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Preface

This book has been an outcome of determined endeavour from a group of educationists in the field. The
rrimary objective was to involve a broad spectrum of professionals from diverse cultural background
nvolved in the field for developing new researches. The book not only targets students but also scholars
rursuing higher research for further enhancement of the theoretical and practical applications of the
subject.

Veterinary medicine is the discipline that focuses on the prevention, diagnosis and treatment of animal
disorders, injuries and diseases. It deals with all animal species, both domestic and wild. Professionals
:n this field are known as vets or veterinary surgeons. They might be assisted by veterinary technicians
and nurses. The diagnosis of diseases in animals is primarily based on clinical signs. This is due to the
mact that animals are unable to vocalize their symptoms. In certain cases, the results of diagnostic tests
--ch as radiography, MRI and CT scans, are also consulted. Some of the specialties within veterinary
~edicine are anaesthesiology, immunology, oncology and radiology. This book explores all the important
i meets of veterinary medicine in the present day scenario. Some of the diverse topics covered in this
rook address the varied branches that fall under this field. It will help new researchers by foregrounding
their knowledge in veterinary medicine.

was an honour to edit such a profound book and also a challenging task to compile and examine all
the relevant data for accuracy and originality. | wish to acknowledge the efforts of the contributors for
submitting such brilliant and diverse chapters in the field and for endlessly working for the completion
.: the book. Last, but not the least; | thank my family for being a constant source of support in all my
research endeavours.

Editor



Long-term monitoring of opioid, sedative and
anti-inflammatory drugs in horse hair using a
selective and sensitive LC-MS/MS procedure

V ena M. Madryl* Barbara S. Spycher2 Jacqueline Kupper3 Anton Fuerst4, Markus R. Baumgartnerl
~-omas Kraemer2 and Hanspeter Naegeli3*

Abstract

Background: Compared to blood or urine, drugs can be detected for much longer periods in the long hair of
eorses. The aim of this study was to establish and validate a highly sensitive liquid chromatography tandem mass
ectrometry (LC-MS/MS) method for the detection and quantification of frequently prescribed opioids, sedatives
s-d non-steroidal anti-inflammatory agents in the mane and tail hair of horses. Based on an average growth rate of
;out 2 cm per month, times of administration reported by horse owners or veterinary physicians were related to
rug localizations in hair. Hair samples were collected from ten horses that received drug treatments and analyzed
" segments of 2,4 or 6 cm in length. Hair segments were decontaminated, cut into fragments and methanol-extracted
rd er sonication. The extracts were analyzed by LC-MS/MS for 13 commonly used drugs using the validated procedure,
leuterated analogs were included as internal standards.

Results: Analytes were detected in hair samples with a length of up to 70 cm. Fourteen out of 16 hair samples were
rcsitive for at least one of the tested drugs. Segmentation allowed for time-resolved monitoring of periods of 1to
: months of drug administration. Concentrations in dark hair reached a maximum of 4.0 pg/mg for butorphanol, 6.
| og/mg for tramadol, 1.4 pg/mg for morphine, 1.8 pg/mg for detomidine, 1.2 pg/mg for acepromazine, 39 pg/mg for
f mixin, 5.0 pg/mg for firocoxib, and 3600 pg/mg for phenylbutazone. Only trace amounts of meloxicam were detected.
| 'ug detection correlated well with the reported period of medical treatment. No analytes were detected in the
11 mt-colored mane and tail hair samples from one horse despite preceding administrations of acepromazine and
. 'enylbutazone.

! Conclusion: This study describes a sensitive and selective technique suitable for the validated detection and

| : -antification of frequently prescribed veterinary drugs in horse hair. The segmental method can be applied
ft' time-resolved long-term retrospective drug monitoring, for example in prepurchase examinations of horses

| drug detection in hair can prove preceding medical treatments.

eeywords: Doping, LC-MS/MS, Pre-purchase examination, Horse hair
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Background

Horse hair analysis has gained increasing interest for the
monitoring of veterinary drugs, hormones, nutrients,
trace elements and contaminants [1-7]. In contrast to
blood and urine, hair provides a long-term historical rec-
ord of drug exposure that may be useful for applications
in sports anti-doping control programs, pre-purchase
examination of horses and examinations for insurance
purposes [2]. Other advantages of hair analyses include
the non-invasive probing as well as drug-stability in hair
and easy shipping of samples [8]. The growth of tempor-
ary hair of the coat changes with seasons whereas the
permanent mane and tail hair grows continuously with
relatively constant rates reported in the range from 1.7
to 2.5 cm per month [1, 2, 9, 10]. Therefore, samples of
long hair can be segmented to narrow down the corre-
sponding times of drug exposure [2, 11].

So far, detection in horse hair has been demonstrated for
morphine [1], clenbuterol [3], anabolic steroids [4, 7, 9],
antimicrobial agents [12], diazepam [13], cortisol [14],
arsenic [6] and selenium [15]. The aim of this study was
twofold. The first goal was to extend the use of mane and
tail hair as a matrix for the monitoring of sedative, anal-
gesic and anti-inflammatory drugs that are frequently pre-
scribed to horses. The second goal was to compare closely
the analytical findings in hair segments with the corre-
sponding times of drug administration. To that end, a
highly sensitive liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) method was established, validated
and applied to mane and tail hair samples of 10 horses
with a known history of pharmacologic treatments.

Methods

Study design and sample collection

The study included ten horses with documented admin-
istration of at least one of the investigated drugs before
sampling. All horse owners provided informed consent
to participate in the study. Sixteen mane and nine tail
hair samples were collected by horse owners or veteri-
narians. One tail hair sample was collected post-
mortem. The sampling method was adapted from guide-
lines of the Society of Hair Testing (SoHT) [11]. A hair
lock was fixed with the hair strands equally aligned using
a string and cut precisely close to the skin. The lock was
wrapped in aluminum foil with the proximal ends
aligned for clear identification. Samples were stored at
room temperature under dry conditions and in the dark.
Individual data on drug administration, hair type and
color of each horse are reported in Table 1.

Analytical standards and chemicals

Morphine, morphine-d3, tramadol, 13C-tramadol-d3,
buprenorphine-d4, chlorpromazine-d3, and phenylbuta-
zone were obtained as solutions from Sigma-Aldrich

Table 1 Drug treatment of the horses (relative to time of
sample collection) and characteristics of hair samples

Horse Reported Time before sampling Hair samples
drug (s) (length, color)
PO1 Acepromazine 2 months Mane (16 cm, light)
Tail (28 cm, light)
Phenylbutazone 3 and 9 months
P02 Butorphanol 22 months Tail (70 cm, dark)
Detomidine With euthanasia
Flunixin 1 day and 22 months
P03 Flunixin 8 months Mane (16 cm, dark)
Tail (28 cm, dark)
Ketoprofen 8 months
P04 Flunixin 9 months Mane (16 cm, dark)
Tail (26 cm, dark)
Ketoprofen 9 months
Phenylbutazone 10 months
P05 Flunixin 7 months Mane (16 cm, dark)
Tail (28 cm, dark)
P06 Acepromazine 15 months Tail (68 cm, dark)
Butorphanol 17 months
Phenylbutazone 8 months
P07 Flunixin 2 and 4 months Mane (24 cm, dark)
Tail (26 cm, dark)
Phenylbutazone 2 and 4 months
P08 Butorphanol 6 months Mane (20 cm, dark)
Detomidine 6 months
Phenylbutazone 10 months
Tramadol 6 months
P09 Flunixin 1week Mane (24 cm, white)
Tail (24 cm, dark)
Phenylbutazone 1week
P10 Butorphanol 8 months Tail (44 cm, dark)
Firocoxib 10 months
Meloxicam 10 months

Chemie GmbH (Buchs, Switzerland). Butorphanol and
buprenorphine were obtained as solutions from Resea-
Chem GmbH (Burgdorf, Switzerland) and Lipomed AG
(Arlesheim, Switzerland), respectively. Ketoprofen-d3 and
phenylbutazone-(diphenyl13Ci2) were purchased as pow-
ders Sigma-Aldrich Chemie GmbH (Buchs, Switzerland).
Detomidine, acepromazine, meloxicam, ketoprofen, chlor-
promazine, flunixin and fluphenazine were analytical
standards available as powders in the authors’ laboratory.
All solvents and other chemicals were purchased from
Sigma-Aldrich Chemie GmbH (Buchs, Switzerland). All
standards were dissolved in methanol, except for meloxi-
cam that was dissolved in dimethylformamide, to yield
stocks of 1 mg/ml. Firocoxib was obtained as an injectable
for veterinary use. Chromatography-grade water used for
LC-MS/MS analysis was processed by a PURELAB
Option-Q system by ELGA LabWater (Labtec Services
AG, Villmergen, Switzerland).
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. ?o0aration of working solutions
5: <ing solutions for calibrators and quality control (QC)
»i-Tiples were prepared in methanol to yield concentra-
'<:ns comparable to those found in hair. An internal
R2_ndard (IS) solution with the following concentrations
eis prepared in methanol: morphine-d3 (15 ng/ml), 13C-
ks Tiadol-d3 (8.0 ng/ml), buprenorphine-d4 (20 ng/ml),
*-* Dprofen-d3 (10 ng/ml), chlorpromazine-d3 (10 ng/ml)
i : phenylbutazone-(diphenyl13Ci2) (30 ng/ml).

-: rsample preparation
\ me and tail hair samples were cut into 2- or 4-cm
ents; one very long hair sample of 70 cm was ana-
in 6-cm segments. For a thorough decontamin-
n according to the laboratory standard procedure for
~sic hair analysis, 10 mg of hair were washed once
5 mL deionized water and twice with 5 mL acetone
3 min each. After drying at room temperature, hair
lecments were chopped in snippets with scissors. For
m '.-action, 100 pi IS solution and 1900 pi methanol were
ac;ed and samples were sonicated for 4 h at 50 °C. After
trifugation for 7.5 min at 10,000 g, 1500 pi of the
solution was transferred into a vial for evaporation
~r a stream of nitrogen at 40 °C. For injection into
LC-MS/MS system, the residue was reconstituted
60 pi 5 mM ammonium formate3 (pH 3) with 10 %

methanol.

-MS/MS parameters
- ilvtes were separated on a C18 column (Phenomenex
'ex 2.6 pm C18 column, 50 x 2.1 mm, Brechbiihler
Schlieren, Switzerland) using a high-performance
system (Ultimate 3000 HPLC system, Thermo Fisher
ntific AG, Reinach, Switzerland) and detected by a
ion trap triple quadrupole mass spectrometer (Ap-
Biosystems 5500 Q Trap with Analyst software,
, Darmstadt, Germany). The mobile phase con-
of 5 mM ammonium formate buffer (pH 3; eluent
and methanol containing 5 mM ammonium formate
ent B). The following gradient was used: 10 to 50 %
:om 0 to 3 min, 50 % B from 3 to 10 min, 50 to 90 %
from 10 to 10.5 min and 90 % B from 10.5 to
jli=5 min. The flow rate was 0.35 ml/min. The column
perature was 35 °C and injection volumes were
_.. The MS instrument was operated in positive elec-
;ray ionization mode. Three specific multiple reac-
monitoring (MRM) transitions per substance were
mzed, but for detomidine only two transitions could
recorded (Table 2). Quantification was achieved using
most abundant transition of each precursor to the
ctive product ion. Criteria for positive identification
the matching retention time, three specific MRM
cznsitions (one served as quantifier and two served as
er), and the matching relative ion intensities of

MRM transitions (qualifier-to-quantifier) which were de-
termined from calibrators (n =10 each) (Table 2). The
tolerance level for percent deviations of relative inten-
sities of MRM transitions was +30 % [16]. The absence
of interfering peaks was verified for all analytes in blank
samples and after addition of the 1$ solution.

Method validation

The method was validated for selectivity, limit of detec-
tion (LOD), lower limit of quantification (LLOQ), linear-
ity of calibration, accuracy, intra-day and inter-day
precision, and matrix effects based on the Guidelines for
Quality Control in Forensic-Toxicological Analyses
[17, 18]. All validation parameters were assessed with
drug-free hair samples (blank hair) which were obtained
from horses that had never received medications. Drug-
free hair was spiked with 100 pi IS solution and 100 pi
calibrator or QC solution. The calibration line was calcu-
lated using a weighted [1/x, x =f (concentration)] linear
regression model. Calibration curves with seven calibra-
tors were prepared for eight days. LOD was defined as the
lowest concentration with a peak height showing a signal-
to-noise ratio of at least 3:1 in the chromatogram,
(Table 3). The LLOQ showing a signal-to-noise of at least
10:1 was chosen as the lowest calibrator concentration;
LLOQ levels ranged from 0.1 to 5 pg/mg, except for
phenylbutazone for which an LLOQ of 25 pg/mg was de-
termined. Accuracy and precision were determined via
daily calibration curves over eight days by analyzing
duplicate QC samples at low, medium, and high con-
centrations (Table 3). The accepted intervals for preci-
sion were+15 % (20 % at LLOQ) for bias and
standard deviation of the nominal concentration. Proc-
essed sample stability in the auto-sampler at room
temperature was tested by pooling extracts prepared at
these low and high concentrations. Six aliquots were
injected in the LC-MS/MS system every 2 h over 18 h.
Further stability studies were not included as samples
were tested immediately after their preparation. Matrix
effects were studied with hair samples of different
sources as previously proposed [17, 19]: the peak area
of analytes in blank hair samples of different horses
{n =5) spiked after the extraction was divided by the
mean peak area of analytes in neat standard solutions
(n=5) at the same concentration level and multiplied
by 100. Values below or above 100 indicate ion sup-
pression or ion enhancement resulting in diminished
or increased signal intensities.

Results

Method validation

An LC-MS/MS method was developed for the detection
and quantification of 13 sedative, analgesic and anti-
inflammatory drugs commonly used in horses. A
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Table 2 LC-MS/MS parameters

Analyte/internal standard Precursor ion Product ion Relative ion intensities RT (min) DP (V) EP(V) CE (V) CxP (V)
(m/z) (m/z) (mean) £ rSD (%)a
Morphine 286.1 1521 0.7+16 0.6 156 10 81 14
1281 0.6 156 10 79 16
165.1 0.6 -156 10 57 16
Tramadol 264.05 58.0 0.32+6.2 3.4 46 10 17 10
58.5 34 46 10 33 8
42.0 3.4 46 10 115 20
Detomidine 187.09 811 02377 3.9 101 10 25 8
54.1 39 101 10 55 8
Butorphanol 328.17 310.2 0.15 +3.6 4.2 101 10 33 22
157.0 4.2 101 10 59 12
1311 42 101 10 65 12
Buprenorphine 468.24 5.1 0.05 £12 51 1 10 101 6
411 5.1 1 10 129 4
1151 5.1 1 10 129 6
Acepromazine 327.04 86.0 0.99 + 56 55 81 10 25 10
58.0 55 81 10 65 8
2221 55 81 10 53 16
Firocoxib 337.02 2831 081 +71 56 101 10 13 16
130.1 5.6 101 10 41 12
237.0 5.6 101 10 23 20
Meloxicam 351.96 115.0 0.37 7.0 6.3 126 10 25 10
141.0 6.3 126 10 27 12
73.0 6.3 126 10 75 12
Chlorpromazine 319.26 581 0.89 £4.2 6.7 86 10 67 12
86.1 6.7 86 10 25 8
214.0 6.7 86 10 57 20
Ketoprofen 255.08 77.0 0.93 +6.7 6.7 131 10 61 12
104.9 6.7 131 10 33 12
51.1 6.7 131 10 99 8
Flunixin 297.03 2789 0.38 +3.1 73 111 10 33 24
264.0 73 111 10 47 22
236.1 73 111 10 57 16
Fluphenazine 438.22 171.0 071 £2.8 9.3 56 10 37 20
143.1 93 56 10 37 18
70.0 9.3 56 10 67 10
Phenylbutazone 309.15 77.0 051 +9.6 95 216 10 75 12
160.1 95 216 10 29 14
120.0 95 216 10 27 10
Morphine-d3 289.02 201.0 0.6 156 10 35 16
1521 0.6 156 10 75 18
3C-Tramadol-d3 268.07 58.0 34 46 10 49 14

42.1 34 46 10 113 20



uong-term monitoring of opioid, sedative and anti-inflammatory drugs in horse hair using a selective... 5

'‘able 2 LC-MS/MS parameters (Continued)

. .prenorphine-d4 47226 59.0
400.1

I"orpromazine-d3 322.04 89.1
61.1

‘ctoprofen-dB 258.09 2121
105.0

--2-Phenylbutazone 32111 166.2
55.1

51 1 10 107 6
51 1 10 53 2
6.7 51 10 25 10
6.7 51 10 59 8
6.7 121 10 19 14
6.7 121 10 31 10
95 76 10 29 14
95 76 10 129 8

MRM (multiple reaction monitoring mode) transitions with precursor and product ions, relative ion intensities of MRM transitions (qualifier-to-quantifier);
-etention time, DP declustering potential, EP entrance potential, CE collision energy, CxP collision ceil exit potential. MRM transitions used as quantifiers

sre given in bold
determined from calibrators (n =10, per analyte)

epresentative chromatogram including all analytes is
p en in Fig. 1. The method, validated according to the
Guidelines for Quality Control in Forensic-Toxicological
-nalyses [17, 18], was selective and very sensitive for all
malytes. The detection of buprenorphine, butorphanol,
:etomidine, firocoxib, flunixin, ketoprofen, meloxicam,
~orphine and phenylbutazone fulfilled all validation cri-
TT.a (Table 4). For chlorpromazine and tramadol, matrix
trects exceeded the limits of + 25 % standard deviation,
: ut this was compensated by the inclusion of deuterated
-tdards. The detection of acepromazine and fluphen-
..ne displayed deviations in accuracy as well as precision,
.“uvariable matrix effects were observed. However, inclu-
cn of labeled analogs of the two compounds allowed for
:nparisons between samples from the same horse. For
ci other drugs, the method was successfully validated and
:roven to be suitable for the comparison of hair samples
~: m different horses.

Detection of opioids

Butorphanol was detected in the hair of four out of five
horses having received the drug. The concentrations
ranged from below LLOQ to 4.0 pg/mg. In horse P02,
repeated administrations of butorphanol were reported
22 months before sample collection and the highest con-
centration (4.0 pg/mg) was detected in a tail hair seg-
ment corresponding to a distance from the skin of 36 to
42 cm (Fig. 2a). In horse P08, a single application of
butorphanol 6 months before sampling resulted in drug
concentrations in tail hair of 0.9-2.3 pg/mg spread
across a distance of 6-16 c¢cm from the skin. In many
cases, more drugs were found in hair than reported to
have been administered. For example, butorphanol was
detected in multiple 2-cm segments of the mane and tail
hair of horse P07 (peak concentration of 3.6 pg/mg at a
distance of 18-20 cm from the skin) and P10 (peak of
0.6 pg/mg at 22-24 cm from the skin), although

"»ble 3 Analyte concentrations in method validation: for limit of detection (LOD), lower limit of quantification (LLOQ), calibration

irge and quality control (QC) samples

v<syte LOD (pg/mg) LLOQ (pg/mg) Cal. range (pg/mg) QC low (pg/mg) QC medium (pg/mg) QC high (pg/mg)
Morphine 0.1 0.6 0.6-840 0.585 270 555
‘'maradol 0.1 0.5 0.5-100 0.48 30 68
<mrmidine 0.1 0.6 0.6-36 0.585 n 24
ixorphanol 0.1 05 0.5-50 0.48 15 33
ixrenorphine 1 2 2-800 195 225 540
-rrcrcrnazine 0.05 0.1 0.1-150 0.098 45 101
=«ocoxib 05 1 1-740 0.975 225 495
eteodcam 05 2 2-280 195 90 188
Vzorofen 1 5 5-420 4.8 135 278
l'u:rpromazine 0.5 1 1-280 0.975 90 189
°txurin 0.05 0.1 0.1-66 0.098 223 44
=ifhenazine 05 1 1-600 0.975 180 405
- :azone 10 25 25-7000 24 2250 4650
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1.4e6 Butorphanol
Buprenorphine
Tramadol Firocoxib
o
Acepromazine i
. Chlorprom tine
Morphine
Phenylbutazone
Fluphenazjne A
2.0 4.0 6.0 8.0 10.0
Time (min)

Fig. 1 LC-MS/MS chromatogram of a spiked sample with the respective MRM transitions for 13 investigated drugs

administration of this drug was not reported. However,
the presence of butorphanol was not demonstrated in
the dark tail hair of horse P06 treated once 17 months
before sample collection.

A single dose of tramadol was administered to horse
P08 around 6 months before sample collection. This
treatment resulted in a distinctive analyte peak (6 pg/
mg) in a unique 2-cm segment of tail hair located 8-
10 cm from the skin (Fig. 2b). A distinctive peak of the
same drug (1.1 pg/mg) was also found in the tail hair of
horse P02 but without any documentation of previous
tramadol use. Morphine was present in the tail hair sam-
ple of horse P02 at concentrations of up to 1.4 pg/mg,
although medication with this analgesic drug had not
been recorded. There was no report of buprenorphine
administration and, accordingly, all samples were nega-
tive for this substance.

Detection of sedatives

A single detomidine application was given to horse P02
on the day of euthanasia. This resulted in detection of
traces of the drug around or below the LLOQ in all
tested mane and tail hair segments, indicating an exter-
nal contamination by sweat or other biological fluids.
Detomidine was also detected in the mane hair of horse
P07, with maximum levels (1.8 pg/mg) at a distance of
4-6 cm from the skin, although administration of this
drug was not reported. On the other hand, a single dose
of detomidine 6 months before sampling could not be
detected in the dark mane hair of horse P08. Aceproma-
zine, given to horse P06 around 15-16 months before
sampling, was retrieved at concentrations of 0.5-1.2 pg/
mg in tail hair segments corresponding to a distance of
8-40 c¢cm from the skin (Fig. 2c). There was no report of

chlorpromazine and fluphenazine administration and
none of the samples contained these drugs.

