes 
and atrophy of tubular epithelium occur along with fibrosis and shrinkage. 
Finally the testes are hard, shrunken and very much smaller in size.

In the boar, the characteristic appearance is' the formation o f  'multiple 
abscesses, consisting t f  a central necrotic and caseated material surrounded by 
epithelioid cells, Langbans’ type giant .cells, plasma cells, lymphocytes and a 
connective tissue capsule. -

Salmonella abortus eqni produces an acute suppurative orchitis in donkeys 
and horses The seminiferous tubules rupture and the sperms spill into the 
interstitial space, and so a foreign-body reaction is set up. General systemic and 
febrHe reaction is usually seen in this condition.

Pasteorella pscudotuberculosis rodentium produces suppurative orchitis 
in rams. Pathogen it transmitted from the rodents by tick bites.

Tubercular orch itis : The lesion is usually a Secondary hematogenic infec
tion from a primary focus somewhere else. Lesions noticed may be calcified 
miliary nodules in which the typical histology o f  a tubercle nodule may be 
noticed or it may be in the form of a, diffuse c h e a t in g ,lesion radiating from the 
rete testes. Very often the epididymis is also affected.

Straus’s,, test used for diagnosis o f diseases caused by M ttlleom ycesm a lle ' 
(glanders), M alleom yces p s “udomallei (melioidosis). Cryptococcus neoform ans  
(epizootic lymphangitis), Corynebacfcrium  avis (ulcerative lymphangitis and ovine 
lymphangitis), Brucella abortus and Pseudomonas aeruginosa, is essentially a 
supparative orchitis and peri-orchitis in a m ale guinea-pig that results ia 2 or 3 
days-following an intraperitoneal injection o f  a small amount o f  (he culture o f  
the organism.

Tumors: Described under the chapter “ Neoplasms” . (Page259) 

EPID ID Y M ITIS
Inflammation of the epididymis is usually seen along with orchitis.
Of special importance is the epididymitis in rams caused by Brucella on's. 

in  this condition no lesions may be found in the testes
Usually the tail of the epididymis is affected, where the lesion produced is 

a granuloma. The pathogen incites an inflammatory reaction at the place o f its 
localisation with inflammatory edema, infiltration by,lymphocytes and macro
phages. Neutrophils may appear a little later. The epithelium first shows papil
lary hyperplasia and later undergoes hydropic degeneration accompanied by fib- 
rosisof the interstitial tissue, renderingthe organ to become hard Epididymis 
is enlarged to 3 or 4 times.

да
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Occlusion of the lumen by the debris and exudate results in sperm alocjsl 
form ation. Should this cyst rupture into the tunica vaginalis, a foreign body 
reaction is set up with dense adhesions between its visceral and prielal layers-

Though primary orchitis is not found in this condition, secondary degent 
rative changes, with calcification may be seen in the sem iniferous tubules due to 
stasis o f  sperm.

S p e rm atic  cord : The inflam m ation o f the sperm atic cord which is usually 
seen after castration is called F n n ic u litis . This may be acute and necrotizing at 
seen in the pig or it may be chronic— sc irrh o u s  cord— in horsis and cattle. It it 
comm on in the pig because in this anim al contam ination can occur very easily 
due to  the proximity of cord to  the ground and to the general injapitary condi- 

" i t i o n s o f  the environment.
In the scirrhous-cord, there is excessive form ation of granulation tissue mi 

the stum p o f castrated cord due to  infection, usually by staphylococci. (S. aur
eus) Abscesses with thick walls may be present in this tissue. Leucocytic infill 
ration is common. A characteristic appearance is the presence o f granules in the 
inflammatory tissue consisting of colonies o f  bacteria surrounded by a zone of 
clubs aDd inflammatory cells as in actinomycosis. This is known as Botriomy 
cosis . In the spermatic cord and testes o f horses, verminous granulomas caused 
by wandering larvae o f Strongylus spp may occasionally be found.

SE M IN A L  VESICLE
Segmental aplasia of am pulla and. seminal vesicle usually occurs in associ 

ation with segmental defects o f the epididymis.
Duplication of seminal vesicle on one or both the sides may be occasionally

seen.
S em in a l v e sicu litis  : Inflam m ation o f seminal vesicle is usually rare but 

this condition is of serious concern when it occurs in a bull which is used for 
artificial insemination, in  these cases, the pathogenic organisms may be trann 
m illed to  a wide population.

C auses : Brucella abortus, Corynebacrerium pyogenes, P L V  and Mycoplasma 
are some o f the organisms incrim inated. "»• ■

M acroscop ically , seminal vesicles are enlarged and tender on palpation ir 
acute stages- There is a tendency for loss o f lobulation.

M icroscop ically , the acute stage o f  the disease is characterised by infillr 
ation o f alveoli and interstitial tissue with neutrophils In chronic cases, lymph 
ocytes.plasm a cells.and histiocytes-become numerous in thcittfjrrtitia l tissue

N ot all casee brsfeininal vesiculitis can be diagnosed by mere rectal palpation 
In some cases, the seminal vesicles m ay not be noticeably enlarged. For clinical 
diagnosis o f  vesiculitis, palpation o f  the vesicles is useful if  they are considera 
bly enlarged. If  they are not enlarged, massage of the vesicles and stripping of 
the am pullae will force inflammatory cells into the urethra and exudate will drip 
from the penis. Semen collected following this procedure has a marked iocreav 
in leucocytes and there may be clum ping of exudate so that the sample will have 
the appearance of curdled milk.
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THE PROSTATE
H yperplasia of the prostate : This condition is seen OD ly  ia dogs. Dog 

above five years of age and especially housebred, are commonly affected.
Causes : The precise cause of prostatic hyperplasia is obscure. It is thou

ght that excessive testosterone may produce this condition which yields to cast
ration. Forced retention of urine jn  housebred dogs in sometimes thought to be 
one of the factors.

M acroscopically , ihe gland is very much enlarged, with either a smooth or 
nodular surface. Sometimes the b ilo ted  appearance of,the gland is lost. Fluc
tuating cysts are palpable under the capsule.

M icroscopically , the picture>is one o f hyperplastic adenoma in which the 
acinar cells are increased both in size and number. Ih e  supporting tissue is also 
increased. The epithelium is tall and is frequently thrown .into folds as papil
lary projections into the lumen. There is always infiltration of lymphocytes and 
plasma cells in the interstitial tissue Some acini may be cystic with increased am
ount o f secretion which pressess upon the epithelium, flattening it. The interlo
bular connective tissue may be increased. Bladder may show compensatory 
muscular hypertrophy.

C linically  .due to pressure on the regtum by the enlarged prostate constipation 
may . be produced. Difficulty in micturition is attributed not to the pressure 
on or narrowing of urethral lumen, but to paresis of the bladder resulting from 
pressure o f the enlarged g land on the parasympathetic netves.

PENIS AND PR EPU C E
Inflammation of the prepuce is called p o sth itis  and that o f glans 

penis ba lan itis. Usually both occur together as balanoposth itis. In 
the dog it is a common condition. Came may be traum a or bacteria. There is 
catarrhal exudate with infiltration o f leucocytes into the degenerated epithelium. 
Mucosal lymph follicles may be enlarged. In other animals balanoposthitis is 
associcaled with various organisms inculding Pseudomonas aeruginosa;Corynebac- 
terium pyogenes and C. renale. This condition is also met with in bulls that cross 
cows suffering from “ Infectious pustular vulvovagintis” . In the last named 
to n d itio n ^^n o w n  as infectious pustular balanoposthitis) pustules form on 
che preputial lining and glans penis, giving them a granular appearance. 
Infection does not extend into urethra. Edema of penis and prepuce may cause 
paraphimosis

’“hlmosis is a condition in which the penis .cannot be extended from the 
ргёрйее, due to inflammatory swelling. ^  '^ ^ fsS S g i-  "

Paraphim osis, ia the opposite condition in which the extended penis due to 
inflammatory enlargement, cannot be withdrawn into the prepuce.

Neoplasms : in  the bull, transmissible fibropapilloma is encountered. These 
are multiple and cauliflower-like.

In the horse squamous cell carcinoma may be uiet with
Jn the dog transmissiblfe venereal tumor is common.
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И T H E  M U S C U L O S K E L E T A L  S Y S T E M

1! The Skeletal system Degenerative arthropathy
| * Anomalies and abnoramalilies Ring bone.
l ; Factors governing bone formalion Spavin

Rickets Ankylosing spondylitis
Osteomal acts- Protrusion of intervertebral disc

i Osteodystrophia fibrosa (Bran disease) Navicular diseas;
Osteoporosis Bursitis

: i Pulmonary osteoarthropathy Infectious synovitis
Osteitis and osteomyelitis Diseases of skeletal muscles

• -  Fractures "i" Atfopby ™
Factors interfering with healing Myositis

Tumors Acute
Achondropblasia Suppurative

Joints Chronic
L Arthritis Parasitic

i ; Acute Eosinophilic

l i Suppurative White muscle disease
Mycoplasmal in swine Azoturia

Tumors
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THE s k e l e t a l  s y s t e m

The following terms indicate certain anomalies and abnormalities In the 
skeletal system.

Abrachia .‘--Absence of anterior limbs.
Amelia:—Absence of limbs. The icapula and pelvic girdle may be intact 

or rudimentary.
A'podia .‘—Absence of posterior limbs.
Micromelia All parts of НтЬз are present but are of smaller si2e. 
Perodactyly :—Absence o f some of the toes.
Adactylism :—Absence tjfSli-the toes in a limb.
Brachydactylism г—Abnormal shortening of toes.
Polydactylism:—More number of digits; seen in horse and pig.
Syndactylism Fusion o f  toes, seen in cattle and pigs.
Prognathism :—Having a long jaw ,—pig-mmith condition in horse. 
Brachygnathism :—Having a short jaw, —parrot-mowh in horse. ■
Lordosis :—Ii the curvature of the spine with a  ventral convexity Hue Л6 

heavy loads o r heavy: , abdominal organs; terminal parts of the 
thoracic spine aod the lumbar spine are involved. The spinous 
processes rub against each other and so periostic osteophytes 

“ develop.
Kyphosis Abonrma! curvature and dorsal prominence of spine—bump- 

back. This is rare in animals —
4 6 2
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Scoliosis:—Abnormal lateral curvature of the spinal column—may be conge
nital and sometimes inherited. May be due to diseases o f  bones 
like achondroplasia, osteodystrophy.

Torticollis Wry neck—twisting of the neck with an unnatural position of 
the head.

Various factors govern bone formation. Briefly these are
1. M inerals: Sufficient amount o f calcium and phosphorus must be supplied 

in the food in correct proportion and the intestinal tract must be healthy and of 
correct pH for their absorption.

2. Proteins : Sufficient amount of protein must be fed for the formation of 
the ground substance.

л  3. V itam ins: Vitamins A, D and.C control h&ne formation. Vitamin A is 
necessary for the proper stimulus and bone growth^ Its deficiency produces inani
tion and growth rate is retarded. It is concerned with the metabolism of 
eodothelial ceils and so is required for the proliferation of endothelial cells o f  the 
capillaries, for their transformation into osteoblasts and for the erosion and. 
removal of the calcified cartilage. Vitamin D controls absorption and utilisa
tion of calcium and phosphorus Hew these are brought about is not clear.Vita
min C controls the formation o f osteoblasts and so controls deposition of 
osteoid

4, E n d o crin es:
(a) Para thy io id  ioatrols calcium aud phosphorus metabolism. The action o f  

the parathyroid hormone is two fold (I) I t  increases the phosphate diuresis and 
(2) it produces hypercalcemia through its action on the osteoclasts which with
draw calcium from the bone.

(b) A nterior P itu ita ry : The growth hormone influences the growth of conn
ective tissue, especially bone. Gigaatism occurs where thero is increased secre
tion of growth hormone and the bony growib is enormous.

(c) Thyroid : Thyroxine controls the metabolism of carbohydrates and fats 
and so energy production is under its control. Indirectly therefore, bone forma
tion is influenced by the thyroid as energy prduction is controlled by it. In hypo
thyroidism there is retardation of endochondral bone formation and osteporosis 
which occurs due to negative metabolism balance.

(d) Gonads and A drenal ccrtexi Bone, growing and mature, _t$ effected by 
estrogens and androgens. Their mode of action is not clear. These hormones 
accelerate the epiphyseal closure and maturation of the bone. In deficiency of 
these hormones there is disproprotionate elongation of immature long bones.

' The following three types o f cells are found in the bone :—
1. O steocytes are the ordinary bone cells that are fo u n d jn  the lacunae. 

These are old cells that cannot divide.
2 O steob lasts are bone producing mesodermal ceils and line the deep layer 

of periosteum, the endosteum and the Haversian canals These cells, like fibro
blasts, have great power o f  proliferation and produce alkaline phosphatase. 
Osteoblasts secrete precursors of collagen and mucopolysaccharides. The latter 
act .as the cement substance and in this is embedded collagen. These form the 
matrix of the bone called osteoid

3. O steoc lasts are the phagocytes af bone and are multinucleated Foreign 
body giant cells can be formed from them. These are under the control of 
parathyroid and under its influence remove bone.
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Phosphatase : The alkaline phosphatase found in bone is formed by th< 
osteoblasts It is believed that this enzyme splits the organic phosphate compo 
unds liberating excess o f phosphate which upsetting the local calcium phosphate 
balance leads to the precipitation of calcium salts. It is in this manner that 
mineralisation of the osteoid (the organic matrix of the bone) is believed to take 
place. Evidence is now available that the phosphatase of bone is concerned! mi 
the elaboration and secretion of protein—the organic matrix.

Osteodystrophy denotes a disturbance in the growth of bone. Osteodystro 
phies may be acquired or congenital. Causes are many and varied. \

1. Lack of minerals and vitamins (Kickets aud osteomalacia etc.) '
2. Excessive hormones—gigantism, acromegaly, osteoporosis.
3. Unknown'causes.

RICKETS
This is a condition seen in growing youne animals id Which there is a failura 

of adequate calcification o f bones. Similar condition in adult mature animsli. 
in which growth of bones has stopped,' is known as osteomalacia—literalty mean 
ing softening o f bones.

Essentially, rickets is a deficiency disease—deficiency of calcium, phoshporui 
or vitamin D. The defiicieucy of these may arise iu several ways.
Deficiency of c a lc iu m :

1. Deficiency of calcium in the d i e t : Inadequate calcium in diet may not 
occur iu animals.

2. Intproper balance of calcium  and phosphorus: Excess of phosphorus 
in the ration (feeding too much of bran etc.), may combine with calcium and 
form a relatively insoluble Ca3(P 0 4)2 which is excreted in the feces.

3. F a ilu re  of absorp tion  of calcium  : Calcium is mostly absorbed as Call 
FO , and for this the medium must be acidic. If the intestinal contents are 
excessively alkaline, calcium Cannot easily be absorbed.

4. Form ation of insoluble complexes : (a) Oxalates and phytates present 
in some green leaves and grains respectively may form insoluble compounds in 
monogastric animals and are lost in the feces.

Excess of.ox4jic..acid in leaves and excess o f  lactic, tartaric, and ' malic acids 
in silage bind calcium in large quantities. Similarly acid breakdown products 
of proteins bind calcium if food is too rich in protein. In too coarse a food 
greater amounts o f hippuric acid is formed from cellulose. Too rich or poor fst 
reduce the utilisation of calcium. Reduced bodj movement may also be a 

_Cfintributory-cause . . A-
(b) When sulphur is fed to chicks as a coxidiostatic, it- combines with 

calcium to form insoluble compounds which are lost in the feces.
5. S teatorrhoea : In dogs, fatty acids from fats that are not assimilated 

may combine with calcium, forming calcium-soaps which are lost in the feces. 
This it common iu man in Coeliac disease. Since Vil’min D absorption is con
ditioned by absorption of fat, in steatorrhoea, Vitamin D also is not absorbed 
and this still further affects the absorption of calcium, since vitamin D is not 
only necessary for calcium absorption but it also increases calcium absorption by 
the intestinal mucosa.
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6. Renal D isease  : In nephritis, phosphorus is not excreted as it should be 
and so accumulates in the blood and body. The excess phosphate ions are 
excreted through the intesiinal tract, where they combine with calcium to form 
insoluble compound which is lost in the feces.

1. Increased  re q u ire m e n ts  in grow ing an im als : I f  adequate quantities 
are not allowed in the ra tion  deficiency m ay arise in growing animals in which 
the needs for calcium and phosphorus are great.
Deficiency of P ho sp h o ru s ;

1. Inadequate  am ounts o f  phosp h o ru s in d i e t : —In certain parts o f the
world soil is deficient in phosphorus and so anim als maintained solely on the 
plants from such, soils develop phosphorus deficiency, which is clinically m ani
fested as osteophagia (pica). (See'pa'ge 145) ь  4 ;

2 Change of re a c tio n  of in te s tin a l co n te n ts  : As explained abovo an 
acid medium is required to r  the absorption o f C a li P 0 4 . But if the reaction 
changes absorption cannot occur.

3 S tea to rrh o ea  : Vitam in D is necessary for absorption of phosphorus
also. In sieatorrhoea Vitam in D is not absotbed and so is not available to the 
body and so phosphorus is n o t absotbed.

4. Form ation o f in so lu b le  com plexes : Excess o f calcium, iron and 
aluminium form insoluble phosphorus compounds and so phosphorus deficiency 
results.

5. Increased  req u irem en ts  : In growing anim als, if  adequate quantity o f
phosphorus is not allowed tn the ration, deficiency will result.

■ Deficiency of V itam in D :
Insufficiency of vitam in D may occur in young anim als.
C auses: I. S te a to r rh o e a  : As mentioned earlier, vitamin D is no t absor

bed in the absence o f fat.
2. D iseases o f l i v e r : If sufficient bile is not secreted, absorption o f  

Vitamin D may be interfered with.
3. Deficiency o f su n lig h t : Since vitam in D can be formed in the skin by 

the action of ultroviolet rays on ergosterol. deficiency of sunlight may cause 
deficiency of vitamin D. Smoke and smog, in industria l places filter the ultraviolet 
rays and so rickets may supervene.
The essential defects in rickets are ;

1. The cartilage cells are no t calcified.
2. J  he cartilage cells are resistant tp degeneratjpn.

r i .  Failure o f the blood vessels to invade and corrode the cartilage.
~;"4. Overgrowth o f the osteoid on the persistent and growing Cartilage.

5. Increased growth o f fibrous tissue in tbe osteochondral zone and
6. Absence o f calcification of osteoid.
While describing tbe norm al formation o f bone it was mentioned that the 

cartilage cells nearest the diaphysis should become degenerated, must be calcified 
and then the capillaries nearby should invade and corrode tho cartilage, cn  the 
remnaot trabeculae o f which the osteoblasts that arrive there, form the organic 
matrix, the osteoid, over which calcium salts are deposited. In rickets, due to
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the deficiencies enumerated above these events do not take place. So tbe cam 
lage cells persist and grow and the zone of cartilage is wider and longer. There 
fore cbondrocostal and osteochondral junctions are widened and enlarged. Sim. 
osteoid is not calcified, the osteochondral zone is softer than normal. So, on 
pressure and due to weight ihe bones bend

Symptoms noticed are stunted growth, bowing o f the limbs. t “ bow legs") 
“ Pot-bellied'* appearance of the abdomen, kyphosis and scoliosis, enlargement 
of ends o f bones and joints; bending of knees and fetlocks; overextension of 
pasterns with overgrowth of hooves, deformity of the pelvic bones (which talc* 
may cause maternal distociaj, cranium is more dome shaped and the fontaneb 
are w ide ; “ Rickety-rosary” , (enlarged cbondrocostal joifits appearing as « 
string of beads) and crooked sternum in birds. Teeth may be poorly formed ami 
irregular; jaws cannot be closed. Shortening of bones results In rachitic dwarfism

M acro scop icrliy .the  epiphyseal cartilages are abnormal, wider and soft an.) 
so can easily be cut.

M icroscopically , epiphyseal cartilage is wideand the osteochondral junction 
is irregular Tongues o f surviving and resistant cartilage cells appear to b« arran 
ged in a disorderly and crooked manner Osteoid which is pink staining is abun 
dant while tbe blue staining bony trabucule are few and widely separted.

Overgrowth of fibrous tissue occurs at the osteochondral zoae and in the 
marrow. There is. therefore, reduction of myeloid cells.

Restitution of the deficiencies corrects the disorder. But deformities persist 
eg. “ bow legs”  remain.

D iagnosis : X ray shows enlargement o f epiphyseal plate, enlargement of
epiphyseal Лбе. aDd bending of bones. There may be decrease in serum calcium 
and phosphorus and increase in alkaline phosphatase.

OSTEOMALACIA
This condition is othewise known as adult rickets and occurs in animals in 

which endochondral ossification has ceased. Like rickets,’ this condition is chi 
raeferised by failure o f calcification of matrix and appearance o f excess o f osteoid 
Atrophy of tbe bone substance is also present due to excessive resorption in bom 
consequent on negative mineral balance. Because of either excessive demandi 
of the body for or deficiency in the dietary intake o f the minerals, to meet tin 
demands of the mineral requirements by the body, bone resorption occurs.
! The medullary cavity is enlarged. Compact bone becomes spongy, In 

extreme cases all that is left is a membranous sac covered over by. the periosteum 
containing traces o f bone. ..s - j.. css

Ч-- Because of lack o f  minefktfsab'on the skeleton becomes soft and fragile and 
so fractures acd deformities'occur. Tbe articular heads o f some of the boon 
may sometimes separate. Kyphosis and lordosis are frequently seen togsthei 
with narrowed pelvis.

The causes for osteo nalacia ave similar to those o f rickets :
i) deficiency of calcium and phosphours, ii) deficiency of Vitamin D am) 

iii) chronic nephritis in which phosphorus excretion is diminished.
Osteomalacia may also be seen in pregnancy when m aternal calcium is drai

ned to the fetus and in high yielding cows in which large amounts o f calcium 
are excreted through the milk:



T H E  SKELETAL SY ST EM 4 6 7

M icroscopically , the following may be observed : active resorption of bone 
by osteoclasts, reduction in size and number of the trabeculae o f spongiosa and 
presence o f  excess o f osteoid

O steodystrophia fibrosa : This it a condition of the bone dependant upon 
disturbance in metabolism and frequently occurs in animals It is noticed mostly 
in animals imbalanced in calcium and phosphorus contents. Normally, the Ca:P 
ratio in food should be 2:1. But if this ratio is reversed and becomes 1 : 3 or 
wider, osteodystrophia fibrosa results.

In the horses, osteodystrophia fibrosa is known aa “ Bran Disease”  or “ Big 
Head”  or “ Millers’ Disease”  and is common among horses maintained by 
millers. Since brao is a cheap by product in the milling of wheat, horsps-ef the 
millers were maintained exclusively on "bran which has a high phosphorus con
tent This phosphorus combines with calcium of the food and forms insoluble 
Ca3 P 0 4 in the intestines aDd is excreted in the feces. Therefore sufficien, 
amount of calcium and phosphorus is not available to the body and so hypocal. 
cemia results- This in its turn causes osteomalacia. Hypocalcemia stimulates 
the parathyroid, which becomes hypertrophic.producing excess cf parathoimone. 
This hormone acting on the bone (through the osteoclasts) decalcifies it produ
cing-osteomalacia-. All bones are not equally affected. This affection is first 
noticed in the facial bones. The boots that are most active are-affected. The 
bones become soft as calcium is withdrawn from thetn. So as to strengthen the 
!bones. fibrous tissue proliferation occurs. Since soft bones bend and twist irfiy 
tatioa is produced and this causes inflammation to occur which ultimately is res
ponsible for fibrosis; This fibrosis is most apparent under tbe periosteum bence 
the bone appears larger than normal. The bone marrow may' also be replaced by 
the fibrous tissue. The facial bones of the horse appear swollen and bence 
is the name “ Big Head” .

To start with, the disease is manifested by abnormal gait, stiffness and shif
ting lameness. These symptoms are latec followed by anorexia, anemia and cache
xia. The anemia is myelophthisic in origin—due to the replacement of marrow by 

The newly formed fibrous tissue. There maybe swelling o f the jaws, dyspnoea 
.due to narrowing of the nasal passages, difficulty in mastication, loosening and 
loss o f  teeth. Fractures are comm on.. - \

M icroscopically , large masses of fibrous tissue are seen in which are found 
remnants o f bony trabeculae. Sometimes the fibrous tissue may be of such pro
portion as to resemble a fibroma. -

O s te itis  F ibrosa C ystica : (von Recklinghausen’s disease) This condition is 
a form of oslSudystrbphia fibrosa Tfie essential nature is decaleificatiott of bone, 
substitution by fibrous tissue'and formation of cysts. -гЪ'-'--:

C su sesa re  :
Hyperparathyroidism :

A. Prim ary : As in a tuuior of the parathyroids.
B. Secondary : i) Dictory calcium insufficiency, ii) Dietory phosphorus 

insufficiency, iii) chronic renal disease.
It has already been noticed that the function of parathyroid is two fold.

i) to facilitate excretion of phosphorus; in the urine.
ii) to remove calcium from bone through the mediation of osteoclasts.
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The parathyroids are sensitive to blood calcium level. Any decrease in bl- 
calcium stim ulates the parathyroids and hyperplasia occurs with increased | • 
duction of parathyroid hormone. Acting on the bone, this hormone is rc»i 
sible for w ithdraw al o f calcium through the activity of osteoclasts.

Normally glomeruli filter phosphates some of which are reabsorbed by n< 
tubules. But m renal disease the phosphate bccretion is much reduced and • 
the phosphate level o f the,blood rises-hyperphosphatemia. To compensate 1 
the rise and to  keep the Ca:P ratio constant, calcium, is withdrawn from о . 
bones Besides, the retained phosphate is excreted through the bowel whet' 
combines-wuh calcium and forms an insoluble compound and so is lost to the I • . 
resulting in hypocalcemia, which stimulates: parathyroid, liberating exeem 
hormone and this withdraws calcium frorifthe bbifc to maintain normal b l-  * 
calcium level.

The function of paiathyroids is therefore homeostasis, to maintain i 
optimum C a : P level in the blood.

Under tbe circumstances described above when calcium is removed from 
bones, they become soft and weak and so to strengthen them, there is fibrous tlo n  
proliferation. This change, though found in all the bones, is--more promt"" 
in the bones-of the head. In the dog, the lower jaw becomes so soft that it i« • 
pliable as rubber. “ Rubber-Jaw syndrome”. Since the newly formed conn»-
live tissue is poorly supplied with blood, degeneration, softening and cyst ft;.....
tion occur—hence the, name Osteitis fibrosa cystica.

M ic ro sc o p ic a lly , osteoid and fibrous tissue are more in evidence. Attcnu ■ 
at formation of new bone in some places is evident by tbe presence o f osleoM»4 
tic activity. In others, osteoclasts are seen Kibbling away spicules o f  bone. <T ■ 
of varying sizes and hemorrhages are seen.

OSTEOPOROSIS
In this d isorder, there is reduction in the bony matrix. But w hat is p in . 

is fully mineralised (whereas in rickets and osteomalacia tissue matrix is fori 
but inadequtely mineralised). I  he bones become porous and b rittle , as in it • 
condition destructive processes exceed the productive in the remodelling 
bone. Biochemically, the blood -levels o f calcium and phosphorus ^arfe^noi n- 

C au ses ':
1. S e n ili ty  : causes not fully known Probably due to decreased osteobln 

activity o r decreased sex hormones (see below).
2. Lack o f  p ro te in  as in loss o f protein (renal disorders) or decreased pi 

duction as in liyej disease or defective absorption “due to i n te r n a l  disonl" 
Protein is esstaitiaT tor the formation of osteoid, without which bone cannot ц  
formed.

3. D eficiency of ritam iu  A.
4. D eficiency of Vitam in C : osteoblasts and osteoid are not formed.
5 Local p re s su re  on bones may cause atrophy:- for example tumim, 

Cosm rus cerebral is, hydatid cysts and pulsating arterial aneurysms in coni - - 
with vertebrae.

6 D isu se : For proper healthy condition of the bone to be maintained 
rcise is necessary. I f  a part is immobilised for a long time bone of tbe | ..

it
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becomes thinner and porous due to increased activity of the osteoclasts and 
inctivity of osteoblasts ( due to lack of norm al stimulus of stresses and strains).

7. Loss o f nerve supply  to the part results in paralysis and so the part 
cannot be moved and osteoporosis will result.

8 Deficiency o f  tra c e  e le m en ts—copper deficiency in dogs, manganese 
deficiency in pigs and zinc deficiency in fowls.

9. H y p e rth y ro id ism : Osteoclastic activity is probably increased.
10. H yp erp ara th y ro id ism  : lncreasedresorption of bone occurs.
11 C ushing’s Syndrom e : Excess o f  glucocorticoids probably suppresses 

the osteoblastic activity. Bodies o f  vertebrae are severely affected.
Lack o f e ith e r  androgens o r estro g en s: In human pathology,, 

osteoporosis is frequently observed after menopause. The sex hormones appear to 
have some, .influence over the osleoblasttc activity.

13. P o iso n s—For example lead posioning in sheep and goats causes 
osteoporosis.

M acro sco p ica lly , the bones appear lighter and th in n er-a troph ied . The 
cortex i< thinner bu t the marrow cavity is wider. Bones become brittle  and so 
are prone to fractures.

M ic ro sco p ica lly , the bony trabeculae are thinoor with decreased num ber of 
osteoblasts. Osteoclastic activity denotes destruction of bone.

Alkaline phosphatase o f  serum is norm al. Can be diagnosed by Izuka’s test-

PU LM ONA RY OSTEOARTHROPATHY
This condition is known as M arie's disease in humans and found in all ani

mals, though of greater incidence in dogs. The lesions are found in the lungs. 
The bones o f  tbe lim bs are affected, while the joints are frequently not.

There is form ation o f new bone, m ostly under the periosteum, which is the
refore pushed out (Periosteal hyperostoses). As the esteophytic form ation is not 
even, the bony surface is rough. Osteophyte means a bony excrescence. The 
articular surfaces are free Joints may be swollen due to periarticular pro li
feration

In the lung, foci o f  new bone form ation are seen. *  *
Causes ; The exact causes are not known. This disease is noticed in the foll

owing conditions :
l .  Chronic disease of heart and lungs—bronchiogenic carcinoma, 

bronchiectasis, emphysema, chronic tuberculosis and congeciial heart disease.
-2. When there is interference in the vascular supply td^itfe ex trem itiesr
3. Passive edngtestion of the affected parts. *  i ;
a. Neoplastic condition of the lungs.
5 Spirocerca lup i infection.
6 Dir*'fila r ia infection.
It is surmised th a t anoxia, probably with some obscure toxins, is the causa

tive factor. It is also thought that the skeletal changes are ihe result o f  reflex 
vasomotor disturbances in limbs secondary to  circulatory disturbances in tbe 
lungs. A familial predisposition is noticed in man.
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OSTEITIS AND OSTEOM YELITIS
Inflammation of the boDe is called o ste itis , and that of periosteum is perio

s titis  Inflammation of bone marrow is known as osteomyelitis. Inflammation 
of vertibrae is spondylitis.

Osteins and Osteomyelitis may be acute or chronic. Acute purulent osteo 
myelitis is always caused by bacteria which gain entry into the bon* in the 
following ways.

1 D i r e c t :
(a> through compound fractifres
(b) gunshot and other wounds.

1 fly lymph vessels in draining neighbouring purulent areas such as.'
(a) purulent arthritis
(b) purulent periostitis
(c) gathered-naii wound

(d) suppurative otitis media.
3. By blood stream  from a suppurative lesion elsewhere and in pyemia.
This condition is not so frequent in animals as in man and the organisms 

that cause it are Pyogenic bacteria S  necrophorus, Erysipelothrix rhusiopathiae. 
Salmonella and Cryptococcus neoformans.

Acute periostitis may be non-suppurative. usually caused by trauma (con
cussion) and is seen in horses as ‘‘sore shins”  (due to working on hard roads).

M icroscopically , in periostitis, the usual inflammatory reaction is seen in 
the periosteum, hyperemia with purulent exudate accumulating between the 
cortex and periosteum. The exudate may separate the periosteum from the bone 
and Dtcrosis o f  the cortex results. Periosteum may be ruptured, liberating the 
pus into the nearby tissue. Since periosteum is in continuity with the endosteum 
and medulla,pus may pass on to these structures. In such an event,Dccrosis of the 
bone occurs due to  separation of both periosteum, and endosteum on which the 
nutrition of the bone depends.

In suppurative osteomyelitis.pus is found in the medullary cavity and it may 
burst through, the cortex But more often, such a drainage is difficult and the 
condition progresses to a chronic stage.

In the young growing animals abcesses are found at the chondrocostal joints 
and in the epiphyseal plates.

The necrosed bone is separated from the healthy bone by the action of 
osteoclasts and a sequestrum is formed. Osteoblasts nearby are active and produce 
new bone, which forms a case, as it were, around the sequestrum and this is 
known as im oluctum . Pus is discharged to the outside from the sequestrum 
through small openings in the involucrum called cloacae.
Sequelae:

1. Pathological fracture due to extensive destruction of the bone.
2. Chronic osteomyelitis. .
3. If suppurative osteomyelitis is extensive and present for a long time

amyloid degeneration may occur. ----  \
4. Resolution and healing with timely treatment.
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5. Suppurative arthritis may occur due to extension o f  infection to the
neighbouring jo in t; metastatic abscesses. 4

6. Death due to pyemia and septicemia.
Chronic o steom yelitis;
C au ses; 1. May be a  sequel to osteomyelitis.

2. Repeated injury or concussion, in horses especially.
3. Bacteria—-of low virulence— Actinomyces, Brucella. Mycobacterium  

tuberculosis, Salmonellosis
4. Fungi -  Coccidioidomyncosis.

In the. ease o f chronic trauma and concussion ex o sto sis results. This is the 
' formatfoti o f  granulation tissue of the bone. Just as fibrosis occurs in chronic 
inflammation o f soft tissues, so also, in the bone, chronic inflammation results 
in the formation of new bone. Essentially this is a result o f chronic ossifying 
periostitis.

In the horse special names are given to exostoses occurring in certain loca
tions

1. Ring bone, if the exostosis is found on the 1st or 2nd phalanx. This, is 
a painful condition causing lameness.

2. S p iiu t : Exostosis at the end o f metacarpal or metatarsal bones; not 
usually painful and so no lameness seen

3 Spavin : Exostoses on the medial portion o f the distal, tarsal bones, 
causes lameness as the bony growth pinches ihe cunean tendon, which passes 
over it.

The exostoses or osteophytes have the structure o f  a compact bone, but do 
not have haversian system.

The lesions produced by bacteria in chronic osteomyelitis are granulomas. 
M icroscopically , in chronic osteomyelitis, centres o f pus are surrounded by 
granulation tissue and inflammatory cells, consisting mostly o f mononuclears 
and a few giant cells. Due to activity of the osteogenic layer o f the periosteum 
new bone is formed and so the shaft is thickened and marrow narrowed—osteo
sclerosis In actinomycosis and tuberculosis there is rarefaction o f bone—rare 
fying o ste itis , in  tuberculosis,'there is extensive destruction of bone with the 
formation o f caseous material but new bone is not formed.

FRACTURES
A fracture is a break in the continuity o f a bone and is usually due to 

traum a. - 'Щ 1 ‘ .
V arieties of the  f r a c tu r e s : '^ 5 ® *

1. Simple fracture : Fracture o f bone without an opening over the over- 
lying skin.

2. Compound fracture ! Fracture with an opening on overlying skin.
3 Comminuted fracture: The bone is splintered into many pieces
4. Impacted fracture ; When one fragment of a tVajtured bone is firmly 

driven into the other.
5. Greenstick fracture : Here one side o f the bone is broken while the 

other is intact as occurs when a green stick is bent.
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6. Pathological fracture : The fracture is not due to traum a only but it.-, 
to some bone disease existing. Eg. osteosarcoma.

7. A rticular fracture : When join; surface of a bone is involved.
8. Depressed fracture ; In the skull where the involved bone is depress i 

below the surface
9 L inear fracture . Here bone is split leoghtbwise

10. I ransverse fracture : fracture a t right angles to  the axis o f the bom
II< M ultiple frac tu re: Here are two or more lines o f fracture o f the sum.

bone but no t communicating with each other.
12. Oblique fracture у Break extends in an oblique direction.

H ealiu g  of f ra c tu re  :
A longjyith  fracture o f bone, there is hemorrhage as the blood vessels ncei 

by are to rn  and ruptured. Moreover, the capillaries o f the haversian canals ah. 
contribute to the hemorrhage. Because of ischemia, (due to  cessation of lo< <l 
circulation) bone cells die and these incite an inflammatory reaction. The acoi 
m ulated blood clots and in twenty four hours this clot is invaded by fibrobl.ni> 
and capillaries from  the periosteum and is organised. T'nis fibro-vascular fis»»‘ 
is strong enough to  keep the two broken ends together and is known as a sol, 
t is su e  c a llu s . |C allus, Latin for a  hard substance).

Osteoblasts dervied mostly from the deeper layer o f the periosteum iuvadt 
the blood clot along with the capillaries and within 4 or 5 days trabeculae mi 
formed a round  central spaces which become Haversian canals. This is the osteni.i 
laid  down by the osteoblasts. This osteoid is well formed by the end o f second 
week Osteoblasts axe also formed by metaplasia of the fibrous tissue, l.un . 
calcium salts are deposited on the osteoid to form bone The newly formed bum 
tissue unites the two ends o f the fractured bone and is known as provisional 
c a llu s .

The callus formed by the periosteum and locatad sub-periosteally is calk.I 
externa! callus, th a t present in the medullary region is called internal callus ami 
that between the ends o f the shaft the intermediate callus or in-line callus

The callus formed is larger than the outlines, of the bone and so bulges oil 
the periosteal side in  the beginning mere is no orderly arragement o f tin 
trabeculae and haversian systems. Later the provisional callus is removed !>» 
osteoclasts and remodelled by osteoblasts'into regular bone This is called dt-n 
n itiv e  ca llu s  It may take several months for this definitive o r hard callus in 
form. Finally, during the remodelling processes, excess o f  thecallus is removed

If the gap between the two ends of a  broken bone is too wide, the fibre 
blasts o f  the provisional callus may become-, cartilage cells by metaplasia an.! 
this is later converted’ into bonesr-jmdOchondral ossification.

F a c to rs  th a t jn te r fe re w ith h e a lin g
1. N on-alignm ent o f the two ends of the bone t  Due to this, deformiiy, 

excessive callus form ation and displacement may occur
2. In fe c tio n  This is common in compound fracture, leading to пссгом> 

and osteomyelitis, winch retard the process of healing
3 Deficiency o f calcium , phosphorus, vitam in D’and p ro te in s ; These in.ч 

occur in dietary deficiency, starvation, metabolic or infectious dileases eg. reimi
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disease, malabsorption diseases due to gastro-intestinal pathology, parathyroid 
d isorders; excessive loss of protein as in albumjquria.or heavy stomach worm 
infections.

4. P resen ce  o f fo reign  bodies hinder.normal and rapid healing. These may 
be bullets, muscle, fat or clothing.

5. Fragm ents o f necro tic  bone .-This is more common in comminuted .>a- 
ctures where, tbe necrotic bone acts as a foreign body, producing inflammation 
and preventing healing.

6. Inad eq u a te  im m obilisation : Л false jo in t or pseudoarthrosis may 
occui if the fractured ends are not firmly lmmmobilised. The provisional callus is 
not sufficiently mineralised and so permits bending at the fractured area. 1

-7 . S e n i li ty ;  In older animals, healing iS'slow due to decreased vascularity 
and retarded metabolic processes.

8. P a th o lo g ic a l: presence o f osteodystrophy or neoplasms prevents healing 
o f fractures 
Tumors o f bones :

P rim ary  . Fibroma, myxoma, lipoma, chondroma, osteoma, chondro sar
coma, fibrosarcoma, osteogenic sarcoma, and Giant-cell tumor

Secondary: Metastatic carcinoma and sarcoma from other parts o f ths body. 
C hondrodystrophia  fo e ta iis  (Achondroplasia).

In ceriain breeds o f  cattle, the Dexter and Norwegian Telemark, some calves 
do not attain full development o f  cartilage growth. So they become dwarfed. 
The exact cause is not known,- though endocrine deficiency is suspected. But the 
condition is known to  be hereditary; transmitted by a lethal factor.

Since endochondral ossification is retarded and even stopped, the bones of 
the limbs and extremities are shortened. There, is brachygnatbia and so tbe ani
mals have a bulldog appearance of the head (Bulldog calf).. 3 he skin it thick 
and much folded due to subcutaneous edema. The calf has a vaulted skuli- 
Growth of the skull being by intramembranous ossification, tbe bead is dispro
portionately large. Such calves are usually aborted between their third and 
eighth months o f intrauterine life.

- J O I N T S
Inflammation of tbe joints is called a rth ritis .
Inflammation of hip jo in t is called Coxitis while that o f  sitfie joint gon itis. 

Arthritis may be acute or chronic.
A e i t f & r f t r l t l t e -  rjmi

C a u se s :
1. Contusion or strain in which there is stretching of the joint capsule.
3. B a c te r ia :  К outes o f infection may be fa | via blood stream (b) by 

extension from neighbouring tissue and (c) by puncture wounds.
Traum a usually produces a serous type o f  inflammation in which there is 

increased production o f  synovia, distending the joint capsule. The condition is 
mild showing a slight hyperemia o f the articular cartilage and tbe synovial 
membrane.



474 CHAPTER 21

Bacterial arthritis may bo conveniently classified as :
1. Non suppurative and
2. Suppurative
In non-suppurative arthritis, there is acute serous or serofibrinous exudate. 

Causes are
Erysipelothrix rhusiopa'hiae (serous polyarthritis) in sheep and pig
Hemophilus influenza suis in pig.
Macroscopically, exudate contains yellowish flakes,which are often compres

sed into flat structures which float in the joint Suid The synovial membrane is 
thickened and studded with hemorrhages.

Microscopically,-hyperemia and neutrophilic infiltration are содртоц. Arti
cular cartilage may be eroded.

Suppurative A rthritis: This condition is usually associated with Navel ill. 
The bacteria localise in the joints because of the rich blood supply there and 
also probably to the weak defences in that region.

The following organisms are incriminated.

Species of Causative 
animal bacterium 
affected

-  Nature o f lesionsу •

Calf 1. B .coli

2. Coryneboclerium 
pyotenes

Septicemia and acute arthritis, cloudy synovia- 
Many otganisms in the joint.
Purulent arthritis with destruction of joint. 
Organisms may be found in pure culture or 
mixed with other organisms.

Colt 1. Shigella equirulis
2. Streptococci

Swollen joints 
Purulent exudate

Sheep J. Staphylococci 
2. Coryneb&cterium

Purulent exudate with 
joint destruction

Swine / . Streptococci 
2. Brucella abortus Purulent exudate

*

Infection may be
a) Primary-penetrating wounds of joints.
b) Secondary—i) Extension ol. suppurating process from neighbouring

tc  lesions ii) metastatic lesions in pyemia.
Macroscopically, all the symptoms of an acute inflammation are seen 

notably swelling of the joint. White, yellow or green pus may be present in the 
joint depending on infecting organisms. In mycoplasma infection it is thin and 
colorless.

In suppurative arthritis the articular cartilage is destroyed and infection may 
spread to the underlying bone Suppurative osteomyelitis, necrosis and caries 
Of bone result Particles of disintegrated bone are found in the pus, like grains 
of sand. Sometimes, the pus may be discharged through a break in the skin
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resulting'-ii» ad open jointi The articular cartilage may beinflam m ed-and eroded.* 
Synovial fluid which i s . increased) is purulent. There may be inflmmation of 
periarticular tissup.

M icro sco p ica lly , there.is. infiltration by neutrophils.
l f  .ihe condition becomes chronic, there is, excessive fibrosis o f the joint.
S e q u e la e ; Thecondition has unfavourable prognosis,ir) yojung animals. 

Due to  pain, they will not b e ,ab le .to  move about and in chronic condition. 
fib.rosis.and ankylosis,of the joint will result.
C hronic a r th r it is

C a u se s : Sequel to acute arthritis.
Primary *... . . ; .л
(a) Chronic, traumatic.. .-rv«7=d*«.:
tb) Bacterial, Tuberculosis.in ox and pig, Fowl Cholera in 

fowls
C hronic  se rans a r th r i t i s : Due to destruction of the articular cartilage,, 

there may be fibrous.adhes'ion between the two articular surfaces. Subsequently 
the two boDes may fuse together producing ankylosis o f  the jo in t.

T u b ercu lous a rth ritis  is characterised by the granulomatous inflammation-
It is manifested in 3 forms .-
i) M ilia ry  form in wtuch miliary nodules are found in the synovial mem. 

branc. The neighbouring tubercles may coalesce and project into the jo in t cavity 
as ‘pearls’. This form is stda in pigs

ii)  In filtra tin g  tuberculosis is seen in cattle?-characterised by diffuse 
iiibercotaud gratnilatioa'' tissue,"-containing- epitheliod cells and giant cells

~(Chronic organ tuberculosis.)
i i i )  C aseating  tuberculous synovitis with caseation blit without specific 

granulation tissu e .
In  chronic stages of Fowl cholera PasteureUa avium may get localised in" the 

jointsiand fended sheaths, where there is an accumulation of a c loudy  or cheesy 
material, thus-giving the structures a-swollen appearance.

M yoiaplasm al a r th r i t is  in sw ine
M ycoplasm a gratm larom  is q common cause of arthritis in UK) to Z'cO pound 

swine. Heavy muscling, genetical background and stress act as predisposing 
factors,

The.disease is usually an acute o n e ,-w ith  sudden onset o f lameness. The ■ 
course funs for 3 to It) days. Subsequently flare upi cause longstanding cbrooic > 
arthritis. .тЙ1> ‘

M acroscep ica lly , in the acute form, there is increased serosauguineous 
synovial fluid in the fcmuro-tSlal.coxo-femoral. cubital orscaputohum oral joints. 
The synovial.membranes are swollen,-hyperemic and-discolored but the joint 
capsule and arti.n lar surfaces appear norm al.

M icroscop ically , hyperplasia of synovial lining cells, villous hypertrophy 
aad extensive mononuclear infiltration are noticed.-

Degenerative a rth ro p a th y  O s te o a rth r i tis -d e fo rm a n s
This condition should be distinguished.from the conditions o f  jo in t resulting 

from arthritis. lm arthropathy* d o  inflammation • occurs initially, but is an

L
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ageing process Normally, the young cartilage is white and translucent. At 
ages it become* opaque, yellowish and less and less elastic. T o start w ith, it, 
cartilage cells undergo hydropic degeneration and fatty changes The fibril, 
the cartilage become visible. Subsequently fissures form on the cartilage Г,tli 
wed by fibrosis o f  the ground substance. The cartilage s o o d  becomes sepai,. 
and eroded, exposing the bone underneath, The older cartilage has lost its p„ 
o f regeneration and growth aDd so repair does no t occur.

The cartilage being avascular depends on the synovial fluid for its nutriln. 
So any changes that may occur in the synovial fluid as a result of ageing pro, • ■ 
may contribute to the degeneration of the cartilage. When u 'ceration of il„ 
cartilage occurs, the bone is exposed and subjected to stress, ̂ and becomes >, u 
rosed aed  fiar&fcburDatioD). Granulation tissue grows from the exposed ben,- 
of the two articular surfaces and thus fills the articular cavity. This tin,.. 
subsequently becomes ossified resulting in ankylosis At the m argin orcdi-- 
o f the joint are formed periostuic exostoses.

The synovial membrane becomes fibrous and thickened th e  villi been ,, 
thickened, fibrous and long and contain fatty tissue. Occasionally near the «*■ 
of degeneration, some cartilage. cellsTproIiferate and form into small nodu1-. 
which may be calcified following degeneration. These nodules may bacon» 
detached into the articular cavity. "  .

Causes are obscure The following are noteworthy :
1. Probably it is an ageing process.
2. Repeated traum a—as in concussion sustained by working horses . ■ 

hard road>; sprains-
3 Obesity
4 Faulty circulation.
5 Absorption of products of faulty digestion
R in g b o n e : This is a condition of degenerative arthropathy affecting u.

inter-phalangeal articulation of horses, resulting in ankylosis and lameness
The articular cartilages may be destroyed resulting in ankylosis duo to uni 

o f  the articular ends of the bones by granulation tissue which becomes ossih , 
So ankylosing arthrosis results —articular ring bone.

More often thebe is chronic inflammation o f the periosteum and the ligaiu. 
tal apparatus due to  repeated concussion and this—results- in- p e r ia r tic u la r  tU , 
bone, in which the exostoses occur as a ring round about the ends o f bones Sm, 
times these periarticular exostoses may fuse bridging the jo in t and fixingjTl.

Spavin : Thisrb arthu-pathy of the tarsal .joint affecting its d istal^igd mm,
’ parts. Ankylosis may result The condition, first starts with degeneration of im 

cartilages of the second and lhird tarsal bones. Subsequently o ther tarsul » 
m etatarsal bones may be involed

The normal white or bluish cartilage undergoes degeneration, becoming «i» 
que and fibrous. It breaks down and ulcerates. G ranulation tissue from il., 
exposed bone grows and fuses with that growing from the opposiie end Wl 
tbis.becomes ossified, the joint becomes ankylosed No periarticular chan, 
may be noticed So such a condition is known as occult spavin.
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In some cases, tbe synovial membrano may become thickened due to  irrita
tion. The fibrous layer o f  the articular capsule proliferates and then becomes 
ossified, resulting in large exostoses, which can be easily seen on tbe internal and 
medial aspects of tbe bock jo in t  These exostoses pinch the cunean tendon and 
so pain may be caused, resulting in lameness.

A nkylosing spondylosis In this condition, the small vertebral articulations 
become ankylosed. t

In tbe dog it is due to  the protrusion of tbe nucleus pulposus irritating the 
periosteum and tbe ventral spinal ligament, resulting in exostoses which may 

--subsequently fuse and join the vertebrae. -<•£
In bulls also this condition is met with in those th a t are used for stud. Due 

to frequent trauma attendant on their work, there is constant irritation. The lum . 
bosacral region is more often affected causing paralysis or ataxia.

P ro tru s io n  ol in te r-verteb ral discs 

This condition is met with in man and dog.
Normally, tbe intervertebral disc consists of a  central nucleus pulposus which 

is semisolid mucoid connective tissue. This is enclosed in a thick fibrous coveri
ng, the annulus fibrosus. Due to violent trauma and degenerative changes in 
senility, there may be a  rupture in the annul us, from which the nucleus pulposus 
escapes and becomes displaced. The susceptibility o f the disc to  degeneration 
is inherited. Usually two forms o f displacement occur: (i) dorso-lateral pro la
pse o f  the nucleus pulposus into the spinal] canal, (ii) ventral prolapse beneath 
the spinal ligaments. In this variety due to formation of osteophytes ankylosug 
spondylosis results.

In the chondrodystrophic breeds (Dachshunds, Pekingese, French bull dogs), 
a t a  very early age, the nucleus pulposus becomes cartilageuous, which later 
becomes degenerated at.d calcified. So the nucleus pulposus, which is normally 
a gel and so able to v kastaad  shocks and transmits' pressures uniformly [to the 
annulus fibrosus, becomes transformed into a cheesy mass which crumbles easily. 
This material transmits pressure to localised portions o f  the annulus, which 
also undergoes degeneration. Its lamellae become hyalinised and later sp lit 

In other breeds, the  above changes occur in mid or later life.

The displaced nucleus pulposcs presses upon the spinal cogd producing n e r  
vous lesions. The p ro t r u y o n ^ th e  disc may occur at any levsl^but occur$$more 
frequently in the lum bar region or in the posterior tnoracic region. Complete 
paralysis o f the posterior region may be noticed. Pressure bn  the spinal cord may 
produce hemorrhage and necrosis in the involved area. Wallerian degeneration 
of the nerves may be noticed in the spinal nerves arising from the affected 
region as well as demyelination o f nerve tracts

Symptoms in c lu d e : (a) pain with exaggerated reflex movements which may be 
intermittent ою ссиг over long or short periods (b) Partial paralysis of the 
limbs (c) Violent reaction to stimuli—spastic type, (d) Rapid progressive para'y 
sis and early death due to  respiratory failure.
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BURSITIS
Inflammation of the bursa over the joint is bursitis. This is of- frequent! 

occurrence-in animals. Examples'of these are :
Hygroma o f  the carpal joint incows and ’ capped elborror hock joints o f’ 

horses.
Сгцвед :
I Trauma, especially, if repeated.
2. Over-ute
3 Infection (brucella infection in cows produces Hvgroma; and in horses 

•‘Fistulous withers.” and r*Poll evil” ).
Macroscopically.the inflammation may be serous, serofibrinous Or purulent. 

Trauma produces serous type and one example is the serous bursilis o f  hock 
joint in' the'horses. This is called Bog spavin. Here the joint is filled with serous 
fluid

Pole evil is the inflammation pf the bursa between ligamentum nuchae and 
atlas and axis

Fistulous withers is the affection bf bursa between the ligtftnnlftitt 'riuenac 
aixd Ihe-thoracic spines. The inflammation isa  suppurative granulomatous oue 
in which fistulae open on the surface of the skin

Cause* maybe traumatic, parasitic (Onchocerca ctrricallfj Or BrD'ciUa abor- 
ibs add Actinomyces b^vis. The Suppurative and'grahUldmatous reaction is attri
buted to the two organisms,- infection occurring hematogenously

Navicular-disease : This is bursitis and arthritis involving the distal sesse- 
moid or navicular bone in the horse. Usually the fore limb is affected:

First there- is serous inflammation of-the lining membrane of the podotrocb- 
lear bursa, with-hyperemia. This is followed by erosion and ulceration o f  the er- 
ticular. cartilage, oyer which the flexor.tendon passes. Dpeto.the. changes in the 
cartilage, the tendrills of the tendon become frayed and ultimately rupture o f the 
tendon may. occur, Later the bone is inflammed, becomes rarefied pad may 
fracture.