Detection of non-steroidal anti-inflammatory agents
All hair samples of the four horses with reported flu-
nixin administration were positive for this common anti-
inflammatory agent, the highest detected concentration
being 39 pg/mg. A sharp peak of flunixin deposition was
observed in the tail hair of horse P03. In this case, drug
administrations occurring 8 months before sampling
yielded a distinctive accumulation at a distance of 16-
18 cm from the skin (Fig. 2d). It should be noted that
flunixin concentrations were higher in tail (up to 3.3 pg/
mg) than in mane hair segments (below LLOQ). This
trend was confirmed by comparing flunixin residues in
the hair of horses P07 and P09 (data not shown).
Firocoxib was detected in the tail hair of horse P10 at
concentrations up to 5.0 pg/mg and at a distance of 12-
16 cm from the (Fig. 2e). This residue is due to firocoxib
treatments given 10 months before sampling.
Phenylbutazone administration was reported in six
horses, but the substance was detected in the hair of
only two of these animals. This is a consequence of
the relatively high LOD (10 pg/mg) linked to poor
ionization of phenylbutazone in the MS system. To
our knowledge, incorporation of phenylbutazone into
hair has not been described before. However, we were
able to detect this drug along the entire tail hair of
horse P06 with the highest concentration of 1300 pg/
mg at a distance of 52-56 cm from the skin. This
localization corresponds to a non-recorded treatment
that may have been carried out more than 2 years be-
fore sampling. Phenylbutazone was also detected in
the mane hair of horse P08 (Fig. 2f). In this case, the
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sole 4 Validation parameters: accuracy, intra-day and inter-day precision, matrix effects. N/A, not determined

ira'tfte

wtrphine

~«-adol

leomidine

S-~rphanol

i-crenorphine

ecapromazine

~iocaxib

Heoucam

irpromazine

*«?Tcrofen

=cchenazine

HhB~txjtazone

QC sample

Low
Medium
High
Low
Med
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium

High

Accuracy, bias (%)

0.6
32
-0.1
2.4
0.4
4.9
3.9
5.9
2.9
-0.4
19
-1.8
-9.3
-1.2
-0.6
87
8.3
-0.7
4.7
2.6
2.8
41
4.2
-4.1
-35
6.2
0.9
6.1
-1.9
53
5.8
0.4
35
73
122
184
6.1
12

23

:served localization pattern with a peak concentra-
of 3600 pg/mg in the 16-18-cm segment is ex-
:-uned with known phenylbutazone administrations
months before sampling. Finally, meloxicam was

Intra-day precision,
SD (%)

6.2
35
34
43
45
18
7.6
7.7
45
10.2
45
4.0
45
45
2.0
28
8.2
11
3.0
17
4.0
2.9
31
31
3.2
2.9
2.9
5.6
18
55
5.8
2.2
3.2
5.6
20
18.7
9.8
4.4

4.6

detected in the tail

Inter-day precision,
SD (%)

8.8
38
34
52
45
23
77
91
5.9
152
45
6.6
8.0
45
20
53
1
1
6.7
20
4.0
57
52
35
6.3
29
32
7.0
21
55
7.3
2.8
3.2
148
21
19.3
10.7
6.1

6.2

ME, mean x
SD (%)

56 + 6.9
N/A
53+98
107 21
N/A
183 £90
88 +24
N/A
79 £12
87 x12
N/A

84+ 10

N/A

88 +7.7
97 £31
N/A

117 = 14
82 11
N/A

83 +£8.7

86 12
89 + 16
N/A
7570
92 £125
N/A

81 +51
7514
N/A

60 £6.7

hair of horse P02 at levels close

to the LLOQ (data not shown). Ketoprofen had been
administered in two cases but without leaving any
detectable residues in hair.
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Segments (cm)

Segments (cm)

Fig. 2 Drug localization patterns in the long hair of horses with documented treatments, @ Distribution of butorphanol in tail hair 22 months

after treatment, b Distinctive peak of tramadol in mane hair 6 months after treatment, C Distribution of acepromazine in tail hair 15-16 months

after treatment, d Distribution of flunixin in tail hair 8 months after treatment, € Distribution of firocoxib in tail hair 10 months after treatment,

f Distribution of phenylbutazone in mane hair 10 months after treatment

Influence of pigmentation

The analyzed hair samples differed in color. The mane
and tail hair of horse P01 as well as the mane hair of
horse P09 were light and white, respectively, due to
their low melanin content. In view of the melanin-
dependent incorporation of basic drugs into hair (see
Discussion), it is not surprising to find that the light
hair of horse P01 was negative for all tested analytes
although acepromazine and phenylbutazone adminis-
trations had been documented. Notably, the white
mane hair of horse P09 (Fig. 3a) displayed only mode-
rately lower concentrations of flunixin than the corres-
ponding black tail hair of the same horse (Fig. 3b).
However, all examined hair segments contained flunixin
despite the fact that this drug was applied only 1 week
before sample collection. Flunixin incorporated via the
hair follicle could not yet have grown out as the follicle
is located a few millimeters below the epidermis. Thus,
the most likely explanation for the presence of flunixin
in mane and tail hair of this horse is an incorporation
via sweat and sebum [20].

Correlation between time of treatment and hair segment
Frequently, the analysis of mane or tail hair segments
revealed a clear peak of drug incorporation (see for ex-
ample Fig. 2b). In case of a broader distribution, as for
example in Fig. 2c, the median distance from the skin
was taken as the measure for drug localization. Subse-
quently, the assignments of drug localization in hair
were compared to the reported times of treatment
(Fig. 4). This relationship demonstrated that the time of
drug administration can be calculated by assuming an
average hair growth rate of 1.84 cm per month.

Discussion

The incorporation of a systemically administered drug
into hair is dependent on the melanin content and the
physicochemical properties of each substance [8, 21-23].
Basic drugs can reach 10-fold higher concentrations in
pigmented than in non-pigmented hair [8, 21-23]. In
contrast, no differences in hair incorporation were ob-
served for acidic compounds and, as a consequence, hair
concentrations of ketoprofen (pka=4.45), meloxicam
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Fig. 3 Pattern of flunixin in hair of the same horse treated 1 week before sample collection, @ Flunixin in white mane hair, b Flunixin in dark tail

hair. These findings reflect sweat- and sebum-mediated flunixin incorporation

?ka=4.05) or phenylbutazone (pka=4.50) are low inde-
t-endently of hair color [8].

Several further considerations are necessary for the
:trrect interpretation of hair findings. First, shifting of
;ingle hair against each other during sampling should be
ivoided to obtain the highest time resolution. Second,
external contamination has to be taken into account and
lecontamination of hair samples is crucial. Third, one
nust consider that a substance may not only be found
n the hair segment corresponding to the time of intake
:at also in adjacent segments. This may especially be
the case when hair is cut into short segments of 1 to
1 cm length [8]. Fourth, the detection of substance in
'air segments grown before drug administration can be
explained by deposition mediated by sweat or sebum.
Fnally, it takes time for a hair sample to become nega-
tive after drug administration has been ceased due to
tne hair follicle proportion in the telogenic phase. In
-idition, hair follicle activity is compromised by disease

r stressful events like anesthesia [24]. Decomposition

incorporated drug due to exposure to UV light or

''g. 4 Drug localization in horse hair as a function of the time of
accjmented drug administrations. This graph shows the median
:i*;nce from skin and range of segments with clearly increased
T-qg incorporation. The slop of the resulting linear relationship is

1in i stent with an average growth rate of 1.84 cm per month

hair damage with drug leakage may account for nega-
tive findings [2].

Conclusion

In conclusion, the present fully validated LC-MS/MS
method offers a valuable tool for the retrospective tracking
of drugs as their detection in a hair segment proves previ-
ous medical treatments dating back up to 22 months be-
fore sampling. It was demonstrated that, particularly but
not exclusively, drugs with neutral or basic properties can
be monitored in dark long hair of horses. Further, our
study demonstrates that the time of drug administration
can be estimated based on an average growth rate of
1.84 cm per month. Further investigations should include
the analysis of metabolites. Moreover, it should be deter-
mined to what extent light hair displaying a low melanin
content could also be used for drug monitoring.

Abbreviations

LC-MS/MS, liquid chromatography tandem mass spectrometry; SoFIT, society
of hair testing; QC, quality control; MRM, multiple reaction monitoring; LOD,
limit of detection; LLOQ, lower limit of quantification
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Status of benzimidazole resistance in intestinal
nematode populations of livestock in Brazil

.,'en Hubert Jaegerl* and Filipe Anibal Carvalho-Costal?2

Abstract

Background: Benzimidazoles (BZ) are a class of drugs widely used in veterinary and human medicine, creating a

. -eat selection pressure and the emergence of BZ resistance. We conducted a systematic review to assess the status of
r: stance and/or effectiveness reduction of BZ drugs in animal nematodes in Brazil, and make information accessible

. the scientific community, as many studies are published in Portuguese. PubMed, SciELO Brasil, LILACS/Bireme, GNTD
rraoase, and Google Scholar were searched with no language restrictions.

Results: A total of 40 studies met our eligibility criteria (from the year 1989 forward). Sheep was the host most

eojently analysed, and albendazole was the most frequently drug studied. The majority of studies (75.7%)
.- .ted that BZ drugs are insufficiently active (FECRT <80%) against nematode parasites of livestock. The mean FECRT
-rr -'‘enbendazole, thiabendazole, albendazole, mebendazole, oxfendazole, and ricobendazole were 71.8%, 71.8%, 58.6%,
5 T 46.9%, and 41.5%, respectively. It was observed through linear regression that FECRT is significantly reduced over
m-¢ between 2007 and 2014 (/?=- 0.653 p = 0.021) for the treatment of cattle with BZ, suggesting progressive loss of
f~e~iveness and increased resistance for these hosts.

Conclusions: The scenario of BZ resistance in nematode populations in Brazil is not favourable. Given the high cost of
r _: discovery and development, it is urgent to implement control measures and to monitor the effectiveness/

e: stance to nematodes in livestock in Brazil.

eeywords: Benzimidazole, Anthelmintic resistance, Nematodes, Livestock, Brazil

Background
If f-scock production is undermined by intestinal parasitic
aseases [1]. The high prevalence of parasitic infections
K : :he difficulty of carrying out effective control of these
-irasites in livestock can cause huge economic losses in
- - maction [2]. In addition to the damage caused by high
~ :rality rates, intestinal parasites impact growth per-
il—.anee, reduce milk production and lead to low fertility
i The most important genera affecting livestock in
1rtzd include Haemonchus, Trichostrongylus, Oesophagos-
n an, and Cooperia [3]. The cost of veterinary products
* roroximately 15 billion US dollars annually worldwide,
. 2~% of this cost is represented by parasiticides. In
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Brazil, parasiticide purchases constitute 42% of the total
volume of veterinary sales, representing 700 million US
dollars annually [3]. Brazilian cattle herds reached
211,764 million animals in 2013, comprising the
world’s largest commercial herd. Brazilian sheep and
goat herds comprised 17,291 million and eight million
animals, respectively [4].

Benzimidazoles (BZ) are a class of drugs with activities
against fungi, protozoa, and helminths [5 6] and are
widely used in veterinary and human medicine. The
introduction of thiabendazole (THI) in the 1960s - the
prototype of the first generation of benzimidazoles -
provided a breakthrough in the treatment of diseases,
allowing for the development of several other members
of this class [5]. The primary mode of action of these
drugs involves their interaction with the cytoskeletal
protein (3-tubulin, which together with a-tubulin
constitutes the main component of microtubules [7].
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The BZ drugs have many benefits, including the fol-
lowing: i) selectivity and relatively low mammalian
toxicity; ii) broad spectrum of activity; iii) high efficacy; iv)
ease of administration; and v) low cost [5, 7-9]. For this
reason, BZ drugs are widely used in livestock and are cur-
rently being employed in human MDA strategies. The
success of anthelmintic treatment in the management and
control of parasitic infections in livestock in the years
following the development of BZ led to frequent and in-
discriminate use of these drugs, thereby creating a great
selection pressure in multiple species of nematodes [10].
This has the potential to select for parasite genotypes that
are resistant to anthelmintics [11]. Drug resistance in any
organism is defined by a change in the drug’s pharmaco-
kinetics and pharmacodynamics (absorption, distribution,
metabolism, excretion, and site of action) [5] that allows
some individuals in a population to tolerate doses of a
given compound that would not normally be tolerated.

In this systematic review, we assess the status of resist-
ance and/or effectiveness reduction of benzimidazole
drugs in livestock nematodes in Brazil to review the his-
tory of BZ resistance in the country, generate data to
enable monitoring and verification of the spread of
BZ resistance, and make information accessible to the
scientific community, as many studies are published
in Portuguese.

Methods

Data sources and inclusion/exclusion criteria

Surveys assessing BZ resistance pertaining to animal
intestinal nematodes in Brazil were extracted from five
electronic databases: PubMed/NCBI (US National
Library of Medicine National Institutes of Health/National
Center for Biotechnology Information Search database),
SciELO Brasil (Scientific Electronic Library Online),
LILACS-Bireme (Biblioteca Virtual em Saude - BIREME/
PAHO/WHO), GNTD database (Global Neglected Trop-
ical Diseases database), and Google Scholar. The search
was performed on November 21st, 22nd, and 28th, 2015,
using the terms: “resistance”, AND “benzimidazole”, OR
“albendazole”, OR “mebendazole”, AND “Brazil”. No
language restrictions were made. Duplicate papers were
removed. The PRISMA guideline/checklist was used to
construct the systematic review [12].

Studies were eligible for inclusion if they met the fol-
lowing criteria: i) evaluated the BZ resistance/efficacy in
nematode parasites in livestock hosts; ii) studied natural
infections; iii) showed BZ resistance/efficacy of at least
one BZ anthelmintic; iv) used at least one technique to
detect BZ resistance/effectiveness; and v) were published
in scientific journals with an International Standard
Serial Number (ISSN). Congress abstracts, theses, and
dissertations were not included. The exclusion criteria
were as follows: i) articles that explored the BZ

resistance only associated with other drug classes (e.g.,
BZ + macrocyclic lactones and other associations); ii)
studies evaluating BZ resistance on fungi or other micro-
organisms; and iii) works demonstrating only experi-
mental infections or in vitro tests.

“Grey literature” was accessed to enrich the text but
was not included in the systematic review.

Data extraction, analysis, and quality assessment

Once selected, the following data were extracted from
each paper and entered into a Microsoft Office Excel
database: author names, journal, publication year, lan-
guage, state and city in which the study was performed,
host types, number of hosts, BZ drugs, parasitological
techniques, counts of eggs per gram (epg) of faeces, par-
asites genus/species found, control group, if animal was
dewormed and for how long, BZ resistance-related single
nucleotide polymorphisms (SNPs) found, efficacy, cure
rate, and reinfection rate. The studies were categorized
into five quality levels (1 to 5; data not shown) based on
the detail of the herds, number of animals evaluated,
drugs evaluated, number and quality of the parasito-
logical techniques used, and FECRT calculation.

Faecal egg count reduction test analysis

An assessment of treatment efficacy was performed by
analysing the Faecal Egg Count Reduction Test (FECRT
syn. Egg reduction rate/ERR) results. When the studies
did not present FECRT results, the values were calcu-
lated based on the eggs per gram of faeces before and
after treatment, according to [13]. For the interpretation
of the FECRT results in livestock, the following criteria
were used: FECRT >98%, highly effective; FECRT 90-
98%, effective; FECRT 80-89%, moderately effective; and
FECRT <80%, insufficiently active [14].

The SPSS* Statistic Software v.20 (IBM Corp., Armonk,
USA) was used to simple linear regression analysis, with a
statistical significance of 5% (p=0.05). We employed the
general software Diva-GIS v.7.5.0.0 for map construction
(downloaded free from the website: http://www.diva-gis.org).

Results

The search resulted in the gathering of 9176 files (arti-
cles or other texts). After applying the inclusion and
exclusion criteria, 40 scientific articles were selected
(Table 1). Most of the studies were published in Portuguese
(23740, 57.5%), and 17 (42.5%) studies were published in
English. This review includes articles conducted from the
year 1989 forward.

Data from 13 Brazilian states were analysed in the
studies (Fig. 1). The largest number of studies was per-
formed in Northeast (14740, 32.6%), followed by Southeast
(32.5%), South (30.0%), and Centre West (2.5%). The
states most frequently analysed were the following: Sao
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'iole 1 List of studies assessing benzimidazole resistance in livestock hosts in Brazil, from 1989 to 2015

«nc e: al. 2007 [43]
eca .eterinaria Brasilica
terarante et al. 1992 [44]
mjournal of Veterinary
et al. 2008 [45]
eeterinaria Brasilica
;etal. 2010 [46]
i Animal Brasileira
met al. 2015 [15]
Veterinaria Brasileira
e: al. 2012 [47]

atonal Journal for

et al. 2012 [48]
‘ecnologica
« al. 2010 [16]
wParasitology
et al. 2010 [17]
Animal Brasileira
a Filho et al. 1998 [49]

Oencias Agr~rias

:-_z et al. 2010 [18]
i Parasitology

‘'me.es et al. 2014 [30]
Parasitology

m5c..za et al. 2012 [50]

Parasitology

ia"os et al. 2014 [51]
Parasitology
et al. 2012 [52]

‘eterinaria Brasileira

et al. 1996 [53]
Parasitology
eral. 1997 [54]

Parasitology

hmidt et al. 2012 [20]

Journal of Veterinary
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State

AL

SP

RN

PR

BA

MG

SP

sC

MG

RS

RN

PR

RJ

SP

MG

CE

MG

RS

SP

sC

BZ drug

ALB

OXF

RIC

OXF

ALB

ALB

ALB

ALB

ALB

ALB

ALB

ALB

ALB

OXF

ALB

ALB

ALB

MEB

OXF

ALB

Host

Goat

Sheep

Equine

Equine

Goat

Cattle

Goat

Sheep

Cattle

Sheep

Goat

Sheep

Sheep

Cattle

Ostrich

Sheep

Sheep

Sheep

Sheep

Goat

Diagnostic Approach

Parasitological technique

McMaster epg Culture
Y Y
Y Y
Y N
Y Y
NI Y
Y Y
Y N
Y Y
Y Y
Y Y
Y N
Y Y
Y Y
Y Y
Y Y
NI Y
Y Y
Y Y

Molecular
technique
(SNP detection)

N

13

Nematode genus

Haemonchus, Strongyloides

Haemonchus, Trichonstrongylus

NA

Cyathostominae

Haemonchus, Trichonstrongylus

Haemonchus

NA

Haemonchus, Trichonstrongylus,
Ostertagia

Haemonchus, Trichonstrongylus

Haemonchus, Strongyloides,
Trichonstrongylus, Ostertagia,
Oesophagostomum, Cooperia,
Bunostomum

NA

Haemonchus, Trichonstrongylus,
Oesophagostomum, Cooperia

Libyostrongylus

Haemonchus, Trichonstrongylus,
Oesophagostomum

Haemonchus, Strongyloides,
Trichonstrongylus,
Oesophagostomum, Cooperia

Haemonchus, Trichonstrongylus,
Ostertagia

Haemonchus, Trichonstrongylus,
Ostertagia

Haemonchus, Trichonstrongylus,
Oesophagostomum
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Table 1 List of studies assessing benzimidazole resistance in livestock hosts in Brazil, from 1989 to 2015 (Continued)

Authorayear [reference number]
Journal

Klauck et al. 2014 [55]

Annals of the Brazilian
Academy of Sciences

Lima et al. 2010 [56]
CiSncia Animal Brasileira
Lima et al. 2010 [57]

Pesquisa Veterinaria Brasileira

Melo et al. 1998 [58]
Ciencia Animal

Melo et al. 2003 [59]
Ciencia Rural

Niciura et al. 2012 [60]
Veterinary Parasitology
Nunes et al. 2013 [61]
Revista Brasileira de
Parasitologia Veterinaria
Pereira et al. 2008 [62]

Acta Veterinaria Brasilica

Ramos et al. 2002 [63]
Ciencia Rural

Rodrigues et al. 2007 [64]
Pesquisa Veterinaria Brasileira
Santos et al. 2014 [65]

Revista Portuguese de
CiSncias Veterinarias

Sczesny-Moraoes et al. 2010 [66]
Pesquisa Veterinaria Brasileira
Soutelo et al. 2007 [67]
Veterinary Parasitology

Soutelo et al. 2010 [68]

Revista Brasileira de
Parasitologia Veterinaria

Souza et al. 2008 [69]
Ciencia Rural
Souza et al. 2013 [70]

Agropecu”ria Cientlfica
do Semiarido

Thomas-Soccol et al. 1996 [21]
Veterinary Record
Thomas-Soccol et al. 2004 [22]

Brazilian Archives of
Biology and Technology

State

sC

PE

PE

CE

CE

SP

MG

SP

RN

sC

PB

RS

MS

SP

SP

sC

PB

PR

PR

BZ drug

ALB

ALB

ALB

OXF

OXF

ALB

ALB

ALB

ALB

ALB

OXF

ALB

ALB

ALB

ALB

ALB

ALB

OXF

Host

Sheep

Goat
Sheep

Goat

Sheep

Goat

Sheep

Sheep

Cattle

Goat

Sheep

Goat

Sheep

Sheep

Goat

Cattle

Sheep

Cattle

Cattle

Cattle

Goat

Sheep

Sheep

Diagnostic Approach

Parasitological technique

McMaster epg

NI

NI

Y

Culture

Molecular
technique
(SNP detection)

N

Nematode genus

Haemonchus, Trichostrongylus,
Cooperia, Teladorsagia

Haemonchus, Trichonstrongylus,
Oesophagostomum

Haemonchus, Strongyioides,
Trichonstrongylus,
Oesophagostomum

Haemonchus, Trichonstrongylus,
Cooperia, Trichuris

Haemonchus, Trichonstrongylus,
Oesophagostomum

Haemonchus

Haemonchus

Haemonchus, Strongyioides,
Trichonstrongylus,
Oesophagostomum

Haemonchus, Trichonstrongylus,
Ostertagia

Haemonchus

Haemonchus, Trichonstrongylus,
Ostertagia, Cooperia, Bunostomum

Haemonchus, Strongyioides,
Trichonstrongylus, Cooperia

Haemonchus, Trichonstrongylus,
Oesophagostomum, Cooperia

Haemonchus, Oesophagostomum,
Cooperia

Cooperia

NA

NA

Haemonchus, Trichonstrongylus,
Oesophagostomum, Ostertagia,
Cooperia
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Table 1 List of studies assessing benzimidazole resistance in livestock hosts in Brazil, from 1989 to 2015 (Continued)

-Jto r3year [reference number] State BZ drug Host Diagnostic Approach Nematode genus
-eumal Parasitological technique Molecular
technique
McMaster epg Culture a

(SNP detection)

erii-mo et al. 2012 [71] SP ALB Sheep NL Y N Haemonchus, Strongyloides,
Trichonstrongylus,

etec nary Parasitology Oesophagostomum, Cooperia

era and Cavalcante 1999 [72] CE OXF Goat Y Y N Haemonchus, Oesophagostomum

_ sa Veterinaria Brasileira

era et al. 1989 [73] CE ALB Goat NL Y N Haemonchus, Trichonstrongylus,
Oesophagostomum

-escu sa Agropecu”ria FEN

iableira
OXF
THI

*»era et al. 1989 [74] CE ALB Goat NL Y N Haemonchus, Strongyloides

de Pesquisa FEN Sheep

THI

"bod =40

red alphabetically. ALB albendazole, FEN fenbendazole, MEB mebendazole, OXF oxfendazole, RIC ricobendazole, THI thiabendazole. Epg eggs per gram of faeces,
- agoas, BA Bahia, CE Cearé, MG Minas Gerais, MS Mato Grosso do Sul, PB Parat'ba, PE Pernambuco, PR Parana, R] Rio de Janeiro, RN Rio Grande do Norte, RS Rio
. r-ce do Sul, SC Santa Catarina, SP Sao Paulo. Y Yes, N No, NL Not informed, NA Not applied
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Paulo (9740, 22.5%), Ceara (15.0%), and Minas Gerais and
Santa Catarina (12.5%) (Table 1).

In livestock, sheep were the host most frequently ana-
lysed (23740, 57.5%) (Table 2), followed by goats (37.5%),
cattle (17.5%), and others (equines and ostrich, 7.5%
each). The BZ drugs tested in livestock were ALB (31/
40, 72.1%), oxfendazole (OXF) (27.5%), fenbendazole
(FEN) (4.7%), THI (4.7%), and MEB (2.3%), and ricoben-
dazole (RIC) (2.3%).

The majority of studies (75.7%) showed that BZ drugs
are insufficiently active (FECRT <80%) against nematode
parasites of livestock (Fig. 1). The mean FECRT for BZ
drugs was 55.0% (Table 2); the mean FECRTs for FEN
and THI was of 71.8%, the mean for ALB was 58.6%, the
mean for MEB was 53.9%, the mean for OXF was 46.9%,
and the mean for RIC was 41.5%. Five studies showed
FECRTs lower than 1%. It is noteworthy that the most
studied animal - sheep - showed the lowest mean
FECRT for BZ drugs (mean FECRT =47.0%) (Table 2).
Only one study (2.5%) demonstrated that ALB is highly
effective (FECRT >98%) in ostrich against the nematode
genus Libyostrongylus.

Among the techniques used to perform the eggs
counts, the Gordon and Whitlock technique associated
with the McMaster chamber was the most frequently
used (75.0% of studies). The egg hatch test, as well as

Table 2 BZ effectiveness parameters in livestock nematodes
in Brazil

Drug Parameters Host Overall
Cattle Goat Sheep livestocks
BZb N studies (%) 7(17.5) 15 (37.5) 23 (57.5) 40
N hosts 3417 1697 11,342 16,531
FECRT (%)
Minimum 73 20.8 0 0
Maximum 95.9 90.0 90.0 100
Mean 75.3 64.8 47.0 55.0
ALB N studies (%) 7 (22.6) 11 (35.5) 16 (51.6) 31
N hosts 3417 604 8878 12,915
FECRT {%)
Minimum 73 295 0 0
Maximum 95.7 90.0 90.0 100
Mean 75.4 68.1 55.1 58.6
OXF N studies (%) 0 4 (36.4) 7 (63.6) 11
N hosts 1118 2464 3614
FECRT (%)
Minimum 20.8 0 ‘o
Maximum 735 64.9 92.4
Mean 56.6 29.7 46.9

aincluding cattle, goat, sheep, and others (equine and ostrich), including ALB,
FEN, MEB, OXF, RIC, and THI

the FLOTAC technique, was used in only one study.
Coproculture was performed in 33740 (82.5%) of the
studies to identify the nematode genus through morpho-
logical analyses of the larvae. Through coproculture, the
following parasite genera were identified (Table 1):
Haemonchus (32.2%), Trichostrongylus (21.7%), Oesopha-
gostomum (16.1%), Cooperia (9.6%), Strongyloides (8.8%),
Ostertagia (5.6%), and others (Strongylus, Bunostomum,
Teladorsagia, Trichuris, Libyostrongylus, 5.6%). Sheep
exhibited a greater diversity of parasites compared to
other animal hosts (Fig. 2a), with the following genera
identified: Cooperia, Haemonchus, Oesophagostomum,
Ostertagia, Strongyloides, and Trichostrongylus. In Fig. 2b,
it noted the number of studies that identified the para-
site species and the studied drug. However, it was not
possible to establish a relationship between a specific
parasite genera and BZ effectiveness. Four studies (9.3%)
used molecular techniques to evaluate potential BZ
resistance. The characteristic mutation at codon F200Y
of the beta-tubulin gene was the most frequently
observed mutation (100%) in Haemonchus parasites, yet
the F167Y mutation in the same gene was found in only
two studies (50%).

a
100%

90%

80%

70% Trichostrongylus
60% A Strongyloides
50% i Ostertagia

40% Oesophagostomum
30% A Haemonchus
20% 51 Cooperia

10%

0%

b
100%

90% -

80% m

70% -
60% -
50% -
40% -
30% -
20% 1
10% 1
0% -

Fig. 2 Number of studies that reported (8) the parasite species by host
and (b) the most commonly used drug by parasite species, in Brazil,

from 1989 to 2015
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. .vas observed through linear regression that FECRT

significantly reduced over time between 2007 and
- 14 (R=-0.653 p =0.021) for the treatment of cattle
m  BZ, suggesting progressive loss of effectiveness and
ecreased resistance for these hosts (Fig. 3).

Dfacussion
Tins study presents a systematic review on a subject still
pi ier-explored in Brazil: BZ resistance in nematode
parasites.

e observed that BZ resistance was widely dissemi-
K ri in animal hosts in Brazil and demonstrated that
1C ~ad lower effectiveness in sheep. BZ resistance in
L t->:ock has been widely distributed throughout the
‘«arid since the development of the drugs in the early
M6Qs [7]. The extensive use of BZ led to an immense
» erbon pressure on parasite populations, particularly
* re gastrointestinal parasites of ruminants, most not-
a  sheep [7]. Grazing animals defecate where they feed,
« ¢ even after treatment, reinfection is common, leading
* in overuse of BZs. In this context, anthelmintic drugs
me :tten used as a single tool for nematode control,
erinsively and indiscriminately. Many farms provide
«an: _s annual doses of BZ drugs to animals, allowing
hr a considerable selective pressure on parasitic nema-

ces, and the spread of resistance.

Viny hvestock studies report an inefficient manage-
ne-: system, as well as, a lack of knowledge about the

correct use and dosage of drugs and not respecting the
interval time between dosage administrations [15-18].
This has a great impact on treatment efficacy. In Brazil,
the SICOPA (Sistema Integrado de Controle Parasitario)
[19] consists of a set of strategies for the treatment of
the flock to preserve the drug susceptibility characteris-
tics and considers the epidemiological characteristics of
the country [20]. However, the monitoring of drug effi-
cacy is rarely used or even non-existent on some farms
in Brazil [19]. Therefore, some measures must be imple-
mented in farms in order to reduce the selective pres-
sure and the spread of resistance to anthelmintics: i)
establish the parasitological diagnosis; ii) determine
the FECRT routinely, as well as the susceptibility of
the host population (naive, preparturition, post par-
turition); iii) weigh the animals to avoid underdosage;
iv) anthelmintic drug rotation (annually); and v) an-
thelmintic treatments not administered at intervals
shorter than 28 days [19-23].

Brazil is a major producer of animals and meat for ex-
portation to the world market, approximately 230 mil-
lion animals are produced annually [4]. Nonetheless,
only 13 of the 27 Brazilian states were analysed for BZ
resistance. Cattle production is well distributed in the
country, especially in the states of the Midwest (33.6% of
total production in the country) - specifically the states
of Mato Grosso (13.4%) and Goias (10.2%) - and the
North Region is the second largest producer of cattle

3 ~iple linear regression analysis (lines) of Faecal Egg Count Reduction Test (FECRT) by time (years) reported in livestock in Brazil, from 1989 to
— ~~ied by host. Cattle R=-0.653 p =0.021; goat R=-0.154 p = 0.633; and sheep R=0.029 p = 0.820)
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(21.2%) [4]. However, no work has been published
reporting the effectiveness of BZ in these regions. Only
one study was conducted in Mato Grosso do Sul
(Midwest Region) and analysed sheep nematodes. The
states of the Northeast and South Regions are the largest
producers of sheep (56.5% and 30% of total production
of the country, respectively), and the states of the
Northeast are the main producers of goats, with
91.4% of the total production [4]. In these regions
there was research available on BZ resistance of STHs
in herds, both in sheep and goats. Nevertheless, the
data shows us that there is a gap in knowledge - both
in diagnosis and research - about the reality of resist-
ance in livestock in the country.

The origin of BZ resistance in livestock has been spec-
ulated about. The animal migration and gene flow
among nematodes [24], as well as spontaneous muta-
tions [25] and the presence of rare alleles in the popula-
tion [26], could be responsible for the spread of
resistance among animal nematodes. Currently, there is
concern about the possibility of the emergence of resist-
ance to the drugs used in soil transmitted helminthes
(STH) control; however, the large-scale mass drug admin-
istration strategy is generally the cornerstone of most
STH control programmes [27, 28]. Until now, the degree
of influence that resistance in livestock can have on the
development and spread of resistance in human nema-
todes is unknown, particularly in nematodes with zoonotic
potential, such as Ascaris suum and Trichostrongylus.

The egg count using the McMaster chamber, and
several variations on the original technique, is the most
frequently used technique to conduct the FECRT. The
FECRT is an in vitro test that provides an estimate of
anthelmintic efficacy by comparing worm egg counts
from animals before and after treatment [13]. The
McMaster technique is widely used in veterinary parasit-
ology and has been recommended by the WHO for
evaluation of the EPG count in humans [29]. The
FLOTAC technique was used in only one study [30].
FLOTAC and Mini-FLOTAC techniques [31, 32] present
potential for the qualitative and quantitative copromicro-
scopic diagnosis of parasites in a practical and simple way,
and should be considered.

In 17.5% of the studies (7/40), the faecal culture tech-
nigue was not carried out to identify the nematode
genus that had infected the animals. This is a matter of
great importance in assessing the BZ resistance in ani-
mal nematodes, because the diagnosis based on egg ob-
servation does not indicate the parasite genus involved,
and in mixed infections, only one species may be resist-
ant to the BZ drug [33]. In addition, only one study con-
ducted an in vitro test - the egg hatch test - to detect
the nematode species involved in BZ resistance. The egg
hatch test can be used for detection of BZ resistance by

assessing the drug’s ability to inhibit embryonation of
the parasite [13, 34].

The molecular signature of BZ resistance in nema-
todes is the presence of SNPs in the (1-tubulin isotype 1
gene in nematodes, located at codons F167Y (TTC/
Phe —»TAC/Tyr), E198A (GAG/Glu —GCG/Ala) and
F200Y (TTC/Phe —»TAC/Tyr) [6, 35, 36]. Despite the
fact that these genetic markers of BZ resistance are
known, few studies (4743, 9.3%) used molecular tech-
niques for the evaluation of resistance of nematodes in
Brazil. Of these studies, all Haemonchus nematodes
demonstrated the mutation F200Y. Additionally, the
codon F167Y was found in Haemonchus parasites in two
studies. These findings in Brazil are in agreement with
previous studies, which demonstrated that the F200Y
mutation is the most frequently found mutation associ-
ated with BZ resistance in nematodes, and has been de-
scribed in various nematode parasites: Haemonchus [36],
Ostertagia [37], Cooperia [38], Ancylostoma caninum
[39], human hookworms and T. trichiura [10, 40]. More-
over, Haemonchus contortus has been determined to be
responsible for the rapid development of BZ resistance
in nematodes of small ruminants, probably due to its
high genetic diversity and consequent greater availability
for new mutations [41, 42].

Conclusions

The scenario of BZ resistance in nematode populations
of domestic animals in Brazil is not favourable. Given
the high cost of drug discovery and development, it is
urgent to implement control measures and to monitor
the effectiveness/resistance to nematodes in livestock in
Brazil. Considering the BZ-R scenario observed in this
study, a greater investment in animal management and
adequate control of the use of anthelmintic drugs should
be performed in the country.
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he method of attachment influences
accelerometer-based activity data in dogs
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jnd: Accelerometer-based activity monitoring is a promising new tool in veterinary medicine used to

m>~r e .

assess activity levels in dogs. To date, it is unknown how device orientation, attachment method, and

mferment of a leash to the collar holding an accelerometer affect canine activity data. It was our goal to evaluate
attachment methods of accelerometers affect activity counts. Eight healthy, client-owned dogs were fitted
.« dentical neck collars to which two identical activity monitors were attached using six different methods
mment. These methods of attachment evaluated the use of a protective case, positioning of the activity
and the tightness of attachment of the accelerometer. Lastly, the effect of leash attachment to the collar
e ; -ated. For trials where the effect of leash attachment to the collar was not being studied, the leash was
to a harness. Activity data obtained from separate monitors within a given experiment were compared
. earson correlation coefficients and across all experiments using the Kruskal-Wallis Test.

r There was excellent correlation and low variability between activity monitors on separate collars when
was attached to a harness, regardless of their relative positions. There was good correlation when

monitors were placed on the same collar regardless of orientation. There were poor correlations between
monitors in three experiments: when the leash was fastened to the collar that held an activity monitor, when
.tty monitor was housed in the protective casing, and when one activity monitor was loosely zip-tied to the

'ather than threaded on using the provided metal loop. Follow-up, pair-wise comparisons identified the

:bon associated with these three methods of attachment to be statistically different from the level of

a a: on when monitors were placed on separate collars.

-sions: While accelerometer-based activity monitors are useful tools to objectively assess physical activity
care must be taken when choosing a method to attach the device. The attachment of the activity
to the collar should utilize a second, dedicated collar that is not used for leash attachment and the
ac- ~ent method should remain consistent throughout a study period.

und
- -rcmetry has recently been introduced to veterinary
as a novel outcome measurement to objectively
ictivity levels in dogs. This technology represents a
tool that has frequently been utilized in conjunc-
»mh other, previously validated outcome measures
*s ground reaction forces and validated owner
res [1-11]. Omnidirectional activity monitors
spontaneous activity over an adjustable period of
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time (“epoch”) and filter out constant sources of acceler-
ation (i.e. gravity) [7].

Many studies have investigated the utility of
accelerometer-based activity monitors for various ap-
plications, [1-19] particularly including the measure-
ment of activity after various therapies for dogs with
osteoarthritis [1, 3, 4, 16, 18, 19]. Interestingly, there
are some instances where improvement of currently
accepted outcome measures (e.g. owner question-
naires, gait analysis) was not accompanied by similar
improvement in accelerometer-based activity levels
[4, 15, 16, 18, 19]. The reason for this disconnect
may be that these outcome measures evaluate differ-
ent components of improvement associated with the
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successful treatment of osteoarthritis or that variables af-
fecting activity data were not controlled for. Such reported
variables include signalment, [2, 10, 15] body weight,
[10, 15] body conformation, [2] and activity monitor
positioning [8]. However, other factors such as method of
accelerometer attachment to the collar have not been inves-
tigated. While many studies describe attaching the activity
monitor to the collar of study participants [2-8, 10-12, 18],
only few authors have provided detailed descriptions of how
the activity monitor was specifically attached [5, 7, 8, 12].
Given the high sensitivity of these devices [12], it seems pos-
sible that factors such as leash attachment to the collar and
tightness of monitor attachment to the collar may affect
activity data. Furthermore, the use of a protective case
(to extend waterproof capabilities and protect the costly
activity monitors) has been previously described, [12]
but the impact of this case on activity data is unknown.
To the authors’ knowledge, no studies have been con-
ducted that investigate these factors as sources of activity
data variability. Hence, it was our goal to identify how spe-
cific attachment methods might affect activity measure-
ments. Specifically, our objective was to evaluate whether
device orientation, use of a protective case, attachment of
an activity monitor using zip ties, and connection of a leash
to the collar holding the activity monitor would have a sig-
nificant impact on total activity counts. We hypothesized
that these factors would significantly affect activity data.

Methods

Animals

Client-owned dogs were recruited from faculty, staff,
and students of the Colorado State University Veterinary
Teaching Hospital. Each dog was deemed clinically healthy
by owner history and thorough physical examination. The
dogs were individually fitted with two identical neck
collarsl to which two identical activity monitors2 were
attached using six different methods of attachment as
outlined below. The collars were adjusted to ensure a
snug fit and the specific hole in the collar used to secure it
was noted for each dog to ascertain that the amount of
tension on the collar was consistent throughout the study
period as previously reported [20]. Due to limitations in
the ability to consistently attach activity monitors to
excessively small or large collars, small and giant breed
dogs were excluded from the study. The study protocol
was approved by the Institutional Clinical Research
Review Board (VCS#2015-029) and written owner con-
sent was obtained.

Activity monitoring

A previously validated [1-11], omnidirectional accelerometer-
based activity monitor was used in all dogs. Six methods of
attachment were studied (Fig. 1) in seven different experi-
ments. Eight dogs participated in the study (4 neutered males,

Fig. 1 Photographs illustrating the various methods of attachment
utilized in this study, @ The activity monitors were threaded onto
separate collars using the provided metal loops on the monitors.
This method of attachment was utilized in Experiments 1 & 2. b
The activity monitors were threaded onto separate collars using
the provided metal loops on the monitors and a leash was attached to
the rostral collar. This method of attachment was utilized in Experiment
3. CThe activity monitors were threaded onto the same collar in the
same orientation using the provided metal loops on the monitors. This
method of attachment was utilized in Experiment 4. dthe activity
monitors were threaded onto the same collar in opposite orientations
using the provided metal loops on the monitors. This method of
attachment was utilized in Experiment 5. € The activity monitors were
placed on the same collar. One monitor was threaded on using the
provided metal loop on the monitor. The other activity monitor was
placed in the same orientation as the first, but inside a metal protective
case on the same collar. This method of attachment was utilized in
Experiment 6. fone activity monitor was attached using the provided
metal loop on the monitor. The other monitor was rotated 90° and
attached to the same collar using zip-ties. This method of attachment
was utilized in Experiment 7

4 spayed females). The mean age = SD was 3.8 + 2.4 years
(range: 1.2-8.7 years) and the mean weight £ SD was
21.3 £5.77 kg (range: 12.2-29.3 kg). Breeds included
Border Collie (n=3), mixed breed (n=2), Labrador Re-
triever (n - 1), Golden Retriever (n = 1), and Husky (n - 1).
Two separate accelerometers were first attached in identical
fashion using the metal loops of the accelerometers to two
separate, identical collars (Fig. la; Experiment 1). For this
experiment, the leash attached to a harness3. Inter-collar
rotation was subjectively monitored for during each data
collection. If it was noted that inter-collar rotation oc-
curred, that data set was discarded and data collection
was repeated. The rostral/caudal position of these collars
was then switched (Experiment 2). Next, the leash was at-
tached to the rostral collar instead of the harness (Fig. Ib;
Experiment 3). Accelerometers were then placed on the
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n—e collar in the same orientation and the second collar
*is removed (Fig. Ic; Experiment 4). The orientation of
wrn accelerometer was then changed by rotating it 180°
? 4 Id; Experiment 5). One accelerometer was then
; a:ed inside a protective case (provided by the manufac-
-reri with the same orientation as the other accelerom-
eer on the same collar (Fig. le; Experiment 6). Finally,
it ;. accelerometer was rotated 90° and attached loosely
zip-ties to the same collar (Fig. If; Experiment 7).
7' - trial necessitated the rotation of one accelerometer
* is holes would have needed to be placed in the collar
* facilitate the use of zip ties without rotation.
~ ree trials were collected for each dog in each
e renment. A trial consisted of a 3-min outdoor leash
» 1> across a concrete surface. The collars were ori-
e*'rd so that the activity monitors rested ventrally on
"t~ cog’s neck. The epoch length was set to 1 s, result-
no in approximately 180 data points for every trial.
T'r same handler walked each dog in the same fashion
i ; che same location and speed was kept subjectively
m - - stent). For trials where the effect of leash attach-
met: to the collar was not being studied, the leash was
ecached to a harness. To mark the beginning and end
oioh trial, the handler pressed the event marker but-
m xated on each activity monitor. Activity data was
mT-cved from the monitors using the provided com-
n -* cations interface4 and software.

3 analysis

*r collection processing of data sets included alignment
r tfae starting points of each data set by visual analysis
«Tar. acommercially available spreadsheet software.5 En-
ent of the event marker buttons on each accelerom-
v identified within the spreadsheet program. If the
esc secs were not aligned, the timing was adjusted so that
->e -ere in alignment prior to statistical analysis. Statis-
tai. analysis was conducted using commercially available
* rHate.6 The correlation of the average activity between
K I -ameters was evaluated by calculating the Pearson’s
non coefficient for each experiment. The correl-
oetween accelerometers was compared across all
ients using a Kruskal-Wallis Test with post-hoc
comparisons. Significance levels were adjusted

the Bonferroni correction.

was no statistically significant difference (p >0.05)
n data from individual trials in any given experi-
thus data from all trials for each dog were included
sequent analysis; results are summarized in Table 1.
was excellent correlation and low variability between
monitors on separate collars when the leash was
to a harness, regardless of their relative positions
ents 1 & 2, CC >0.9). There was also good

correlation when activity monitors were placed on the
same collar regardless of orientation (Experiments 4 & 5,
CC >0.75). However, confidence intervals for these experi-
ments were wider than the experiments with activity mon-
itors on separate collars when the leash was attached to a
harness. Use of the protective case, leash attachment to
the collar, and attachment with zip-ties resulted in the
lowest correlations between collars (CC =0.43, 0.62, 0.64
respectively). When correlation coefficients were com-
pared across attachment methods, there was a statistically
significant difference (p <0.0001) in the level of correl-
ation in these three experiments. Follow-up, pair-wise
comparisons identified the correlation associated with
these three methods of attachment to be statistically dif-
ferent {p <0.05) from the level of correlation when activity
monitors were placed on separate collars.

Discussion
Accelerometers have become a promising tool to object-
ively quantify both spontaneous and controlled physical
activity in dogs. However, few studies have investigated
the effect of the accelerometer positioning on the dog’s
collar. Our research identified the following methods of
attachment to have a significant impact on the resultant
activity data: (1) attaching a leash to the dog’s collar that
holds an activity monitor, (2) the use of a protective case
and (3) attachment of the device loosely to the dog’s col-
lar using zip-ties. There was high correlation between
activity monitors when they were on separate collars
and the leash was attached to the harness, regardless of
the relative collar position. This result was expected, as
identical collars were used and there were no other con-
founding factors in this experiment. Additionally, there
was strong correlation between activity monitors when
they were on the same collar, regardless of orientation.
Again, this was expected, as the activity monitors used
in this study are omnidirectional and record activity data
in all axes, irrespective of sensor orientation.
Non-ambulatory movements of the dog have previ-
ously been suggested as factors that could affect activity
data [7, 14]. Similarly, the difference in activity data
found in our study associated with leash attachment to
the collar can easily be explained by additional or re-
stricted movement of the collar caused by pull of the
handler/leash and a different position of the accelerom-
eter (dorsal compared to ventral) when tension is ap-
plied to the leash. Surprisingly, the majority of previous
publications do not specify whether a separate collar
was used to hold the activity monitor throughout the
study period (Table 2). The findings of this study suggest
that a second, dedicated collar should be utilized to at-
tach an activity monitor. It is the authors’ current prac-
tice and recommendation that the leash attachment ring
(of the second, dedicated collar) should be removed to
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Table 1 Description and correlation of attachment methods used in each experiment

Experiment Device 1 Device 2 Mean 95%
Pearson's Confidence
Attachment Collars Leash Collar Attachment Collars Leash Collar X
. . Correlation Interval
Position position o
Coefficient
1 Metai Loop Separate Harness Rostral Metal Loop Separate Harness Caudal 0.918 0.883-0.953
2 Metal Loop Separate Harness Rostral Metal Loop Separate Harness Rostral 0.932 0.905-0.958
3 Metal Loop Separate Rostral Collar Caudal Metal Loop Separate Rostral Collar Rostral 0.615 0.467-0.764
4 Metal Loop Same Harness Metal Loop Same Harness 0.786 0.639-0.933
5 Metal Loop Same Harness Metal Loop -Flipped 180° Same Harness 0.76 0.603-0.917
6 Metal Loop Same Harness Protective Case Same Harness 0.428 0.217-0.638
7 Metal Loop Same Harness Zip-ties - Flipped 90° Same Harness 0.64 0.499-0.780

avoid any possibility of the dog’s owner attaching a leash
to the collar bearing an accelerometer.