Infectious synovitis •• This is a chronic disease o f chicks. Morbidity and 
mortality are low. The characteristic lesion is a purulent synovitis of the leg 
joints

Cause): : 'Mycoplasma synbMae and Si у  CO plasma rfaUisefticwn.
Infection occurs in Chicks, 12—14 weeks of age, by' ingestion and the incu

bation penodis 24 to 80 days.
Symptoms seen ate :— emaciatipp, jptarded growth, pale, comb, distended 

hock joints and swollen foot pads and lameness.
M acroscopically, in the early sfiges is found a creamy exudate in thesyno- 

nal membrane of the joints, especially thosu of the hock and foot -This mate
rial becomes caseous as the disease progresses The surface of the -affected -joints 
becomes yellow or orange.

In the early septicemic stage, the spleen, liver and the kidneys may be 
swollen.

M icroscopically, brain may show glios's and degeneration of burkiuje cells. 
In the liver and spleen there is proliferation of the reticuiar cells of the reticulo
endothelial system. Bile duct proliferation may also be seen,
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Wjtb timely treatment using antibiotics the disease can be cured.
Sometimes a focal infiltration by mononuclears and necrosis of the myocar

dium and fibrinous pericarditis may by noticed. Thymus and bursa af Fabricius 
may be atrophied due to degeneration of lymphoid tissue,

DISEASES OE SKELETAL M USCLE
A trophy:
Etiology :
1. Senility  : In old age there is gradual atrophy o f all muscles. But cattle 

and swiue are slaughtered young and so atrophy is not seen in them. In dogs, 
milch cows, horses and ewes which are allowed to grow old. atrophy may be 
observed. It is likely that there may be under nutrition or the animal is not able 
to  metabolise available nutriments in old age. The muscle cells are not able 
to  assimilate the nutrients and so catabolism exceeds anabolism.

2. Disuse : This.is seen in fractures of bones when the parts are immobi
lised for long periods and the muscles therefore are not utilised. Disuse of the 
limb may also occur due to pain as in rupture of a tendon, acute arthritis, anky
losis and diseases of the bones and muscles.

3. S ta rv a tio n : Sufficient food is not available to make up for the cata
bolism that takes place.

4  Atrophy of w asting d iseases , cachexia and m alnu trition  : In chroDj 
wasting diseases like tuberculosis and Johne’s disease; in debilitating conditions 
like neoplasia; in cachexia and in malnutrition, the food digested is either not 
effectively metabolised or is not used by the body and so atrophy results.

5 Denervation : When a nerve is injured or severed, the muscles supplied 
by it become paralised and atrophied. Examples are; a) Atrophy of laiyngeal 
muscles when the recurrent laryngeal nerve is injured (Koaring;. b) Atrophy of 
supraspinatus muscles when the suprascapular nerve is injured, (c) Atrophy of 
muscles in lesions of the central nervous system—poliomyelitis, protrusion of 
intervertebral disc, tumors etc.

6. Pressure; Continuous pressure on the muscle, producing ischemia 
locally and interfering with movement wiU cause atrophy The cause of pressure 
may be tumors, abscesses, cysts, ill-fitting, collars and saddles as well as infiltra
ting lymphoid cells in neoplasia of these cells.

M acroscopicaliy, the muscle which is normally pick, loses this color and 
turns pale, grey or brown. It is firmer due to replacement by fibrous tissue- Due 
to uneven atrophy of different muscles, disfigurement may occur. Skeleton"! 

- becomes prominent.
M icroscopically , the size o f tbe muscle fibres is reduced. Sarcoplasm may 

become so reduced and in some places may even disappear, that the sarcolemmai 
nuclei become prominent. There may be deposition of ' ‘wear and tear”  pigments 
a t the poles of nuclei giving the muscle a 'b ro w n  color—'brown atrophy’ The 
cell nuclei may proliferate and fill the empty sheath.

As the etiological factors for atrophy also cause degenerative and necrotic 
chang.-s, cloudy swelling* fatty degeneration and coagulative necrosis may be 
encountered.
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In later stages there may be infiltration of fat in some areas (atrophia ii ■ 
m atosa) and fibrosis in others.
Inflam m ation  o f m uscles :

M y o s itis  : Inflammation of the muscle is called myositis. This may m 
acute o r chronic.
The routes o f infection and causes are :

I ) ' Traum a. 2) By duect extension from lesions o f  neighbouring artliii . 
osteitis o r periostitis. 3; In pyemia, hematogcnously. 4). By parasitic infcrli

A cnte  m yositis may be non-suppurative.
Best example o f  acute non suppurative m yositis is Black quarter in tJ"i* 

and sheep. In  this condition, the organist^ , C lostrid ium  cAauvpef causes tpll ■ 
m ation and necrosis of the muscles with p roduction  of gas.^T K S^ihuscle 111», 
are to rn  by the gas bubbles. Local hemorrhage is present and the area is 1*1». * 
due to form ation of black iron sulphide. Regional lymph nodes are actimli 
congested and parenchymatous organs show fatty  changes. Serous cav i m 
contain blood stained serous fluid.

M ic ro sco p ica lly , there is necrosis o f  the muscle, infiltration by n e u tr» |' 
aad clumps of the anaerobe.

S u p p u ra tiv e  m y o s itis : Hematogenous infection m ay occur from  other I. 
as in Strangles and Glanders. Infections m ay occur in lacerating and peneiran. t 
wounds or by extension from adjoining areas.

The usual changes o f suppurative inflam mation are fo u n d , viz. abso 
or phlegmon Microscopical appearances are typical o f  any o ther suppurnii.* 
inflam mation with a great outpouring o f  netrophils. The muscle fibres undi , 
liquefaction following coagulative necrosis.

S eq u e la e  : As there is loss o f muscle tissue, healing is by means o f fibi 
tissue proliferation and scar form ation. If  severe, septicem ia may result.

C h ro n ic  m yositis : Examples are found in infections by Actinomycosis n  
Aetinobacillosis. The muscles of the tongue, cheek and th ro a t are affected и 
lesions consist o f chronic suppurative m yositis in which the “ Sulphur granulr* 
are noticed in a mass of inflammatory granulation  tissue. There is infiltrii"* 
by large num ber o f lymphocytes, neutrophils and plasm a cells. Muscle Шин 
are destroyed.
P a r a s i t ic  m y ositis  : The following parasites are found to  infect the muscle.', 
animals.

i) T oxoplasm a.
if) T r ic h in e lla  sp ira lis  is found  in m an, pig and o ther anim als. The hits» 

are encysted in many muscles, especially those o f  d iaphragm , intercostal mu* n. 
an d tongue . The cysts are parallel to  the muscle fibres which undergo granul* 
degeneration o f  the sarcoplasm, intense infiltration by eosinophils, plasma c< Hi 
histiocytes and lymphocytes occurs, Sarcolemmal nuclei proliferate. The encysiM 
larvae may be alive for as long as 20 years.

iii) S a r..o sp o rid ia  are present in the skeletal and cardiac muscles ol «и 
species o f anim als. No specific disease has been . a ttributed to  these paraiil* 
T hough light infections cause no percep tib le  symptoms, heavy infections m
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be responsible for Iimeoess, weakness, paralysis, emaciation and sometimes even 
death. Parasitised muscle fibres are destroyed by the parasite and the adjacent 
cells undergo pressure atrophy, 
iv) C ysticercos, (Measles!.

ai C ysticercus td la lo sa e  : The bladder worm of Taenia solium , a  tape
worm of man, infects the muscles of pig The muscles o f the shoulder, neck, d ia 
phragm, tongue, intercostals, abdominal and cardiac muscles are affected. Heavy 
infection may result iu fatal anemia and cachexia.

b) C ysticercus boris is the intermediate stago o f tape worm Taenia saginata
o f man, found in the muscles of cat le. All muscles may be a affected but especi. 
ally those of tongue, mastication and heart are m ore often infected. -

c) C ysticercus 'o ris is the intermediate stage o f dog tape worm Taenia ovis 
and is found in the muscles of sheep.

- Diseases of unknown o rig in  
E osinophilic  m y o s itis :

Л: C attle  and S heep :
Very rarely,at slaughter, yellowish green areas may be noticed in the lingual, 

oesophageal, cardiac and diaphragmatic muscles o f  cattle and sheep.
The green color fades on exposure to light.
M icroscopically , large numbers of eosinophils, histiocytes, plasma cells and 

lympho.ytes, are found between the muscle fibres and in tissue spaces. Though 
extensive degeneration of the muscles may not be noticed, in some places necrosis 
and invasion o f  muscle fibres by the eosinophils are observed. In more chronic 
cases fibrosis is evident.

[here is some suspicion that the condition may be a m anifestation o f allergy 
and sarcosporidia are mentioned in this connection as the sensitising factor..
B. Dogs.

Clinically, the condition involves the inasseter, temporal and pterygoid 
muscles chiefly. Other muscle* may be affected. The roaseies o f  m astication are 
enlarged bilaterally so that-opening of the mouth is painful and m astication is 
interfered with. The eyes bulge out, resulting in. keratitis and corneal ulceration, 
since eyelids cannot close fcompletely. German shepherds_and Alsatian* are more 
often affected. As the annuals cannot eat, they die finally, of inanition.

The local tonsillar and mandibular lymph nodes are also swollen. Blood 
picture reveals high eosinophilic count upto as m uch as 90%. Temporary re
missions may occur but are followed by repeated attacks and the anim al finally 
dies. X  . -

M acroscopically , the affected riUiscies which are swollen and h a rd -to  the 
touch, show grey and red streaks and white and yellow spots Hemorrhage is 
present The regional lymph nodes are congested and swollen.

M icroscopically , there is heavy infiltration o f eosinophils, lympbyocytes, 
plasma cells and macrophages into the muscle, producing atrophy, and hyaline 
necrosis, vacuolar degeneration and lysis of muscle fibres. Hemorrhage is com
mon. The necrotic muscle is removed by macrophages and fibrosis follows. In 
the liver is found periportal lymphocytic infiltration.
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Cause : Unknown. Some kind of allergy is suspected... Probably n me 
tional problem, Vitamin E deficiency, may have something to do with the i .. 
dition
W hite m uscle d isease  ; $ tiff- lam b  disease.

This is essentially a coagulative necrosis o f the muscles due to  van, 
causes. The disease occurs in calves and lambs and csd be produced in raid... 
and guinea-pigs, The clinicai picture is classifird into three main types.

1 The s tif f  type ; The head is carried low and has a drooping ром... 
Animal experiences difficulty in rising and walking. While walking, the gall 
stiff The weight-bearing and active muscles,-for example, muscles o f  the i n . . , 
and ijuatters. diaphragm, heart and ititercostals, are mostly affected In lam 
this is the form encountered and the animals are always recumbent and do ». 
like to  move. On forcible movement, they have stiff gait and wobble. (.It. > 
lamb disease)

2 The re sp ira to ry  type : .  Here the muscles of respiration (diaphragm a. j 
intercostal muscles) are affected and the animal may show symptoms of retpli» 
tory distress

3, The card iac  fo rm ; in this type, animals show considerable wr... 
aess, inability to stand, rapid pulse and low blood pressure. Since the bean , 
affected and weakened, exertion brings on respiratory distrees and even ill ».i 
In animals with cardiac involvement alone, sudden death occurs without ... 
other symptoms.

M acroscopically , those m usJes, which are continuously active, viz , dia| > 
agm and intercostal muscles, show the changes. The muscles are bi)aici,.u, 
affected and are pale like fish fiesh The whole muscle bundle may not bo ill 
ted but only a part o f it will show the change. The muscles become haul ... 
wooden. The paleness is due to loss of myoglobin which is excreted in the un 
The change in color is also due to changes in optical characterirtics of " 
muscle protein when it becomes coagulated. Pneumonia, edema, hydrolhi.i •• 
C.V.C ofliver and hydropericardiura, will be found when beait is involv. i 
Heart shows yellowish or grey streaks or patches. The left ventricle ii in. . 
dfleii affected

M icroscopically the muscle fibres are swollen with loss o? strialion and » . 
widespread hyaline degeneration. This progresses to coagulative neir.. 
Fibres are fragmented and may completely disappear. Marked sarcolemmul p. 
liferation is present Some fibres may be calcified, Infiltration ,by macroph». .

- and lymphocytes is seen. Similar lesions may be found in the heart. I n .......
places healing,by fibrous tissue is evident.

One noteworthy feature is that the nerves and C. N. S. are normal wiili i 
showing lesions.

Clinically the serum glutamic oxaloacetic transaminase (SGOTl level »>M 
be more than 300 units while the normal is less than' ПХ) units.
Causes •.

J. Vitamin E  deficiency : Vitamin В is an antioxidant and in its ah. 
oxidation in the muscles is increased to 40£> limes the normal and so degr и. 
lion and necrosis occur.
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Vitamin E deficiency may occur in the following manner, 
a) Dietetic deficiency.
bj Feeding too much of cod liver oil. The unsaturated fatty acids in th 

4od liver oil antagonise Vit E.
2. Selenium deficiency ; Selenium is required in minute quantities. In its 

absence muscle necrosis occurs. Selenium deficiency can occur in the following 
manner.

a) Deficiency in the soil;anima)s that are grazed on fodder grown on soils 
deficient in selenium suffer from the diease.

b) Excess o f sulphur, used in fertilscrs, inhibits the uptake of selenium
by plants. ^ i t '

3. Vitamin В deficiency : It is found that Thiamine deficiency, especially, 
produces cardiac necrosis. Deficiency can occur in animals when the ruminal 
flora are not active to synthesize the vitamia as occurs in cobalt deficiency.

4 Abnormal rum inal ferm entation : Some tor.ic products are probably 
produced in tbe rumen that cause muscle necrosis

5. Deficiency of cboline produces muscle necrosis in rabbits (experimentally)
6. Vitamin A deficiency : Probably vitamin A deficiency produces this dis

ease in swine
1. M ultiple deficiencies : Lastly, in starvation as occurs during drought 

and malnutrition, multiple deficiencies of vitamins and minerals (phosphorui) 
may occur and muscle necrosis may be encountered. Similar lesions are seen in 
hypothyroidism.

AZOTURIA (equine m yoglobinuria, Monday-morning sickness;
Paraly tica hemoglobinuria)

This disease in the horses, literally means “ nitrogen in the urine.”
Azoturia is found to occur suddenly in horses going to work after complete 

rest for a few days but maintained on full work-rations. Tbe animals suddenly 
stop, sweat, shiver and show great suffering from pain in the lambar 
region. -The affected muscles, which are those of gluteal, lumbar and femora) 
regions, are swollen and-board-iike. Soon the animal .passes coffee colored 
dark-brown or black urine since it contains large quantities of mygolobin. 
Animals lie down and soon die. Those that survive, are weak and it takes a 
long time for them to recuperate and for the atrophied muscles to regain their 
normal state.

Pathogenesis .
In normal muscle contraction, muscle glycoges is converted into pyruvic 

acid (CH3COCOOH) Due to inadequate oxygen,only 1/3 of this is oxidised to 
СОг and U2O to liberate energy. The rest is 1 Converted into lactic acid 
ICH, CHOH СООЯ) which is converted into glycogen in the liver and used again 
When the animal is a t rest but well fed, the muscles are well stored with 
glycogen. When it is put to work suddenly much of this glycogen is convened 
to lactic acid in the muscles and large amounts of this stimulate extreme con
traction of the muscles, which become hard (board-like/ In the contracted state 
of muscles, blood circulation is poor and so oxygen supply is reduced. Under 
this hypoxic condition more of lactic acid is formed (from pyruvic acid) which
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still further contracts,the, muscles and so greater a irta iliu ea t.o f blood,flowoccuu 
leading to  still greater reduction ol' oxygen supply.

Thus a-vicious circle,is established, the  net result being,that the muscles do 
not get sufficient'amount o f oxygen and n u trition , and so necrosis results. 
Necrosed muscle liberates myoglobin which is excreted in the m ine. Large masses 
o f  myoglobin in the urine appear to .producerenal .blockade., renal .ischemia and 
lower nephron nephrosis, wherein the epithelium o f the distal convoluted tubu 
les as well as th<t of Henle’s loops are. degenerated, some o f which become nec
rosed and desquamated. Renal vasoconstriction, that may be caused by the same 
factors responsible. for the hemoglobinuria,.produces.renal ischem ia.. This condi
tion causes degenerative change! in  the tubules and so anuria and fatal 
uremia result

M acroscapically , the affected muscles.are swollen, pale and have increased 
am ount c f  interstitial fluid.

The affected,kidneys, are swollen and .on section the  cortex is brownish and 
medulla has reddish streaks.

Urine, shows granular reddish casts and a few hyaline casts..
M icroscopically, the changes in the muscle are those o f  Zenker's degenera

tion, in which the muscle becomes a  homogeneous hyaline mass without striation 
The fibres may be fragmented There may be disappearance of all the constituents 
o f  the muscle fibre excepting the sarcolemma and  fibrous strom a This is thc 
cause of atrophy noticed in surviving.animals. In animals that survive regene
ration may occur, but it is a very slow process

In the kidneys, lesions are found mostly in the tubules. The epithelium of the 
proximal tubules may be degenerated .and all stages from cloudy swelling to nec
rosis are encountered Desquamation o f epithelium occurs. Sim ilar changes may 
be noticed in the epithelium o f Henle’s loops and distal convoluted tubules 
The lumens o f the tubules may contain , besides the desquam ated cells, masses 
o f myoglobin. These form granular pigmented casts. A few hyaline casta 
may also bo found.

D eath is due to renal insufficiency leading 10 uremia.
T U M O R S

. “  Prim ary :
Rhabdomyoma, rhabdomyosarcoma, lipoma, liposarcom a, fibroma, fibrosai 

coma; myxoma
Secondary
Metastases o f carcinoma and.sarcom a, are not frequent since muscle docs 

riot afford a su itab le‘bed’ o r 'so il ’ for them to g to w i- 'T h e  following may be 
found occasionlly:

Lymphosarcoma, adenocarcinoma, m elanoma, and angiosarcoma.
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T H E  E N D O C R I N E  G L A N D S
{ Revised by Dr. A. Rajan )

General outlines of hormonal action 
The Thyroid gland 

Function 
Cysts 
Atrophy 
Hypothyroidism 

cretinism 
Myxedema 4- 

Goitre •'
Parenchymatous
Colloid
Nodular or adenomatous 
Exophthalmic 

Thyroiditis . 
llashimoto’s struma 
Subacute granulomatous 
Riedel’s struma 
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- 4 -

The endocrine glands атс ductless glands and are of vital importance to the 
:lbody since, through their hormones, they act as/chemical regulators. These 
glands have widespread and specific influence on various procesess connected 
with metabolism, growth and reproduction. For example, the parathyroids con. 
trol the metabolism of calcium and phosphorus, the thyroid that o f  iodine, adre
nal cortex that of sodium and pancreas (lsle.ls of Langerhans) that o f carbohyd
rates.' The anterior pituitary controls the grbvvth. Gonads and the anterior 
pituitary control repoduction.

4 8 5
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G enera) outline of horm onal re la tio n  :
The anterior pituitary controls the activities of most o f other glands and is 

called “ the conductor o f endocrine orchestra” . Through ncurohumoral path
ways via the hypothalamus, the anterior pituitary is connected to the central 
nervous system and so to a certain extent, the endocrine system is under nervous 
control. In most cases, the anterior pituitary doses not act directly on tissue celts 
but through the mediation o f another endocrine gland which is called. “ Target 
gland” . The hormones affecting these target glands are “ tropic”  in character. 
Direct influence of (topic hormone on tissue cells is exemplified by the action 
ot lactogenic hormone o f the anterior pituitary on mammary glands in which 
milk secretion ^stim u la ted . iXrojphicis also spelled as tropic).

Adrenal medulla has no tropic hdrmone for its stimulation,~but it is under 
the direct control o f central nervous system, eg liberation of adernaline in fright.

In the case o f parathyroids, neither tropic nor nervous influences ate pre
sent since they respond directly to the body tissues, eg. hyperplasia o f parathy
roids in hypocalcemic states.

Tbe hormones of the target glands have an inhibiting action of the anterior 
pituitary. This is a ''feed  back mechanism” or servomechanism This may be 
brought about by the action of the. hormones of the target glands directly on 
the r itu ita iy  or indirec'ly through inhibition of the “ releasing factors”  in the 
hypothalamus. Hypbthalamus stimulates the anterior pituitary through certain 
factors called 'telasiug factors’ to produce the corresponding hormones by it 
For example, corticotropin releasing facror or harmone for ACTH fC R F), thy
rotropic hormone releasing factor (T« F) and similar releasing factors for 
STH.I.H and FSH Hypothalamus may bestimulated for the release o f  tbe factors 
hy the hormones of the target glands or by stimuli arising from higher centeis. 
This servomechanism acts as a safety valve so that over-production o f tropic 
hormones is prevented and thus the energy metabolism is kept under control. 
Therefore, continuous administration of an excess o f target gland hormone will 
produce atrophy of the corresponding tropie-hormone-producing gland.

Hypothalamus produces some inhibitory hormones like prolactin inhibiting 
harmone (РШ ) in mammals and growth hormone inhibition hormone otherwise 
called SOMATOSTATIN' T f

Com pensatory atrophy : This may be seen in a gland if there is prolonged
administration of its own hormone: eg. tumor of one adrenal will produce 
atrophy o f  its pair.

Exhaustion  atrophy : i f  t h e r e  is c o n t i n u o u s  s t i m u l a t i o n  o f  a t a r g e t  g l a n d  by 
its t r p p i c d i o r m o D e ,  e x h a u s t i o n  a t r o p h y  o f  The s t im u la t e d  g l a n d  o c c u r s '  ( a f t e r  a n  
in i t i a l  p e r i o d  o f  h y p e r p l a s i a  a n d  o v e r - p r o d u c t i o n  b y  th i s  g l a n d ) .

An animal may be affected by diseases of the endocrine glands and such 
disease processes may be the result o f .*

1. Hypofonction of the gland. This may be due to .•
(a) congenital hypoplasia
(b) destruction ol the tissue by

i) Disease processes ; i n f l a m m a t i o n ,  t u m o r s
ii)  A t r o p h y —-o f  u n k n o w n  or ig in ,

i i i )  Thrombosis and e m b o l i s m .
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2 )  l l y p e r i u n c t i o n  :
i) Tumors

ii) Non-neoplastic hyperplasia.

TH E THYROID
Thyroid is situated in the cervical region, and consists of two lobes connec

ted by a narrow istbmus. The gland is composed of follicles (the thyroid follicles) 
which are-closely apposed to each other. These are supported by a delicate con
nective tissue stroma. The gland is provided with a rich blood supply, A few 
lymphocytes are present.

The follicles are lined by a layer o f epithelial cells. The gland is very labile. 
That is to say, it is susceptible to various influences and demands for thyroxine, 
and hence the histological structure varies with function, breed, age, seasen, 
metabolic activity etc.

At stress, when thyroxine is most needed, the epithelium assumes a tall 
columnar shape and the colloid is resorbed But at rest, the colloid accumula
tes and the epithelium assumes it* normal s<ze and shape (involution).

The anterior pituitary through its thyrotropic hormone controls the function 
of the thyroids as follows : t l )  The thyrotropic hormone stimulates the trapp
ing of the iodides (2) Two iodinated tyrosine molecules are coupled to  form the 
tetraiodotyrosine under the influence o f the thyrotropic hormone. (3) Thyroxine 
after formation is combined with a protein to form thyroglobulin (molecular 
weight 680,000). This compound is hydrolysed by protease, when needed, under 
tbe influence of the thyrotropic, hormone and thus free thyroxine is liberated 
into the blood.

Hypothalamus, which is the controlling center for emotional activity relea
ses thyrotropic hormone releasing factor (TRF) which acting on the anterior 
pituitary causes the production of the thyrotropic hormone. Thyroxine may 
inhibit production of the thyrotropic hormone by “ feed back mechanism” or 
“ servomechanism” . T hii check is needed, for otherwise, due to continued 
stimulation of the gland, exhaustion atrophy of the thyroid may result. Emotio
nal disturbances through hypothalamus m ay. play a part in the production of 
thyroid hyperactivity, (See exophthalmic goitre later;. j .

G oitrogenic  substances : In the synthesis of thyroxine, iodine must first be 
absorbed by the gland as iodide, which is later converted-into an organic com- 

. pound by combination with tyrosine. Those substances, therefore.that inhibit these 
two processes, viz. uptake of iodide by the thyroid and its subseqent conversion 
into an organic compound, prevent the formation pf thyroxine. & low level o f 
thyroxine is a stimulus for the production of.thyrotropic hormone which causes 
hypertrophy and hyperplasia of the follicular epithelium. This is manifested as 
goitre. So there substances that are responsible for the production of goitte are 
called goitrogenic substances. Examples o f these are Pbcnothtazine; thiocya- 

■ nates, cabbage, linseed, soya bean, sulphonamdies.
The uptake or trapping of iodine by thyroid is blocked by thiocyanate and 

perchloride while thiourea, sulphonamides and phenolhiazine may prevent or 
-nhibit the synthesis of thyroxine. So these substances are known as antithyroid  
substances. Ultimately these substances may also produce goitre.
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Functions of [he thyroid  nod thyroxine.
The function of the thyroid through its hormone, thyroxine, is to maintain 

a high-rate o f metabolism in the anim af (that means, it raises the basal metabolic 
rate, BMR). The rate o f metabolism is affected by the hormone acting at one 
or more points, in the citric acid cycle. Since the enzymes that hie involved in 
this cycle are located in the mitochondria, it is postulated'that it increases the 
permeability of the cell membrane or the membranes 6f the mitochondria. The 
hormone increases also the number of mitochondria. So more metabolites are 
exposed to more enzymes of the mitochondria, thereby increasing ihe meta
bolism.

When thyroxine is administered, a number o f eftaymes, especially cytoch
rome oxidase, cytochrome C  aod suceinic oxidase increase iri the tissues. Oxy
gen utilisation is stimulated. Thyroxine causes increased utilisation of carbohy
drates, increased catabolism o f proteins and increased oxidation of fats as shown 
by loss in weight. Protein synthesis is enchanced by rhyroid hormones, through 
the mediation of mitochondria.

Central nervous system requires thyroxine. If it is'deficient the nerves are 
permanently damaged in the young growing animal and so it is lethargic, dull 
and stupid. Increased thyroxine stimulates the activity o f central nervous system 
and so the animal is jumpy, nervous, irritable and hyperactive.

Thyrotine causes hepatic glycogenolysis and so hyperglycemia is 'produced. 
It also affects the normal reproductive functions. ■ In hypothyroidism, androgens 
may not be produced and so thyroxine is required for libido, in the female the 
litter size may be reduced, millc production is lowered and cysts form in the 
ovary leading to sterility. It is necessary for esrruj and so in its deficiency, 
silent heat occur».

Lower environmental temperature causes release of the thyrotropin releas
ing factor (TR F) of the hypothalamus and so thyroxine is released which acting 
oy the  thyroid causes thyroxine production. This raises the.basal metabolic 
rat,e and so temperature o f the body is raised.

Therefore, thyroid controls the body metabolism and so. is necessary for 
proper physical, sexual and mental development and function.

C y s t s C y s t s  may be ultimobtapchial duci.cyst* qr tbyroglossal duct cysts 
or parenchymal cysts. The former are seen either attached to the thyroid gland 
or embedded in the gland and are seen in the dogs The Cyst contains clear fluid 
and histologically the presence of ciliated columnar epithelial lining differenti
ates it from parenchymatous cysts

Atrophy - This may occur secondary to lesions in hypophysis or due to 
certain unknown causes. Glands become smaller. Sections show fatty meta
plasia of interstitial tissue Follicles become smaller and they are filled with 
basophilic colloid and corpora amylaceae. Connective tissue stroma is promi
nent and there is condensation of reticular fibres

Hypothyroidism : This occurs in areas where there is incidence o f endemic 
goitre due to deficiency of iodine in tho water and soill r>ue to deficiency of 
thyroxine, ihe basal meiabolic rate is abnormally low and so all the vital proces
ses are slowed down The condition found in young growing children is called 
cretinism.
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Cretinism  may be sporadic or.endemic.
Sporadic cretinism  occurs in young of healthy parents. There appears to be 

a genetic defect by which there is an inability to produce thyroid hormoue. Low 
blood level of thyroxine stimulates pituitary to produce . thyrotropic hormone 
in excess with resultant form ation of goitre.

Endemic cretinism  occurs in areas where the incidence of goitre is common 
in man and animals (due to iodine deficiency!.

Symptoms in man : The cretin is a  dwarf physically, sexually and mentally. 
Growth is arrested, bones are brittle, abdominal muscles are flabby leading to 
pendulous abdomen; skin is dry and cold; lips and face are swollen (month is 
h a lf  open always) aDd the tongue is large. The pa tien t is ejpcrmeiy lethargic . 
and has a vacant, idiotic look and the gonads a ie  ill developed) Vflm iS t was 
intended to be created in the image o f God has become what has been called the 
pariah of nature, and all for want o f a little iodine”  (Boyd)

Calves usually are either born dead or die w ithin a day or two Animals 
have myxedema and alopecia, The fetal placenta is retained. . There is swelling 

. o f the throat (goitre) and th'S may be so large that fetal dystocia may develop. 
Growth of cranial, body and limb bones is arrested Eruption of teeth and 
second dentition are retarded. Deafness, idiocy and hypoplasia of the pituitary 
may be noticed. Similar symptoms are seen in colts, lam bs, piglets and kids.

The young pigs show deficiency of hair, cyanosis o f  skin and subcutaneous 
tissue, edema of skin, shortening, o f  neck ithick neck) aDd limbs.

Hypothyroidism in ad u lts  is called myxedema and occurs in man at about 
the age of 40 years and is more frequently encountered in  females.

C auses- t) Thyroidectomy. 2) Following an earlier severe hyperthyroi
dism. 3) Atrophy and fibrosis o f  unknown e tio logy .. 4) Sequel to thyroiditis 

■ 3) hadio iodine therapy. 6) Hypopituitarism—decreased production of thyro
tropic hormone.

Clinically, the patient is lethargic, heavy and has no inclination to move. 
She is cold and feels cold. The skin is dry and rough and hair is lost. The face 
is puffed up and broad. T ht basal metabolic rate is low  and heart rate lower 
than  notmal (bradycardia). Serum cholesierol level is high. In the subcutane
ous and other connective tissues, there is an accumulation of mucoid or myxo
matous substance, which gives the puffed up appearance to  the face. Females 
are frigid and become sterile while males are im potent The thyroid gland is 
atrophic and hafd. In some places it is just a mass o f fibrous tissue. Toe glan. 
dular parenchyma is widely separated by §bcous tissue. Lymphocytes infiltrate 
the tissue and may also form, in some places, nodules.

Myxedema does not appear to  occur in anim als other than dogs, in which 
. the symptoms are obesity, alopecia, thick skin and lethargy. Serum cholesterol 

level is very much increased, but serum protein-bound iodine is low.
Hypothyroidism in cattle is manifested by sluggishness with agalactia, silent 

heat, retained placenta, still births and a tendency to purulent endomcirit/s.
In general, we find the fo llow ing  changes in hypothyroidism '

Decrease in : BMR;  oxygen utilisation in the User, kidney and muscles; 
number of mitochondria; blood flow;' cardiac ou tpu t; blood pressure; cardiac
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i ate (so bradycardia); nervous function and myelination (so animal is dull, 
stupid; sluggish and sleepy); gut motility; absorption o f  glucose; phagocytic 
activity o f leucocytes; scrum proteins (so myxedema develops due to decrease in 
colloidal osmotic pressure o f  blood); egg production in fowls.
Increase in ; body weight; circulation lime (due to weak heart) susceptibility ro 
infection. .

O ther changes noticed : constipation; hypophagia; weakness and hypotonia 
o f muscles; skin is dry andjjbrittle; loss of hair; thickened skin; dermatitis and 
retarded feather development

GOITRE ; л.
! Goitre is non-intlammatory aDd non-neopla'stic enlargement of the thyroid .

I. Parenchyamatous go itre .; This is also called the hyperplastic goitre or 
goitre o f cretinism and is congenital. This condition occurs in areas the soil o f  
which и  deficient in iodine and this results in iodine deficiency in animals and 
man o f j he locality As explained under cretinism, there is increased production 
o f Ithyrotropic hormotiq with resultant hvpetrnphy and hyperplasia of the thyroid 
epithelium : "—

M acroscopicatly, the. affected thyroid gland is enlarged, meaty, and firm. 
In very severe cases, cysts may be present The color is darker than normal due 
to increased vascularity

M icroscopically, hypertrophy of ihe follicular.epithelium is seen to start 
with. The cells become tall and plump and so encroach into the lumen that is 
either reduced in size or even obliterated. So there is reduction m colloids 
Later, there is hyperplasia o f  these cells and so one finds papillary projection 
into the lumen, completely filling it. There may be formation of new follicles in 
the midst of the newly formed clusters of the epithelial cells. Later when^xlja- 
ustion phase supervenes, the epithelial cells are degenerated and desquamated 
and fibrosis occurs. Himalayan goitre is characterised by prolonged hyperplasia 
and mild involutionary changes. There is pronounced stromal hyperplasia and 
when there is involution the stroma) reaction persists indicating previous hyper
plasia.

Microscopic picture may simulate a papillary carcinoma but in the absence 
of anaplasia of the cells and invasion of the basement membrane this can be ruled 
out.

I I  Colloid goitre  ;
This is also called simple goitre and is the more frequently seen form among 

animals, especially tdog$.iWThe thyroid glands are much swollen.
Causes : 1. Low levels o f iodine in soil and water. 2 .,Excessive demands- 

adoiescene, pregnancy. 3 . Diseased conditions interfering with assimilation of 
iodine—gastro-enteritis- 4 Ingestion of goitrogenic substances; Ihiouractl, 
•oya beans

The glands are enlarged Cut section is transluscent.
M icroscopically, the acini are widely dilated and contain watery, faint.y 

staining colloid. The epithelium is Rattened Colloid is deficient in iodine and 
thyroxine. Sometimes neighbouring acini may coalesce to form cysts Leakage 
o f the colloid into the interstitial space may occur due to rupture of cysts.
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Since ibis condition is supposed to be an involutionary phase of hyperplastic 
goitre, here and there some acini may show papillary projections o f the' epithe
lium. :

Usually no other symptoms except difficulty in swallowing and dyspnoea due 
to pressure o f the enlarged gland is noticed. This is not congenital.

I l l  N odnlar o r adenomatous g o i tr e :
Nodules o f  varying sizes, microscopic to several centimeters in diameter, are 

found very often in old and senile horses, dogs and cattle. . Some consider that 
this is an outcome of altercating hyperplasia, hypertrophy and involution affec
ting the gland. On section.- the nodules are translucent and may contain cyus 
or vesicles filled with gelatinous colloid.

M icroscopically , the picture is variable. All gradations may be found in 
different nodules, from the picture o f  a colloid goitre to that o f  hyperplastic 
goitre. But in a nodule, the picture is constant. In some nod-ales dilated acini 
Sided with colloid and having flattened epithelium may be present In other 
places, acini containing papillary projections of the epithelium obliterating the 
lumen, may be found Retrogressive changes, leading to necrosis with subsequent 
softening and liquefaction are responsible for cyst formation {pseudocyst). Tho 
connective tissue which is increased undergoes hyalinisation. Calcification (cal
careous goitre) and metaplasia into bone (osseous goitre) o f  the connective tissue 
may also be encountered.

C ystic g o itre  results due to  formation of the cysts by the confluence of 
smaller colloid-filled follicles. These are lined by epithelium. (Pseudocysts are 
just spaces without an epithelial lining).

Hemorrhage into follicles due to erosion of vessels causes hemorrhagic goitre. 
The conglutination of the fibrin produces rubber colloid.

Is nodular goitre neoplastic? This question has cot been conclusively settled. 
Some consider the nodules as adenomas while others as a hyperplastic involu
tion process only. The regularity o f structure in the nodules and want o f evidence 
оГ expansion by absence of compression o f the adjacent tissue make one consider 
goitre as non-neoplastic.

In some cases, the nodules are inert aud functiouless. But in some others 
thyroid hormone may be actively secreted when toxic adenoma is applied to  the 
condition. This condition is met with in horses and dogs with signs o f hyper
thyroidism

A hereditary predisposition (endogenous ,factor)  to . .goitre. is suggested. 
But there should be some exogenous factor (like deficiency oT-ijodine e tc .) ' to 
piccipitato the overgrowth Sexual excitement and pregnancy are also factors to 
be considered. Fluorine containing compounds have goitrogenic effects.

VI Exophthalm ic go itre  (Grave's disease, Basedow's disease) Primary . 
thyrotoxicosis

This disorder o f the thyroid gland found in man is probably not seen in 
a n i m a l s .  W o m e n  are more often affected than men.

Causes : The exact cause of this condition is still obscure. Iodine defici
ency is definitely not a cause Some kind of shock, probably psychic, connected 
with sex, is suggested as being causative. There is genetic predisposition of
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the condition/ Lesions o f  the an terio r pituitary is suggested by some. A long 
acting thyroid stim ulator (LATS), probably a gamma globulin, for the form a
tion of which lymphocytes and plasm a cells may play a part, is suggested to be 
o f etiological significance by some workers.

Clinically there may no t be enlargem ent o f  the thyroid.' The following air 
the characteristic symptoms: t. Exophthalmus 2. Tachycardia 5 Muscular
tremors 4. H igh В. M. R. and other symtoms of hyperthyroidism—weight 
loss, sweating etc.

M ac ro sco p ica lly , the gland is meaty, datker in color and on section is not 
translucent ba t fleshy.

M ic ro sco p ica lly ,th e  follicular epithelium is tall columnar and hyperplastic 
Papillary projections into the acini are often seen. Colloid is scanty in the 
acini and is th in  and watery, vacuoles may be present in the colloid near the epi
thelium suggesting the resorption o f collo id  by the cells. Throughout the stroma 
is found lymphocytic infiltration, sometimes to the extent o f lymphoid follicle 
formation with active germinal centres..Increase in vascularity is marked

O ther le s io n s  : l .  Lymphoid hyperplasia in thymus, Peyer’s patches,
lymph nodes and tonsils. 2 Lymphocytosis. 3 Myocardial degeneration and 
fibrosis. 4, M uscular weakness. 5. Increased amount o f fat and water in  tbo 
eye and the extra-orbital muscles are swollen and firm. Retraction o f eye lids 
occurs so that the  sclera are visible These lesions ate supossed to  be due to 
the action o f an exophthutm us producing subnanc*  (EPS! which is distinct from 
the thyroid stim ulating horm one bu t produced by the pituitary. Ultimately, 
exhaustion a trophy occurs with sym ptom s o f  myxedema supervening.
In general, we find tb e  fo llow ing  changes in  hyperthyroidism .

In c rease  in  : BMR; size o f  the skeleton in the young; oxygen utilisation 
in tbe liver, kidney and muscles: oxidation o f enzymes; num ber_o f  m itochondria 
(with swelling o f m itochondria); blood flow and cardiac output; blood pressure; 
cardiac rate (and so tachycardia); blood volume (due to vasodilatation); nervous 
function (so anim al is alert, quick, irritable, anxious, wakeful, restless and 
fatigued); m otility o f  bowel (so d iarrhoea and polydipsia); glucose absorption;

D ecrease  in : body weight; fa t depots; serum cholesterol level.
O ther changes seen  : Muscle weakness and ffemors; m obilisation of

calcium from bones and increased loss o f  this element in urine and feces (but 
blood Ca level is not altered) and hence fractures occur easily and frequently.

T H Y R O ID iT fS  may be classified into.

( S,
( “S f  { Kta*
( Trauma 

Irradiation

/  Hashimoto’s struma
V Subacute granulomatous
^ (Quervain’s thyroiditis)
l  Riedel’s struma

Infectious thyroiditis

Thyroiditis due to physical agents

D u e  to undetermined etiology
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Thyroiditis is less common in animals. But in generalised infections it may 
also get involved. Poor development o f the reticuloendothelial system, small 
arterial branches and smallness o f  the organ have been attributed as reasons for 
this. As an extension of a subcutaneous suppurative inflammation, lesions may 
spread to the thyroid.

llash im oto’s strum a (strum a lym pham atosa). It is relatively common in dogs 
end there is a genetic predisposition. Incidence is high in Beagle breed o f dogs. 
The cause is an autoimmune reaction. Thyroglobulin which is a secluded antigen 
leaks: out into the blood due to defect in the basement membrane and stimulates . 
antibody production. These antibodies are being formed by plasma cells and 
lymphocytes which, infiltrate tbe gland. Three specific antigen-antibody- systems 
have been described: (1)' Microsomal. (2) Thyroglobulin and (3) An altered 
colloid

Gtoss lesions arc not characteristic. Histologically there are multiple isola
ted lymphoid nodules with well formed germinal centres replacing the partnehy- 
mal tissue. The interstitial tissue and  the parenchyma show dense streaks Or 
collections o f lymphoid cells, plasma cells and large mononuclears. Larger or 
oval oxyphilic cells are occasionally seen in the follicles lAskanazy cells).

Subacute granulom atous (Q uervain’s) T h y ro id itis . Tbe diseasefollows.an 
acute respiratory inlection caused by a virus, i t  is associated with epithelial 
necrosis, disappearance o f epithelial cells aud infiltration by histiocytes,mononu
clears, fibroblasts aud muhinucleated giant cells.

R iedel’s strum a: The gland is very firm, haidand is adherent to the surroun
ding tissue. Histologically there is severe fibrosis and diifuse, moderate infiltra
tion wiih lymphocytes and mononuclear cells. The involvement is unilateral 
compared to th e  Hashim oto’s struma. There is no giant cell reaction.

Tbyrocalcitonin: This is a hormone produced by the parafollicular o r’C’ cells 
of the thyroid. These cells are independent o f the thyroid secreting follicular 
epithelium. The ‘C’ cells are larger and paler and are not incontact with the 
thyroid colloid. The cells are argyroohihe, slain mctachromatically with tolu. 
dine blue after hot hydrolysis. Cytoplasmic granules can be stained by strong 
bari.c=dyes after oxidation with perforrnic acid.

ihyrocalcilonin is a single chain polypeptide, consisting of 32 amino acids.
. Its molecular weight is 3000. It is now synthesised.

The function o f hormone is to reduce bone resorption and to m aintain Ca 
level theieby inhibiting osteoclastic activity Hypercalcemia stimulates- th t  rele- 

: ase of the hormone. Its action is opposite that o f parsiharmona. It is thought 
that in postparturient hypocalcemia (miHr fever) tfiero iv-suddemrelease o f tbyro
calcitonin. Tbis.is used as a therapeutic agent in tiypercalcemic state and in 
demineralising'bone ^disease. ! here is significant rise in thyrocalcitonin levc 
in the btood in thyroid medullary carcinoma.

Calcitonin enchances the excretion of sodium, phosphates and calcium.
‘ N eoplasm s of th e  Thyroid

Prim ary tum ors.
Adenoma in the horse while adenocarcinoma and adenoma in the old dogs- 

are more common. These tumors are found in areas of endemic goitre.



494 CHAPTER 23

M icro sco p ica lly , the adenoma resembles ibe parent tissue and may bodiffi- 
cult to differentiate. The Deoplastic *ciai are smaller with very little  colloid and 
•heir cells are byperchromatic. A connective tissue capsule encloses the tumor.

The cells o f the adenocarcinoma are highly anaplastic . and it is difficult 
to  identify them. Acinar formation is minimal or may not bo present but only 
solid sheets o f  cells which are cuboidal or cylindrical in shape may be present. 
Sometimes papillary arrangement is noticed. The nuclei are central, large and 
byperchromatic. Nucleoli are large and mitotic figures are numerous Where 
acini arc found colloid is absent in them. Capsule may not be present.

Mctastases are common in the malignant variety and secondary deposits 
are found ill all organs, especially in the lungs 
Secondary tu rners o f the  thyroid - . . . .
' Metastases from mammary tumors asd  lymphosarcomas are common in 
the thyroid.

THE PARATHYROID GLANDS
After birth, two pairs of parathyroid glands are present. In the dog one h 

situated on the thyroid at its antero-Iateral aspect and the other is found in the 
areolar tissue ju st anterior to the thyroid. Unless looked for carefully, the 
parathyroids are usually missed being translucent and merging with the areolar 
tissue la  size, these are small, and weigh about 0.1 gm.

Histologically, the gland cells are o f two types
1 C hief c e lls  or w ater-clear cells'w hich  are vacuolated.
2 O xyphil ce lls , the cytoplasm o f  which is granular and stains red.
The cells are arranged as islets or clusters in a vascular fibrous strom a.
Function : The main function of the gland, through its hormone, parathor

mone, is to  maintain the calcium-phosphorus balance. This is brought about 
in two ways.

1. by influencing the renal excretion o f phosphorus by depressing the 
renal resorption of phosphate, causing thereby phosphate diuresis and

2. by regulation of the osteoclastic activity in the bone—demineralisation 
of bone.

Parathyroid hormone helps in the absorption of calcium and mageocsium 
from the intestines.

Parathormone is a  _pro|ein having a moleculer weight o f  8500, Ц has a 
single chain Of 84 amino acids.

H y p erp ara th y ro id ism  !
May be primary or secondary
P rim ary  hyperparathyroid ism  is due to an adenom a, in which increased 

parathormone is secreted. Changes consist in osteopathy, nephrocalcibosis and 
urolithiasis. The osteopathythas already been described under reoal osteodystrophy 
(Page 4671 la  nephrocalcinosis there is diffuse calcium deposition intbfc .renal 
tubular epithelium. (Page 386). ,

Secondary hyperparathyro id ism  is found in :
1. Inadequate intake of calcium in diet; or imbalance of Calcium : phosphorus 

ratio.
2. Hypocalcemia due to vitamin D deficiency.
3. Steatorrhoea
4. Chronic renal failure—phosphorus excretion is interfered with.
5 Pregnancy and lactation—calcium is su}e-tracked to the fetus and milk 

respectively.
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ItLlhese-conditions there is a lowering of blood.calcium  or risi in the level 
of blood inorganic phosphorus leading to hyperplasia o f  the parathyroids. Ostei
tis fibrosa cystica and Rubber Jaw syndrome arc the sequelae in these conditions 
which have already been studied (Pages 467 and u68).

THE PITUITARY GLAND
The pituitary gland or the hypophysis is located in the sella turcica. The 

gland is divided into adenohypophysis and the neurohypophysis.
Adenohypophysis: This arises from Kmtbke’s pouch.which is an invagination 

o f the  pharynx This glandular part is divided anatomically into :—
i) Pars distalis-anterior lobq„.__. _  ^

ii) Pars interm edia- theintermediate lobe. -r
iii) Pars ttiberalis, which surrounds the infundibular stem.

Neurobypophysis : arises as a downward growth from the floor of the third 
ventricle

S tru c tu re  : Pars distalis is composed of three types o f  cells,at distinguished 
by the stainiDg affinities o f their granules.

t. The Chromophobes, which do not have stainable granules and are 
supposed to be immature cells. These form 50% of the cells.

2. The Aciddphils. forming 40% have granules taking up acid stains 
(red with eosion). These are PAS negative.

3. The Basophils, forming 10% have granules taking up basic stains (blue 
with hematoxylin). The basophils are again divided into the larger be ta  cells  
and the smaller delta cells

Neurobypophysis : The neurohypophysis is connected to the hypothalamus 
by. nerve tracts. This contains modified glial cells called “ pituicytes” .

Hormones : The adenohypophysis produces the following hormones.
By acidophils :

1. Growth hormone—STH
2. Prolactin.
3 Adrenocorticotropic hormone—ACTH (Doubtful)

By basophils;
1. Thyroid stimulating hormone ; T.S.H ( Chyrotropin)" '
2. Follicle-stimulating Hormone- F.S.H.
3. Leuteinising hormone—L.H. (In the male it is called Interstitial-cel) 

stimulating hormone, I C.S H.)
These are glycoprotein» and contain a carbohydrate. .The thyrotropin is 

believed to be secreted by the beta cells while the gonadotropins (FSH and LH) 
by the delta cells. -

The intermediate lobe secretes the melanophore stimulating factor, M .‘S. F. 
or hormone (M.S H ) See page 175.

The nenrofaypophysls produces : 1. The oxytocin and 2. The Antidiuretic
hormone—A.D.H, or Vasopressin These hormones are produced in the hypo
thalamic nuclei and then pass along the axons of neuro-secretory cells to be dis
charged into the small blood vessels of par.- nervosa, which is outside the blood- 
brain barrier.

THE PITUITARY G L A N D
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Tbe S o m a to tro p ic  H orm one (STH).- STH is specific, it acts oo all the cells 
(ectodeimal, mesodermal aDd endodermalt and influences the metaholism of 
proteins, carbohydrates and fats. This is a complex protein having 3v6 amino 
acids. It* functions are : ( I) increasing the growth of soft and osseous tissues. 
This is brought about by increasing the celt permeability to  am ino acids thereby 
favouring a build up  o f  tbe muscle mass of the booy and nitrogen retention. 
Growth hormone (STH) acts by stimulating the production o f Somatomedin* 
in the liver and Kidney and these are then released into the circulation These 
somatomedins act on tbe epiphyseal cartilage of bones, and help in the transport 
o f amino acids into cells for growth purposes It brings about protein synthesis 
by (i) interlering in protein breakdown, fii) inhibiting coversion of amino acids 
in to’u reaan d  (Щ) accelerating protein synthesis from am i.no acd s . (2) Pro
bably ST H  causes the release o f glucagon, which in its turn raises the glucose 
level o f  the blood by glycogenolysis in liver. 13) It probably prevents the entry 
o f glucose into the cell and also inhibitis the action of bexoKtnase So through 
(2) and t3>, S T H  is antagonistic to  insulin and so is 'diabetogenic’. Tbi9 ho r
mone has profound effect on lactation, which can be induced and enhanced by 
STH injections.

P ro la c tin  : This is a  protein with a moleeular weight o f  32,000. This ho r
mone also is necessary for in tiation of lactation Besides it has a  corpus 
liueum stimulating effect.

Adrenecorticotropic hormone (АСГН) i This is a protein having 39 amino 
acids The regulation and output of this hormone is intim ately associated with 
the hypothalamus and a servomechanism exists. The adreDal steroids act cn tbe 
hypothalamus influencing the amount of corticotropin releasing factor (CRF) 
discharged. Beaides external stress stimuli like hemorrhage, temperature, toxins 
and emotional states influence the release of ACTH by affecting tbe release of 
C R F

ACTH stimulates the adrenal cortex but not the m edulla. It increases the 
parenchyma оГ the cortex as well as its hormones.

ACTH stimulates the phosphorylase activity of the adrenal cortical cells 
thereby bringing about a  series o f enzyme-catalixed reactions which lead to p ro
duction of energy needed for corticoid biogenesis

T h y ro tro p ic  hormone (TSH). This a glycoprotein with a molecular weight 
between 10,hOO~a'n<fj-28,OQ.O. Its functions are (l) to control the uptake of iodide 
by the thyroid (trapping), J(2) to control the formation o f iodine-organic com. 
pound and later thyroxine and (3) release of thyroxine from  the thyroglobulin 
compound TSH also causes the hypertrophy and hyperplasia e f  the chief cells 
o f thyroid. I _

-F o llic le  s tim u la tin g  hormone(FSH)- This is a glycoprotein^with a molecular 
weight varying between 29,000 and 67,000 among various species o fa n im a ls , Its 
secretion is under the contro l o f ‘hypothalamus with a servomechanism Us 
release is also influenced by environmental conditions >uch as changing seasons 
and the length ot daylight. Probably, visual stimuli through hypothalamus 
influence it production

The function o f  FSH is to  control spermatogenesis in the male and deve
lopment of ovarian follicles in the female. It does not stimulate the Leydig 
cells or cause the production o f  estrogen,
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L u te in ls ln g  or In te r s ti t ia l  cell S tim ula ting  Horm one (ICSH1. LH is in tbe 
female while ICSH is in the male. It is a glycoprotein with a molecular weight 
varying in different species of anim als, from <iu,000 to 100,000.

LH ou tpu t is also regulated by tbe hypothalamus and there is a servome
chanism.

The function of the LH is to control the development Of the ovarian folll 
cle towards m aturation, cause the production of estrogens and ovulation (if 
FSH has already acted) It may also control the development o f  corpus luteura. 
In the male ICSH stimulates the cells of Leydig for secretion o f testoste
rone, causing steroid synthesis.

O xytocin  : Is a peptide con tain ing9 amino acids (with two sulphur m ole
cules.) It acts on (I) the'sm ooth muscle of the uterus and (2) on the m yoepi
thelial cells o f the mammary gland, causing their contraction and hence is use
ful in the contraction of the uterus (at the end of paruritioo) and in ejection 
of milk respectively

A u tid iu re tic  horm one (AOH) o r  V asopression, This is also a peptide having 
9 amino acids with two sulphur molecules. Its main function is to promote 
reabsorpiion o f  water from the urine by tbe distal convoluted tubules and col
lecting tubules This is brought about by increasing the size o f pores o r cha
nnels.