The second method of attachment associated with poor
correlation was when the metal protective casing provided
by the manufacturer was used to house the activity monitor
(Fig. le; Experiment 6). The accelerometer utilized in this
study is currently priced at $450 and is rated for no greater
than 1 meter of water submersion for 30 min. The protect-
ive case offers a simple way to extend the water-resistant
capabilities of the device and protect it from incidental
damage. However, our results indicate that the use of the
protective case may affect activity data. These differences
could be the result of the extra weight added to the activity
monitor with the casing, providing it with more momen-
tum to move on the neck. Alternatively, it is possible that
the device shifts within the casing. It should also be noted
that while using the protective case, the event marker but-
tons located on the activity monitors are inaccessible. These
event marker buttons make it possible for owners to con-
veniently make note of significant events that occur while
the dog is wearing the activity monitor, and so use of the
protective casing may limit the usefulness of the monitor.

When two monitors were placed on the same collar in
identical fashion (Fig. Ic & d; Experiments 4 & 5), lower
than expected correlations were found between activity
monitors. Furthermore, we did not find a significant dif-
ference between correlations of these experiments and
when the device was placed in the protective case. This
may indicate that the additional weight may play a role
in accelerometer data acquisition. Based on these results,
it seems that attaching two activity monitors to the same
collar or adding any additional weight to the collar may
affect activity data. However, further research is required
to confirm these hypotheses. It should be noted that
inter-device variability cannot be entirely ruled out as a
cause for the low correlations found between accelerom-
eters in Experiments 4 and 5. However, since there were
strong correlations between activity monitors when they
were on separate collars, inter-device variability is a less
likely cause.

Finally, differences in activity data were found when
the device was loosely zip-tied to the collar. When
compared to the activity monitor that was threaded
onto the collar using the provided metal loop, the zip-

Table 2 Summary of methods used in previous studies with the same activity monitor

Authors Year Method of Attachment Leash Attachment Device
orientation

Yam, et at. 2011 Zip tied to collar No leash Not addressed
Hansen, et al. 2007 Various No leash Not addressed
Preston, et al. 2012 Various Not addressed Not addressed
Yashari, et al. 2015 Protective case on dedicated collar No leash Not addressed
Brown, et al. 2010 To collar - no details Leash attached Not addressed
Brown, et al. 2010 To collar - no details Not addressed Not addressed
Morrison, et al. 2014 To collar - no details Not addressed Not addressed
Morrison, et al. 2014 To collar - no details Not addressed Not addressed
Rialland, et al. 2012 To collar - no details Not addressed Not addressed
Rialland, et al. 2013 To collar - no details Not addressed Not addressed
Michel, et al. 2011 To collar - no details Not addressed Not addressed
Dow, et al. 2009 Not addressed Not addressed Not addressed
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it-: device was subjectively more movable. Logically,
:w correlation between monitors in this experiment
<cr*ars to be related to the activity monitor moving on
ttc :ollar itself, artificially increasing activity counts. This
—red in spite of the zip ties being maximally tightened.
T*ese results are noteworthy because previous studies
** - reported zip-tying the activity monitor to the collar
X did not detail the zip-tie method used [5]. Zip-tying
rr re-.ices ideally should be avoided, however, given the
r i . size of the metal loops (and thus the inability to fit
tr.c.«er collars i.e. > 0.75 inches), care should be taken to
- the same tightness if zip-ties are used to attach
me? ~ monitors to the collar.
The disconnect in previous publications [16, 18] between
m~ wv levels and other outcome measures such as gait
and owner questionnaires could be explained by
Be act that activity levels represent a different measure of
ar gression through a study period. While activity monitors
B ? ce addressing different aspects of outcome in these
mtt&es, the methods used to attach the activity monitors to
lie dogs cannot be ruled out as a source for the lack of cor-
maacom between activity levels and other measures utilized.
There were several limitations of this study, including
tc -oort duration that methods of attachment were eval-
HDed for while walking. We chose this approach to elim-
mae variability in the type of activity, allowing for data
* . _i:non in a controlled environment with a defined
Kk :: activity. Since activity monitors were directly com-
for any given method of attachment, greater activity
r es are likely only to further affect the results. Further-
_ re, given the large number of data points acquired, lon-
-rroservation periods would be unlikely to change the
msetts. It is also unknown how the varying activity levels
' ::gs in their daily lives would affect activity data. For
usance, it is possible that the method of attachment
- c_i; not have as large of an effect on a dog with a seden-
mn Lifestyle. Further studies are necessary to characterize
» '« the high and low extremes of activity level would
mract activity data output amongst various methods of
mEachment A second limitation of this study is that only
- brand of accelerometer-based activity monitor was
p n -ated. Several other devices are available and it is un-
v -7i how the method of attachment would affect activ-
“ data from those monitors. However, until a similar
- i.-ation of those devices is performed, we would sug-
- v assuming that similar findings would apply to any
n—«Tty monitor and the recommendations from this study
:_d be followed regardless of which activity monitor is
xe. A final limitation of this study is the small sample
e However, in contrast to clinical studies evaluating
iar_rally occurring disease, this study was designed to
" “mate confounding factors and therefore a smaller
micple size can be utilized to identify significant differ-
ences between groups. Additional studies with larger

sample sizes that evaluate the identified factors in a
clinical setting are necessary to further characterize
accelerometer-based activity monitors as objective out-
come measurement tools.

Conclusions

In conclusion, when utilizing accelerometers as a research
tool care must be taken to clearly specify the method of
attachment. Since retrieving data from the activity moni-
tor utilized in this study requires removal of the device
from the collar, the method of attachment should be re-
corded and kept consistent throughout the study period.
Connecting a leash to the collar to which an activity
monitor is attached should be avoided, as it is difficult to
keep the amount of tension on the lead while walking
consistent throughout a study. Lastly, data obtained when
using the protective case should not be compared to data
collected without the casing. Our results indicate that the
protective casing considerably affects the activity data. As
such it may be advisable to avoid use of any case entirely.

Endnotes
1Boots and Barkley Core Fashion Collar, Size Medium,
Target Brands, Inc., Minneapolis, MN
2Actical, Mini Mitter Company, Inc., Bend, Oregon
3Easy Walk Harness, PetSafe’, Radio Systems Corporation,
Knoxville, Tennessee
4ActiReader, Mini Mitter Company, Inc., Bend, Oregon
sExcel, Microsoft Corporation, Redmond, Washington
6SPSS 22, IBM, Inc.
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Anti-nausea effects and pharmacokinetics of
ondansetron, maropitant and metoclopramide In
a low-dose cisplatin model of nausea and
vomiting in the dog

~annah Kenwardl, Jonathan Elliottl Terry Lee3 and Ludovic Pelligandl ©

Abstract

Background: Nausea is a subjective sensation which is difficult to measure in non-verbal species. The aims of this
study were to determine the efficacy of three classes of antiemetic drugs in a novel low dose cisplatin model of
nausea and vomiting and measure change in potential nausea biomarkers arginine vasopressin (AVP) and cortisol. A
four period cross-over blinded study was conducted in eight healthy beagle dogs of both genders. Dogs were
administered 18 mg/m2 cisplatin intravenously, followed 45 min later by a 15 min infusion of either placebo (saline)
or antiemetic treatment with ondansetron (0.5 mg/kg; 5-HT3 antagonist), maropitant (1 mg/kg; NK, antagonist) or
metoclopramide (0.5 mg/kg; D2 antagonist). The number of vomits and nausea associated behaviours, scored on a
visual analogue scale, were recorded every 15 min for 8 h following cisplatin administration. Plasma samples were
collected to measure AVP, cortisol and antiemetic drug concentrations.

Results: The placebo treated group vomited an average number of 7 times (range 2-13). None of the dogs in
1 either the ondansetron or maropitant treated groups vomited during the observation period. The onset of nausea-
ike behaviour in the placebo-treated group occurred at t35h and peaked at t475h with nausea behaviour score of
; 585 = 4.6 mm. Ondansetron and maropitant reduced overall the area under the curve of nausea behaviour score
by 90% and 25%, respectively. Metoclopramide had no effect on either vomiting or nausea,
Cisplatin-induced nausea and vomiting caused concomitant increases in AVP and cortisol. In the placebo-treated
group, AVP and cortisol increased from t25h, peaked at t5h (11.3 + 2.9 pmol L 1 and 334.0 = 46.7 nmol/L, respectively)
and returned to baseline by t8h AVP and cortisol increases were completely prevented by ondansetron and only
partially by maropitant, while metoclopramide had no effect. The terminal half-lives (harmonic mean + pseudo SD) for
ondansetron, maropitant and metoclopramide were 121 + 0.51, 562 + 0.77 and 0.87 £+ 0.17 h respectively.

Conclusions: 5-HT3 receptor antagonist ondansetron demonstrates the greatest anti-emetic and anti-nausea efficacy
ofthe three drugs. AVP and cortisol appear to be selective biomarkers of nausea rather than emesis, providing a means
of objectively measuring of nausea in the dog.

Keywords: Nausea, Emesis, Cisplatin, Antiemetic, Maropitant, Ondansetron, Metoclopramide, Biomarker, Arginine
.asopressin, Cortisol
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Background

Nausea is a subjective sensation induced by a variety of
emetic stimuli and usually preceeds emesis. Nausea is a
graded response with a dynamic threshold influenced by
a variety of factors [1], unlike emesis, which is an all or
nothing event occurring when emetic stimuli surpass the
threshold required to activate the emetic reflex. Defining
nausea in animals is inherently problematic due to its
subjective nature and the inability of an animal to ver-
balise the sensation that they experience. Whether or
not animals experience the sensation of nausea in the
same way as people do is a contentious issue [2]. How-
ever, for the purposes of this article the term nausea will
be used to denote the aversive state and prodromal re-
sponse induced by the administration of a known eme-
togenic substance. Nausea-like behaviour refers to
observable behaviours in animals that occur during the
aversive state.

Antiemetic drugs work by blocking the emetic path-
way at various points preventing the emetic reflex. Three
major classes of anti-emetics are currently available for
the treatment of chemotherapy-induced nausea and
vomiting: 5-hydroxytryptamine3 (5-HT3), neurokininj
(NI<i) and dopamine2 (D2) receptor antagonists. All clas-
ses of antiemetic drugs have some anti-nausea efficacy
[3-5] but are generally less efficacious for the treatment
of nausea [6]. Human patients now report that nausea
rather than emesis is the most distressing side effect of
cancer chemotherapy [7]. The sensation of nausea stems
from complex mechanisms involving cortical structures
in the forebrain responsible for conscious perception,
these mechanisms are thus far poorly characterised [8-
10]. This has hindered the development of anti-nausea
drugs.

Cisplatin is a platinum based cytotoxic drug used for
the treatment of cancer [11]. It is highly emetogenic [12]
and has been widely used experimentally to induce nau-
sea and emesis in a variety of species including Suncus
murinus [13], ferret [14] and the dog [15]. The low dose
cisplatin model of nausea and emesis in the dog [16] in-
duces significantly less emesis than previous models
which utilise clinical doses of cisplatin [15]. The reduced
emesis in the low dose model facilitates recognition of
the behavioral signs of nausea and grading of its severity
without the bias of frequent emetic events. Therefore, it
is a good model for the assessment of the anti-nausea ef-
fects of currently available anti-emetic drugs and to re-
late the concentration of nausea biomarkers to the
observed signs of nausea behaviour.

Potential nausea biomarkers, arginine vasopressin
(AVP) and cortisol, have been identified as correlates of
nausea behaviour in the dog [16]. Increased AVP has
been positively correlated to self-reported nausea scores
by volunteers, in which, motion sickness is induced

[17, 18]. To date, these biomarkers have not been
used in experimental intervention studies to assist in
objective assessment of nausea.

The principal aim of the current study was to deter-
mine the relative efficacy of the representatives of three
classes of antiemetic (ondansetron, maropitant, metoclo-
pramide) in the prevention of nausea and emesis in the
low dose cisplatin model.

Methods

Animals

Animal procedures undertaken were approved by the Ul<
Home Office Animals (Scientific Procedures) Act 1986
(ASPA), Project license 70/7269 with ethical approval of
the Royal Veterinary College (RVC) Ethics and Welfare
Committee. Eight healthy neutered Beagle dogs (Marshall
Farms, North Rose, NY, USA), four male and four females
weighing from 6.5 to 11.5 kg, aged 2.5 years old at the
start of the studies were used. Dogs were group-housed
according to sex on a 12 h light/dark cycle and fed canine
Lab diet 5007 (IPS Ltd., London, UK) once daily (100-
200 g adjusted as needed to maintain ideal weight). Water
was available ad libitum. The dogs were discharged from
ASPA and re-homed as pets at the end of the study with
the approval of the RVC’s Named Veterinary Surgeon.

Experimental design

Dogs received cisplatin and antiemetic or placebo treat-
ment in each of the 4 periods of the study. The 4 study
periods were blocked by sex and by day with at least a
28 day wash out period being observed between doses of
cisplatin. Antiemetic or placebo treatment was randomly
allocated during period 1 and a Latin square design was
used to determine treatment allocation in the remaining
periods so that all dogs received each treatment over the
course of the study.

Jugular vein catheter placement

One day prior to cisplatin administration, a double lumen
jugular catheter was implanted under general anesthesia

using the methods described in Kenward et al. [16].

Operator safety

Cisplatin was dispensed with the medical closed system
(BD Phaseal, Oxford, UK) under a cytotoxic hood. Ap-
propriate personal protective equipment (PPE) was worn
by users when handling cisplatin and contaminated
waste. Dogs were quarantined for 10 days following cis-
platin treatment, PPE was worn to handle dogs and all
waste was considered to be contaminated with cytotoxic
material.



Anti-nausea effects and pharmacokinetics of ondansetron, maropitant and metodopramide in a low-dose... 29

Fluid treatment

All dogs were given 0.9% saline and mannitol infusions
prior to the administration of cisplatin and an hourly sa-
line bolus post cisplatin through the first lumen of the
rugular catheter as described in Kenward et al. [16] to
reduce the nephrotoxic effects of cisplatin (Fig. 1).

Cisplatin administration

The time of initiation of cisplatin infusion was measured
m hours and defined as toh (Fig. 1). At toh. the dogs re-
ceived 18 mg/m2 of cisplatin (Hospira, Leamington Spa,
UK). Dogs were weighed on the day preceding the injec-
tion and body surface area (m2) calculated using the
formula:

"here constant k = 10.1 and W is the weight of the dog

n kilograms [19].

The appropriate volume of stock cisplatin solution
1 mg/mL) for each dog was diluted in 0.9% saline to
rroduce a standard volume of 40 mL. The diluted cis-
rlatin solution was administered through the second
amen of the jugular catheter using automatic dispensing
«-Tinge at a flow rate of 2.0 mL/min.

i ntiemetic administration

-.nti-emetic or placebo administration was completed at
:;h following cisplatin treatment. Depending on treat-
ment allocation from the experimental design, dogs re-
ceived one of the following: 0.5 mg/kg ondansetron

Fig.1 Fluid and drug administration protocol

(Zofran*, GSK, Brentford, Ul<), 1 mg/kg maropitant
(Cerenia*, Zoetis, Florham Park, NJ, USA), 0.5 mg/kg
metodopramide (Emeprid*, Ceva Sante Animale,
Amersham, UI<) or 0.9% saline as placebo. All treatments
were made up to a standard volume of 15 mL using 0.9%
saline and were administered intravenously through the
second lumen of the jugular catheter at a flow rate of
1.0 mL/min.

Behavioural assessment

Prior to the commencement of studies an acclimatization
period of 1 month was allowed for the dogs to become fa-
miliar with the experimental context. During this period,
the observer became accustomed to each individual dog’s
normal behaviour, which was used as a baseline reference
for behavioural observations. During the 28-day washout
interval between the study periods, the dogs were placed
in the experimental context weekly to prevent the devel-
opment of a conditioned response.

Observations of behaviours suggestive of a nausea-like
state and the number of vomits were recorded for 7 h
following cisplatin treatment. Nausea-like behaviour was
recorded by a single trained observer, who was blinded
to the treatment the dogs had received. A composite
‘nausea’ score was recorded using a visual analogue scale
(VAS) [15]. The observer made a judgment on the sever-
ity of the dogs nausea-like behaviours based on the
presence and frequency of one or more of the following
during a 15 min time bin; salivation, lip licking, lethargy,
restlessness or turning/circling behaviour signaling that
vomiting is imminent. A score of 0 mm indicated ‘No
‘Nausea” and a score of 100 mm indicated ‘Worst
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possible ‘Nausea”. This method of behavioural assess-
ment in dogs was based on a ‘nausea’ visual analogue
scale described by de la Puente Redondo et al. [15] and
was validated ‘in-house! for a cisplatin-induced nausea
and vomiting, by the authors in Kenward et al. [16].

Blood sampling

Venous blood samples were collected from the jugular
catheter for biomarker analysis at t = -3 (baseline), 0,
25,4,45, 5,55, 6,7, 8 and 24 h following cisplatin ad-
ministration. Additional samples were collected for
pharmacokinetic analysis of the antiemetic drugs at
t = 1.25, 15, 1.75, 2.25, 2.75, 3.25, 4.25, 6.25, 8.25 and
24.25 h following cisplatin administration. Approxi-
mately 5 mL of blood was collected for biomarker ana-
lysis and 0.5 mL for PK analysis at each time point,
giving a maximum of 60 mL collected per dog. Blood
was collected into EDTA coated tubes or Lithium
Heparin coated tubes as appropriate for subsequent as-
says. In agreement with ASPA regulations, a maximum
of 15% blood volume was withdrawn in any 28 day
period, with no more the 10% withdrawn in any 24 h
period. Blood sample tubes were placed in an ice bath
for a maximum of 10 min before centrifugation at 4000
x g for 15 min. Plasma samples were aliquoted into indi-
vidual tubes, A protease inhibitor cocktail (15 pM;
Sigma Aldrich, UK) was added to tubes containing
plasma for vasopressin assay. All samples were snap fro-
zen on dry ice then stored at -80 °C prior to analysis.

Biomarker measurement

Vasopressin was extracted from the plasma and the con-
centrations were measured by radioimmunoassay (RIA)
(RB-319, Eurodiagnostica AB, Malmo, Sweden), as per
kit instructions with the one adjustment that an initial
sample of 1 mL of plasma was reconstituted in 700 pL
assay buffer following solid phase extraction. This RIA
has been previously validated for use with canine plasma
[20]. Plasma cortisol concentrations were measured by
RIA (Coat-a-Count*, Siemens, Los Angeles, CA, USA),
as per kit instructions. This RIA has previously been val-
idated for use with canine plasma [21].

Pharmacokinetic analysis

Ondansetron and metoclopramide measurement

Fifty pL sample, blank, standard or quality control (QC)
were added to a 2 mL polypropylene tube. Internal
standard solution (10 pL; sulpiride) and 200 pL aceto-
nitrile (protein precipitation) were added and the tubes
were vortex mixed for 5 min. Following centrifugation at
13400 xg for 2 min, the supernatant (100 pL) was di-
luted 1:1 with de-ionised water. Ten pL of this extract
were injected onto the HPLC/MS/MS. Ondansetron and
metoclopramide concentrations were measured by

HPLC/MS/MS using a 10 cm x 4.6 mm SUPELCOSIL™
LC-Si HPLC Column maintained at 50 °C. This was
coupled with electrospray ionisation (ESI) and tandem
mass spectrometry (APl 4000, Applied Biosystems). The
mobile phase consisted of acetonitrile/10 mM ammo-
nium formate (80/20 v/v) delivered at 1 mL/min. Posi-
tive ions were monitored in the MRM mode with m/z
transitions 300 — 227 for metoclopramide, 294 —212
for ondansetron and 342 —112 for internal standard
sulpiride. Six non-zero standards were included in each
run, final concentrations of 2.5, 10, 25, 50, 75 and
100 ng/mL in plasma. Three quality controls (15, 30 and
75 ng/mL) were also analysed in duplicate in each run.
A 1/x2 weighted linear regression was used to generate
the calibration curve for both drugs.

Maropitant measurement

Hundred pL sample, blank, standard or quality control
(QC) were added to a 96 well polypropylene plate con-
taining 400 pL acetonitrile (protein precipitation) with
5 ng/mL of internal standard CJ-12191. The plate was
sealed and centrifuged for 15 min at 1700 x g to pellet
precipitated proteins. Ten pL of supernatant was added
to a 96 well injection plate containing 790 pL water/
acetonitrile with 0.1% formic acid (50/50, v/v). Maropitant
concentrations were measured by ultra-performance li-
quid chromatography (UPLC) (Waters Acquity, Milford,
MA, USA) using Waters ACQUITY column BEH C
1.7 pm, 2.1 x 50 mm, equipped with VanGaurd “ Pre-
Column. This was coupled with electrospray ionization
(ESI) and tandem mass spectrometry (MS/MS) (API 4000,
Applied biosystems/MDS Sciex, Frarmingham, MA,
USA). The range of the assay is 1-1000 ng/mL. The mo-
bile phase A consisted of 5 mM ammonium formate with
0.3% formic acid and mobile phase B consisted of aceto-
nitrile with 0.3% formic acid. The target column was set
to 55 °C. The UPLC was set to run a 1.8 min linear gradi-
ent initiated 0.2 min after sample injection from 10% to
99.9% mobile phase B for 2 mins. LC-MS/MS was set to
operate in positive ion mode using the ESI source. Positive
ions were monitored in the MRM mode of m/z transitions
469 — 177 for the maropitant target analyte and
455 —> 163 for the internal standard CJ-12191. Eight non-
zero standards were included in each run, final concentra-
tion of 1, 2, 5, 10, 50, 100, 500 and 1000 ng/mL in dog
plasma. Three quality controls (3, 30 and 800 ng/mL)
were also analysed in duplicate in each run. A 1/x2
weighted linear regression was used to generate the cali-
bration curve.

Statistical analysis
All statistical analyses were carried out using PASW Sta-
tistics 18 v 18.0.0 (SPSS: An IBM company, Chicago, IL,
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USA). All data are presented as mean + SEM and signifi-
cance levels were set at P £ 0.05.

After checking normality of the distribution, correl-
ation analyses were carried out between nausea-like be-
haviour and change in biomarkers, AVP and cortisol
(Pearson’s coefficient). Time courses of nausea-like be-
haviour and change in biomarkers were analysed using a
linear mixed-effect model with 1st order autoregressive
covariance structure. The statistical model included the
fixed effects of treatment group, time and group*time
interaction, the repeated effects of time and the random
effect of subject. A least significant difference post-hoc
pairwise comparison of anti-emetic treatment was car-
ried out at each time point to determine if there was a
significant interaction between treatment and time. The
area under the curve (AUC) was calculated for time-
course of change of nausea-like behaviour and bio-
markers, AVP and cortisol, by determining the
trapezoidal area under the curve. AUCs and the differ-
ence in the number of vomits for each antiemetic treat-
ment group were compared using one-way ANOVA
«\ith Tukeys post hoc comparison.

Pharmacokinetic parameters and compartmental mod-
elling was carried out using WinNonlin professional
software (WinNonlin, Version 5.2, Pharsight Corp,
Mountain View, CA, USA).

Results

The repeated administration of cisplatin throughout
the study was well tolerated as previously reported in
xenward et al. [16]. Each treatment group consisted
:f n = 8 except for the metoclopramide group where
n = 7 as one dog was excluded from the last period
cue to the development of atopic dermatitis unrelated
to the study.

Emesis

The placebo treated group vomited an average number

of 7 times (range 2-13 vomits; Fig. 2a). None of the dogs
n either the ondansetron or maropitant treated groups
>mited during the 8 h observation period. The meto-
opramide treated animals vomited an average of 6
' ~ies (range of 3-10 vomits). There was no statistically
gmficant reduction in emesis comparing the placebo
ir.d metoclopramide treated dogs.5

5gns of nausea

-~e onset of nausea-like behaviour in the placebo
"-'fated group occurred at t35h and peaked at t4.75h with
- *AS value of 58.5 + 4.6 mm (Fig. 2c). Nausea-like be-
'f-iour was significantly decreased in the ondansetron
"-'fated group from t3.75 to 6h where the peak nausea re-
r- nse was VAS 11.9 + 7.0 mm at t45h (Fig. 2d). In both
'e maropitant and metoclopramide treatment groups,

the onset of nausea-like behaviour was delayed. VAS
scores were significantly reduced compared to placebo
at t375 4h and t45 h in the maropitant treated group and
at t3754h in the metoclopramide treated group. In the
maropitant treatment group, the peak nausea response
was 49.8 + 7.4 mm occurring at t4 75h (Fig. 2e). The peak
nausea response for the metoclopramide treatment
group was significantly increased from placebo where
the VAS score was 72 = 6.9 mm at t45h (Fig. 2f). The
AUC for nausea-like behaviour was only significantly re-
duced in the ondansetron treated group compared pla-
cebo, a 90% reduction (Fig. 2b).

Biomarkers

Arginine vasopressin

In the placebo treated group the onset of AVP increase
occurred at t25h and peaked at tSh with a value of
11.35 + 2.92 pmol/L (Fig. 3). Following cisplatin admin-
istration, the AVP concentration in the ondansetron
treated group did not exceed the baseline plasma AVP
concentration (1.11 + 0.84 pmol/L) at any time in the
8 h following cisplatin administration and was signifi-
cantly reduced compared to placebo from t4h to t8h
Plasma AVP was significantly decreased in the maropi-
tant treated group compared to placebo at t45h and t55h
but the peak of 9.79 + 3.39 pmol/L was not significantly
different from placebo. No significant difference was de-
tected between the placebo and the metoclopramide
treated group at any time point during the study. The
AVP AUC of the ondansetron treated group was signifi-
cantly reduced compared to placebo (P < 0.001). There
was no significant difference in AUC between placebo
and either the maropitant or the metoclopramide treated
groups (Fig. 3).

Cortisol

Plasma cortisol increased from baseline in the placebo
treated group, the onset of increase occurred from t2sh
reaching a peak concentration of 334.05 + 46.71 nmol/L
at t5h and returned to baseline by t8h (Fig. 4). The
ondansetron treated group had significantly lower corti-
sol levels compared to placebo from t4h to t55h Like the
plasma AVP response, plasma cortisol of the ondanse-
tron group did not exceed mean baseline (t 3h) plasma
cortisol concentration of 87.21 + 29.14 nmol/L at any
time following cisplatin administration. Cortisol con-
centrations were not statistically different from placebo
at any time point measured in either the maropitant
or the metoclopramide treated groups. There was no
significant difference in cortisol AUC for any of the
anti-emetic drug treatment groups compared to pla-
cebo (Fig. 4).
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Fig. 2 a-fEmesis and Nausea behaviour following 18 mg rTr2 cisplatin iv. The number of vomits (&) and area under the curve of nausea behaviour
(b) for all 3 anti-emetic drugs compared to placebo. Timecourse of nausea-like behaviour (VAS) following 18 mg rr1l2 cisplatin iv. for each treatment
groups; placebo (C), ondansetron 0.5 mg kg-1 (d), maropitant 1 mg kg-' (€), metoclopramide 0.5 mg kg-1 (f). Values presented as mean = SEM, n = 8
per group, except metoclopramide group where n = 7. Significant decrease of antiemetic treated groups compared to placebo: mixed linear model
(**P < 0.01, *** P < 0.001), Significant increase in nausea behaviour between placebo and anti-emetic treated groups: mixed linear model (IP < 0.05).

Anti-emetic treated groups compared to placebo; Area under curve and number of vomits, ANOVA (*P < 0.05, ***P < 0.001)

Biomarkers vs nausea-like behaviour correlation and VAS (P < 0.0001 and R2 = 0.2699). The relation-
There was a weak significant correlation between AVP  ship between these variables and VAS was distorted
and VAS (P = 0.0065, R2 = 0.1362) and between Cortisol because of the time lag between the rise in VAS and
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Time after emetogen (hours)

£—3 Plasma arginine vasopressin following 18 mg m~2 cisplatin iv.

“ f-e-sourse of change in plasma AVP following 18 mg rtl2 cisplatin
‘e :: mparing placebo to each of the antiemetic treatment groups.
ajes presented as mean + SEM, N = 8 per group, except
-mrcclopramide group where n = 7. Significant differences between
oecebo and anti-emetic treated groups: mixed linear model

**. < 0.01, *** P < 0.001)

He rise of the biomarkers and can be better visua-
Escd with a hysteresis plot (Fig. 5.). AVP rose with
YAS scores but persisted to high level when the nau-

score decreased (hysteresis loop suggesting a time
aaav), whereas cortisol followed nausea scores
tra.-ges more closely in time.

:-.irmacokinetics
Goodness of fit of the standard curves was R = 0.9986,
«>363 and 0.9995 for ondansetron, maropitant and
-ctoclopramide, respectively. The accuracy assays
mxged between 101.3% to 108.6% for ondansetron,
£15% to 119% for maropitant and 89.7% to 96.3% for
-T-.oclopramide,. Plasma concentration-time profiles are
. -s-sented in Fig. 6. Disposition for all 3 antiemetic drugs
was best described by a two-compartment model. Max-
rral concentration was at the completion of the 15 min

fig. 4 Plasma cortisol following 18 mg m 2 cisplatin i.v. Timecourse
y change in plasma cortisol following 18 mg m-2 cisplatin i.v.
rtnparing placebo to each of the antiemetic treatment groups.
mloes presented as mean + SEM, N = 8 per group, except
~etodopramide group where n = 7. Significant differences between
‘'=cebo and anti-emetic treated groups: mixed linear model

'3 <0.05, **P < 0.01, *** P <0.001)

Nausea VAS (mm)

Fig. 5 Negative Hysteresis relationship for Cortisol and arginine
vasopressin (AVP) versus nausea-like behaviour (group average,

n =8 dogs) following 18 mg m-2 cisplatin i.v. The time courses of
changes in both biomarkers against VAS are indicated by the dotted
black arrows (anticlockwise.) AVP rises with VAS scores but persist to
high level when the nausea score decreases (hysteresis loop sug-
gesting a time delay), whereas cortisol follows nausea scores
changes more closely in time

intravenous infusion (tih). All PI< parameters are sum-
marised in Table 1.

Ondansetron concentrations in plasma were below the
lower limit of quantification in 3 of 8 dogs at t7h and in
all animals by tzh Maropitant was still detectable in the
plasma of all dogs at t24h. Metoclopramide concentrations
in plasma fell below the lower limit of quantification in 3
of 7 dogs at t5hand in all animals at t7h.

Discussion

The present study, using a low dose model of cisplatin
to induce nausea and vomiting, has demonstrated differ-
ential relative anti-emetic and anti-nausea efficacy within
three classes of anti-emetic drugs when used at dose
rates previously shown to inhibit emesis in the dog.
Ondansetron inhibited both emesis and all behavioural
signs of nausea completely. Maropitant inhibited emesis
completely but only partially reduced the behavioural
signs of nausea at the early time points. Metoclopramide
had no significant effects on the number of episodes of
vomiting and very little effect on the behavioural signs
of nausea. These results support the hypothesis that em-
esis is easier to prevent than nausea by reducing the
neuronal signals to below the threshold required to trig-
ger emesis. By contrast, nausea, being a graded
phenomenon, persisted in the presence of concentra-
tions of maropitant which prevented dogs vomiting. The
objective biomarkers of nausea, plasma AVP and cortisol
identified by our previous characterisation of this low
dose cisplatin model [16] add weight to the conclusions
made based on subjective behavioural observations of
nausea.
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Fig. 6 Plasma concentration-time curve for the 3 antiemetic treatments. Timecourse of change in plasma concentration of the maropirant,

metoclopramide and ondansetron after intravenous injection of 1 mg kg-1
mean + SEM, N = 8 per group, except metoclopramide group where n =7

Cisplatin-induced nausea and vomiting has a biphasic

time-course in human subjects. The ‘acute’ phase of nau-
sea and vomiting occurs in the first 24 h following treat-
ment. Nausea and vomiting occurring more than 24 h
following treatment is referred to as the ‘delayed phase’
and can persist for 3-5 days [22, 23]. The present study
focused on the initial ‘acute’ phase of cisplatin-induced
nausea and vomiting which is thought to be predomin-
antly peripherally mediated. Cisplatin causes the release of

5-

HT from the gut which stimulates abdominal vagal af-

ferent neurons that project to the ‘vomiting centre’ in the
brainstem [22]. Cisplatin emesis can be abolished in dogs
by abdominal vagotomy or the systemic administration of

5-

HT3 antagonists but not by the central administration

of 5-HT3 antagonists into the cerebral ventricles [24]. The
‘delayed’ phase is mediated mainly by a central mechanism
of action. The area postrema (commonly referred to as

Table 1 Pharmacokinetic parameters for metoclopramide,
ondansetron and maropitant after IV administration

Parameter Units Ondansetron Maropitant Metoclopramide
(n=8) (n =8 (n=7

Crax gg/L 186.8 £60.6 247.0 = 86.2 1132 £22.4

h/2 h 121 +0.51 5.62 + 0.77 0.87 +0.17

AU pg/IVh 176.4 + 32.6 705.2 + 236 1119 £27.2

Cl IVkg/h 290 = 0.43 157 £0.53 472 £ 125

MRT h 115 + 043 6.68 + 1.30 1.04 £0.16

Legend: All results are presented as the arithmetic mean + SD except
which is presents as the harmonic mean + Pseudo SD

, 0.5 mg kg-1 and 0.5 mg kg-1, respectively. Values presented as

the chemoreceptor trigger zone) located in the brainstem
is thought to be stimulated by cisplatin, its metabolites, or
gut peptides released in response to the effects of cisplatin
on the intestine [22]. Ablation of the area postrema in fer-
rets abolished the delayed emetic response to cisplatin but
bilateral vagotomy did not [23].

Nausea, unlike emesis, is a multi-dimensional experi-
ence incorporating emotional and affective components in
addition to the physiological response. The sensation of
nausea is thought to arise from activation of cortical struc-
tures involved in conscious perception [9, 25, 26]. The
mechanisms by which cisplatin induces nausea are less
clear. If nausea was solely induced by stimulation of the
emetic pathways then it would be expected that abolition
of emesis would also abolish nausea, however, this is not
the case [18]. The results of the present study show, in the
maropitant treated group, that nausea-like behaviour can
be detected in the absence of an emetic response.

The low dose cisplatin model used in the present study
has greater utility for the investigation of nausea in the
dog without the large number of emetic events induced
by a clinical dose of cisplatin. A high number of emetic
events may bias the observer when judging the severity of
nausea as a function of the emesis observed rather than as
a distinct sensation with specific associated behaviours,
which may be obscured by frequent vomiting and
retching. The behavioural assessment in the present study
judged the maximum VAS score as the ‘worst possible
nausea’ for the low dose model of cisplatin gained from
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previous experience with the model [16]. This adjustment
of the behavioural scale means it is possible for a max-
imum VAS score to be given and allows for the greatest
differentiation of the anti-nausea effects of the anti-emetic
drugs tested in the model. Careful habituation of the dogs
to the context of the experiment was necessary in order
for the main investigator to learn what their normal indi-
vidual behaviour was within that situation in the absence
of cisplatin treatment.

AVP and cortisol have been previously found to be
correlates of the behavioural signs of nausea induced by
cisplatin [16] but it was not clear if the emetic response
also contributed to the change in these biomarkers. The
results of the present study support AVP and cortisol as
specific biomarkers of nausea rather than emesis.
Complete inhibition of the behavioural signs of nausea
:n the ondansetron treated group results in reduction of
AVP and cortisol to baseline levels whereas complete in-
hibition of emesis and only partial inhibition of the be-
havioural aspects of the nausea in the maropitant
created group led to only partial inhibition of AVP and
no inhibition of cortisol. AVP appears to provide the
more sensitive marker of nausea-like behaviour as partial
nhibition of nausea-like behaviour by maropitant was
dentified through a significantly reduced AVP compared
:0 placebo at t45h, which was not evident in the cortisol
response. The relationship between these nausea bio-
markers and the nausea-like behavioural response re-
quires further characterisation in a study using a range
-f doses of ondansetron and maropitant that describe
che full concentration anti-nausea effect relationship of
mese two drugs more completely than is possible from
che data generated by the present study.

D2 receptor antagonists, such as metoclopramide, have
rath central and peripheral mechanisms. They act cen-
trally on D2 receptors in emetic brainstem regions, such
is the area postrema and dorsal vagal complex [27]. Per-
pherally, they are prokinetic, resolving gastric dysrhyth-
mias which are associated with nausea and emesis [18].
<.etoclopramide also has a weak 5-HT3 antagonist ac-
tion providing some of its anti-emetic efficacy [28].
m'etoclopramide has previously demonstrated some
inti-nausea efficacy in humans receiving cisplatin treat-
ment. Allan et al. [29] found that metoclopramide abol-
med or achieved major control in 26% and 46% of
-splatin treated patients respectively. Metoclopramide
mso completely controlled nausea in 24% of patients and
ichieved major control of nausea in 47% of patients; this
ms increased to 32% and 62% respectively when com-
maed with dexamethasone [29]. Metoclopramide was
i-so found to significantly reduce the duration of nausea
r.duced by cisplatin chemotherapy [3]. Metoclopramide
« used frequently in veterinary medicine to control
mlusea and vomiting. A dose of 1-3 mg/kg of

metoclopramide administered by subcutaneous injection
has been found to reduce cisplatin-induced emesis in
the dog [30]. However, in the current study metoclopra-
mide did not exhibit any anti-emetic or anti-nausea effi-
cacy and nausea-like behaviours actually had a higher
peak compared to placebo. One explanation for this ob-
servation could be the extra-pyramidal side effects of the
drug increasing restlessness which increased the nausea-
like behavior score above that of placebo. Metoclopra-
mide was cleared the fastest of the all three antiemetic
drugs. It is possible a higher doses of metoclopramide
may have produced a greater anti-emetic and anti-
nausea efficacy, however the administered dose of
0.5 mg/kg was at the highest end of the recommended
dose for dogs which is 0.25-0.5 mg/kg every 6-8 h [31]
and worsening extra-pyamidal side effects are seen in
dogs given high doses of metoclopramide [32].
Ondansetron was the first-in-class 5-HT3 antagonist
acting via both central and peripheral mechanisms. Per-
ipherally, 5-HT3 antagonists block the activation of ab-
dominal vagal afferents by emetic stimuli in the
gastrointestinal tract [33]. Centrally, blockade of 5-HT3
receptors on the terminals of vagal inputs into emetic
brain stem regions prevents emetic stimuli from reach-
ing the vomiting centre [28]. Ondansetron significantly
reduced the number of episodes of emesis, increased the
latency to emesis and decreased nausea VAS scores com-
pared to placebo in patients receiving cisplatin chemo-
therapy [4]. The level of control of nausea and emesis
was significantly greater with ondansetron compared to
metoclopramide and ondansetron treatment was pre-
ferred by patients [34, 35]. Ondansetron provided great-
est efficacy in the control of acute nausea following
cisplatin treatment, whereas metoclopramide was found
to be significantly more efficacious at controlling delayed
nausea [34]. The combination of ondansetron with dexa-
methasone further improved the level of control of nau-
sea [36, 37]. Ondansetron also exhibits anti-emetic and
anti-nausea efficacy in animal models of nausea and
vomiting. Ondansetron significantly inhibits emesis in-
duced by cisplatin in ferrets [38] and by methotrexate in
dogs [39]. In a lycorine model of nausea and vomiting in
beagle dogs, ondansetron significantly reduced emesis
and also exhibited significant anti-nausea activity [40].
NKi antagonists are the most recent class of anti-
emetic drugs, aprepitant being approved by the FDA in
2003 for use in humans and maropitant being approved
in 2007 for use in the dog. The anti-emetic properties
are thought to occur as a result of the blockade of NI<!
receptors in emetic brainstem regions, including the area
postrema and the nucleus tractus solitarius [41, 42]. The
addition of aprepitant to standard antiemetic therapy
with dexamethasone and a 5-HT3 antagonist improved
the control of chemotherapy-induced nausea and
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vomiting especially in the delayed phase. Aprepitant sig-
nificantly reduced emesis overall and in both the acute
and delayed phases [43-45]. Nausea was significantly re-
duced overall and in the delayed phase but not the acute
phase [43, 45]. In a clinical dose (70 mg/m2) cisplatin
model of nausea and vomiting in the dog, maropitant
significantly reduced emesis and had anti-nausea efficacy
suppressing nausea-like behaviours across the full time-
course and significantly decreasing the peak nausea re-
sponse [15]. In the present study, maropitant exhibited
less anti-nausea efficacy than reported by de la Puente
Redondo et al. [15]. It is possible that maropitant may
have greater efficacy against the more severe nausea in-
duced by the higher dose of cisplatin. For this explan-
ation to be correct would require severe nausea to be
induced by different mechanisms at higher doses of cis-
platin which seems unlikely. An alternative explanation
is that the significant reduction of emesis induced by
maropitant treatment may have caused a bias towards
reduced nausea scores in the high dose cisplatin study, a
bias that is not so much of a problem in the low dose
cisplatin model used in the present study. Another dif-
ference between the present study and that of de la
Puente Redondo et al. [15] is the route of administration
of maropitant. In the present study maropitant was ad-
ministered by i.v. infusion whereas it was given subcuta-
neously in the study by de la Puente Redondo et al. [15].
The alternative route of administration used in the
present study leads to a higher initial concentration of
maropitant and a shorter half-life compared to s.c. ad-
ministration. Maropitant plasma concentrations could
have been at sub-therapeutic concentrations during the
nausea response in the present study. However, this is
improbable as an antiemetic and anti-nausea effect dem-
onstrated 19 h following administration 1 mg/kg maro-
pitant s.c. [15] when plasma concentrations would
certainly be lower than those during the nausea response
in the present study.

The results of the present study suggest that both 5-
HT3 and NI<j receptors are an integral part of the
emetic pathway activated by cisplatin which results in
activation of the emetic reflex. The sensation of nausea
is produced in cortical forebrain regions [46], increased
activity was recorded in the left amygdala, the ventral
putamen and the putative locus coeruleus [47]. Nausio-
genic signals travel from the vomiting centre via rostrally
projecting pathways to the forebrain and nuclei control-
ling the physiological response to nausea sensation (e.g.
salivating, restlessness). The ability of ondansetron to re-
duce cisplatin-induced nausea would suggest that 5-HT3
receptors have a role in transmitting nausea stimuli, ei-

ther from the brainstem, the periphery or both, whereas
NKi receptors are limited to a central emetic triggering
mechanism.

Conclusions

In a low dose cisplatin model of nausea and emesis in
the dog, NKi antagonist demonstrated good anti-emetic
activity but limited anti-nausea effect. The 5-
HT3receptor antagonist ondansetron was most effective
at treating both cisplatin-induced nausea and vomiting
with associated reductions in nausea biomarkers AVP
and cortisol. Further study using escalating doses of
anti-emetics as interventions to inhibit nausea induced
by different stimuli would be beneficial to determine the
full PK/PD relationship of the anti-nausea effects of
anti-emetics and explore the utility of nausea biomarkers
in studying the pathways that can give rise to nausea.
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Abstract

Background: Platelet transfusion therapy poses many challenges in veterinary clinical practice. Lack of readily available
blood donors, short shelf-life, and inability to administer a sufficient number of platelets to meet a dog's transfusion
need are the major difficulties encountered. Platelet additive solutions are already in use at American and European
human blood banks, showing to be a realistic alternative. This study compares the in vitro platelet function in plasma,
Composol, or SSP+ during storage for 13 days. Platelet rich plasma-platelet concentrate with 35% plasma and
65% platelet additive solutions (Composol or SSP+) and a control group (100% plasma) were prepared. Swirling,
platelet count, blood gases, metabolic variables, platelet activation markers, and apoptosis markers were analyzed
on days 1, 5 9 and 13.

Results: Swirling was well preserved and pH was acceptable (>6.2) during storage for all platelet additive

solutions units until day 9. SSP+ units showed more stable pH and metabolic variables until day 13. Platelets in
plasma showed higher glucose consumption than in Composol or in SSP+. The platelet additive solutions units
showed better platelet metabolism maintenance, reduced glucose consumption and lactate production. The apoptotic
markers were still low for 9 days in platelet concentrates with platelet additive solutions, suggesting the possibility
to extend the shelf life with the use of SSP+ or Composol.

Conclusions: Our findings suggest that the uses of Composol and SSP+ in canine platelet concentrates are potential

alternatives in veterinary blood banks.