Regulation o f  ADH production depends on the water content o f  the body. 
Increased water content o f  the blood inhibits the release o f  AOH and so water 
is not absorbed by tbe renal tubules and so excess o f water is got rid of. W hen
ever there is decrease in body water or increase in  the electrolytes in blood, 
ADH is released and this m ediates the reabsorption o f water from urine, 
increasing the blood and body water, which dilutes the electrolytes and thus 
m ain ta ins homeostasis The osmoreceptors arc located in the supraoptic and 
paraventricular nuclei.

Pain favours ADA release leading to oliguria while ethyl alcohol inhibits 
ADH release and so we find diuresis after drinking alcoholic beverages.

Pituitary is subjected to various types of morphological alterations due to 
Dormal physiological processes and one should know these to interpret effectively 
the pathological processes. ’ ■ •

Ageing is characterised by accumulation of herring bodies and wear and 
tear pigments in pars nervosa and proliferation and hyalinisation o f sinusoidal 
reticulum in pars distalis causing splitting up of parenchymal acini. (Herring 
bodies are globules o f amorphous acidophilic colloiddike-material).-

Aplasia : Aplasia o f the hypophysis has been observed in Holstein-Friesian 
cattle, controlled by an autosomal recessive gene. Histologically there is eviden
ce o f  failure o f  differentiation o f acidophils.

C ysts Cysts are relatively common in dogs. They may be developmental 
cysts < Ratbke's cleft cyst; Craniopharyngeal cyst: Evagination cyst) o r acqui
red cysts’lcom m on in cattle and horses due to nutritional deficiency o f  Vitamin A 
or due to senility) Craniopharyngeal end of Rathke’s pouch may persist resulting 
in the form ation of pharyngeal hypophysis, a cystic nou-glandular s tru c tu re
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Cysts are common in short muzzled dogs and cross breeds, Cysts may be single 
or multiple and may be unilocular or multilocular. These are seen commonly in 
the periphery of pars distal is and pars tuberalis. Cysts are lined by cuboidal. 
columnar, ciliated columnar or squamous epithelium. Though cysts may be 
encountered only occasionally^ they cause functional disturbances.

Atrophy may be caused by the pressure of cysts or Tumors. Atrophy may 
be present to a great extent without signs of hypophyseal deficiency. Basophils 
aie more sensitive to ptessure than acidophils.

P itu ita ry  lesions in d iso rd ers of other organs :
Hypothyroidism : Adenohypophysis is enlarged and the large Beta basophils 

ate hypertrophied. The granules o f these cells become finer and disappear even
tually In severe cases, these Beta cells become vacuolated giving a spongy 
appearance to the medulla, where these cells are found in large numbers.

Gonadal deficiency : Gonadotropin-producing basophils become degranu-
lated and are transformed into hypertrophic amiDOpbils, a change characterised 
by enlarged nucleus, thinness and irregularity of nuclear membrane.

C ystic ovaries: This has already been considered.
S tr e s s :  In chronically stressed animals basophils.of both types store gra

nules This accounts for gonadal inactivity in such animals. The acidophils are 
hyperactive and may be completely degranulated or a few granulated cells persist 
adjacent to sinnsoids

H yperpituitarism  : This condition is manifested by overgrowth and proli
feration of bone.~ In man this is called ‘'G igantism ”  in young growing indi
viduals in whom the ossification of bone has not yet stopped and ‘‘acromegaly” 
in adults in whom no more growth occurs.

G igan tism : Gigantism is due to increased secretion of somatotropin in 
the young. The individual grows very tall and the skin and subcutaneous 
tissues show fibrous hyperplasia. Since STH is diabetogenic, glycosuria is a 
symptom. As this condition occurs in adenoma of the acidophils and since 
the neoplastic growth produces pressure atrophy on tbs basophils impolence in the 
male and amenorrhoea in the female are observed. If the patient lives beyond 
the age of epiphyseal fusion, acromegaly results. •

Acromegaly is the condition that is observed in the adult. Since no growth 
in the bone is possible, the bones become thicker and broader. The hands and 
feet are abnormally large (akros =  extremity; megale=enlargedl and the fingers 
are crooked and knotty, .. The facial bones become long andl-lhick, especially the 
jaw , resulting in’ prognathism. Viscera are enlarged (splanchuoriSSgaly or 
macrosplanchnia) and fibrous hyperplasia o f skin and subcntanecue tissue is 
common Nose, lips and ears become large. Kyphosis is aliosecnin  some. 
Impotence in the male and amenorrhoea in the female are other symptoms. 
Diabetes mellitus occurs due to diabetogenic action of the hormone. Eye lesions 
may be noticed due to pressure on the optic chiasma by the tumor.

Cushing’s syndrome: Basophil adenoma may produce the disorder. Conver
sely, hyperfunction of the adrenal cortex may cause changes in the pituitary. 
Details of this condition will be studied under adrenal gland.
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THE P IT U IT A R Y

H y p op itu ita rism : Since the pituitary is enclosed on three sides by bard 
bone, even slight enlargement o f some part will cause pressure atrophy on others 
and so corresponding decrease in the activity o f  the cells results.

C auses o f p itu itary  hypofnnetion : ) ,  Pressure by: (a) Tum ors, (b) Cysts: 
i  Inflammation, sclerosis; 3. Infarction, necro»i».4. Hydrocephalus—bulging of 
'he floor of the rentricle, S. Abnormal development. .6 Tuberculosis.

Hypofnnetion intheyonng:
P itu ita ry  dwarfism or in fan tilism  : N ot seen in animals.
In children, though stature is small, yet the buiid is proportional. Examples 

are the midgets of circuses These subjects are normal m entally. Sexual deve
lopment may be retarded. ri ■ ';

Symmond's disease (P itn ita ry  C achexia) o r S h eeh an ’s Syndrom e; This is 
found only in females, due to postpartum necrosis o f the pituitary consequent on 
thrombosis following bemorahage. Hence severe hypopituitarism  develops. The 
characteristics a re ;— severe cachexia, loss o f sexual function; weakness, low 
metaboiic rate, loss of hair and pigmentation, mental apathy and drowsiness 
microsplanchnia and extreme dehydration and emaciation.

Since trophic hormones are not secreted, there is atrophy and fibrosis o f the 
thyroid, adrenal, ovaries and parathyroids together with the symptoms and 
lesions consequent on the deficiency o f the hormones secreted by these glands and 
structures-

This condition was described in dogs.
F ro h lich ’s Syndrome—D ystrophia ad ip o so g en ita lis  ; This develops 

probably due to the pressure by a tumor or hydrocephalus and is mostly found in 
ladies. The characteristic features are:

(1) Obesity : There is disproportionate and excessive accum ulation o f fat .on 
the abdomen, buttocks and thighs, while other parts are thinner. (2) Genital 
hypoplasia and decreased sexual function. (3) Idiocy o r mental retardation. 
(4) Thin skin and hair. (5) Reduced sweat secretion.

In man it in feminising with the characteristic distribution o f  fat as in a 
female.

D iabetes insip idus: Normally under the influence of the antidiuretic hor
mone of the neurohypophysis, 80% of the water in the glomerular filtrate is reab
sorbed by the epithelium o f the Henle’s loops and distal convoluted tubules. But 
if  the secretion of the A DH is [interfered with due to failure o f  the hypotha
lamic-hypophyses! system, reabsorptton o f water from the glomerular 
filtrate does not Ьсс&г.кпЗ so large quantities o f urine with low specific gravity 
are passed and this condition is known as diabetes insipidus1. ^ -

Lesions o f the pars nervosa or any causes that injure the hypothalamus will 
produce diabetes insipidus. The secretion of ADH by the pars nervosa is under 
the control o f stimuli from the hypothalamic nuclei I he causes that may produce 
this situation a re :

1. Trauma—surgical er fractures. 2. Pituitary tumor or metastases from 
bronchogenic carcinoma or mammary carcinoma, 3. Meningitis:—pressing on 
the stalk, 4. Encephalitis

499 ■
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CHAPTER 22 

Tnnsors o f  tb e  p itu ita ry
C hrom ophobe adenoma.- This tumor was reported very rarely in horse ami 

dog The tum or consists o f cells grouped with an alveolar arrangement, 1'hs 
cells have non-granular. cytoplasm. Not producing any horm one, no.endocrin. 
disturbances are noticed due to this tumor. Secondary hypopituitarism  may 
develop due to pressure atrophy of the acidophils o r basophils, manifested > 
Frohlich’s Syndrom e and visual disturbances

A cid o p b ile  adenom a :  This tumor comprises o f  cells having an acidophili>
granular cytoplasm . Results are gigantism or acromegaly.

B asoph llc  adenom a consists o f cells having a basophilic granular cytoplasm
Result is Cushing’s Syndrome. __

Carcinom ata o f  the above three types o f  cells may- be noticed:;!^But tbt 
are only locally invasive.

THE adrenal glands
The adrenal consists essentially o f two gland*, differing in structure amt 

function. The cortex, which is external is o f  mesodermal origin, being derived 
from the urogenital ridge, from which the gODads and the urinary organs aUu 
ere derived aud so is closely related to them. The m edulla, on the e th e r hand, n 
derived from the neural crest from which the sym pathetic nerve cells also ariso 

> S tructure
T he c o rte x  : The cortex is conveniently divided, histologically, into thro

zones. The zone-of cells lying just under the capsule and arranged as small 
nests o f  cells is called Zona glomerulosa,

A zone w ider than  tbe above and situated beneath it, and in which the cell* 
are arranged as parallel cords, is ealled Zona fascicula ia . The zone of cclli 
lymg between Z ona fasciculaia  and the medulla (the innermost zone)  inw lm h 
the cells are arranged as interlacing cords and containing sinusoids o f  reticulorn 
dotbeltai system, is called the Zona reticularis.

Tbe cells o f all the zones appear similar, polygonal in  shape and coniaiiilni 
lipids, which give the yellow color to the gland. The cells are also rich in vita 
min C content which is probably useful in the synthesis o f hormones.

Tbe adrenal cortex is under the control o f the anterior p itu itary^ . The adir 
nocorticotroptc hormone (ACTH) controls the forth and function off^ie corn > 
А С ГН  may increase the production of cortical horm ones and the parcnchym 
o f  the cortex is also increased. Decrease o r increase o f  ACTH is followed ly 
atrophy (regressive transformation) or hypertrophy (progressive transfrrm ati. 
o f the adrenal Respectively. ;g

W hen A'CTFTfs lacking, atrophy of all zones occurs. Differentiation of tin 
cells is lost..’. S h e  cytoplasm and nuclei become smaller and the storage capgojty 
o f  the lip id  is lost. The capsule becomes thickened and the fibrous tissue of.lit» 
gland is increased. Continuous ACTH adm inistration causes hypertrophy ami 
hyperplasia o f the cortex, which, therefore, becomes broader. The cytoplasm >n,i 
nuclei o f the cells become increased in size and the storago capacity of the i r|l 
for lipid is increased.

l b e  m edu lla  consists of nests of large cells containing brown granules, net и 
fibres, sympathetic ganglion cells, and a rich vascular supporting tissue 1 In
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chief cells are large, do not contain any fat but have granules staining brown 
with chr.-.mic salts and so are called chromaffin cells. It is thought that these 
granules indicate adrrnaline content of the cells

H orm ones; The three zones of the cortex probably produce three different 
physiologically active hormones. But in chemical composition, all have the 
basic sterol nucleus.

Od the basis o f  physiological activity, three groups of steroids are rccog- 
nised.

1. G lucocorticoids. These hormones are secreted by the Zona fasciculata. 
The most important glucocorticoids are the hydrocortisone or corjisol (compound 

~~F) and cortisone (compound K). The former is more potent and active physid lo-T  
gically Tbe functions o f the glucocorticoids arc :

1. Conversion o f amino acids into glucose—gluconeogenesis from protein— 
antianabolic

2. Inhibition of peripheral glucose utilisation and so increasing tbe blood 
glucose level (hyperglycemia). This is probably brought about by inhibiting the 
hexokinase reaction and so antagonises insulin action .

I. Decreasing tissue stores o f glycogen, especially in the liver
4. Cause catabolism of proteins leading to negative nitrogen balance So 

urinary excretion o f  nitrogen and uric acid is increased. Anabolism of proteins 
is discouraged and so growth in the youog ceases, wounds heal more slowly and 
because of this there is inhibition of aotibody production.

5. Because of breakdown o f proteins, there is greater blood level o f amino 
acids. Aud these are con vet ted into glucose as mentioned above. While the 
permeability of the membrane of exlrahepatsc cells is decreased for amino acids 
the permeability o f  the hepatic cells is increased and so there is iocreased for
m ation of plasma aDd liver proteins Hence there is greater deamination in the 
liver.

6. Shifting o f body fat stores. Circulating fatty a d d s  are more and these 
are used for energy. Some are converted into glycogen o f the liver, sparing 
glucose.

7. Sodium retention and potassium diuresis So continued administration 
of cortisol leads to  edema, metabolic alkalosis, hypokalemia and hypochloremia.

8. Suppression o f  ACTH production.
9 In excess, due to  potassium depletion, muscular weakness.

10. . Prolonged use ..causes increased elimination of Ca, P&  N leading to
'^ е о р о гШ ц а т1  JracfUfe?' " •

11. Suppression o f connective tissue response tSSinjury, that means to  say ■ 
it is anti-inflammatory.: suppression of the activity o f the fibroblasts, depression 
o f  vascularisation and granulation tissue foimaiion and intercellular ground 
substance. All these are probably related to protein catabolism. Due to  alte. 
red permeability o f  tbe capillaries, there is decreased exudation of plasma 
into tbe tissues
-  12. Reduction and even absolute disappearance of eosinophils in the blood

13 Causing lysis o f  lymyhocytes in the blood and lymph nodes.
11. Decreasing the  secretion of pepsin and HC1.
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15. Decreasing the hyaturonidase activity.
16 Interference of antigen-antibody reaction.
17. / i n  man euphoria is produced—that is a sort of well being is experien

ced by man in such painful cases as cancer and in depressive states.
C ontrol of production : The cortisol level o f the blood inhibits the ACTH 

releasing factor o f the hypothalamus Cortisone may also directly inhibit the 
pituitary from producing ACTH. The hypothalamus may also be influenced by 
impulses coming from sites of injury or burns and by impulses coming from the 
cortex o f the brain and by “ stressors” . Hypothalamus, as already explained, is 
influenced by the epinephrine levels.

Mechanism of acton of g lucocortico ids : These stimulate the critical enzyme 
production by activating a DNA-dependent synthesis of RHA which in turn 
accelerates the formation of specific enzymes in the cells.

Therapy with g lucocorticoids or ACTH: ACTH can be used only if the adr
enal cortex irtealthy and responsive: Synthetic glucocorticoids like prednh”w 
etc. are 3 to 5 times more potent than cortisol and prolonged use of these cause 
adrenal atrophy

DOG : Primary adrenal cortisol insufficiency has been met with in dogs and 
they manifest' anorexia, diarrhoea, asthenia, polydipsia, azotemia, hyponatremia, 
cardiovascular effects, eosinophilia, dehydration, anuria, hair loss, emesia 
hyperkalemia. Cortisone I mg/lb body weight daily cured the symptoms. A r'h-  
r ili« in dogs may be usefully treated with cortisone in the dose mentioned above. 
Acute conditions respond while chronic ones do not Asthma may be treated 
with an initial dose of I mg per pound body weight and -later maintained with 
reduced doses.

Purulent dermatitis may be treated with the combination of cortisone and 
an antibiotic.

O ttitis  externa shows moderate response to cortisone therapy. In eye 
conditions, cortisone is beoeficial in inflammation. DO NOT use when there 
are ulcers of the cornea. After healing of the ulceis cortisone can he used to 
alleviate inflammation if still present.

HORSE : Glucocorticoids have been useftil in lameness of horses. It is 
particularly useful in the acute stages provided adequate rest is given after 
treatment. It is not so useful in chronic cases. Injection into the tendon sheath 
at 30 to  250 mg. of cortisol, a total o f 4 injections, each 2 to 3 days apart has 
given good results. This therapy is useful in acute carpitis, gonitis and in .
metacarpophalangeal arthritis.

In laminitis in the enriy stages, 50 to 150 mg can be given intravenously 
with advantage

For treatment of enlargement o f bursa, capsule or sbeath, aspirate the fluid 
with a sterile needle snd syringe and then with the same needle but a different 
syringe inject cortisol and if bacterial infection is present (as evidenced by tur
bidity or discoloration) add an antibiotic.

BOVINES: Theoretically ACTH can be given in ketosis but intravenous injec
tion o f  calcium-boro-gluconate is so  effective that none probably thinks Of 
treatment with ACTH.
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Shipping fever : A condition of bypoadronalism can arise due to stress of 
transport, cold, hunger, fatigue, lack of water and food, fright and infectious 
agents. This stimulates the production of ACTH, which in its turn stimulates 
the cortex which finally becomes exhausted. Infectious organisms may then 
invade and cause pneumonia In such situations one can treat with cortisone 
and antibiotics

N o te :  i>onot use cortisone in the later stages o f pregnancy for abortion 
may occur and the palcenta may be retained

SW IN E  : In animals that are unable to get up with arthritis, 50 to 73 mg. o f 
cortisone per day enables them to get up and move about.

The following points may be rem em bered In co rtiso n e  therapy ;
1. Prolonged cortisone therapy inhibits ACVH and so atrophy of the adre

nal may result. Hence, if you stop cortisone abruptly, non-functional adrenal 
may result. So discontinue slowly and gradually.

2. Because of its anti-inflammatory effect cortisone is not useful in specific 
diseases. It is indicated as a replacement therapy in Addison’s disease only.

3. Be careful to check if no infectious disease in present. Because if one is 
present, the organisms wj!I quickly spread and overrun the body since the defen
ces o f  the body are diminished

4‘ The natural walling processes of diseases as in tuberculosis are destroyed 
by cortisone If you have to use it, then include a  specific antibiotic against 
the infection.

5. Cortisone or ACTH may be useful in chronic diseases as in arthritis.
6. When you desire slow healing, you can use cortisone as a topical appli

cation. For example, in surgical or traumatic wounds o f  the prepuce you would 
like to have a slow healing instead of a rapid one resulting in strictures. In 
such cases you can use. this topically ., .

7. Remember that synthetic glucocorticoids are metabolised slowly and so 
they are longer acting than cortisone. So their dose should be mutably adjusted.

I I  M ineralocortico ids :
These hormones, supposed to be secreted by the cells o f Zona glomeruiosa, 

control the electrolyte and water balance The chief horm one is the aldosterone. 
Desoxy-corticosterone acetate [ OOC A) is the synthetic hormone having similar 
properties.

The functions of aldosterone are :—
1. Promotion of excretion o f sootum and water by the renal distal convo

luted tubules: ' V- .
2 Promotion of excretion of potassium. So in aldosterone administra^'-’ 

lion there will be muscle weakness due to loss of potassium.
3. Regulation o f the extracellur fluid (ECF) volume. Aldosterone promo

tes reabsorption of sodium—so osmotic pressure o f serum increased—supraoptico 
— hypophyseal system stimulaled—more of ADH released-promotes reabsorption 
of water from urine—lowers the osmotic pressure o f  serum—ADH production 
inhibited-—ECF yolume kept in balance

In aldosterone therapy, due to increased reabsorption of water (along with 
sodiumjextra-celluar fluid is increased—so blood volume is increased, thereby 
increasing the cardiac output and blood pressure.
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)t> d ificitm cyof aldosterone, sodium , ch loride.''Ые&гЬогШе and water are 
lost-'-extraeejlvdar'fluid'li decreased, thereby minimising the cardiac output and 
lowering the Mood pressure -  this leads to failure o f  circulation, culm inating in 
shock, coma-anebdeath Retention of potassium'is tOxic and the acidosis due to 
lo ss o f  bicarbonate and sodium is harmful to  tho body aiding in  the genesis o f  
shock and death.

A n terior  p itiu itary  has no con tro l over the p ro d u ction  and 
activ ity  o f a ld o stero n e .

M od e o f  a ctio n  o f  .aldosterone : Aldosterone first stim ulates the genes 
or D N A  m olecules andsospecific messenger R NA is synthesised, which in its 
turn acts to  form  the specific enzymes that are necessary to supply the energy 
for sodium  transport

C o n tro l o f  production  o f m in era locortico id s: {. The sodium  and potassium  
content o f  b lood  directly stimulates the adrenal cortex.

2- Aldosterone stimulation can be induced by sodium  deficiency or hemorr 
hage in which conditions there is lowered blood pressure. In this condition the 
juxta glomerular cells (J.G. cells) situated on the afTerent arteriole o f  the glome 
rulus act as stretch receptors. So when blood pressure is low ered, renm which 
is a proteolytic enzyme is released. This enzyme splits angiotensin from alpha 
serum globulin . Angiotensin acts on the cells o f  zona glom erulosa and aldoste
rone is released and this acts on the distal tubule cells o f  the kidney and sodium  
is resorbed. A long with it water a lso  is resorbed—hypernatremia causes thirst 
and so  m ore o f  fluid is ingested— tbit with reabsorbed water increases the blood  
volum e thereby increasing the blood pressure. This acts as a  servomechanism  
since the J G . cells are stretched and renin release is shut off and no more aldos
terone is released ultimately.

C lin ic a l n se  : Mineralocorticoids may be useful in the treatment o f  chronic 
interstitial nephritis in the dog. because in this condition there is potassium  
in toxication , sodium ios3 and uremia. 2 to  5 mg. o f  DOCA intramuscularly for 
several days with glucose...fluids and antibiotics is indicated when potassium is 
elim inated and symptoms w ill abate -.»

I l l  S e x  horm ones : These hormones are produced m ostly  by the Zona rcti 
cularis, are anabolic and play a part in protein synthesis. M ost o f  these hormo 
nes are antagonistic tp.the glucocorticoids in this respect. M ost o f  these hormo
nes are androgens (masculani sing) and a few only estrogens (fem inising).

M  ed u ila  ■ •■ i he  hormones o f  the medulla are adrenaline and noradrenaline, 
which are produced in  the .ratio i f f  4 : 1 .  '~3Zg%-

T he m ain functions 'of these two hormones is the m aintenance o f blood 
pressure and changes in carbohydrate maiabolism  and other adjustments so ns 
to  meet stressful conditions. Noradrenaline is responsible primarily for circu 
latory adjustments while epinephrine is for m etabolic changes necessary to meet 
em ergencies. Both are powerful stim ulants o f  the heart and increase its force, 
frequency, and amplitude o f  contraction So blood pressure is raised Coro
nary arteries are dilated. Skin vessels arc constricted; The rate and depth «I 
respiration is increased.
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THE THYMUS GLAND
Tbymus is an unpaired org^n situated in, the thoracic cavity, in.<h* anterior 

mediastinum, in close association with the pericardium, and the,great veins at the 
base o f  the heart.

The endocrine gland is o f vital importance in the young animals.. H istolo
gically thymus consists o f  lymphocytes and an epithelial reticulum. The glarjd 
undergoes involution, which commences in animals attaining maturity, vj?., 
between 4 aod 6 years in cattle, between 2 and 2’/a years in Dorses, between 1 and 
2 years in goats, sheep, pigs and dogs; betweed, 6 months and 1 year in cats and 
between 10 and 15 years in man.

. Though considered to.be a lymphoid organ,.the thymus docs not contain any 
“germinal centers the epithelial reticulum probably acts as a blood—thymus 

barrier, blocking the penetration of antigens.
Functions : The exact functions of the thymus are not yet clear.. But from 

the mass o f  experimental data, the following appear to be significant.
1. Thymus is an important site of lymphopoiesis in theembiyo and the new 

born It plays a very significant role in specific resistance. Thymectomised 
animals when stimulated with an antigen after whole body irradiation do oAt 
produce detectable antibody, but thymus- graft or injection o f  thymus cells alters 

. the picture with a significant antibady rise. Clones o f  thymic cells are believed
to migrate to the lymphoid tissues in Payer’s patches, spleen and other lymph 
nodes, colonise and enable these organs in later life to give an antibody response 
to specific antigenic stimulation, the antibody making cells of adult life origi

n a te  from the clones o f antibody making cells o f the-thymus.
2. Thymus produces a hormone which has an immunotrophic effect, making 

those cells that have the' immunologic potenital, immunologically competent.
Thyroid, adrenal and gonads antagonise the action o f  thymus. Involution 

o f  thymus begins at the time of sexual maturity. After cassation or adrenalec
tomy, the thymus is enlarged and its involution delayed.

Status thymolyniphaticns : Sometimes, men die suddenly without any obvi
ous cause and in such people it was found that the thymus and the lymphoid tissue 
throughout the bodywrae. enlarged. In these cases, the hyperplasia o f  the thy
mus and other lymphoid tissues is accompanied by the underdevelopment of 
adrenals and the cardiovascular system, leading to lowered resistance o f  the 
patient, who succumbs to various infections. Adrenal insufficiency in such pety 
sons;renders them unable to adapt themselves to stress This condition b y ' 
bceo reported icPdogs. cats and cattle ЛТ'*Т: iSrKL,

M yasthenia gravis : This is a very peculiar disease o f man, chfafScterised 
Ъу great muscular weaknessgThe muscles o f the face are more severely nlfcc'cd. 
All the voluntary muscles are involved. No histological changes are noticed 
'e ther-'in'the muscles or in the motor end plates. Lymphocytic infiltration may 
occur later.

' he cause is still obscure but the condition is associated with hyperplasia 
of and ptesence o f  lymphoitf ifetminal centers in the. thymus, which appear to 
produce some kind o f  antibody, which-prevents the transmission of impulses ar
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the motor end plate. This is an example o f auto-immune mechanism. Anti 
nuclear antibodies are demonstrable in the blood of such patients. This condi
tion has not been met with in animals.
Tumors : The neoplasms of the thymus are known as thymomas, which are 
rare among domesticated animals. Unlike in man, these tumors are not accom
panied by myasthenia gravis These tumors have been described in goats 
cattle, sbeep, dogs, horses, pigs and rabbits. Most of the tumors were encoun
tered among adult animals.

S i t e ;  The tumors are found in the thoracic cavity, anterior to the heart. 
They may extend to the neck

M acroscogieally . thymomas are encapsulated, soft in consistency and gray 
ish in color. Many tumors may contain cysts and hemorrhagic foci.

M icroscopically ,the tumors consist of broad sheets of epithelial cells. Theso 
cells are derived from the epithelial reticulum of the gland. The cells may some
times be arranged as whorls or rosettes. Large number of lymphocytes art 
present

C lin ical . Usually thymomas do not metastasize. Some may spread to the 
lungs, pericardium and regional lymph nodes.

Lymphosarcoma or Hodgkin’s disease may sometimes he met with in tho 
thymus and these are usually seen in younger animals. They are similar to such 
conditions occurring elsewere in the body.

THE PINEAL GLAND
This is a tiny gland placed above the posterior extremity of the third ventri

cle. In structure i t  is composed o f epithelial cells in a loose connective, tissue 
stroma Some gila cells and lymphocytes may be found.

The pineal gland secretes a hormone, toelaionin (5-methoxy-N acetyltryp- 
tamine). Serotonin which is found ia the gland is transformed into melatonin 
by the action of the enzyme, hydroxyindole-O-methyl transferase (HIOMT) which 
is found in large quantities only in the pineal gland Melatonin antagonises the 
action of the melanocyte stimulating hormone (MSH) of the posterior pituitary 
Melatonin acts on the brain to depress the rate o f gonadal maturation and to 
Interfere with subsequent gonadal function and cyclicity. Pineal hyperfunctioo 
is associated with delayed puberty while hypofunciion with precocious puberty. 
In man complete destruction of the gland by tumors cause cachexia, trophic 
disturbances, adiposity, premature development o f genital organs, premature 
spermatogenesis and growth of interstitial cells. Melatonin inhibits thyroid 
hormone secretion rate and the secretion of adrenal steroids.

Tumors : Three types o f tumors may arise from the pineal gland.
1. P in ea lo m as: These consist o f  islands of large epithelial cells, with 

acididnphilic cytoplasm and enclosed in a fibrous stroma Among the large cells 
arc scattered small cells, believed to be lymphocytes These tumors have been 
described in a goat, horse, dog, silver fox and in a  cow.

2. Gliomas comprising o f glia cells.
3. Teratomas, from the totipotential ceil rests.



CHAPTER 23

THE SKIN AND ITS APPENDAGES

Terms used in studying skin lesions
Anomalies
Alopecia
Congenital Ichthyosis 
Acanthosis nigricans 
Eczema 
Dermatitis

Folliculitis
Injury by ionizing radiation 
Urticaria •
Laminitis
Cysts

Epidermoid
Dermoid
SebaceousSerous

Acute vesicular
Seborrlicca
Impetigo

. Sudor fertfjts A v;' 
Calcinosis circumscripta , 
T итога.

The following terms are used while studying skin lesions.
Acanthosis is thickening o f the epidermis due to hyperplasia of the cells of 

Malpighian layer. This condition may or may not be associated with hyper
keratosis and parakeratosis

Ualeoning degeneration is characterised by intracellular edema (hydropic 
degeneration) which is the early stage in vesicle formation- The cells are swollen 
and prickles disappear (acantholysis) and the cells become isolated from one 
another. This is seen in viral diseases.

Bulla (Bleb) is a space, containing fluid situated intra—epideimally or 
sub-epidermally These arc larger than vesicles.

Dyskeratosis is a faulty development in which the cells of the Malpighian 
layer undergo abnormal, premature or imperfect ker»tinrsation. The changes 
may suggest developing malignancy since the following characteristics o f malig
nancy are lound : hyper-chromatism, loss o f polarity and large number of 
mitotic figures.

Erosion is loss o f  superficial epithelium, it is also called excoriation and is 
usually caused by continuous discharges. '.~Л

F issure  or Rbagadcs is a  deeplinear defect in the epidermis,of ten extending 
to the dermis and occur in dry, crusty skin in which the elasticity is lost.

H yperkeratosis is the abnormal thickening of the stratum eranulosum.
Lichenificatlon is thickening of the skin ip irregular arees-with exaggerated 

markings of the skin and is seefi usually in chtdnicdirmatitis. '**
M akula is a discolored spot of the skin, which is not elevated above the 

skin and may be seen in hemoirhages and focal hyperemia.
Pachyderm» is thickening of the skin, all the layers of which are affected. 

The individual eclis are normal The condition is due to nonspecific dermatitis. 
There may be hyperplasia o f the connective tissue, 1 his is also known as elepha
ntiasis and may be seen in the hind limbs o f horses and scrotum of old dogs.

54
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Actinomycotic pichydermi is a special form, often seen in the ears o f swine 
The ear is very much enlarged aDd hard. I his is an actinomycotic granuloma.

Papule or pimple is a small circumscribed solid elevation of the skin result
ing from an inliltrauon of the deep corium.

Parakeratosis is a condition in which the keratin layer is imperfectly formed 
but in which the nuclei o f the horn cells are retained. The stratum granulosam 
is reduced in size In this condition, there is production of dandruff.

Pseudoepitheliomatnus hyperplasia is a severe acanthosis in which there ii 
deep downward growth of rete pegs, resembling a carcinoma. The lesion is seen 
at the margins of burns, indolent ulcers and other chronic focal inflammations.

Pustule is a vesicle filled with pus. _
■ ■ -  . . - -4 .3 '.' ..SX t

' "SSedles are' bran-ltke, thin flakes, consisting of imperfectly keratinised suptt
ficial layers of the epidermis and are usually seen in chronic dermatitis.

Spongiosis is inter-cellular edema of the epidermis This is seen in infla 
tnmation. A severe spongiosis will result in vesicles or bullae.

Ulcer is a break in the continuity of the epidermis, exposing dermis and so 
is deeper than erosion.

Vcsicle.is a small bulla in the epidermis contaiuing-serum, plasma or blood, 
covered by a thin rim of epithelium and raised above the surface of the skin 
These may coalesce to form bullae.

Wheal (Urticai is a sharply circumscribed, flat, edematous elevation of the 
skin and is found in nrticaria Several may coalesce to form large plaques.

Anomalies
Epitheliogenesis im perfecta is an inherited skin defect in-calves, piglets, 

pups, lambs, kids, and foals due to an autosomal' recessive character. The skm 
fails to develop around the feet, nose and ears. Infection occurs and septicemia 
resvilts quickly.

Hypotrichosis congenita : (congenital alopecia) This is congenital absence 
of hair and is seen in calves, foals and dogs (Dachshunds). Such animals ate 
easily susceptible to cold and sunburns. (Congenital hairlessness in calves is con 
siderfd to be a Mendelian recessive trait).

Alopecia: This is laefe o f  hair, wool or feathers. The old hair falls out 
and further growth does not occur. This is a symptom o f many tkin disease» 
such as dermatitis, eczema, mange etc.,

In fowls congenital lack of feathers is known as opennosis and may be found 
throughout the body or in eome parts.

Causes r.cc* —-m— _ - ,
1. Inflammatory skin disease : There is irritation and itching tb  Tedicvr 

which animals rub themselves. Due to friction, hair is denuded. This ts usually 
seen in mycotic infections or infestation by ectoparasites.

2 Chemical agents : (a) Thallium poisoning: to chronic poisoning del
matitis is produced in which the fibres break and the shaft is weakened, (b) In 
chronic poisoning by arsenic and selenium, alopecia is noticed

3. Following severe feb rile  disease : This is noticed in sheep, cspecinllv 
those that have recovered from blue tongue There may bo a partial or complrn 
loss of wool.
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A drenaline : 1. It elevates Wood glucose, level by-' ‘ff) giyccgenolysis of 
liver glycogen, fit) breaking down muscle glycogen into lactic acid which in the 
liver-is synthesised into glucose (latic acid can be-utilised by cardiac muscle to 
yield energy); (id) by stimulating AC3H release which is its turn through gluflo- 
corticoids causes gtucar,cogenesis and glyconeogenesis ; (iv) depression 'of 
utilisation of carbohydrates in the tissues.

2. It raises oxygen consumption and'so BMR is raised.
3 From fat of depots, free fatty acids are released and these are utilised 

for energy production.
4 The output, rate and force of heart is increased. Therefore systolic 

blood piessore is increased.
5. Cutaneous arteriolee conslfictcd. . - v-t
6. Viscera! arterioles dilated.
7. Coagulability of blood is increased.
8. Irilatation of respiratory passages.
9. Rate and depth of breathing increased.

)0. Erection of hair.
11. Increased sweating.
N oradrenaline: 1. Generalised vasoconstriction. So both systoliq and 

diastoHc.b!ood pressure is increased. 2. . Increase in sweating. 3. Erection 
of hair.

Adrenaline acts on the phosphorylase o f liver and activates it for rapid. gly. 
cogenolysis. In the muscles it is able to convert the . glycogen into latic acid 

"but not into glucose since mnscles do not have phosphatase to split ih ; gtucose- 
6- phosphate and hence blood glucose level is raised by virtue of muscle 
glycogenolysis. The lactic acid has to  go to  the liver for conversion into glycogen 
and glucose (some of it can be metabolised by the heart since it is rich in lactic 
dehydrogenase).

Reaction c f  Adrenal glands tofS trees : Adrenal cortex tenets to stress oy 
depletion of iipids. Three major patterns occur b i’sed on variation of lipid 
content. 1. Focal lipid depletion with alteration in-cell type; 2 focal deplr_ 
lion o f lipid with alteration in cel! type and degenerative changes and 3 lipid 
reversion, in  the first type, cells are hypertrophic and compact In the ®econdj 
degenerative changes are characterised by cytoplasmic degeneration. Solitf cords 
of cells in zona fasciculata break up to from pseudotubules and tubules with 
lumina formation. The lumen of the tubules contain detached cells, pale staining 
fluid or erythrocytes. Occassionally infarcts affecting mid 'zdnd'-fasennlata may 
.be seen. • [■.. --JjvifV •■‘f t -  ■ :«s-_

Lipid icv^fljtyerls local depletion; Да;, lipid is absent in., outer fasciculata, . 
scanty in reiicdlans but abundant m the. remaining fasciculata. This.picture 
is cbaraetcrslic of conditions in which the adrenal recovers from stress. ir
Adrenal >n systemic infections :

" Acuto'ir.fe'cii'ons stimulate adrenal cortex and cause iimd depletion , The 
inflammatory 'teachon- in the adrenal when there is primary granu,lpinatous 
inflammation is modified du'e to influence of cortisol and is predommeuily 
caseating'and organisms are abundant. Ge'neralTy, the adrenal is -spared 
of infectious process -
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Colloid formation : Hyaline eosinophilic bodies having a laminated appea
rance varying in sice from 2 to 25 a consisting of phospholipid materials are 
seen as inclusions jo the adrenal cortical cells. Their significance js not known 
These have also been reported in patients tteaud with spironolactone (Aldosterone 
antagonistic). Note: Tbe adrenal glands in mammals can be divded broadly 
into two groups on the basis of lipid content of the cortex:—glands rich in lipid 
in man, monkey, rat and rabbit, and giands poor in lipid, in cattle, sheep, camel 
and horse. A prominent zona glomerulosa rich in lipid is separated from the rest 
o f the cortex by a thin layer o f compact cells, tbe sudanophobic zone. Next to 
this zone is zona fascicula'a, rich in lipid and beneath this rone the zona reticu
laris, which is poor in lipid. Mitotic'activity is greatest in the.rzcoa ^« ^uIaris,: 

S en ile  changes in the adrenal are charecterised by narrowing anti flattening 
of zona glomerulosa. thickening of the capsule, formation of irreguiar conglome
ration of lipids in the zona fasciculate and hyaliiusation of thickened arterioles 
Arteriosclerosis and atherosclerosis are common in the capsular arteries associa
ted with ageing. Strikine presence of thick longitudinal muscle bundles of the 
the adrenal vein indicates systemic hypertension

M yeloid m etaplasia in association with extramedullary myelopoiesis in 
other organs is common. Myeloid elements arise by metaplastic differetiation of 
reticuloendothelial cells lining the cortical sinusoids.

D ystrophic calcification following necrosis is common in the cat and dog. 
Extensive necrosis'and calcification may cause symptoms suggestive of adreno
cortical insufficiency.

H ypocorticalism  can be classified in to :
Primary hypothalamic- Primary adrenal.
Symmond's Disease. Addison’s Disease.
Sheehan’s syndrome. Waterhouse-Friderichsen

syndrome (Adrenal hemorrhage)
Iatrogenic (Steroid induced) Contralateral adrenal atrophy
Congenital adrenal hypoplasia Congenital adrenal hypoplasia
(Anenccphalic) Adrenal cysts.

Congenital hypoplasia of the:adrenal gland has been reported in dogs and 
a hereditary predisposition has been indicated. Adrenal hypoplasia associated 
with maldevelopmeht of hypophysis is relatively frequent in calves.
Hypofunction of adrenal co rtex

L  Acute hypofunction (Extirpation), rare ^
2. Chronic hypofunction (Addison’s disease).
The manifestation of Addison’s disease may occur only if  there is bilateral 

destruction of the glands. This condition is exceedingly rare in acimals, but 
may rarley be met wiih in man.

Causes : The causes are those conditions causing atrophy and destruction of 
the adrenals. These may be : 1. Tuberculosis, 2 Atrophy, 3. Amyloid disease. 
4. Secondary tumors. 5. Histoplasmosis, • 6 Hypopituitarism, 7, Drug allergy, 

Symtoms 1. General weakness;anemia; 2 Low blood pressure, feeble heart, 
3. Brown pigmentation of skin, 4. Vomiting and diarrhoea, Dausea, loss of



adrenals

appetite, slowed absorption, 5. Atrophied thyroid, 6. Loss of water along \yilh 
sodium leading to hemoconcentration, 7. Acidosis due to loss of bicarbonate,
8. Inability of liver to convert amino acids to glycogen at usual rates.

These symptoms are explainable by tbe absence of cortical hdrmones. The 
mineral and glucose metabolisms are deranged, leading to elevated potassium 
level and lowering of sodium; hypoglycemia, hypotension, higher blood urea and 
anemia Pigmentation is due to  increased melanin production as tyrosine is side 
tracked to tbe skin when adrenaline is no longer sunthesised from this amino 
acid by the destroyed adrenals. Another explanation is that with low glucocor
ticoid level, production of А С Г Н  is stimulated The first 13 amino acids in the 
structure o f лСГН  and MSH are the same and hence their actions are also simi
lar sp far as melanin production is concerned. Hence high ЛСТН levels cause 
increased formation of melanin giving rise to the bronzed coloration of the skin. 
Lymphoid tissue of thyroid and lymph nodes is increased. In anterior pituitary 
there is decrease o f basophils and increase of chromophobes. Atrophy of thyroid 
and hearris noticed

Adrenocortical hyperplasia Cortical hyerp asia is relatively common, par- \ 
ticulaily in dogs Hyperplasia may be of zona glomerulosa, zona fascjculata or 
zona reticularis I t  may be focal or diffuse and may or may not be associated! 
with clinical manifestation. Hyperplastic reaction of zona fasciculata is a mani
festation of adaptation syndrome in stress reaction. Progressive and regressive 
transformations have been described m stress reaction. The former >s character- 
rised by cellular hypertrophy, increased formation of new cells and storage of 
fat, while the regressive transformation is characterised by depletion of fat and 
hypofunction of cortex. Regressive transformation is seen in acute diseased condi
tions. In severe degree of progressive transformation, there may be formation 
of acce-sory cortical nodules (extra capmlar extrusions), There is proliferation of 
reserve cells in the sudanophobic zone and transformation of these cells into zona 
fasciculata type. In the hyperplastic zone acini formation and secretory activity 
may be seen and this is a  morphological expression of severe hyperactivity, 
wherein the gland takes recourse to  exocrine type of secretion Accessory cortical 
nodule formation is characterised by formation of nodules on tbe capsule o f  the 
adrenal Histogenesis of the cel's which form the nodule is from subcapsular 
blastema The reserve cells in the subcapsular blastema proliferate and invade the 
capsule which gets split up and later the proliferating cells get encapsulated by 
fibrous tissue. 1 he small size of the lesion, absence of encapsulation and acin; 
formation are all features of cortical hyperplasia while adenoma is characterised, 
by large sized nodules, encapsulation, acini formation and the type cells are' 

- columnar, lipid-depleted cells.
Results of hyperfunction of adrenal cortex—Cashing’s syndrome :

This condition seen in man, is due, lo excess of circulating hydrocortisone 
which again m ty be due to basoph.le adenoma of the anterior pituitary. Zona 
fasiculata is increased and the adrenals are yellow in color Hypercorticalism 
may be observed in rases o f tumors of non-endocriDe tissue (ectopic ACTA synd
rome), unassociated with regulation of adrenocortical function, like bronchia!

JOI.
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'Carcinoma,' pancreatic carcinoma and thymoma. These tomcrs plrodtict 
like substances and induce Cushing’s syndrome:

The effects a re  : T. Painful adiposity o f neck aPd'trunk (limbs hdt'affrcteel) 
the buffalo type o f obesity ; moon face. 2. Wastirfg of'mttsClM' and weakness 

•3. In females and рте-adolescent males, hairstlltisnr 4: AmentOrrhOda in fem
ales. 5. Osteoporosis and kyphosis, b Peculiar stWarious bn’ the abdointnil 
wall. 7 Atrophy' o f  the skin 8'.1 Hypertension, ч Hyperglycemia and dia
betes, 10, Sodium retention, polydipsia, polyuria, urineУмЬ low Bp; g( 
H . Slow wound healing 12. Depression'of lymphoid tissue aild Solytrlphlipeoia 
13. Susceptibility to infection. 14.' Pot belly. (5. Thinriing''atid- atrophy Af 
skin . If. Dermatitis. .

Hyalinisatlon of tbe biso^hile “ёЙЬ xif tbb SttterWr'-^fiffiSry together1 \ifi!b 
disappe'arnce of basophrle granules is a1 frequent Snfding in CuthihgV synd'rbitifc 
Adrenogenital-syndrome; Adrenal Virilism

A syndrome 'in which “ little girls ‘beconfe litrle'boyj- 'and -frttlfe'boyfc . little 
men” In this condition there is an excess o f androgens—rriaseifHhtSibg hbfnib. 
nes In'the female • fetus, i f  the excess :o f tiortfforie' 'OCarrd"rfutm’̂ 4Ha * -first few 
iweeks of intrauterine fife; pseudo-hermaphroditism results’ But tf It OCOurt fater 
.in females or in boys, precocious puberty results'

C linicallythe fo llow ing symptoms'are noticed  - V. Rapid gtOwra Wnh'greai 
musclarity-in ch ild ren '( infhnt Hercules) 2 . Htfrrsnitisbi. 3 Virilism'. 4 Гп 

-girls—«llragemenc o f  clitoris; harisliitism' tin-chest. 4. Impotence 'in bdys 
(testes-are atrophied); 6.' In women! amenorrhoea; deep voice) ba?fsuiri<h> 
on face-and'body. 7Г Urinary 17- ketosteroidS'ioCrdased'. В There: may de 
deficiency of'hydrocortisone—so1 hypoglycemia 

Neoplasms Tum ors ’Of the adrenal co rtex  AdetlOtfras'may be seen fn 
mid cows’and rarely -'in dogs and horses

The tumors .may. press upon-and protrude in to ■ tbe aorta nearby. These 
tumors have- thin capsules and are-yellow in color due to fat content.

Microscopically, .'.be-neoplasm consists o f cells of normal .adrenal cortex. 
Encapsulation may be present. Cysts and • areas -of -calcification may -be seem 

Adenocarcinomas with -limited metastases have , been - reported" Affected 
,anim,a>s show virilism, increased- libido and weakness.
I’lieochromocytoma . M edullary  chroniaffinoma :

Tumors of the'adrenal medulla have been seen-m  dogs, cattle, horses and 
sheep and are usually -solitary- and unilateral These tumors m ay attain- a s>ir 
of 10 cm in diameter..- The tumors are friable and brown in color.-

Microscopically, the cejfifcape pleomorphic and are large and ovoid, with'» 
large central vesicular nucleus. The cytoplasm is granular and'acidophilic 
Mitoses are not common .The cells may he .arranged in rosetto formation. Celts 
take a dark color with chromium salts and hence the name pheochromocytomr 
(a tumor of dark staining cells).

Pheothromocytomas in animals ate benign and do pot melastasise. In njpf I 
cases, po clipieal symptoms are noticed. Rarely, symptoms associated wil|i 
hyperepinephrinijm and hypernoradrenalism. mav be noticed These are parp,xy$ 
tr.ai attacks of hypertension with tachycardia, sweating, pallor and glvcosuna
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injury by loosing rad ia tio n  ; Though, com paratively speaking, skin is 
radioresistant, it is radioresponsive. The beta particles appear to be more patho
genic. The radiant energy seems to alter the permeability of the cell membrane 
after injuring it, so that the passage of fluids, electrolytes, oxygen and nutrients 
is so altered that vacuoles appear in the cytoplasm.

The skin may be severely exposed in therapeutic use of ionising radiation. 
Within 24 to 48 hours, erythema occurs. This may fade and return within 10 to 
2t days due to vascular changes, la  radiation, vascular endothelial cells are 
damaged which become swollen throm bosis occurs obstructing the vessels 
the  fibrous tissue on the walls o f the blood vessels becomes hyalinised.

Jnjoverc exposure, dermatitis with edema develops, followed by loss o f 
hair tepilauon) and necrosis o f the epidermis. A highly keratinised, dry and 
scaly epidermis results—parakeratosis. If the hair follicle it damaged, hair may 
not grow again. So also, sweat and sebaceous glands may be destroyed If 
the necrotic area is shed and ulcer forms, secondary infection may occur by 
saprophytes leading to gangrene.

The changes noticed in the derm is,. following damage to the epidermis' are : 
hyperemia, edema, hyalinisation of the fibrous tissue and infillrauon by lympho
cytes and neutrophils.

If the dermis is not alfcctod, complete healing may occur, But if  there is 
wide spread necrosis with involvement o f the dermis, scar tissue may be formed. 
But this scar is very weak and the epidermic is ihin and inadequately keratinised. 
Carcinomata are supposed to arise from such scars o f  old X-ray burns.

U r t ic a r ia ;  7 his is an allergic condition and is characterised by the 
appearance of wheais (or urtica) on the skint

Causes : Prim ary : Insect bites, contact with nettles and caterpillar hairs, 
unusual food, larvae of warbles; or drugs, eg Penicillin.

Secondary : This occurs along with other diseases in which allergic m ani
festations are present Eg.: Strangles in horses and Erysipelas in s wine, Chronic 
fowl cholera (wattle disease) in fowls.

The lesions are those found in an allergic reaction. First there is erythema 
due to vascular dilatation, followed by exudation,

LA M IN  ITIS (Founder)
The inflammation of ihe sensitive laminae o f the hoof is called laminin's 

This occuis usually in horses bat may sometimes be seen in cattle.
In horses, the onset is sudden and acute with high temperature, rapid pulse 

and accelerated . respirations.. IThe animal shows distress and doeS-ftot like to 
bear weight on the affecteS limfL “

In the hoof, acute congestion with venous stasis is seen Rarely in very 
severe condlion, after some days, suppuraiion may occur. As Ihe foot is enclo
sed in a very tough and unyielding hoof the pressure of the increased blood and 
edema on the sensitive tissue causes extreme pain which may be severe enough 
as to cause systemic disturbances Hemorrhages into the tissue may occur. Tbero 
mav be separation of the sensitive laminae from the inner laminae after a few 
days in some cases Due to weight of Ihe body, the os рейх takes a more
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perpendicular position and it may actually, sometimes,pierce the sole. Due to the 
abnormal position of the os pedis, weight is borne by the heels and so the toe 
grows exceedingly long As the keratogenic lamellae are affected and some 
destroyed, formation o f  the hoof is uneven.

There is evidence to show that the basic defect is not vascular but degene
rative changes in the ‘’keratinogenic layers" of the hoof. These degenerated 
lamelle do not produce sufficient keratohyaline. There is loss of eleidin granules 
and ‘Onychogem'c fibrills” . Probably somo toxic factor destroys some substan
ces important in the formation of hoof. The following hypothesis explains _lhe 
pathogenesis of this condition, The absorbable toxins, indol and phenol, are 
formed from tyrosine and tryptophan. These toxins become bonnd to the free 
sulphato ions of blood and so the balance between 'he blood serum sulphur and 
the sulphur in cbondroitin sulphuric acid is disrupted. Hence (he collagen loses 
its strength and elasticity. Consequently the keratinous material loses its suppor
ting tissue, lamioitis developing thereby.
C auses :

Laminitis is met with in the following conditions in the horse
1. After excessive ingestion of concentrates, causing CDteritisand diarrhoes-
2. Drinking very cold water after the animal is over-heated
3. Following the use o f  irritating purgatives like aloes.
» Concussion on hard roads—leng drives
5. Standing for a long time.
6. Chronic laminitis develops in fat ponies that are kept at pasture without 

much exercise,
1. In certain septicemic conditions—metritis, rctaind placenta, mucosal 

disease, fin  cattle)
S. In cattle certain feeds are supposed to cause allergic laminitis. Cotton 

seed cake, mouldy hay and barley have been incriminated,
In cattle and sheep that are overfed with concentrates, laminitis might

develop.
It is reported that treatm ent with methionine was very effective, one treat- 

menfbeing sufficient in acute and subacute cases. Medication was continued in 
chronic cases till symptoms abated

Sequelae: If the condition subsides in 72 to 96 hours no permanent damage 
results. But if  it persists permanent damage to hoof ensues manifested by drop
ped sole, convexity of the hoof, elongated toe and concentric rings on the hoof 
parallel to the coronet. -v •• _  ■

Non-nesplasisc cysts
Epidermoid cy sts: These are mostly fnund in the dog. The cysts are rounded 

or oval and located subcutaneously and so are easily movable But if found in 
the dermis, they become fixed. These cysts enlarge slowly.

Epidermoid cysts may be solitary or may occur as clusters or sometimes be 
even generalised] Their size may vary from a faw millimeters to a few- centime
ters in diameter. The cysts are well demarcated, with a thin wall The contents 
are gray or brownish and may be semi-solid or dry in consistency and contain 
hair or wool
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Usually, epidermoid cysts are benign and can be removed surgically. Rarely *
do they ulcerate and become infected.

If the contents escape into the tissues, a foreign body reaction is set up.
Occasionally, epidermoid cysts may manifest malignant transformation.

M icroscopically, the cyst wall consists of acollagenous capsule surrounding 
squamous epithelium Contents consist of keratin, deposited concentrically.
The wall of the cyst does not have any skin adnexa. The cyst probably arises 
by the occlusion.of the mouth of hair follicles with resulting trapping of the epi
thelium, which continuously desquamates keratin into the lumen. •“

DcrmOid cyst - This is similar to the epidermoid cyst but differs from it in 
that the wall o f the dermoid cyst'coataius skin appendages. The dermoid cysts 
are located a t the junction of the dermis and the subcutis and so are moblie r*
They are soft and toond or oval. Occasionally, a cyst may communicate with 
tbe surface through a tiny pore. The cyst contains keratinised, greasy substance 
together with hair and desquamated cells. Calcium and cholesterol may be 
deposited in the contents

This is a benign lesion and has no connection with congenital “ Dermoid” , 
o f the eye or the teratomatous ‘ 'Dermoid”  of tbe ovary.

Sebaceous cyst; Dilatation of sebaceous gland or its duct gjves rise to a 
sebaceous cyst, which contains the greasy sebum and cholesterol.

S u d o rife rous cyst; Occlusion of the ducts of sweat glands gives rise to cysts 
which have a thin capsule, lined by a single layer of columnar or cuboidat 
epithelium and containing a watery fluid

, C alc inosis circum scrip ta : These are commonly seen among dogs as raised 
elevated or bulging masses under the skin, one to ten cms. in diameter. On 
section, white, granular masses are present separated by thin connective tissue 
septa On incision, chalky paste- like material may be enucleated.