Keywords: Composol, Platelet storage lesion, SSP +, Storage solutions, Veterinary transfusion medicine

Background

hne of the goals of transfusion medicine is to assure the
: roduction of quality blood components. The platelet con-
entrate (PC) availability is limited due to its short-term
borage. During storage, platelets suffer structural and bio-
:nemical changes that are collectively called platelet stor-
age lesions (PSL) [1]. Extending the shelf-life has effects
:n the quality of platelets which have been studied in PC
-:ored for more than 5 days. For several reasons, storing
ratelets in platelet additive solutions (PAS) is turning into
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a routine practice, and it is already standard in human
blood banks in Europe and The United States [2].

PAS are isotonic crystalloid media containing citrate as
anticoagulant and acetate as fuel for aerobic metabolism.
Initially, the main motivation to use PAS was to increase
the availability of plasma for the fractioning and produc-
tion of derived components. However, other advantages
were observed, such as being a sterile environment free of
pathogens and the standardized composition in compari-
son to plasma from donors [3-5].

Several PAS formulations are being tested since 1980.
In vivo studies with the most recently developed solu-
tions have shown good results of platelet increment and
recovery as well as the reduced occurrence of transfu-
sion reactions in human patients [6-8].
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Studies in human blood banks have already tested the
platelet metabolism in vitro using PAS for periods ex-
ceeding 12 days [9, 10]. In some countries in Europe, the
storage timing of PC was extended to 7 days with the
use of PAS [2]. There are already four PAS generations,
Composol (PAS-D) and SSP+ (PAS-E), tested in this
study, are from the third generation and are used to pre-
serve PC in European blood banks [3, 6, 11].

The search for new additive solutions for PC preserva-
tion has always been a concern in human medicine, and
nowadays it is also of interest for the veterinary medicine.
The biochemical evaluation during canine PC storage with
different PAS represents some practical information for
veterinary medicine. Canine platelet metabolism has simi-
lar characteristics to the human, and the PC storage time
is also a difficulty at the veterinary blood banks. The qua-
lity control requirements of canine PC are based on
human models. Therefore, it is believed that the results
concerning the viability and PSL should be similar to the
already reported in vitro tests done with human PC.

This study aims to compare the parameters of in vitro
platelet metabolism from concentrates of canine plate-
lets stored in plasma and in two PAS.

Methods

A volume of 450 mL whole blood was collected in blood
bag with CPD1 from healthy canine donors, weighing
over 28 kg. Physical examination, CBC, chemistry pro-
file, and infectious disease screening were performed for
each dog. The animals were privately owned; all owners
provided their consent for their dogs to be used in this
study in accordance with bioethics concepts applied to
animal research. This study was approved by the Ethics
Committee on Animal Use from the Federal University
of Rio Grande do Sul (Approval protocol #20528).

The experiment was carried out in three groups
(Treatment 1. 100% plasma (control) n =13; Treatment
2: SSP+2 n =13; Treatment 3: Composol3 n- 14), in a
total of 40 blood bags.

PC preparation
After collection, the bags were left undisturbed at room
temperature for one hour and then were processed to
obtain the PC through the platelet rich plasma method
(PRP). The first centrifugation4 was light, 1600 g for
6 min at 22 °C.

The PRP was transferred to an empty TOTM-PVC1
bag through manual plasma extractor.5 The PRP bag was
subjected to a second spin4 (3300 g for 8 min at 22 °C), to
remove the excess of plasma. Manual extraction5 was used
and additive solutions23 were added in the test groups in
the proportion of 65% of PAS to 35% of residual plasma as
recommended by the manufacturer's (32-47%) [12], with
a final volume of about 65 mL (22 +2 mL of plasma

and 42 +2 mL of PAS). The control group PCs (100%
plasma) were prepared in the traditional way, by man-
ual extraction5 targeting the volume of approximately
65 mL. The compositions of the chosen PAS are shown
in Additional file 1.

A sampling site coupler6 was placed in all bags
[13]. The calculated volume of PAS was added with the
aid of sterile syringe and needle. The volume of the units
was calculated in accordance with the specific gravity of
resuspension solution (1.026 g/mL for plasma, 1.006 ¢/
mL PAS) [3].

After this procedure, the bags were identified and kept
at rest for an hour. Afterward, they were placed in a li-
near platelet shaker7 located in a preservation chamber8
in regulated temperature (22-24 °C) for 13 days.

Sampling

The PCs stored in each treatment were subjected to
evaluation at established time points. The sampling was
done by sampling site coupler6 using syringe and sterile
needles [14].

Analyzes were carried out on days 1, 5, 9 and 13. Plate-
let counts, MPV, PDW, swirling, pH, glucose, lactate,
LDH, p02and pC02, ATP, and flow cytometry to evalu-
ate CD61, CD62P, Annexin V and JC-1 were assessed.
Residual leukocyte count was performed on day 1 (24 h
after collection). PCs samples were sent for microbio-
logical culture on days 5 and 13.

Qualitative and morphological variables

Before the bag sampling, an evaluation of platelet swir-
ling was performed. Swirling is a non-invasive method
for assessing platelet viability; it is caused by light dif-
fraction due to the alignment of normal discoid shaped
platelets. In this evaluation zero indicates no swirling
and 3 indicates great swirling [15]. Residual leukocyte
count was performed using the Nageotte chamber.9 The
MPV, PDW and platelet counts were performed on an
automated hematology counter.10

Surface markers and platelet function

Identification of platelet surface markers was performed
through flow cytometry with monoclonal antibodies
(MoAbs) CD61 FITC,11 used for identification and
guantification of platelet population; and p-selectinl2
(CD62P), for evaluation of platelet activation.

Gas analysis and metabolic variables

To assess platelet metabolism, the values of bicarbonate,
glucose, p02 and pC02 were determined through a port-
able gas analyzer.13 Also, in order to determine the ATP,
samples were prepared in trichloroacetic acid solution,
frozen at -80 °C [12], and measured by bioluminescence
assayl4 aided by multi-mode microplate reader,15
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according to the manufacturer’s instructions. The deter-
mination of lactate was performed through dry chemis-
try.16 The pH was measured by pH meterl7 according to
the manufacturer’s instructions. All samples were tested
in duplicate.

Markers of apoptosis and mitochondrial potential

LDH was analyzed with dry chemistry16. The exposure
of PS (phosphatidylserine) was assessed with annexin V
markerl8 and the percentage of cells positive for the
marker was quantified. Alterations in mitochondrial mem-
brane potential (A'Pm) were determined with JC -11%va-
uation. Relatives degrees of mitochondrial polarization
-ere quantified by measuring the red-shifted (FL-2) JC-
1 aggregates, which are favored under of high mem-
brane potential.

All flow cytometric experiments were performed on a
flow cytometer20 where 30,000 events were acquired for
each analysis20. Data were analyzed using FCS Express 5
software.21

Microbiological analysis

moculation was performed in BHI, with aerobic and an-
aerobic culture at 37 °C in samples from days 5 and 13
.1 assessment.

Statistical analysis
The quantitative data were expressed as the mean + stand-
ard deviation. Two-way ANOVA was performed to ana-
% the effects of PAS and plasma. One-way ANOVA was
rerformed to analyse the residual WBC count. When
indicated, a post-hoc Tukey test or Duncan’s multiple
range test were performed. The analyses were performed
"-"rough Graph Pad Prism 6.0.22 The results with p <0.05
eere considered significant. Pearson correlation between
enables was performed, considering significant values of
p <0.05.

Results

Composition of platelet concentrates

m vitro quality parameters were evaluated on day 1
Table 1). All PCs had leukoreduction, average volume,

pH, swirling and platelet concentration according to the
quality control recommendations of regulatory author-
ities [16], and there was no significant difference be-
tween treatments. Three bags were excluded due to a
contamination by Staphylococcus spp. negative coagulase
on days 5 (one from each PAS) and 13 (Composol unit).

In vitro evaluation during the stock

Platelet count remained stable over storage time and
there was no difference between plasma and PAS groups
(Additional file 2). Regarding the swirling, a significant
reduction in this parameter was observed over time (p <
0.001). The swirling was kept 2+ (suitable for use) until
day 9 in both PAS, and until day 13 in the PC stored
with SSP+ (Fig. 1).

The PDW and MPV morpho-structural rates showed
differences between the days of evaluation. Both parame-
ters had a significant increase in days 5, 9 and 13 com-
pared to day 1 (p<0.001) (Fig. 1), and there was a
significant PDW increase in the control group on day 13
(p <0.001) compared to the PAS groups.There was no sig-
nificant difference in platelet count and labeling with
CD61 along time or between groups. The percentage of
CD61 positive cells remained above 85% (Additional file
2). The platelet activation evidenced by CD62P was higher
in the control group compared to PAS (p <0.001), with no
difference among the PAS groups. There was an increased
CD62P on dayl (p=0.014) in all treatments, and on day
13 in the control group (p <0.001).

On day 1, the control group showed higher pH values
in comparison to the PAS groups (Fig. 1), however, the
control group showed significant decrease along the
storage time. Meanwhile in Composol and SSP+ there
was an increase of pH during long-term storage. In
Composol solution, pH was below the acceptable (<6.2)
on days 5, 9 and 13. The units held in SSP+ showed a
more stable pH during the 13 days of storage (Fig. 1,
Additional file 2).

A decrease in ATP concentration was observed in all
groups, there was no difference between the treatments
(Fig. 1). A decline of glucose consumption and an in-
creased lactate production along the time was observed

‘able 1 Residual leukocyte, platelet counts, swirling and pH on the experimental day 1

Day 1

Plasma
ocne (ml) 65.92 +1.977
tedual leukocytes (x106/unit) 0.0037 + 0.0021
count (x10’°/unit) 7.197 £2.86
aiMTing 3+0

i* 22 °C) 7.162 +£0.24 a

SSP+ Composol
64.05 + 2.66 63.48 £3.11
0.010 £0.009 0.005 £0.002
7.88 £2.13 7.64x2.44
3+0 2.86 £0.53
6.72 £0.20 b 6.44+0.45 b

.~ ent lowercase letters represent significantly different values (p < 0.05) between treatments. Results reported as mean =+ standard deviation
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Fig. 1 Linear regression graphs of the in vitro parameters of plasma platelet concentrates and additive solution, stored for 13 days
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[p< 0.001), and the average of consumption/production
was significantly higher in the control group compared
to the PAS groups (p <0.001) (Figs. 2 and 3, Additional
files 3 and 4).

There was a decrease in bicarbonate concentration
during the storage time (p <0.001). The initial bicarbon-
ate concentration was higher in the control group [p <
0.001), the decrease in concentration was consequently
higher in this group compared to PAS (Fig. 1). A reduc-
tion in pC02 was observed during the storage time ip <
0.001) and the p02 behaved inversely over the storage
time in all groups (p =0.001)(Fig. 1).

There were no alterations in PS throughout the stor-
age time, and there was a higher expression in the con-
trol group compared to SSP+ [p =0.007) and Composol
p =0.050) (Fig. 1). The LDH activity showed an increase
over time in all groups (Fig. 1), being significant from
the 9th day of storage, without differences between the
groups ip <0.001) (Fig. 1).

Regarding the A'Fm, there was a decrease in the per-
centage of JC-1 aggregates over the storage time ip <
0.001), leveling of between days 9 and 13. In the last 2
days of assessment, there was a significant lower per-
centage of JC-1 aggregates PC in the control group (p <
0.001) (Fig. 1).

Correlation study

The results of the correlations (Table 2) emphasize the
findings described before, and are closely related to aer-
:bic and anaerobic metabolism performed by platelets
n the stock period. A decrease in glucose, pC02,
HCO03, ATP, pH and A'Fm was observed along time;
;nd the data show a positive correlation between these
parameters. Also, a positive correlation interposes be-
tween the lactate production, cytoplasmic LDH release,
ncrease of p02 and increased morpho-structural pa-
mimeters - MPV and PDW.

Discussion
This is the first study to assess the feasibility to store ca-
nine platelets with PAS obtained by PRP method. The

PLASMA

Period of glucose consumption (days)

COMPOSOL

Period of glucose consumption (days)

comparative study of PAS revealed that both solutions
maintained the in vitro quality of canine platelets for up
to 9 days after collection. Parameters such as swirling,
pH and platelet counts were maintained for up to 13 days
with the use of SSP+.

The results of metabolic evaluation, cell death, mito-
chondrial membrane polarization and activation support
the in vitro stability evidenced in this study. The control
group also remained stable until the fifth day, as ex-
pected, except for the average pH value (6.1 £ 0.59). The
values recommended by regulatory authorities and stud-
ies in humans and canines were taken as a comparative
basis. When canine PC parameters in plasma and PAS -
produced by PRP method - were compared, similar data
to those produced by buffy-coat method (BC) or apher-
esis in humans were observed. However this is the first
study that report PC viability in PAS produced by PRP
method (Table 3) [3, 14, 16-22].

All PAS require residual plasma to metabolism main-
tenance. The experiences of American and European
studies indicate that when using PAS with less than 20%
residual plasma through the BC method, there will be
difficulty in obtaining blood component with the desired
quality. Therefore, researchers suggest a residual plasma
volume of 32-47% [8, 11, 12]. Our study showed ad-
equate platelet parameters using 35% of residual plasma
with manual extraction technique, suggesting that the
technique is feasible and easy to execute.

Adequate platelet count is one of the most important
pieces of information for clinicians, so it is a crucial
point when producing a PC [23]. Studies that evaluated
canine PC in 100% plasma observed a significant re-
duction of platelet count, it was associated with platelet
activation and formation of microaggregates, fragmen-
tation or loss of platelet integrity, and these may be the
reasons of reduction of platelet count during the stor-
age period [20, 21]. Our results are in agreement with
previous studies evaluating human PC in SSP+ and
Composol, where no variation in platelet count was ob-
served [3, 15, 19]. Van der Meer (2012) stated differ-
ence in this parameter, the authors suggest that the low

SSP

Period of glucose consumption (days)

Fig. 2 Glucose consumption rates of platelet concentrates stored in plasma and additive solution for 13 days
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viscosity of the PAS, makes it necessary to adapt and
standardize the centrifugation protocols [24, 25].

Platelet swirling is used as a feasibility indicator to
measure alterations in platelet morphology from discoid
to spherical [12]. Corroborating the results of our experi-
ment, other authors observed the maintenance of swir-
ling with SSP+ and Composol for 7 days or longer
(Table 3) [3, 11, 26].

In accordance with human PC data, alterations in
MPV were not observed according to the used solution,
this suggests that the change of format occurs regardless
of the PAS used [7]. It is observed that the PDW in the
control group has significant increase on the 13th day of
storage which shows that the platelet fragmentation is
more expressive in this group. These findings suggest
that there is lysis and microparticle formation within the
storage time [27, 28]. MPV showed a strong correlation
with the pH decreasing over storage time, that indicate a
loss of discoid to spherical shape, reflected in the MPV
increase. Also we observed a strong correlation MPV

and PDW with A'Fm decreasing suggesting mitochon-
drial swelling and loose of potential (Fig. 1, Table 2) [29].
As a marker of platelet surface, the results of the use
of CD61 are in agreement with other studies where the
percentage of expression remained independent from
the PAS used and the storage time [30, 31]. The CD62P
is described with inconsistent results when correlating
the increased expression with post-transfusion incre-
ment [29, 32]. In our experiment, the highest percentage
of activation on day 1 was associated with the intense
manipulation of the blood bag for its preparation, as de-
scribed for human platelets. On day 13, CD62P expres-
sion was correlated with loss of platelet function [30].
When inferring the platelet metabolism, pH is one of
the most used tools for quality control, turning into a
mandatory assessment item at blood banks. When evalu-
ating SSP+ and Composol with 35% of residual plasma
in human PC, the pH maintenance was observed (>6.6)
until the 8th day of storage (Table 3) [3, 30]. In agree-
ment with previous studies, the pH decreased in all

Table 2 Pearson correlation between the metabolic characteristics of the stored plasma concentrates and the additive solution for

13 days

Correlations Glucose Lactate pH HCO03 ATP
Glucose - -.220* 468** 667 .246%
Lactate -.220* - -.663" -.590“ -.285"
pH 468** -.663** - 706" 253"
HCO03 B67** -590** .706** - 397"
ATP .246* -.285%** .253¢ .397¢ -

p02 .093 596** -.525" -.366" -.169*
pCo02 .338** -.659** 542" .695" 262"
MPV -.283* A47x* -.549" -.507" -.160
PDW -321** .500** -.455" -.526" -.128
AoT (JC-1) .284** -.800** -.660“ .604* .350
LDH -.226* A463** -277" -.073 -.099

po2 pCco2 MPV PDW fLoT LDH
(Ic-1)

093 338" -.283* -.321¢ 284" -.226*
596" -.659%* 477" 500" o 463"
-525" 542" -549*¢ -.455¢ 660" -227"
-.366" 695¢ -507" -526¢ 604" -073
-.169* 262" -.160 -128 350" -.099
- -.736" 256" 257 -602¢ A79*
-736" - -.314" -.389" 708" -.336”
256" -.314" - 855" -.440" 017
257" -.389" 855" - -550" 102
-.602" 708" -.440" -550" - -.392%
179* -.336" 017 102 -.392¢ -

~Correlation with significance level p <0.05. ~Correlation with significance level p <001



Table 3 Comparison of this experiment with other studies data reporting in vitro parameters of CP in plasma, SSP + and Composol - using 35% of residual plasma for the PAS -
in different processing methods, plastic bags material and storage times

Assessed data

% residual plasma

PC method

N

PC storage conteiners
Leukoreduction
Storage time (days)
pH (day 5)

Swirling (day 5)

Reference

Plasma
100%

PRP

64
DEHP-PVC
Yes

5

6.7 £0.26
>2

Singh et at, 2009 [22]

*Data from studies with dogs

100%

PRP

g*
DEHP-PVC
No

7

7.30 0.3
Uninformed

Hoareau et at, 2014 [46]

100%
PRP

22*
TOTM-PVC
No

7

6.7 £0.2
>2

Costa et al, 2011 [47]

100%
PRP

15%
TOTM-PVC

No

>7.0
Uninformed

sink, 2002 [48]

100%

PRP

13*
TOTM-PVC
No

5

6.1 £0.59
2.07 £0.95

This study

SSP+

35%

PRP

13*

TOTM-PVC

No

9

6.36 £0.15

276 £0.43

35%
BC

35
Varied
Yes

8
>6.6

Appropriate

van der Meer et at, 2010 Van der meer, 2001 [50]

[49]

Composol
35%

BC

23

Varied

Yes

8

> 6.6

35%

BC

10
Polyolefin
Yes

9

6.93 £0.12

2007

35%

PRP

14*
TOTM-PVC
No

9

6.04 £0.67
235+ 1

This study
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canine PC units during storage, but it remained within
acceptable limits (>6.2) until day 13 just in the samples
stored in SSP+. In other studies, this solution obtained
pH above 7.0 on the 7th day of storage, using similar
amounts of residual plasma (30%) [11, 31].

The choice of TOTM-PVC material as plastic for the
bags of this study was based on results of previous stud-
ies which showed better pH stability in canine PC when
compared to the use of DEHP-PVC [20]. Studies using
DEHP-PVC bags consequently showed a lower pH dur-
ing storage [33, 34]. Both materials are recommended
for human PC storage in Brazilian blood banks [35].

The reduction of ATP levels observed in our study
was correlated to a decrease of glucose and A'Fm which
results in the reduction of energy metabolism. When
metabolically active, the platelet mitochondria produce
ATP through anaerobic glycolysis which occurs in the
cytosol as well as through the aerobic oxidation that oc-
curs by the tricarboxylicacid cycle (TCA) [8, 36]. In ref-
erence to metabolism, it is highlighted that the PAS have
low amount of glucose in order to reduce the rate of an-
aerobic glycolysis, which can be clearly evidenced by
glucose consumption and lactate production rates. In
comparison to the control group, the variation in lactate
production in PAS occurs because of their emphasizing
the aerobic oxidation. In our study, the results of the lac-
tate and glucose rates refer to the same behavior of hu-
man PCs evaluated in plasma or PAS [37, 38]. Glucose
consumption and lactate production are also stimulated
by the presence of phosphate in the storage media.
Therefore, the 100% plasma group showed significantly
higher conversion rate compared to Composol or SSP+.
Composol, which contains no phosphate in its formula-
tion, showed the lowest conversion rates. The phosphate
is present in SSP+, but the presence of potassium and
magnesium counteracts its effect, and this provides low
conversion rates similar to those observed with Compo-
sol [39]. There are no studies evaluating production and
consumption rates in canine PC, but the studies that
assessed glucose and lactate concentration observed
metabolic behavior and values similar to those reported
in humans [20, 21].

The bicarbonate concentration is influenced by the
composition of PAS [39]. It is also observed that the bi-
carbonate concentration was more stable in SSP+; this
pattern reflects the most stable pH values in this PC
group. The same behavior was observed in another study
comparing 100% plasma PC with 70% SSP+ for 14 days
[38]. The presence of bicarbonate in the plasma has a
buffering effect and in order to compensate the absence of
this component, acetate was added to PAS. In TCA, acet-
ate is metabolized to acetyl-CoA, consuming H+, and oxi-
dized to C02 and H20, acting in a buffering mode against
pH reduction caused by glycolysis [6, 36, 40].

A reduction in pCO02 is observed along the storage time
and p02 behaves inversely. Studies in human PC report
an increase of p02and a decrease in pC02 associated with
the decline of oxidative metabolism [34]. Similar results to
our study were obtained when comparing plasma to PAS
PC in humans, and correlated pC 02 values with the bicar-
bonate concentration of the medium [17, 30].

A previous study on PSL showed that the shelf-life
and viability correlates with apoptosis mechanisms [41].
Therefore, the identification of intrinsic path markers
(PS exposure, caspase marking) as well as extrinsic ones
(quantification of cytochrome ¢, AT'm) have been used.
The PS exposure is considered to be an activation
marker with pro-coagulant activity, and also an apop-
tosis indicator [1, 32]. In our study, no alterations during
storage time were observed, however there is a greater
expression in the control group on all the days of evalu-
ation if compared to SSP+. In most studies, the expres-
sion percentage increases along time in 100% plasma PC
and with the use of PAS, with a more significant expres-
sion in plasma [3, 38]. One experiment evaluated in vitro
canine platelets for 8 days and observed an increase of
PS only after the addition of apoptosis inducing agent in
the environment. Previously to the effect of the inducing
agent, the expression percentage was similar to that ob-
served in canine PC from our study [42]. Our experi-
ment partially reproduces the behavior observed in
human PC, although there is no increase over time, we
observed a greater expression in the 100% plasma group.
This scenario may reflect a limitation of the technique
used in dogs; or the fact that the exposure of PS is not a
good marker of recent apoptosis in canine platelets.

LDH is a marker of senescence. As the metabolic po-
tential of platelets is exhausted, platelet lysis occurs as
well as there lease of cytosolic components including
LDH [10, 32]. Studies in canine and human plasma PC
and the use of PAS in human PCs demonstrate results
that corroborate with those observed in our experiment
[19, 20, 30]. This mechanism also reflects the positive re-
sults of Pearson correlation with lactate and negative re-
sults with pH and A'Tm (Fig. 1, Table 2).