M icroscopically , the lesion consists of masses of granular material, staining 
blue with hematoxylin, evidently a calcium salt, surrounded by granulation 
tissue with lymphocytes, plasma cells, foreign body giant cells and macrophages

TUMORS OF THE SKIN
E p id e rm a l; Squamous cell carcinoma, Papilloma, Melanoma (Benign and 

Malignant). Basal-cell carcinoma. .
D e rm al: Mastocytoma, Fibroma, Fibrosarcoma, Histiocytoma, Myelocy-

toma, Venereal tumor o f dogs, Keloid of horses, Equine sarcoid.
A d n ex a: Hair matrix tumor. Basal-cell carcinoma, Adenoma and adeno.

carcinoma o f perianal glands. Adenoma and adenocarGinoffia of sweat glands 
Adenoma and adenocarcinoma of sebaceous glands.

In the subcutaneous tissue; Hemangioma, H:mangioendothelioma, Lipoma 
Lymphangioma
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The eye The lens
Anatomy Luxation
Congenital anomalies _  Cataract
Eyelids The uveal tract

Of* Trichiasis Anterior synechia
K" Blepharitis Posterior syDechia
f Hordeolum Of stye Iridocyclitis
•Ф Chalazion Periodical ophthalmia
t'i'' ... . Edema The retina

Neoplasms Progressive retinal atrophy its
Lachrymal glands dogs

гй- Dacryoadenitis. Detachment of retina
Conjunctiva Optic nerve

f; * .1 - — Conjunctivitis- Atrophy
* M v Cornea Glaucoma

Pannus Ophthalmitis
¥ Keratitis Neoplasms of the eye

Ulceration The ear
Xa Infectious keratoconjunctivitis External ear
k j  . in cattle Otitis externa

in sheep Ectoparasites
in fowls Middle car

Otitis media

vi'i
T H E  EYE

Though detailed anatomy of the eye is beyond tho scope of this book, a
brief description is necessary to  understand the pathological conditions that may 
be met with.

. ; - The eyeball is located in the bony cavity o f (he skull known as the orbit It
If • protected by eyelids, which have skin on tbe outside and startified squamous

epithelium (the conjunctiva) lining the surface that comes into contact with the 
eyeball The borders of the eyelids have eyelashes containing hair, lust behind 
the eyelashes arc a row of tiny sebaceous glands, the Meibomian glands, (be sec
retion of which serves to lubricate the eyelashes, preventing their adhesion. 
Movement o f the eyeball is brought about byjtarious muscles that are attached 
to the orbit and the eyeball. A-—arJjsT i

Membrana n ictitans or the third eyelid is situated near the inner cantbus 
and consists of elastic cartilage covered by conjunctiva.

The conjunctiva is a membrane with a fibrous tissue stroma covered by epi
thelium and lines the inner surface of the lids and the third eyelid and is also 
reflected on the eyball—on.the sclera and cornea The conjunctiva also con
tains small glands similar to lachrymal glands.

520
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4 Iodine deficiency in  th e  new born ; Animals born of mothers fed on 
iodine-defiicient food, are hair-less.

5. E ndocrine im balance: Kyperestrogenism in male dogs (testicular tumois 
produce symmetrical alopecia).

In cryptorchidism (either unilateral or bilateral) bilateral alopecia develop- 
due to defuciency of testosterone..

In bitches, hypoestrinism produces alopecia on the posterior part o f the 
abdomen, inside the thighs hnd under the tail.

In hypothyroidism (due to  atrophy o f  the thyroid gland, either primary or 
secondary to disease o f  pituitary) bilateral alopecia, hyperpigmentation o f  the 
skin (diffused_pr localised), followed by hyperkeratosis are noticed

IJ.' V itam 'in d e fic iency : In Biotin deficiency, alopecia is believed to  be
produced.

Vitamin C deficiency in calves causes loss o f hair and cracking of thickened 
skin ,

Vitamin E deficiency in cats produces loss o f  hair on the head and txt i rmi  
ties as well as dryness o f  the skin.

7. P lan t po isons: W hen sheep and goats feed on Torr.arindus indico;Senecio 
and Chrysocoma tenui/oUa, alopecia develops.

8. In jury  to nerves: Peripheral netve injury is followed by alopecia,
9. Psychic d is tu rb a n c e - : In man alopecia areata is believed to be due to

psychic nervous stimuli There have been many cases, o f alopecia'coincidental 
with business failure, death or departure o f beloved persons and the ordeals o f 
getting married or divorced. Capillary blood supply is not affected.

10 O ther C auses; In chronic interstitial nephritis in dogs partial alopecia 
develops. Partial alopecia and hyperkeratosis are found in cattle and dogs 
suffering from functional disorders o f the liver such as cirrhosis.

Feeding of excessive whale oil, palm oil and soy oil as milk replacers causes 
alopecia. The fibres break.easily. Alopecia may de due to the variation in the 
blood supply to the hairs or due to  variation in the nutritive quality of the blood 
supplied.

Inherited symmetrical alopccig-jp^spme times met with among cattle and is 
due to a single autosomal recessive character. Calves begin to lose hair between 
6th week and 6th m onth of their postnatal life. The condition commences on 
the head, back and hindquarters and progressively extends to other parts o f  the 
the body, It is symmetrical Affected paits are completely bald.

Congeniti3hTeiitbyosis;?^lchthyo9is means scaly skin of fish. -Sem e calvef-, 
"sire born which have a skin, usually devoid ..of hair, but which is composed os' 
hard, horny plates, with fissures seperating them The fissures follow the norm al 
skin folds. Affected animals do not usuaily^ive longer than one or 2 days.

M acroscopically : there is severe hyperkeratosis and some acanthosis This 
condition is supposed to  be hereditary, conditioned by a simple recessive letha) 
gene

* Acanthosis n ig ric an s  : This condition in dogs results from hormonal im ba
lance—(due to decrease in  thyroid uptake). In this condition there is hyperkera
tosis with increased pigmentation. This is seen moitly in dog i. The lesions
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are bilateral and are small, poorly circumscribed patches, blacker tban normal 
and found on the skin o f the abdomen, axilla, innerside o f  the thigh, inguinal 
and circumanal region. . The skin is thickened and folded and usually devoid of 
hair

M icroscopically , there is elongation of the derma) papillae. Congestion 
may be noticed. Prickle cell layer may be increased in thickness with prominent 
reie pegs Pigment is not confined to the basal layer but is present in cells of 
all layers. The glands and hair follicles mav be atrophied. The cause of acan
thosis nigricans is obscure I bis condition is found in association with certain 
visceral tumors like adeno-carcinoma of the liver. Dogs affected with sertoli-cell 
tumor and hypoplasia of the‘pituiisty show-this condition

ECZEMA
This is an inflammatory skin condition'(dermatitis), charcterised by vesicle 

formation, infiltration by inflammatory exudate, watery discharge and develop
ment o f scales and crusts These are the several manifestations o f an illundtr- 
stood condition. The term eczema is a very general term and is not very 
descriptive There is no valid reason to retain in since derm atitis  can be beiter 
described specifically according to the nature o f exudate; as serous, papular, 
suppurative, necrotic or parasitic.

Eczema may. however, be applied to the allergic condition o f  the skin though 
in animals the nature o f allergin cannot usually be determined. The &l)ergins 
may be exogenous or endogenous. The exogenous allergies may be chemicals 
(medication of the skin), fungal or parasitic. The endogenous allergies may be 
ingested proteins or they maybe formed in the intestines due to overeating  or 
stasis ol food as in constipation; or they may be digested parasites. In some 
animals there may be inherited predisposition. Continued sweating may also 
predispose the animal

M acroscopic*!);, in the acute or moist eczema, vesicles, bullae and infiltra
tion by inflammatory cells can be noticed First the vesictes s ta rt as spongiosis 
and later edema of the dermis may develop. Pustules arise which may later dry 
up. Vesicles may rupture causing weeping on the surface. Dermis may show 
inflammatory changes. 'V

The ch ron ic  o r dry eczema : there may bo scratching and rubbing leading 
to thickening o f the skin with scale formatioo. lichenification and formation of 
scabs and fissures

M icroscopically , there is hyperkeratosis and acanthosis. The pegs are pro
longed. The dermis shows fibrosis and'infiltiatlon'by lymphocytes.

DERMATITIS
Severe inflammation of the skin is called dermatitis. i?

Causes of d e rm atitis  include the follow ing :
I, Physical.-

a> 1 Pressure—exemplified by decubital ulcers.
Ы Traum a—abrasions, scratches etc.
c) Reta irradiation.
d) Piiotosensiiization.
e) Heat and cold—if excessive
f) Sunburn—in unpigmented animals especially.
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g) Exessive wetting causing maceration of the stratum corneum.
This is easily- invaded by baceria.

3. Chemical irritants—acids, bases, thallium poisoning.
3. Bacterial—Swine erysipeleas, Authrax.Tuberculosis o f skin. Streptococcal 

and Staphylococcus aureus infections.
4. Fungal—various types of ring worm, moniliasis (Candida albicans,

___ Epizootic lymphangitis).
5. Parasitic—Nematodes, Stephanofilaria; ectoparasites;
6. Viral—Pox (Variola), contagious ecthyma and in Fool and Mouth 

disease, rinderpest, mucosal disease e tc . ^
•7. Allergy-allergic dermatitis of horses. ,
8. Dermatitis due to nutritional deficiencies—as in deficiency of В vitamin 

complex in pigs.
9. Protozoa—Leishmaniasis.

L esions : These vary with cause.
Serous derm atitis : This is the mildest type seen and occurs in sunburns 

and mild friction due to ill-fitting saddle and harness as well as mild chemicals, 
heat and cold.

M acroscopically, the skin is red and railed due to  spongiosis. Sweat and 
sebum may be secreted ia large quantities.

M icroscopically , hyperemia, edema and infiltration by a few leucocytes arc 
seen.

R e su lt; If the cause is removed, the condition resolves quickly and no 
permanent damage is done. If the cause is more intense and persists, acute 
dermatitis will follow :
Acnte V esicular D erm atitis :

C au ses : ■
1. More intensive sunburn

3. Hotter and colder applications.
4. Photosensitisation
5. Sepecific diseases—pox
M acroscopically, besides redness and heat o f  the locality, there is edema of 

the dermis leading to swelling o f the part. Blebs form in the epidermis contain
ing cleat fluid. The roof o f the vesicle is formed of stratum corneum:

M icroscopically , the lesion starts as^an erythema, (morbid redness o f tkifil, 
with edema in the dermis and infiltration by lymphocytes and histiocytes. With 
Increasing exudate. spongiosis occurs Hydropic degeneration o f  the prickle 
cells occurs, which may rupture due to pressure from fluid inside. Due to  coal
escence of adjoining ruptured celts, vesicles from, which later may enlarge to 
form bullae, a s  the fluid accumulates - in ibis vesicle, the superficial stratum 
corneum is pushed outwards to form the roof o f the vesicle and this layer u lti
mately dies, lf.the pressure is great, rupture of the stratum corneum will occur, 
revealing a ted base consisting of hyperemic stratum germinativum. Intact 
stratum corneum prevents infection. Pretence of leucocytes in the vesicles 
changes them to pustules. Laler the pustules may rupture and a crust is formed

2. Stronger chemicals
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consisting of the coagulated exudate that forms at the site. Beneath the crust 
infiltrating neutrophils protect the area while epithelium regenerates and healing 
occurs

Seborrhoea is increased secretion of sebum and is usually met with in der
matitis The common examples are the gtcasy heel o f horses and seborrhoea in 
dairy cows. In the former, there is excoriation and soreness on the back of the 
pastern and may be due to  standing in unhygienic barns The part appear» 
greasy and is sensitive to the touch, resulting in lameness Similar condition of 
the legs may also occur id cattle that stand in mnd.

In the seborrhoea o f  dairy cows, that have newly calved the lesions are 
commonly found lu-tlre ,groin between the udder.and the thighs or in .the udder 
rtseif between the iw oE rtves There is voluminous sebum secretion and the 
skia may become necrosed Bad smell exudes The aiiected skin may be shed'

Im petigo : This is pustular dermatitis usually caused by Staphylococci and 
rarelv by Streptococci

Infection may occur through bite wounds in pigs (bites by dogs or other 
pigs). Lesions are mostly found on the face—on the snout, ears and over the 
eyes

In Canine distemper lesions are found under the belly.
fa sheep wounds caused by thorns are infected and dermatitis develops.
Dirty litter and humid ptaces are predisposing factojs Skin that is conti 

uuously drenched by discharge, either from a wound or a natural opening be
comes soft and easily infected.

On the udder small pustules are found at the base o f teats. Other parts of 
the teat and udddr.r may aiso be affected. Spread too ther animals occurs during 
iniikmg This condition is noticed in association with staphylococcal mastitis.

Lesions: M ic ro sc o p ic a lly , initially erythematous patches,may be observed 
which soon become vesicles and pustules. A scab forms on removal ofw hi.h  
« red weeping area is seen. Healing occurs quickly.

If  dermis is also affected, a diffuse inflammatory area is seen—phlegmon.
M icroscopically , the pustule contains serofibrinous sxudate with neutro

phils The dermal vessels are congested.
F ollicu litis is the inflammations of bait follicles. Inflammation of sebaceous 

glands is called acne. B oii or furuncle is an abscess o f thA hair follicle. Carb
uncle is a cluster of boils situated close to  each otbeF, opening on to the skin 
through sevetal pores. jjgj . . .

Causes f?  Usually Staphylococci', C. Pyogenes may also be found. Contri
buting causes are sweating, contamination by filth; decreased vitality.

It may also result from ringworm, mange and as a complication of 
distemper.

Lesions ; The earliest lesions are small raised papules, which may either 
subside nr progress to pustules or abscesses Discharge that occurs at the roots 
of hairs dries to a scab, removal of which results in loss o f hair, which, how 
ever, tegenerates. l ocal lymph nodes may be enlarged.

M icroscopically, the follicle contains inflammatory exudate with leucocytes.

S t 6
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Lachrym al g lands, producing tears, are situated below the supraorbital p ro
cesses. The duct draining the tears is situated near the nasal canthus in d  opens 
into the nostrils.

H a rd eria n  glands are located in a cavity below the m em brana nictitans. 
They secrete an unctuous m aterial that is useful to lubricate eyelids and mem
brana nictitans

The sc le ra  or sclerotic coat is .a  fibrous membrane lined externally by the 
conjunctiva. Though it contains many blood vessels, norm ally they are not 
seen, bu t come into view when they become -‘injected” . The functions o f the 
scleia  are : (a) to protect the vascular tissues underneath and (b) by affording 
rigidity to  the eyeball, its shape is maintained constant.- Otherwise,;.by the.prcs- 
sure o f  the eyelids abd muscles, the shape is likely to be altered ЙГ<Г vision will 
be affected.

The co rn ea  is the transparent portion of the eyeball I t  consists o f  5 layers: 
(1) stratified epithelium, which is continuous with that of the sclera; (2) a struc
tureless elastic layer—the Bowman’s membrane; (3) the substantia propria con
sisting o f transparent connective tissue fibres; (4) Descemet’s m embrane, which 
is very elastic and hyaloid This is deposited by the endothelial cells that line 
the posterior surface of the cornea This membrane is very tough and is useful 
when ulceration o f cornea occurs. Though the substantia propria may be rup
tured, it is this membrane that prevents the herniation of the iris and (5) the 
endothelial cells that line the  Descemet’s membrane This form s the anterior 
boundary o f the anterior cham ber that contains fhe aqueous humor. T he cornea 
has no blood vessels and so it derives its nutrition from (1) aqueous hum or; (2) 
from the capillaries of the sclera surrounding it and (3) from tears.

During wakeful hours, oxygen supply is obtained by the cornea directly 
from the air and when closed by eyelids from the blood. Vitam in A is necessary 
for the health o f the cornea. In its deficiency xerophthalmia results.

The eb ero id  coat is a  pigmented, vascular m em branetbat lines the sclera. 
The retina is situated in its internal face.

The I r is  is a muscular structure with an opening in the centre. This open
ing is called the pupil. The iris functions as the diaphragm in a  camera by 
virtue o f the muscle fibres.

The c il ia ry  body, which is a  ring of tissue is joined to the iris in front and 
to the choroid behind. This structure consists o f the ciliary processes which 
secrete the aqueous humor and the ciliary muscle, which helps in the “ accomo
dation”  o f  the eye. ~

Dilatation o f the pupii is known-as m ydriasis. This can be brought about 
by various drugs: atropine, hyocyainine and stramonium (all o f which are p a ra -  
symptholytic); cocaine, adernaline, and amphetamine which are sympathetic 
stimulants

Mydriasis may be seen in the following conditions : hypertension, injury to 
the third cranial nerve (oculom otor), strychnine poisoning and in the later stages 
of chloroform  anesthesia * - ' i

Constriction of the pupil is known as myasis. This can be bronght about 
by pilocarpine, physostigmine and ergotamine.

Contracted pupil is the tell-tale appearancoin morphine addiction.
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Myasis may also be met with in the following co a litio n s : keratisis, ulcera
tion o f the cornea, inflammatory conditions o f the uveal tract and meningitis.

Tbe lens is a peculiar structure composed entirely of epithelium. It has 
neither stroma nor vascular tissue In front it is bathed by the aqueous humor 
and is nourished by it. Actually the anterior surface o f  the lens forms the poste
rior boundary of the anterior chamber. Its anterior surface is in contact; partly, 
with the iris. Its posterior surface firs into the depression of the vitreous—the 
hyaloid fossa.. Tbe lens has a tough hyaline capsule outside, which is imperme
able to bacteria and leucocytes.

Aqeous humor : The aqueous hum or (intraocular fluid).is secreted by the., 
ciliary process into the anterior chamber from where it is drained at the filtra
tion triangle into the veins through the spaces o f Fontana.

The functions of this fluid are : ” .
I It nourishes the lens and cornea which are avascular.
2. U serves as a refractive medium.
3. It helps in the maintenance of the shape of the globe For proper vision 

it is essential that the shape o f the globe is no t altered. ^
4. It helps in the removal of waste products o f  metabolism.
There should be a constant turnover .of the fluid to achieve the above func

tions o r otherwise the fluid may become cloudy and the nutrition of the-lens 
may be affected leading to cataract.

t he vitreous body is a jelly-like, transparent structure lying between tbe 
posterior surface of the lens and the retina and is enclosed in a delicate capsule, 
the hyaloid membrane

Of tbe structures enumerated above, the cornea, aqueous humor, the lens 
and the vitreous, constitute the refractive media and so to a large ел tent perfect 
vision depends on their perfect transparency Should they become .cloudy or 
opaque due to pathological processes (to be described hereafter) vision will be 
impaired and blindness may ensue.

Perfect vision is also dependent upon the health aDd proper function of the 
photosensitive nervous receptors in the retina and optic nerve..

The re tin a  is connected to the braip by the optic nerve. It santerior (inner) 
surface is in close association wiih the hyaloid membrane of tbe vitreous and the 
outer surface related to the choroid.

The histological structure o f the retina is very complex and consists of ten 
layers The tods-and cone* of the last layer (i e lbtSlayef ia contact or near 
tbe choroid) are the most important in vision

The optic nerve, which is tbe second cranial nerve, enters the globe at the 
optic papilla and the fibres get distributed to the retina

Branches of the third, fourth, fifth and sixth cranial nerves innervate differ- 
rent parts of the eyeball and the fibres get distiibuted to the lachrymal glands,

1 Congenital anom alies o f  the eye
Anophthalmia congenitus This is complete absence of one or both eyes. 

Instances of this condition have been reported in foalv, pups, calves and plgltts 
Histological examination may reveal remnants o f  some ocular structures
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M icrophthalm ia is a condition in which one or both eyes are small. Most of 
the cases have been reported in swine (result of hypovitaminosis A of the dam) 
and dogs (a hereditary condition caused by sub-lethal genes)

Cyclops is a condition in which there is only one eye due to fusion of the 
two orbits and is seen in monsters

Ankyloblepharon is a condition in which both the eyelids are fused together.
S trab ism us is squint of human beings. In animals the condition is bilateral 

with the two eye globes turning inwards. Squint is seen in Siamese cats in which 
it is congenital. This has also been seen in calves of beef breed and in collie 

v  dogs . 3  j g f  ef* . •»
Entropion is turning in of the eyelids and is a hereditary congenital condition 

seen in sheep, dogs and loals. . —”
ectrop ion  is turning out o f  the eyelids. Usually the lower eyelid is affected. 

This is also a  hereditary condition.
Coloboma is a congenital anomaly due to failure of tbe closure o f embryonic 

ocular cleft and so the eylids, ciliary body, lens or iris may be affected showing 
fissures or gaps in their continuity In the eyelids a small wedge shaped portion 
may be missing or even larger aiea may be lacking. Similarly small areas of iris 
and lens may be absent.

“ T firm oids of cornea: These tumors occur as a congenital condition due 
probably to a sublelhal factor. The cornea of one or both eyes is partly covered 
by skin containing hair. Actually tbe cornea at tbe place affected is replaced by 
the skin Because of constant friction and. irritation hy hair, conjunctivitis, 
pannus formation, keratitis or ulceration may result.

Congenital anterior synechia is a condition in which there is adhesion 
between the iris and the posterior surface of the cornea.

C ongenital opacity of cornea may be met with, sometimes, .as a result of 
anterior synechia In certain breeds of cattle (Holstein-Friesian, Swiss, Norwe
gian, Red poll) hereditary opacity of cornea has been met with

M icrophakia— the lens is small and is spherical, i t  may he opaque or trans
parent.

D isplacem ent of the lens or luxation o f the lens (ectopia len tisj may be 
met with in some animals. The dislocated lens is opaque. In certain breeds of 
dogs (Sealyheam and terriers) it is a developmental defect.

C atarac t is a condition in which the lens becomes opaque. In some animals 
it is a congenital condition.

'- C ongenital aplasia of the re tin a  and hypoplasia oS the o p jjf j ie n e  may be 
met with m  calvts and they are born blind. “ _ ’ ~

EYELIDS
T rich iasis  is the mining in of the eyelashes and therefore cornea is irritated 

by the hair. Keratitis and attendant lesions may be encountered.
B lepharitis is inflammation of the eyelids. This may be a part o f genera, 

lised dermatitis. But it is usually a complication of 1 a) distemper in dogs and 
cats, (b) trauma, (c) conjunctivitis or (d) inflammation of the lacbtymal glands. 
Complications of blepharitis a re : li) ankyloblepharon, when adhesions between 
eyelids take place, tii)Symb)epharon, where there is union between the conjunc
tiva lining the lids and that covering the eye balls.
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H o rdeo lum  or s ty e  is the inflammation o r even abscess form ation o f  the 
follicles o f  an eyelid and is a very painful cond ition .

C h a laz io n  is the abscess formation of the M eibomian glands. Sometimes i  
cyst m ay form  in these glands.

Edem a o f th e  eyelids : This usually results due to  (i) trauma, (ii) infection, 
(iiiv conjunctivitis, tiv) allergy and tv) fracture o f  the orbital ring. T he following 
condtions are accom panied by edema of eyelids—H orse: Influenza, pink eye, 
purpura and allergic conditions

C a tt le  : m alignat catarrhal fever, dislomiasis, stomach worm affection, trail 
malic pericarditis and penetration of a foreign body into the eye like husks etc.

P ig  :gut edema, chronic hog cholera.
Dog and C at : distemper, allergy, stiDgs by nettles pud ants. , m -~s  - ■
N eoplasm s : Squam ous cell carcinoma which may arise from the cobjuhcftvii 

or the skin of. eyelid o r from the membraoa nictitans is very common among 
cattle

Papillom ata, basal-cell carcinoma and angiom ata (cavernous or capillary) 
m ay be found . A denom a of the Meibomian glands may also be met with.

ORBIT.
E xop h th a lm o s : Protrusion of the eyeball
E nop h tb a lm o s sinking of the eyeball in to  the  orbit.
O rb ita l  c e l lu l i t i s  l is the inflammation o f  the orbit. Israre- 

C a u s e s : N u tritiona l—in cats.
Foreign bodies
Extension from  periodontitis o f posterior molars in dogs.
Orbital contusion complicated by fracture o f  the ring of the o rb it.
Extension o f  ophthalmitis.

This condition  is usually suppurative in nature. Non-inflammatory edema 
with slight exophthalm os occurs in edema disease and Mulberry heart disease of 
swine, congestive edem a o f  head, purpura hem orrhagica and urticaria.

L achrym al ap p ara tu s :D ac ry o ad en itls  is  the inflammation o f the lachrymal 
glands and is rarely m et with as a complication o f  conjunctivitis or trau m a. 
There is diffuse congestion and enlargement o f  the gland, causing protrusion of 
the m rm brana nictitans. An abscess may form rupturing on the upper eyelid. 
T he ducts are d ila ted  with inflammatory exudate.

Xerophthalm ia due to vitamin a deficiency has already been studied (Page 157)
O cclu s io n  o f  lach ry m al canal : This may be congenital or acquired. In 

doge o f  certain breeds (Sealybeams and Poodlesl there may be congenital absence 
of th.e puncta.

The canal m ay b e  occluded in the following conditions, (a) entropion, 
(b) inflam matory swellings found in conjunctivitis and rhinitis, (c) atrophic 
rhinitisjin  swipe, (d) m iller’s disease in horses and (e) neoplasms of the nasal 
passage. ... . .. ^

Adeno.ma o f Ж е lachrymal gland is v e iy -rS fe: -w
" . CONJUNCTIVA

C o n ju n c tiv itis  is commonly met with among animals and the causes are l— 
(a) Bacteria : Some bacteria  can penetrate the intact conjunctival mucosa—
Brucella, L isteria  and PasteureUa tularensis

Usually, the conjunctival mucosa is free o f bacteria either due to  the flushing 
action o f the tears o r to the bacteriostatic property o f  the lysozyme.

Secondary infeciion by Staphylococus aureus. Pseudomonas aeruginosa and 
E. C olt may occur following trauma or debilitating viral diseases (distemper in 
dogs). ,
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(b) Chemicals: Disinfecting fluids, lime in white washing material, irritant 
gases such as formalin vapour and sulphur. Smoke, acids, alkalies, sheep dips, 
parasiticides, skin dressing, iodism.

(c) Foreign bodies • Awns, oak husks, mud, dust and sand.
tdi Parasites: Thelazia lac.h’y'nalis in horse, T  rhodesii in the ox, T. calli- 

peda in dog and T. ieesi in camel. . . .
(e) Allergy to pollen, horse serum etc.
Symptoms : There is congestion of the conjunctiva and increased produc

tion o f tears, which flow over the face as the lachrymal cannal may be closed 
due to swelling of the membrane. The tears are clear a t first but soon become 
turbid .and thick due to the presence of leucocytes and mucoid material. It may 
also contain flecks The eye lids may be glued by th e  sticky material.