The assessment of mitochondrial potential is most
commonly used when the goal is to assess interference
of mitochondria in storage time or situations when the
PC is not kept under constant stirring. There is few data
concerning mitochondrial function and platelet viability
with the use of PAS [29, 43]. The results presented here
are in accordance with the evaluation of this parameter
using SSP+ in human PC [38] and a single study in ca-
nine plasma PC (Lasta C: Metabolism of canine platelets
stored as platelet concentrate for 5 days, unpublished).
Another group assessed Composol in human PC, ob-
serving mitochondrial viability from 12 days of storage,
the results were consistent with our study; where there
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is a drop of ATw from the 9th day, which is more sig-
nificant in the PC control group [10].

The bacterial contamination of 3 units was an obs-
tacle. Coagulase negative Staphylococcus usually origi-
nates from the donor’s skin and is often isolated in PC;
and when it is transfused, it can cause fatal reactions as-
sociated with endotoxemia. Because of the intense ma-
nipulation, the care must be redoubled when the
additive solution is added in the processing [5]. Two of
the excluded units were from donors in which the owner
did not allow trichotomy. The authors suggest that in
these cases, the bags do not be used for CP production.
However, it was not possible to determine if the contam-
ination occurred at the time of the blood collection or
during the sampling procedure of the blood bags. The
contaminated samples were excluded from the study.

Correlations
The correlations enabled the identification of the main
tendency among the variables used for platelet evalu-
ation during storage. Platelet metabolism requires some
direct correlations such as those between glucose and
lactate, where the consumption of glucose directly re-
sults in lactate production, as well as between pH and
pCO02, where the pH was negatively correlated with
pCO02. Furthermore, the relationship between p02 and
pH suggests that oxygen availability is strongly associ-
ated with maintenance of pH in an osmotic balanced en-
vironment. Some correlations are indirect, but they are
intuitive between glucose/lactate and morpho-structural
rates (i.e. MPV, PDW), apoptotic markers (i.e. LDH) and
ATm. These parameters represent the measure of plate-
let viability; low glucose or no glucose is usually the re-
sult of prolonged storage, which indirectly results in loss
of viability. The main cause for the consumption of glu-
cose, besides the regular metabolism, is the constant en-
ergy requirement to maintain the osmotic balance and
the integrity of the platelet membrane, lost over time.
This metabolic shift to aerobic glycolysis is probably re-
sponsible for the observed correlations between glucose
and lactate (Warburg effect). Immune cells, as platelets,
switch their energy production from oxidative phosphor-
ation to glycolysis upon cell activation. This metabolic
: rogramming has been attributed to facilitate cytoskeletal
manges, increased ion signaling, enhanced phospholipid
urnover, and greater macromolecule synthesis in a very
short time during platelet activation [44]. There is a strong
correlation among glucose, lactate, MPV, LDH and ATin
much indicates that the metabolic rate is related to de-
cranulation, osmotic destabilization and/or swelling.

Conclusions
SSP+ and Composol seem to be an excellent alternative
mO replace plasma in the production of canine PC.

Based on in vitro variables, canine PC storage in Com-
posol is viable for 9 days, whereas the viability extends
to 13 days with the use of SSP+. Prolonged storage,
with in vitro quality maintenance, seems to be possible
in veterinary medicine, with results similar to those
seen in human platelets.

In vitro studies do not necessarily predict post-
transfusion efficacy. Therefore, in vivo studies are
needed to estimate the real contribution of PAS in pre-
venting the PSL. This study provides a technical point of
view needed for canine PC production with low plasma
concentrations, and addition of PAS.
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represent significantly different values (p <0.05) between assessment
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Additional file 3: Glucose consumption mean * standard deviation of
platelet concentrates stored in plasma and additive solution for 13 days.
Different lowercase letters represent significantly different values (p < 0.05)
between treatments. Different symbols represent significantly different
values (p < 0.05) between assessment days.
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between treatments. Different symbols represent significantly different
values (p <0.05) between assessment days.
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Antimicrobial synergy between carprofen and
doxycycline against methicillin-resistant
Staphylococcus pseudintermedius ST71

Rikke Prejh Brochmannl+ Alexandra Helmfridlt, Bimal Janal Zofia Magnowskaland Luca Guardabassil2*

Abstract

Background: New therapeutic strategies are needed to face the rapid spread of multidrug-resistant staphylococci
in veterinary medicine. The objective of this study was to identify synergies between antimicrobial and non-antimicrobial
drugs commonly used in companion animals as a possible strategy to restore antimicrobial susceptibility in
methicillin-resistant Staphylococcus pseudintermedius (MRSP).

Results: A total of 216 antimicrobial/non-antimicrobial drug combinations were screened by disk diffusion using
a clinical MRSP sequence type (ST) 71 strain resistant to all six antimicrobials tested (ampicillin, ciprofloxacin,
clindamycin, doxycycline, oxacillin and trimethoprim/sulfamethoxazole). The most promising drug combination
(doxycycline-carprofen) was further assessed by checkerboard testing extended to four additional MRSP strains
belonging to ST71 or ST68, and by growth inhibition experiments.

Seven non-antimicrobial drugs (bromhexine, acepromazine, amitriptyline, clomipramine, carprofen, fluoxetine and
ketoconazole) displayed minimum inhibitory concentrations (MICs) ranging between 32 and >4096 mg/L, and
enhanced antimicrobial activity of one or more antimicrobials. Secondary screening by checkerboard assay
revealed a synergistic antimicrobial effect between carprofen and doxycycline, with the sum of the fractional
inhibitory concentration indexes (IFICI) ranging between 0.3 and 0.5 depending on drug concentration. Checkerboard
testing of multiple MRSP strains revealed a clear association between synergy and carriage of tetK, which is a typical
feature of MRSP ST71. An increased growth inhibition was observed when MRSP ST71 cells in exponential phase were
exposed to 0.5/32 mg/L of doxycycline/carprofen compared to individual drug exposure.

Conclusions: Carprofen restores in vitro susceptibility to doxycycline in S. pseudintermedius strains carrying tetK such as
MRSP ST71. Further research is warranted to elucidate the molecular mechanism behind the identified synergy and its
linkage to tetK.
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* Correspondence: Iguardabassi@rossvet.edu.kn

+Equal contributors

‘Department of Veterinary Disease Biology, Faculty of Health and Medical
Sciences, University of Copenhagen, Stighojlen 4,1870 Frederiksberg C
Denmark

department of Biomedical Sciences, Ross School of Veterinary Medicine,
Basseterre, St Kitts, West Indies


mailto:lguardabassi@rossvet.edu.kn

Antimicrobial synergy between carprofen and doxycycline against methicillin-resistant... 51

Background

Occurrence of methicillin-resistant staphylococci in
animals is a reason for concern in relation to both
public and animal health [1]. In small animal veterinary
medicine, infections caused by methicillin-resistant
Staphylococcus pseudintermedius (MRSP) pose a major
therapeutic challenge since some MRSP strains, such as
the European epidemic clone sequence type (ST) 71, are
virtually resistant to all systemic antimicrobial prod-
ucts licensed for use in dogs [2]. As it is unlikely that
new antimicrobial classes active against MRSP will
enter the veterinary drug market in the near future,
new therapeutic strategies are needed to exploit the
current antimicrobial arsenal. Combination therapy is
one of the possible strategies that can be used to
manage severe MRSP infections that cannot be cured
by topical antiseptic treatment. Some antimicrobial
combinations such as amoxicillin clavulanate and po-
tentiated sulphonamides are widely used in human
and veterinary medicine. Research is warranted to
identify new combinations of drugs acting on differ-
ent targets concurrently. It has been hypothesized
that combination antimicrobial therapy may prevent
or delay development of resistance [3]. Promising re-
sults have been shown by combining antimicrobials
with small non-antimicrobial helper molecules inter-
fering with resistance [4].

Pharmaceutical preparations targeting eukaryotic
cells and used for management of non-infectious dis-
eases, hereafter defined as non-antimicrobial drugs,
represent an unexplored source to potentiate existing
antimicrobials, restore susceptibility against resistant
strains or allow new uses and indications. Various
non-antimicrobial drugs have shown in vitro anti-
microbial activity [5] but their potential use in com-
bination with existing antimicrobial drugs has never
been tested systematically on veterinary pathogens.
The objective of this study was to identify synergies
between antimicrobial and non-antimicrobial drugs
commonly used in small animal veterinary medicine
as a possible strategy to restore antimicrobial suscep-
tibility in MRSP. This objective was achieved by i) a
double disk diffusion primary screening of six anti-
microbial and 36 non-antimicrobial drugs, ii) minimum
inhibitory concentration (MIC) testing of selected non-
antimicrobials displaying antimicrobial activity and inter-
action with one or more antimicrobial disk in the primary
screening, and iii) checkerboard secondary screening to
issess synergy of the selected antimicrobial/non-anti-
microbial combinations using a model strain of MRSP
>T71 resistant to all antimicrobials tested. The most
: romising combination was further investigated by growth
inhibition analysis and checkerboard testing of additional
<4RSP strains.

Methods
Selection of antimicrobials and non-antimicrobials
Six antimicrobials were selected to represent the five
antimicrobial classes most commonly used in dogs and
cats: (3-lactams [ampicillin (AMP) and oxacillin (OXA)],
fluoroquinolones [ciprofloxacin CIP)], lincosamides
[clindamycin (CLI)], tetracyclines [doxycycline (DOX)]
and potentiated sulfonamides [trimethoprim/sulfameth-
oxazole (SXT)] [6]. Although amoxicillin is the most
frequently used penicillin in clinical practice, AMP
was used as a surrogate as recommended by Clinical
Laboratory Standard Institute (CLSI) [7]. Similarly,
OXA was used for testing methicillin resistance ac-
cording to CLSI guidelines [7]. Although CIP is not
licensed for veterinary use, this fluoroquinolone was
used instead of enrofloxacin, which largely metabo-
lized to ciprofloxacin under in vivo conditions [8].
Thirty-six non-antimicrobials used in small animal
practice were selected based on data on veterinary usage
of drugs in Denmark (VetStat) [9], recommendations on
frequency of usage by veterinary professionals at the
local university hospital, and availability of the active
compounds. Table 1 lists clinical use, solvent and sup-
plier for each non-antimicrobial used in the study.

Bacteria strains and media

MRSP ST71 strain E104 resistant to all six antimicro-
bials tested was used for primary and secondary screen-
ing. Checkerboard testing was extended to four
additional MRSP strains including ST71 (E032 and
E095) and another widely distributed multidrug-resistant
MRSP clone, ST68 (E122 and E135). All strains were
grown on blood agar (Oxoid, United Kingdom) and in-
cubated overnight at 37 °C prior to testing. All tests were
performed using cation-adjusted Mueller-Hinton agar or
broth (Sigma-Aldrich, Germany) using S. aureus ATCC
29213 as quality control strain.

Double disk diffusion test (primary screening)

The strain inoculum was prepared and plated according
to CLSI guidelines for disk diffusion [7]. The following
disk concentrations were used: AMP (25 pg), CIP
(10 pg), CLI (10 pg), DOX (30 pg), OXA (5 pg) and SXT
(1.25/25 pg). One antimicrobial disk was tested for each
plate. The antimicrobial disk was placed at the centre of
the plate and disks impregnated with 20 pL of non-
antimicrobial solution at standard concentration (2 g/L)
were applied at a 5 mm of distance from the antimicro-
bial disk. An antimicrobial disk not surrounded by non-
antimicrobial disks was used as control on the same
plate. Following overnight incubation at 37 °C, the plates
were read to detect interactions between antimicrobial
and non-antimicrobial disks. A clear extension of the
edge of the inhibition zone of the antimicrobial disk in
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Table 1 List of non-antimicrobial drugs selected for this study

Non-antimicrobial drug Clinical use Solvent Supplier
Prednisolone sodium phosphate Immunosuppressant Water Maymo
Cyclosporine DMSO Sigma-Aldrich
Dexamethasone sodium phosphate Water Alfasan
Praziquantel Anthelmintic DMSO Haupt Pharma
Ondansetron3 Gastrointestinal problems DMSO Sigma-Aldrich
Omeprazole DMSO Sigma-Aldrich
Ranitidine3 Water Sigma-Aldrich
Metoclopramide3 Water Dechra
Salbutamol/Albuterol Respiratory problems Water Sigma-Aldrich
Fluticasone3 DMSO Sigma-Aldrich
Theophylline3 Water Sigma-Aldrich
Sildenafil3 DMSO Sigma-Aldrich
Bromhexine3 DMSO Zoopan
Carprofen Pain and inflammation DMSO Chanelle
Meloxicam DMSO Dopharma
Phenylbutazone3 DMSO Alfasan
Paracetamol/Acetaminophen3 Water SP Veterinaria
Estriol Urinary problems DMSO Haupt Pharma
Medroxy-progesterone actetate Plormonal problems DMSO Alfasan
Levothyroxine DMSO Dechra
Thiamazol/Methiamazol Water Dechra
Trilostane DMSO Dechra
Osaterone DMSO Virbac
Methylergometrine/Methylergonovine3 Water Sigma-Aldrich
Levetiracetam3 Epilepsy Water No data
Pimobendan Heart failure DMSO Dechra
Digoxin3 DMSO Kela
Atenolol3 Water Kela
Captopril3 Water Novartis
Furosemide Diuretics DMSO Alfasan
Spironolactone DMSO Haupt Pharma
Clomipramine Psychological effects Water Haupt Pharma
Acepromaxine Water Alfasan
Amitriptyline3 Water Haupt Pharma
Fluoxetine hydrochloride3 Water Sigma-Aldrich
Ketoconazole3 Antifungals DMSO Sigma-Aldrich

“Only registered for human use in Denmark

proximity of the non-antimicrobial disk was interpreted
as a positive result.

MIC determination by broth microdilution

The MICs of seven non-antimicrobials displaying inter-
action with antimicrobial disks in the primary screening
were determined by broth microdilution [7]. The follow-
ing stock concentrations were prepared: bromhexine

[8192 mg/L, 75 % dimethyl sulfoxide (DMSO)]; clomip-
ramine, acepromaxine and ketoconazole (1024 mg/L,
20 % DMSO); carprofen (1024 mg/L, 1.6 % DMSO);
amitriptyline and fluoxetine (1024 mg/L). Serial two-fold
dilutions were prepared in 96-well round-bottom micro-
titer plates (Thermo Scientific). The range of concentra-
tions tested was determined individually for each
compound and ranged between 0.5 and 4096 mg/L.
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Checkerboard assay (secondary screening)
Two-dimensional checkerboard assays [10] were used
to assess synergy for seven antimicrobial/non-antimicro-
bial combinations selected by the primary screening. Car-
profen was additionally tested with tetracycline (TET) to
check if the synergy effect was antimicrobial class-specific.
Fractional Inhibitory Concentration Indexes (FICI) were
calculated for each combination to determine whether the
effect was truly synergistic (EFICI <0.5), no interaction
(EFICI >0.5-4) or antagonistic (EFICI >4.0) depending on
drug concentration [11]. The highest concentration of
antimicrobials and non-antimicrobials used for the
checkerboard assays was twice the MIC. The highest
concentration possible was used if non-antimicrobials
could not be dissolved at the desired concentration.
Two-fold dilutions were prepared and inoculated with
the test strain according to the CLSI guidelines for
broth microdilution [7]. After overnight incubation at
37 °C, plates were shaken at 1200 rpm for 1 min in a
Bioshake XP (Quantifoil Instruments GmbH). The
optical density of growth cultures was measured at
600 nm (ODG60o) using a Powerwave XS (BioTek)
operated by software Gen5. Percentages of growth
inhibition were calculated for each well using the
following equation:
Mean OD of treated culture \

% inhibition = 100- x 100
Mean OD of untreated culture

Growth inhibition assay

The inhibitory effect of carprofen/DOX was evaluated
by exposing the model strain in exponential growth
phase to the two drugs alone and in combination.
Drug concentrations approximating the peak serum
concentration (Cmex) achieved in dogs by standard
dosage in single drug therapy were used for this
assay. According to the scientific literature, the Cmex
of DOX is 2.74-6.32 mg/L upon oral administration
of 5-10 mg/Kg [12], whereas the Cmex of carprofen is
32.6-38 mg/L upon treatment with 4.0 mg/Kg [13].
Taking into consideration DOX pharmacokinetic (PK)
data in dogs and pharmacodynamic (PD) properties
against S. pseudintermedius, [12] the strain was exposed
to 0.5 mg/L DOX and 16, 32 or 64 mg/L carprofen.
Briefly, overnight culture of the strain was diluted to 0.05
at an optical density of 600 nm (OD600), grown up to
OD600 0.4 (108 cell forming units (CFU)/mL) and diluted
again 1:1000 (10s CFU/mL). For the next 12 h, samples
were collected every hour to perform standard bacterial
counts. At OD600 0.1 (107 CFU/mL, approx, after 3.5 h)
aliquots of the culture were transferred into small flasks.
Individual cultures were exposed to the selected con-
centrations of each drug alone or in combination and
further incubated with untreated control. All cultures

were setup in triplicates and incubated in water baths
at 37 °C with shaking at 180 rpm. The percentage of
growth inhibition at a specific time point was calcu-
lated using the following equation:

/ Mean CFU of treated culture \

% inhibition = 100- x 100.
\Mean CFU of untreated culture)

Results

Seven of the 36 non-antimicrobial drugs tested in the
primary screening were shown to enlarge the edge of the
inhibition zone of at least one antimicrobial disk: ace-
promazine (CLI, OXA), amitriptyline (AMP, OXA),
bromexine (OXA), clomipramine (OXA), carprofen
(AMP, DOX), fluoxetine (CIP, SXT) and ketoconazole
(OXA, SXT). Ketoconazole displayed the highest anti-
bacterial activity (MIC =32 mg/L), followed by aceproma-
zine, clomipramine and fluoxetine (MIC =64 mg/L),
amitriptyline and carprofen (MIC =256 mg/L) and brom-
hexine (MIC >4096 mg/L).

These seven non-antimicrobials were further tested
by checkerboard assays in combination with the anti-
microbial displaying the largest inhibition zone in the
double disk diffusion assay. The EFICI of bromhexine
was not determined because the drug could not be
dissolved at a sufficient concentration to determine
the MIC (MIC >4096 mg/L). Carprofen displayed syn-
ergistic antimicrobial activity with DOX, whereas the
other five antimicrobial/non-antimicrobial combina-
tions showed no interaction (EFICI=1.01-1.35).
Additional checkerboard assays were performed to
determine at which drug concentrations carprofen
displayed synergy with DOX or TET. Synergy was
observed in presence of 64 mg/L of carprofen and
0.25-1 mg/L DOX (EFICI =0.31-0.5). At lower car-
profen concentration (32 mg/L), synergy was only dis-
played in presence of 1 mg/L of DOX (EFICI index =
0.38), whereas at higher concentration (128 mg/L) no
effect was observed in presence of 0.125-1 mg/L of
DOX (EFICI =0.53-0.75). No effect was observed by
increasing the concentration of DOX up to 2 mg/L
with carprofen concentrations ranging from 16 to
64 mg/L (EFICI =0.56-0.75). The synergy patterns of
carprofen and TET were similar to those observed for
DOX, even though they were less pronounced and re-
quired higher antibiotic concentrations (8-16 mg/L),
resulting in a EFICI between 0.38 and 0.5 (Fig. 1).
Checkerboard testing of four additional MRSP strains
(two ST71 and two ST68) revealed synergy for the
two ST71 strains when DOX and carprofen were
combined at concentrations of 0.5/64, 1/64, 2/64 or
2/32 mg/L. On the contrary, no synergy was observed
for the two ST68 strains (Fig. 1). At DOX/carprofen
concentrations achievable in dogs by single drug
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Fig. 1 Heat plots of the antibacterial effects of DOX or TET in combination with carprofen on three methicillin-resistant Staphylococcus
pseudintermedius ST71 strains (El 04, E032 and E095) and two ST68 strains (E122 and EI35). The level of growth inhibition is expressed by
colour intensity: the more intense the colour is, the less inhibited the strain was. The Fractional Inhibitory Concentration Index (FICI) was
calculated for wells with no visible growth (white colour). Indexes of XFIClI < 0.5 correspond to synergistic effect, IFICI >0.5-4 no effect,

XFICI >4 antagonistic. The heat plots show the average of three biological replicates

therapy (0.5/32 mg/L), the percentage of growth in- Growth inhibition experiments were performed to as-
hibition measured by spectrophotometry was 54 %  sess the effect of carprofen and DOX, individually and in
higher for the three ST71 than for the two ST68  combination, during exponential growth of the model
strains. strain MRSP E104. Based on viable cell counts, the effect
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of DOX and carprofen alone were significantly lower
than for the combination of the two drugs (Fig. 2). After
4.5 h of exposure to 0.5 mg/L of DOX, the growth of
strain was inhibited by 8.3 %; exposure to 16, 32 or
64 mg/L of carprofen alone resulted in 6.2, 26.6 and
40.9 % growth inhibition, respectively; exposure to
0.5 mg/L of DOX in combination with 16, 32 or 64 mg/L
of carprofen inhibited growth by 45.7, 89.5 and 100 %, re-
spectively, indicating a clear synergistic effect on growth
inhibition by the drug combination.

Discussion

This study indicates that approximately 19 % of the 36
non-antimicrobial drugs tested were able to potentiate
the antibacterial activity of one or more known antimi-
crobials against MRSP. All the seven non-antimicrobials
that were found to have antimicrobial-potentiating activ-
ity (acepromazine, amitriptyline, bromexine, carprofen,
clomipramine, fluoxetine and ketoconazole) have been

Time (hours)

previously reported to possess antibacterial activity

[14-20]. Carprofen was shown to be particularly in-

teresting to potentiate the antimicrobial activity of

DOX as it displayed synergy at drug concentrations

that may be achieved during therapy in dogs. Carprofen is

a non-steroidal anti-inflammatory drug (NSAID) for

veterinary treatment of inflammation and pain man-

agement. It has earlier been reported to have a clin-

ical effect when used in combination with tilmicosin

for antimicrobial therapy of bovine respiratory disease

[21] DOX is the most widely used tetracycline in
small animal practice due to low systemic toxicity

[22] and higher antimicrobial activity compared to

TET [12]. However, due to widespread tetracycline re-

sistance, DOX is presently regarded as a second

choice antibiotic for most indications except upper

respiratory tract infections [23].