Infections by pyogeniciorgenisras-as occur in distemper o* dogs and periodic 
ophthalmia of horses produce purulunt conjunctivitis. Croupous or diphtheri
tic conjunctivitis is mostly encountered in fowls. In cattle infection by 5'. necro- 
phorus causes croupous conjunctivits. In this condition there is gray or choco
late colored inembrane covering the eyeball.

Infection may spread to the cornea and keratitis may, tberfore, result. In 
the purulent and croupous varieties, keratitis and ulceration оГ the cornea ar- 
very commonly seen.

CORNEA
^annus is a condition in which vascular granulation tissue is found betweee 

the corneal epithelium and the Bowman's membrane. Calcification of the granu 
latiobi tissue may sometimes occur.

K era titis .. The causes o f keratitis are the same as detailed for conjunctivitis.
Symptoms inculde photophobia and blepharospasm (in which the eyelids are 

tightly closed). The cornea may, in the initial stages, show edema of the epithe
lium followed by opacity due to infiltration by leucocytes. In the acute stage 
ulceration may o ccur.. Vascularization of cornea may be seen.

C orneal u lce ra tio n  occurs during acute or chronic conjunctivitis. It may 
a io occur as a result o f suppurative conjunctivitis or due to trauma (thorns,nails, 
barbed wire, cat scratches, horn gores). Nutritional imbalance due to deficient 
proteins and vitamins and impaired nerve supply may also cause ulcers. Virulent 
organisms can cause ulcers due to  the activity of their toxins.

. If  the Desceraet’s membrane is also perforated, aqueous humor is lost. 
There may be prolapse o f  the iris through the rupture (Stapbyloma),.foliowed by 
dislafTation of the lens. Secondary infection of an ulcerated cornea can infect 
the whole globe .(panophthalmia) and the eye will be completely lost.

Healing of a corneal ulcer is slow and is similar to healing of an open 
wound. The scar tissue contracts and a tiny scar, which is opaque, is lpft, which 
never completely disappears. Depending on its density, the corneafscar is known 

ias nebula, macula or leueoma. 3
In fec tio u s  k e ra to co n ju n c tiv itis  in cattle  : P in k ey e .: This condtion may 

occur as arpefiizootic in many part-, of the world and is common in summer and 
autum n Probably (lies transm it the disease from animal to  animal. The causative 
organism is Moraxella hovis, which is gram negative and is found in the tears. 
An endotoxin that causes necrosis of the skin is produced by this organism.' 
Wood stream is not infected.

Symptoms include conjunctivitis, copious -lachrymation, photophobia and 
blepharospasm A slight elevation *of temperature accompanied by anorexia
occurs.Within otic to two days following the onset of the above symptoms,corneal

<
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opacity develops in the centre followed by ulceration iu two more days. Ulcera
tion in Ibe young expands and vascularization may occur. Tbe cornea may 
become completely opaque. There may be purulent discharge from the eyes. 
As the condition subsides, opacity decreases and complete recovery occurs in 
three to five weeks. Recovery is followed by immunity which lasts for a year. 
Immunity is local and may be due to  peristence of the organism in the conjunc
tival sac

A mild conjunctivitis is also caused by the virus of Infectious Bovine Rhino- 
tracheitis characterised by congestion o f the conjunctiva with increased lachry- 
mation which is serous.. Cornea may become slightly cloudy. Cornea is not 

.........  ulcerated
- J ,  - . . . .  ̂ »•-. ТЕ» .

Infectious k era to co n ju n c tiv itis  in sheep—contagions ophthalm ia; In
sheep this is also known as pink eye,caused by R ickettsia conjunctiva and occurs as 
outbreaks in various parts o f the world in summer. Though the condition is mild 
and not fatal, animals become temporarily blind and become weak and ̂ under
nourished as they cannot graze properly and adequately.

Symptoms include conjunctivitis, keratitis, increased lachrymation, blepha
rospasm and opacity o f  the cornea with vascularization. The diicharge which is. 
watery at first becomes purulent subsequently. Recovery starts within three to  
four days and hy the tenth day is complete. In some animals, certain amount of 
opacity of the cornea remains. Recovery is followed by partial immunity and 
the recovered animals are carriers for a year.

Among goats, the condition is mild.
In fec tio u s  k e ra to co n ju n c tiv itis  io fowls

This condition is found in Africa, Russia and Denmark among fowls. ..A 
r !ckettsia is said to  be causative. It is known as Ricloasia eonjunctivae.

Birds under three months are usually affected, the incubation period is 4 to 
6 days. The condition is transmissible

Symptoms: Usually one eye is affected. In a few days the other eye is also 
affected due to spread of infection. The eyelids are glued together and opacity 
of the cornea develops. I f  no secondary infection occurs, recovery in 2 weeks 
is the rule. Karely growth o f the bird may be retarded. Morbidity is 2U% to 30% 
while mortalityrrs liss than 1%

No organisms are seen in the conjunctival sac. Inclusion bodies.are seen in 
the conjunctival epithelium. Since antibiotics are not useful in treatment a virus 
is suspected to be the cause.

- j». THE LENS
w T Because-of the peculiar structure of the lens’ the changes: that could occur 

in this structure are of lim ited range. These are : (a) changes in its position 
aDd (b) degenerative or zhetabolic changes in which the transparency o f  the 
structure is altered.

Luxation of the lens : The lens is anchored by the zonula of Zinn or the 
suspensoty ligaments to the ciliary body. I f  these ligaments are ruptured, the 
lens may be displaced into the anterior chamber or into (he hyaloid fossa or into 
the vitreous if  it is displaced into the anterior chamber, opacity of the cornea 
occurs due to the pressure o f the lens on the endothelium. In such a situation.
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the nutrition of the lens is altered and it becomes opaque. Glaucoma may deve
lop due to hindrance in the filtration of the aqueous humor (consequent on the 
abnormal position).

Inflammatory changes may be produced by the unnatural position of the lens 
and so adhesions between the cornea, lens and iris may be brought about.

When the capsule o f the lens is m ptured, the lens may be liquefied and 
resorted
Causes: I. The condition may be a congenital anom aly’

2. Trauma is the most important cause in the acquired variety 3Dd 
found mostly in dogs, especially in Sealyheam and terrier breeds. Excessive bar
king may traumatise the ligamen%.£-.j..„_

3. " Glaucoma which may be the result o f cyclitis, may cause secondary '•
luxation.

4. Since this condition occurs in older dogs (after the age of 3 years) 
degenerative chaoges(cau$es unknown)in the suspensory ligaments may be a cause.

5 A ptedisposing genetical factor may play a part.
C a ta rac t; Opacity o f the lens is cataract. Obviously, therefore, blindness 

or impairment of vision develops. Cataract may be partial or complete depen
ding on its situation . It may be congenital or acquired, the former being the 
most common

Incidence : Cataract is common in dogs and rare in other animals. Among 
dogs, there is hereditary and breed susceptibility.

Pathogenesis : The lenticular tissue is capable o f the following changes :—
(11 proliferation of the capsular epithelium. (1) necrosis o f the fibres of the lens 
and (3) increased sclerosis o f the fibres forming the nucleus. So depending on 
the nature of the changes, cataract is classified as follows:

1 Snbcapsular c a ta r a c t : This is seen in horses, dogs and birds. In this 
condition there is abnormal proliferation o ftb e  lens epithelium Usually the 
proliferation occurs, at the from  surface of the lens, when it is known as anterior 
polar ca'aract Sometimes the proliferation of the cells may extend beyond to 
the posterior surface due to the degeneration of the lens. It is known as posterior 
polar cataract The cells, because of proliferation, .become disorganised and 
form thicker layers producing opacity. This condition''may'-bi a result of poste
rior synechia or due to repeated attacks of periodic ophthalmia in horses and is 
usually associated with cortical cataract.

2 Cortical ca tarac t: This is the most common form and involves the lens 
fibres, either a» the front (anterior corticaj cataract)s,or at the back (posterior 
cortical cataract). Due to accumulation of interstitial fluid consequent on the 
altered metabolism of the epithelial cells, the fibres become disintegrated and 
disorginiied The cataract is stellate, spreading from the centre to the periphery.
It is a progressive condition. Usually this type follows a corneal ulcer

3 Lamellar c a ta ra c t .- This occurs in young animals. It is non-progressive 
and is located between the nucleus and the cortex It may be congenital or acqui
red and results due to some injury during development and is seen in puppies 
following an attack of distemper or in these that have suffered from rickets (due 
fo-vitamin D deficiency).
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4. Nuclear cataract „аде probably the results of senile changes, in which 
the; fibres a t the centre become more dense thereby m aking the ducIcui dull or 
hazy.

C auses:
- 4 t .  C ongenital; (a) failure of the hyaloid artery (which is .present in the 
embryo entering at the optic papilla and extending to the posterior surface of the 
lens and nourishing the vitreous humor) to regress and disappear completely, 
leaving remnants of its wall or its small branches.

(b) Impairment of translucence of the lens due to abnormal arrangement 
of the lens fibres or there may be fluid or droplets o f Quid between the nucleus 
and cortex of the lens.

(c) A hereditary predisposition may precipitate the occurrence of cataract in 
later life.

(d) Deficiency of vitamin E ; cataracts are found in chicks born of fowls 
fed vitamin E deficient diets.

2. Acquired : Degeneration of the lens due t o :
(i) luxation.

impaired nutrition, as occurs in ophthalmitis and affections of the 
uveal tract.
degenerative ocular disease as in retinopathies and retinal detachment 
in dogs. jas found in Pekingese.
Trauma.
Senility-common in old stallions.
Diabetes melliius : This is seen occasionally in dogs. Probably incr
eased sugar content alters the osmosis in the aqueous humor. x- 
Nutritional disease—deficiency of vitamin D; deficiency of vitamin C 
in the lens; deficiency of cystein. which plays great part in the oxida
tion-reduction processes
Toxins: (a) toxins circulating in diseases like influenza and periodic
ophthalmia !d horses and distemper in dogs may cause degeneration of 
the lens, b) toxins of uremia as occurs in chronic interstitial nephrits. 
Poisons i ergot jn cattle and pigs.
Absorbed radiation—(see page .131).

THE UVEAL TRACI
A nterior synechia is the condition in which there is adhesion of the iris to 

the posterior surface of the corpea. This results due to. iritis. Anterior syne
chia causes glaucoma.. -

P o s te rio r synechia is the adhesion of the posterior surface'of the iris to the 
anterior surface of the lens capsule. This condition also "rtsults due to iritis. In 
this condition pupil cannot dilate.

Irid o cy c litis . This is the inflammation of iris and ciliary body and is also 
known as an te rio r uveitis: This condition is best exemplified by specific condi
tion in horses known as Periodic ophthalmia

Periodic ophthalmia or Equine recu rren t iridocyclitis or 
Moon Blindness

This is a disease of equidae, in which one or both eyes may, be affected The 
ideasc may abate only to reappear (in the same or the other eye) in a mot

: i l



levere m anner causing greater damage to the/eye, which finally becomes blind on 
repeated attacks.

C anses : The exact cause is obscure. The following are suggested.
1 Deficiency o f riboflavin,
2. Infection by kptospira,
3. Hypersensitivity to leptospira t?)
4 . Virus (7), transmitted by flies.
Symptoms and lesions; The disease starts with photophobia,bclpharospasm, 

lachrymation and tightly contracted pupil,which does not dilate even in daikness 
The conjunctiva and sclera are congested and the cornea may sbow vascularization. 
The iris is dull and yellowish but not the normal brown. The pupil becomes 
clouded due to  the presence o f the exudate and leucocytes in the anterior 'eti'aSfc 
ber. Particulate m atter settles at the lower border o f  the iris and posterior sur
face o f the cornea forming the k e ra tic  p re c ip ita te s .

Within a week or ten days, the disease subsides so that photophobia vanishes 
and the animal is able to  sec. Though the disease appears to subside, the eye is 
never completely normal since some amount o f anterior synechia and posterior 
synechia are present.

Repeated attacks cause posterior synechia, subcapsular cataract (due to the 
alteration in the nutrition of the: kns consequent on inflam m atory' changes of 
the uveal tract) ,  gradual absorption of the lens after the capsule is ruptured, 
liquefaction o f the vitreous humor, shrinkage and atrophy of the eye. The cho
roid and re tina  separate due to accumulation of the exudate. The eye is finally 
lost
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THE RETINA
P ro g re ss iv e  re tin a l atrophy in'dogs : This condition is fouud in  Irish set

ters due to  a recessive inherited, factor. The retina in both the eyes becomes 
atrophied, manifested in the early stages as night blindness,' finally resulting in 
total blindness. The degeneration first starts in rods. Gradually ih e  outer and 
inner nuclear layers become discharged and atrophied fted finally the ganglion 
call and nerve fibre layers become atrophied. I t  may take some years even fo r 
complete blindness to develop.

D etachm ent o f  r e t in a : Retina lies just in contact wjtb the inner surface of 
the choroid but not attached to it. So the retina can be lifted (detached) by 
accumulating edematous fluid or exudate or blood. This occurs in inflammatory 
condition*, o f the choroid or even' o f retina. Inflammatory exudate pours between 
the choroid and retina thus seperiting them In injuries to the eye, especially- 
tfrorn pricks in cattle, there may fc  hemorrhage resulting in the separation o f  the 
two structures. ^

Retina m ay be pulled away by the traction of shrinking^ fibrous band of the 
vitreous. In ophthalmitis, organising exudate may cause traction on the retina 
which may be datached from its norms! position. Liquefaction or loss of vitre
ous hum or m ay be another cause for detachment o f  the retina.

When the retina is detached-, the rods and cones first become atrophied, and 
disappear, foIJowed.by. the. nuclear Jaycr-.,an.d,the optic fibre layer-G liosis may
also occur. Finally cataract, glaucoma and sbr.inkagfcof,the^ye.result.
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O P T IC  NERVE

A trophy  :
C a u se s :

(a) Congenital.
(b) Acquired: retinitis, papilledem a, retinal degeneration, glaucoma; cho- 

roidoretinilis. traum a on occiput, hemorrhages; poisons; morphine, 
filix mas. arecanut; deficiency of vitamin A.

The optic papillae become thinned with disappearance o f  the interstitial capi
llaries. Retinal degeneration follows atrophy o f the optic nerve. Total blind
ness results

; G L AUC O M A”  '
Glaucoma is a condition in which there is increased intraocular pressure 

leading to secondary changes in the eyeball. Increased intraocular pressure may 
result from fa) too excessive a secretion o f  the aqueous hum or, o r (b) hindrance 
in its drainage. Among anim als excessive production does not usually occur. 
I t  is obstruction to  drainage th a t is most commonly, the  cause o f  glaucoma.

)f  the causes that give rise to obstruction o f the flow, leading to glaucoma 
cannot be determined with certainity, the condition is know n as primary glau
coma. Probably congenital glaucom a is o f  this category. I f  the causes for such 
obstruction (see below) can be determ ined, the condition  is known a t secondary 
glaucom a

C auses of .secondary g la u c o m a : The pathological lesioos causing obstruc
tion may be due to (i) occlusion o f  the pupil, which m ay occur as a result of 
posterior synechia. In this condition due to organisation o f  the inflammatory 
products, the iris becomes adherent to the lens and so the Suid accumulates in 
the posterior chamber, iris is pressed forward and the filtration  triangle and the 
spaces o f Fontana are blocked by th is protruding iris.

(ii) Occlusion of the filtration angle by the products o f inflammation, 
which may be acute or chronic M ajority  o f  secondary glaucomas occur this 
way. So obstruction may occur in : iridocyclitis in w hich anterior synechia 
occurs; inflammation following traum a o f the eye ball; luxation .o f the lens; in
traocular hemorrhages: detachm ent o f  the retina and in trao cu la r necplasms.:-

Symptoms : Glaucoma m ay be unilateral o r b ila tera l. T he globe is enlarged 
and exophthalmos may be noticed (buphthalm os). C ornea may be edematous 
and opaque. Corneal vascularisatioo and pannus may result due to chronic 
corneal edema. In man pain o f  the-'eye, headaches, toothache and earache 
are fell. :

L esions and seq u e lae : The cornea is flattened and the  iris i t  displaced ante
riorly. There is opacity of the cornea, the lens and vitreous humor. Anterior 
synechia may occur. Degenraiion of the lens may occur Blood vessels become 
sclerosed. Atrophy of the choro id  to  a thin m em brane may ensue. Due to 
pressure a  depression is excavated in the optic disc, which assumes the shape of a 
cup (Cupping o f  the disc) The nerve fibres become a trophied  Due to atrophy 
of the nerve fibres, retina becomes degenerated and a trophied . Ganglion cell 
layer disappears and blindness results
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O phthalm itis is seen es a  symptom and lesion in various specific diseases;

Species o f 
animal. Disease. Lesions seen in the eye.

Cattle Mucosal Disease.

Infectious bovine 
rhinotrachehis-(IBR) 

- Malignant catarrhal

Conjunctivitis.keratitis and corneal opacity. 
In calves born of affected.cows, optic neur-' 
itis,'cataract, m icrophthalm ia and retinal 
dysplasia seen.
Purulent conjunctivitis, 
keratitis and corneal ulceration.
Exudative non-suppurative retinitis, optic

fever. neuritis, iridocyclitis and acute conjuncti-
vitis.

VIRAL DISEASES
Dog. Infectious canine Edema of cornea seen in convalescent

hepatitis.
Rabies.
Canine distemper.

stages.'
Negrl'bodies in ganglion cells.
Retinitis and optic neuritis resulting in 
blindness when the o p tic ' tract is des
troyed. Intranuclear and cytoplasmic 
inclusions setn in the ganglion cell layer; 
choroid . loses its pigment and becomes 
thiD. Pigment-laden cells invade the retina 
and the perivascular spaces.

H one. Boma disease. Inclusion bodies in ganglion cells o f  retina. 
Retinitis and optic atrophy may occur.

Pigs. African swine fever. 
Swine fever.
Swine encephalo
myelitis.

Blindness.
Inflammatory changes in retina and uveal 
tract; congestion, edema and hemorrhages 
in iris and infiltration by mononuclears o f 
the ciliary body.

Fowl. Marck’t  disease Iridocyclitis
BACTERIAL DISEASES >

Cattle. Listeriosis.

Morexella bovis. 
Tuberculosis

Suppurative ophthalm itis and secondary, 
corneal changes.
Infectious keratoconjunctivitis.
Nodular uveitis affecting the iris or the'

, :  C', choroid or both. ■
Calves. Streptococcal meningitis;

Polyarthritis;
Coliform infection. Purulent ophthalm itis

Sheep & 
goats

Mycoplasma agalactia Opacity o f  cornea, keratitis with ulceration, 
conjunctivitis, turb id ity  o f  aqueous humor,, 
glaucoma; exophthalmos, iridocyclitis; ante
rior syenchia; luxation o f lens and loss of 
vitreous.
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'Species of
animal. Disease. Lesions seen in the eye.

Cattle, pigs. Tuberculosis. Hematogenous from  lesions elsewhere,
cats, fowls 
and parrots.

R IC K ETTSIA L DISEA SES

Sheep. Rickettsia ov>s. Infectious keratoconjunctivitis.

i  M Y C O TIC  DISEASES
Dogs. Coccidiodomycosis. tJveai tract affected—detachment of retina

(C  immitis) occurs. Destruction o f iris and ciliary
body, infiltration o f cornea by inflammat
ory cells; glaucoma.

Blastomyces derm atidis Diffuse uveitis— detachement of cornea 
Cryptococcus neoform ans Choroid affected: retina detached- 

Horse. Cryp'ococcus neoform ans.Keratitis and conjunctivitis.
Fowls. Aspergillus fum iga tus. Panophthalmitis — fungus grows in the 

vitreous.

PR O TO ZO A L DISEASES
Dog. Toxoplasmosis. Inflammation o f  retina with infiltration 

of mononuclears in its layen; perivascular

Leishmjiniasis.

cuffing; hemorrhages and inflammatory 
exudate with mononuclears and plasma 
cells in vitreous and around the ciliary 
body.
Conjunct ivitis.and keratitis.

Horse. Trypanosomiasis. Diffuse interstitial keratitis, 

PA R A S IT IC  DISEASES _

Dog. Dirofilariasis. These parasites, found in the aqueous 
humor cause keratitis

Horses Larvae of Habronem a Conjunctivitis.
(The aboye are n o t natural inhabitants of

■ g|$ the eye-hut occur ofily by chance).
>b various, 
animals

Thelaziasis. This is a natural parasite of the eye and lives 
in the conjunctival sac and lachrymal ducts 
and cause m ild conjunctivitis If the number 
of the parasites is more than 6, ulcerative 
conjunctivitis may be caused.

Fowl. Oxyspiruro mansoni. Keiatitis, conjunctivitis and ulceration of 
cornea.
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N eoplasm s of tbe eye :
Primary .• Squamous cell carcinoma, especially in the bovines, is the most 

common neoplasm.
Adenomas and adenocarcinomas of the lachrymal gland and Harderian 

glands may be met with.
Adenoma and adenocarcinoma of the ciliary epithelium and iris may occur.
Secondary Matastases o f carcinoma, sarcomas, melanoma, lymphosarcoma, 

meningioma and the venerea! tumor may be met with.
DISEASES O F T H E  EAR

The external ear: This consists o f the concha, the external auditory .meatus.. 
apd the ceruminous glands. -  -v w

O titis externa:
Causes : 1. Foreign bodies like awns may lodge in tbe ears o f dogs and 

cause irritation and inflammation. This is a chronic condition in which there is 
hyperplasia of the epidermis, hyperkeratosis o f the hair follieles and the infiltra
tion of inflammatory.cells. The skin becomes very much thickened and the seba
ceous glands contain eosinophilic m aterial. The foreign body may sometimes 
rupture the tympanum.

2. E ctoparasites >
a) Psoroptes сожти/iis—causes profuse exudation into the meatus, which 

thus contains tenacious brown material. This is seen in Sheep more often.
b) Oiodec'es c y o l i s  causey otitis’ in dogs and cats. Due to irritation the

dogs may shake their heads often and this leads, in the long-ear breeds (Dach
shund) to hematomas. Secondary;reflection by bacteria may produce profuse eXu- 
datc and tympanum may be ruptured, j

c) Oiobius megnini or ibl.spirinse ear tick.qguses otitis in cattle. Though 
only lymph 13 sucked by the larvae a id  the nymphs, secondary bacterial infection 
of the wounds caused results in o titis.' v \

d) fu n g i that produce derraatomycosis may also cause otitis.
e) Stephanofilaria zaheeri causes dermititis of the ears in buffaloes and 

may cause otitis.
3. Specific disease : In swine, Actinomyces bovis causes a typical/actino

mycotic granulomatous condition of the ears, which become thick and indurated.
The characteristic symptoms are the presence of thick pus in the externa* 

auditory meatus O torrhoea) and tbe thickening of the lining of the meatus. Sba" ■,=> 
.king of the head is an important symptom of the presence of pus.in the meatus.,bigir 
Stagtfant j5us may lead to rupture o f the tympanum with subsequent occurrence 
of otitis media and even otitis interna.

Neoplasms of the ear a re  ra re  : Adenoma of the ceruminous glands may 
occur. - Sarcoid in the equines and chondroma and chondrosarcoma may rarely 
be met with.

M iddle  ear consists o f  the tympaoic cavity, the ossicles and the eustaebian 
tubes. lu horse, guttural pouches are diverticula of the eustachian tubes. The 
epithelium lining the tympanic cavity is continuous with the nasal mucosa through 
he eustachian tubes and so infection from the nose and pharynx can extend into 

the middle ear.
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O titis  media : infection can occur through the externa] auditory meatus
through the eustachian tubes. Normally, there is no communication between the 
cxtemat and middle chambers as, the tympanum seals the passage. But in condi
tions in which there is profuse exudate in Ihe extrenal auditory meatus, ear drum 
can be ruptured by pressure and infection of the middle ear occurs.

The inflammatory exudate that accumulates in otitis media, unless drained 
becomes inspissated and organised, especially around ihe ossicles, immobilising 
them and so deafness may ensue.

As alresdy observed, infection can occur via the eustachian tubes from tho 
nasal passages and.the pharynx. The organisms found.io snehcases are Ctpyoge- 
m s  in calves, swine and sheep; Pseudomonas aeruginosa and Streptococci in swine; 
Pasleurella in cats and Staphylococci and Mycobocrertum tuberculosis in diffe
rent animals

Other sequelae of otitis media are : extension of infection into the inner е й  
(o titis  in terna), deafness, paralysis of the 7th cranial nerve, meningitis and ence
phalitis due to extension o f infection into the cranial cavity through the 8th 
cranial-nerve with resultant death. ■%
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i m m u n o l o g i c a l  d i s e a s e s

By Dr. В. B. M allick ,

Introduction 
Etiology

Alteration in antigenicity o f  tissue 
proteins

Loss o f tolerance 
Necrosis o f tissue 
Infections

Mechanism by which immune complexes 
can cause tissue injury 

The phlogistic effects o f immune complexes 
Im portant autoim mune diseases

Canine Systemjc Lupus Erythematosus 
Autoimmune Hemolytic Anemia 
Idiopathic Thr’pm bocytopenic purpura 
Glom erulonephritis

Interstitial.nephritis 
Equine Infectious Anemia

Thyroiditis
Miscellaneous.autoimmune diseases 
List o f  autoimmune diseases in animals ' 

Dogs 
Cats 
Pigs 
Horses 
Cattle 
Sheep 
Fowls

Diseases apparently o f  autoim mune 
nature in man.

Introduction
W hether pursued in Jenner’s time or in our own' the immune process is 

clearly one o f the body’s defense mechanisms against infection. Ideally, there
fore, the body should respond immunologically only to  antigens (Ag) o f  p a th o 
genic microorganisms, viruses, and parasites. However, it is not so since anim als, 
including man will respond to injection of harmless Ag such as foreign serum 
proteins. Some persons also respond, often .to their ultimate disadvantage, tt> 
otherwise harmless Ags o f  pollens, housedust and animal danders.

It used to  be taken for granted that the body would a t any rate never 
make the much graver m istake o f responding ircmunologicallv to its own Ags. 
The mechanisms which prevent the formation o f antibodies (Ab) to its - own 
tissue components may on occasion break down. That is, body can, and in many_ 
cases does, produce an immunological response to its own Ags. This pbeno.- 
menon is known as “ Autoimmunity”  and has rapidly assumed outstanding 
importance and is responsible for many of the immunological diseases. Thus 
autoimmunity is the general term used to describe an immune response, either 
Ab or cell mediated against norma! body constituents. Earlier, the term im m u
nological diseases was used to refer to this kind o f conditions. But hypersensitive 
reacrions caused by Exogenous allergens might well claim admission to the group.

ETIOLOGY
It may be postulated that the autoaDtibodies (AAb) may be m anufactured 

under the following circumstances.
I. Alteration in antigenecity of tissue proteins:
This may be due to fa) degenerative lesions e.g., lens proteins in cataracts 

and skin in burns, (by Attachment o f hapten e.g., Allergic contact derm ati'is.
535
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