The synergy between carprofen and DOX was studied
in multiple MRSP strains, leading to the identification of

Fig. 2 Growth inhibition of methicillin-resistant Staphylococcus pseudintermedius E 104 exposed to doxycycline (0.5 mg/L DOX, filled squares),
carprofen (CPF, filled triangle pointing upwards) and the combination of the two drugs (DOX + CPF, filled triangle pointing downwards) using

three concentrations of CPF (a.' 64 mg/L; b: 32 mg/L; C: 16 mg/L). The control (filled circles) was treated with neither DOX nor CPF. Error bars

denote standard deviation (SD) of three biological replicates
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an association between the synergistic effect of this drug
combination and strains belonging to the clonal lineage
ST71, which harbours the efflux pump-mediated tetra-
cycline resistance gene tetK [2]. In contrast, no synergy
was observed for MRSP strains belonging to ST68,
which are consistently associated with tetM, [2] an unre-
lated tetracycline resistance gene encoding ribosomal
protection of the drug target. The association between
tetK and DOX/carprofen synergy was further illustrated
by the analysis of strain cultures exposed to concentra-
tions of DOX/carprofen achievable in dogs by single
therapy (0.5/32 mg/L), which showed a significantly
higher growth inhibition in the three strains harbouring
tetK compared to the two strains containing tetM. These
results suggest that DOX/carprofen synergy only occurs
in strains carrying tetK. The molecular mechanism
behind the identified synergy and its linkage to tetK
remains unknown. Such synergy mechanism
likely linked to the bactericidal effect of carprofen on
DNA replication, suggesting that carprofen interacts
with multiple targets in the bacterial cell. Various
mechanisms are possible, including inhibition of tetK
gene expression, blockage of the TetK efflux pump or
interference with the energy source used by TetK to
pump DOX out of the cell.

The recommended dosage for oral administration of
carprofen in dogs is 4 mg/Kg of body weight daily. This
dosage leads to peak plasma concentration of 35.30 +
2.70 mg/L at 1.25 +0.25 h [13]. Higher dosages up to
9 mg/Kg were shown to be well tolerated in healthy bea-
gles [13]. These data suggest that the carprofen (32 mg/L)
concentration required for synergy with DOX (0.5 mg/L)
can be achieved in vivo. However, there may be marked
differences between in vitro and in vivo conditions due to
serum protein binding, which affects drug’s efficiency.
Further PD/PK studies are needed to assess the thera-
peutic potential of DOX/carprofen, including in vitro
experiments assessing the effects of canine serum protein
binding on carprofen activity. In an earlier study by
Brentnall et al. [24] the influence of oxytetracycline on
carprofen PD and PK was evaluated for therapy of bacter-
ial pneumonia in calves, indicating that no alteration to
carprofen dosage is required when the two drugs are co-
administered. There is an obvious rationale for investigat-
ing the use of NSAIDs in combination to DOX for some
canine infections, such as upper respiratory tract infec-
tions. Carprofen analogues able to establish synergy with
DOX at lower concentrations could be developed to facili-
tate translation of the results of this study into veterinary
clinical practice. Furthermore, since MRSP is a common
cause of skin and soft tissue infections, carprofen/DOX
formulations could be developed for topical use, which
may allow achievement of higher carprofen concentra-
tions at the infection site. Interestingly, DOX has earlier

is un-

been reported to have anti-inflammatory effects [25].
Thus, the combination of the two drugs might also
have enhanced anti-inflammatory activity compared to
single therapy.

The interactions between non-antimicrobial drugs
and tetracyclines have occasionally been explored for
potential clinical applications in human medicine.
One example is the recent study by Ejim et al. [26]
describing the synergistic effect of minocycline in
combination with loperamide, a medication used for
control of diarrhoea. Our study is the first attempt to
investigate this alternative avenue for possible veterin-
ary clinical applications.

Conclusion

The results show that carprofen is a potential antimicro-
bial helper drug to restore susceptibility to DOX in
DOX-resistant MRSP strains carrying tetK. This finding
is of clinical relevance since the epidemic multidrug-
resistant clone MRSP ST71 is virtually resistant to all
antimicrobial drugs licensed for veterinary use and has
been previously shown to carry consistently tetK as the
only tetracycline resistance determinant. More research
is needed in order to understand the mode of action of
this drug combination as well as to assess the clinical
potential of carprofen as a DOX helper drug in small
animal medicine.
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Effect of butorphanol, midazolam or ketamine on
romifidine based sedation in horses during
standing cheek tooth removal

Theresa Maria Muller' ©, Klaus Hopster', Astrid Bienert-Zeitl Karl Rohn2 and Sabine B.R. Kastnerl

Abstract

Background: Standing surgery, especially dental procedures, are commonly performed in horses. This leads to an
increasing demand for reliable sedation protocols. Therefore, it was the purpose of this study to investigate the
influence of butorphanol, midazolam or ketamine on romifidine based sedation in horses during cheek tooth removal.

Methods: Forty horses presented for tooth extraction were divided in four groups using matched pair randomization.
Group Rwas sedated with romifidine (bolus 0.03 mg/kg, followed by a constant rate infusion (CRI) 0.05 mg/kg/h) and
group RB with romifidine (same dose) and butorphanol (0.02 mg/kg; CRI 0.04 mg/kg/h). Group RM received romifidine
(same dose) and midazolam (0.02 mg/kg; CRI 0.06 mg/kg/h) whereas group RK was administered romifidine (same
dose) and ketamine (0.5 mg/kg; CR11.2 mg/kg/h). If sedation was not adequate a top up bolus of romifidine (0.01 mg/
kg) was administered. The quality of sedation and the conditions for tooth extraction, the level of ataxia, chewing, head
and tongue movement were evaluated by using a scoring system. The investigator was blinded to the applied
sedation protocol. Furthermore, serum cortisol concentrations before, during and after the procedure were analyzed to
gain more information about the stress level of the horses.

Results: Horses in group RM showed significantly less chewing and tongue activity compared to horses sedated with
romifidine alone or with butorphanol additionally, but also significantly higher levels of ataxia. The quality of sedation
was significantly better if romifidine was administered in combination with ketamine compared to romifidine alone.
Furthermore, horses of group RK needed less additional romifidine boli compared to all other groups. Blood cortisol
concentrations during surgery in groups RB and RM remained unchanged. Horses of group R showed higher cortisol
concentrations during sedation compared to horses of groups RB and RM.

Conclusion: Romifidine alone at an initial bolus dose of 0.03 mg/kg followed by a constant rate infusion of 0.05 mg/
kg/h was insufficient to obtain an adequate level of sedation and led to increased stress levels, whereas the addition of
butorphanol inhibited the stress response. The combination of romifidine with either midazolam or ketamine
improved sedation quality and surgical conditions.

Keywords: Horse, Romifidine, Sedation, Midazolam, Ketamine, Cheek tooth removal
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Background

An increasing number of surgical procedures are con-
ducted under standing sedation in horses [1]. Chemical
restraint is usually obtained with a sedative often in com-
bination with an opioid [2]. Bolus-administration followed
by constant rate infusion (CRI) or repeated injections of
boli are possible application methods. A CRI has the
advantage of achieving a continuous plasma level and
obtaining a constant depth of sedation [3], thereby redu-
cing the adverse effects on the cardiovascular system [4].

Alpha-2 agonists are the most frequently utilized seda-
tives in equine medicine. Within this group romifidine
achieves the longest duration of sedation [5]. Although
the longer lasting sedative effect seems disadvantageous
for an infusion, this compound produces the least ataxia
of the currently available alpha-2 agonists [5]. This could
be a major advantage for surgical procedures in the
standing horse and outweighs the lower controllability
of romifidine administered as CRI. The combination of
opioids with sedatives induces a deeper and more
reliable sedation than either drug alone [2]. The use of
opioids alone is limited by the risk of inducing central
stimulation and excitement, which might also contribute
to “head bobbing” that is sometimes seen in horses after
sedative combinations including opioids [6]. The
agonistic activity of butorphanol at k-opioid receptors as
well as its competitive antagonist and agonist activity at
p- and 5-opioid receptors exerts the analgesic effect [7].

The benzodiazepine midazolam mediates muscle relax-
ant and anticonvulsant effects by its agonistic action on
the inhibitory GABAArreceptor in the brainstem, reticular
formation and spinal cord [8]. Midazolam produces no
sedative effect in adult horses [9]. Advantages of midazo-
lam for dental procedures in horses have been described
[10], but higher degrees of ataxia can occur [9,10].

Ketamine is commonly used for dissociative anaesthe-
sia in horses [11]. Recent studies showed beneficial anal-
gesic potential of low dose ketamine in the standing
horse [10, 12] without any sedative effect [13].

Cortisol concentrations can be used to quantify stress
levels in humans and animals [14-16]. Physical restraint,
manipulations in the mouth and pain represent potential
stress-inducing factors for animals [15, 17]. All of these
do occur during cheek tooth extractions. Therefore,
plasma cortisol concentrations could be used as an
indicator of insufficient sedation during surgery.

The aim of this study was to find a romifidine based
sedation protocol for dental procedures, which produces
reliable sedation allowing tooth extraction and
minimizes stress reactions in horses.

Methods
Study design
Prospective clinical trial.

Animals

The study included 40 horses presented for cheek tooth
extraction one to 2 days prior to surgery at the Clinic
for Horses, University of Veterinary Medicine Hannover,
Foundation. Horse owners gave informed consent for
their animals’ inclusion in the-study and the study was
approved by the institutional ethical committee of the
University of Veterinary Medicine in Hannover,
Germany. All horses were considered systemically
healthy based on clinical examination. In the clinic they
were fed hay and free access to water was provided.

Preparation

Three hours prior to sedation a 12-G intravenous
catheter (INTRAFLON 2®)1 was placed aseptically into
the left or right jugular vein and meloxicam 0.6 mg/kg
bwt (Metacam8 20 mg/ml)2 was administered intraven-
ously (i.v.). Neither food nor water was withheld prior to
sedation. Horses were placed in stocks and left
unhandled for 10 min for acclimatization. Self-adhesive
electrode pads were attached to the thoracic wall of the
horses to monitor the heart rate (HR) during the
procedure via an electrocardiogram (Televet 100 -
Telemetric ECG & Hotter).3 The respiratory rate (RR)
was recorded based on visual observation. The relative
head height was determined by measuring the distance
from the rostral end of the nostrils to the ground.

Sedation protocols

Matched pair randomization was used to assign the
horses to one of four different sedation protocol groups,
thereby assuring proper homogeneity and comparability
between groups. For example, if an 18-year-old Icelandic
horse was assigned to group R, the next Icelandic horse
or horse of the same age group was assigned to one of
the three remaining groups. This procedure was contin-
ued until all four groups were assigned.

Assigned treatment groups were:

e Group R: Bolus romifidine (Sedivet8 10 mg/ml)2
0.03 mg/kg bwt i.v., followed by CRI romifidine
0.05 mg/kg bwt/h i.v.

e Group RB: Bolus romifidine 0.03 mg/kg bwt and
butorphanol (Alvegesic8vet. 10 mg/ml)4 0.02 mg/kg
bwt i.v., followed by CRI romifidine 0.05 mg/kg bwt/
h and butorphanol 0.04 mg/kg bwt/h i.v.

e Group RM: Bolus romifidine 0.03 mg/kg bwt i.v. and
midazolam (Midazolam B. Braun 5 mg/ml)50.02 mg/
kg bwt i.v., followed by CRI romifidine 0.05 mg/kg
bwt/h and midazolam 0.06 mg/kg bwt/h i.v.

= Group RK: Bolus romifidine 0.03 mg/kg bwt and
ketamine (Narketan* 100 mg/ml)6 0.5 mg/kg bwt i.v.,
followed by CRI romifidine 0.05 mg/kg bwt/h and
ketamine 1.2 mg/kg bwt/h i.v.
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Drug dosages were based on a previous study from
Hopster et al. [10]. The initial drug bolus was diluted in
physiologic saline to a volume of 100 ml and adminis-
tered over 10 min. The CRI medication was mixed with
saline solution to a defined volume of 250 ml and was
infused over a 1 h period. Continuous drug administra-
tion was ensured by drop counting by the investigator.

Local block

Ten minutes after the initial sedation bolus was adminis-
tered, the maxillary or mandibular nerve was blocked
with 0.4 mg/kg bwt lidocaine (Lidocainhydrochlorid
2%)7 as described elsewhere [18]. Another 10 min later
the mouth gag was introduced and the surgery was
started (20 min after the beginning of sedation). The
adequacy of the local block was tested by utilizing the

gingival separator and the molar spreader. If horses
reacted to this manipulation, the local block was
assessed as inadequate and the nerve block was

repeated. Oral extraction of the cheek teeth was per-
formed in a standardized manner as described by
Tremaine [19]. After completion of the extraction, the
intravenous catheter was removed and horses were
placed back in their stalls.

Measurements

All horses were assessed by one investigator who was
blinded to the applied sedation protocol. Heart rate and
RR were measured before the bolus application and in 10
min intervals thereafter. In addition the degree of ataxia,
chewing and tongue activity as well as the head movement
of the horses were graded by the investigator by means of
a previously used scoring system (score 1-5; Table 1). If
sedation was inadequate (scores for chewing/head move-
ment/tongue activity >4), an additional bolus of romifi-
dine (0.01 mg/kg bwt iwv.) was administered. After
successful tooth extraction, the overall quality of sedation
(overall behavior of the horses and degree of sedation) and
quality of extraction (compliance of the horses to the sur-
gical stimulus) was graded by the surgeon, who was
blinded to the sedation protocol, using a visual analogue
scale (VAS) from 1to 10. One represented the best extrac-
tion or sedation quality and 10 described no signs of sed-
ation and impossible cheek tooth extraction. All surgeries

were performed by one of three surgeons, of whom one
was a diplomate of the European Veterinary Dental Col-
lege (EVDC) and two were final year residents of the
European College of Veterinary Surgeons (ECVS). The
relative head height was measured before and at 15 and
60 min after the initial sedation bolus. During relative
head height measurements surgery was interrupted and
horses were not handled.

Blood samples and cortisol analysis

Surgery was always performed in the morning between
9 am. and 12 p.m., to minimize the influence of the
circadian cortisol rhythm [20]. Venous blood samples
were collected from all horses three, two and 1 h as well
as 15 min prior, and 15, 45, 60, 75, 90, 120, 150 and
180 min after bolus application (depending on the
duration of the surgical procedure). During blood collec-
tion CRI was discontinued and 8 ml of blood were
withdrawn from the intravenous catheter and discarded.
Thereafter, another 8 ml of blood were obtained,
transferred in serum tubes and the CRI was continued.
At the end of the surgery, the CRI was stopped and two
additional blood samples were taken after 20 and
120 min.

Each of the blood samples were incubated for 90 min
at room temperature to allow complete clotting. Subse-
quently, the samples were centrifuged and the serum
was stored at - 20°C prior to analysis.

Serum cortisol levels were assessed using a solid-
phase, competitive, chemiluminescent enzyme immuno-
assay (Cortisol IMMULITE).s The measuring range
extended from 1 to 50 pg/dl with an analytical sensitivity
reaching 0.2 pg/dl.

Data analysis

Statistical analysis was performed with commercial
software (SAS 9.2; SAS Inc., NC, USA). Gaussian distri-
bution was tested by the Kolmogorov-Smirnov test and
visual inspection of histograms. If data was not normally
distributed non-parametric tests were used. Heart rate
and RR were compared between groups and at different
time points by one-way analysis of variance (ANOVA)
with post-hoc Tukey test for multiple pair-wise compari-
sons. Differences in ataxia score were tested with

Table 1 Scoring system by Hopster et al. [10] to evaluate the degree of ataxia, chewing, head movement and tongue

activity of horses

Score Ataxia Chewing/head movement/tongue activity

1 No signs of ataxia, even load on the limbs No chewing/head movement/tongue activity

2 Mild ataxia, miid swaying, occasionally leaning against the stocks Occasional chewing/head movement/tongue activity

3 Moderate ataxia, constant leaning against the stocks, bucklingof the limbs Continuously mild chewing/head movement/tongue activity

Severe ataxia constant leaning against the stocks, buckling of the limbs

Recumbency

Continuously severe chewing/head movement/tongue activity

No manipulation possible
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permutation test and post-hoc Sidak-test for repeated
measurements and evaluated for 100 min, when there
were at least 6 horses in each group. The comparison of
relative head height and sedation as well as extraction
quality was determined by ANOVA. Head movement at
different time points was analyzed by non-parametric
ANOVA using the Kruskal-Wallis test followed by pair-
wise comparison in between groups with Wilcoxon two
sample test. Data of head movements were only analyzed
as long as there were at least 5 horses in each sedation
group left (this was the case until 60 min after beginning
of surgery). Blood cortisol concentrations were
compared by one way ANOVA and multiple pair-wise
comparisons of the mean values. Significance level
was set at p< 0.05 and data are presented as mean
+/- standard deviation.

Results

The horses (29 Warmbloods, 7 ponies, 1 Thoroughbred
and 3 Draft Horses) were between 3 and 27 years of age
(mean 14 * 6.4 years), weighing 313 up to 747 kg (mean
523 + 108 kg). Detailed distribution of age, weight and
gender between groups is listed in Table 2. There were
no differences in distribution of gender and breed
between groups. All 40 horses were healthy and their
vital parameters were within normal limits.

Heart rate and RR significantly decreased after the
sedation bolus in all horses and remained significantly
lower compared to baseline values during the whole
time of sedation (Table 3).

A significant (p <0.001) decrease in relative head height
was detected in all horses 15 and 60 min after bolus appli-
cation compared to the pre-sedation head height. Further,
relative head height was significantly lower at 60 min
compared to 15 min after bolus application. No significant
difference between groups was found. Relative head height
in group R decreased after 15 min to 65.25 + 15.7% of the
baseline values and after 60 min to 45.38 + 14.25% of the
pre-sedation values. In group RB and RM the results were
60.62 + 13.64%, 37.76 + 16.28% and 70.65 + 12.62%, 45.18
+ 10.37%, respectively. Horses sedated with romifidine
and ketamine showed a decrease of the relative head
"eight to 60.01 * 13.56% after 15 min and to 44.5 + 12.73%
after 60 min.

Table 2 Distribution of age, weight and gender between groups

Adation protocol R RB RM RK

4ge 15+ 6 13 +6 15 +6 14 £ 6
seeight 495 + 74 496 = 106 568 + 135 534 = 105
Gender 6G, 4 M 4G, 6 M 4G, 6M 4G,1S,5M

:<esults for age and gender are presented as mean + standard deviation
gelding, 5 stallion, M mare, Group R Romifidine only, group RB Romifidine
~d Butorphanol, group RM Romifidine and Midazolam, group RK Romifidine

r-d Ketamine

Table 3 Vvalues for the heart and respiratory rate before and
during sedation

Sedation protocol R RB RM RK
Heart rate baseline 53 22 44 £ 8 47 = H 44 = 7
Heart rate sedation 29 * 4a 29 * 2a 31 £3a 28 * 3a
Respiratory rate baseline 22 +£6 - 19+ 3 22 + 12 21 =6
Respiratory rate sedation 13 + 3a 13 + 3a 12 + 3a 14 + 5a

Results are listed as mean =+ standard deviation

Group R Romifidine only, group RB Romifidine and Butorphanol, group RM
Romifidine and Midazolam, group RK Romifidine and Ketamine

a= significant difference to baseline measurement

Baseline measurements for ataxia were not signifi-
cantly different between horses. Horses of group RM
developed a significantly higher degree of ataxia during
sedation compared to baseline and compared to horses
of group RB and RI< (Fig. 1).

Horses of group RM showed significantly less chewing
than horses of group R (time point 30) and horses of
group RB (time points 20, 30 and 50). Head movements
of horses were not significantly different between treat-
ments. Tongue activity scores were significantly lower in
horses of group RM compared to groups R and RB at
time points 30 and 50 min.

Numbers of romifidine boli necessary to deepen
sedation are listed in Table 4. Time to the first top-up
bolus was not statistically different among groups.

The sedation quality was considered to be significantly
better in group RK compared to group R (Table 4).
Median values for extraction quality are also listed in
Table 4. In two horses of group R tooth extraction was
not possible, because repeated romifidine boli failed to
prevent defensive movement and did not enable surgery.
The results of the evaluations of these two horses were
included until the CRI was stopped and surgery was
continued under general anesthesia. No significant differ-
ences in extraction quality between groups were detected.

Cortisol analysis

Baseline measurements at 180, 120, 60 and 15 min
before sedation revealed no statistically significant differ-
ences in serum cortisol concentrations between groups.
Baseline concentrations were 49.34 + 12.37 ng/ml, 55.95
+ 19.35 ng/ml, 51.9 + 6.2 ng/ml and 56.27 £ 25.72 ng/ml
in group R, group RB, group RM and group RK, respect-
ively. In group R a significant increase above baseline
was noticed 75 and 90 min after bolus application
(Fig. 2). In group RK a significant increase in serum
cortisol concentrations was detected 90 min after bolus
administration compared to baseline measurements. No
significant variations in cortisol concentrations were
detected in groups RB and RM during sedation and
tooth extraction.
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group RB
group RM
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group RK

60 70 80 90 100

time point (min)

Fig. 1 Degree of ataxia in 40 horses being sedated with romifidine (group R), romifidine and butorphanol (group RB), romifidine and midazolam
(group RM) or romifidine and ketamine (group RK). Score values for ataxia are presented as qq-plots at the different time points. A score value of
1 stands for no signs of ataxia, whereas 5 describes recumbency (Table 1). Boxes and whiskers demonstrate interquartile range and the minimal/
maximal values. * = significant difference between group RM and baseline; n = significant difference between group RB and RM; ° = significant

difference between group RK and RM

Twenty minutes after discontinuing drug infusion,
serum cortisol values in group R, RM and RK increased
significantly above baseline values. In groups RM and
RlI< cortisol concentrations returned to baseline concen-
trations 120 min after surgery. Horses of group RB
showed no significant changes in cortisol levels during
the postoperative period. Overall, cortisol concentrations
were not significantly different among groups.

Discussion

The four applied sedation protocols were able to pro-
duce chemical restraint for cheek tooth extraction in
horses, except for two horses that were sedated with
romifidine alone. However, in each group additional
romifidine became necessary to perform dental surgery.

For future clinical settings, an adjusted romifidine dos-
ing regime is recommended.

In all horses the sedation resulted in a decrease in HR
and RR, which is a well-known side effect of alpha-2-
agonists [4, 21]. One horse in group R developed a HR
below 20 beats per minute after receiving a total of six
additional romifidine boli, which supports the fact that
alpha-2 agonists mediate their cardiovascular depression
in a dose-dependent manner [22]. There was no signifi-
cant difference in HR between groups despite the trend
in group R towards needing a higher total romifidine
dose. This can be explained by the overall relatively low
dose of romifidine that was administered.

Relative head height has been used as an indirect
measurement for depth of sedation in horses [3].

Table 4 Sedation and extraction quality for 40 horses using a visual analogue scale (1-10)

Sedation protocol R
Sedation quality 5(1-9)
Extraction quality 5 (1-10)
Top-up boli of romifidine 35+ 21
Horses with top-up boli 9/10
Time to first top-up bolus (min) 7.8 = 106
Adjusted CRI (mg/kg/h) 0.071

RB RM RK
5 (2-7) 4(1-6) 3 (1-5)a
4(1-7) 3(1-8) 35 (1-9)
23+ 24 2.8 + 32 22+ 21
7/10 9/10 7/10

20.6 + 191 228 + 158 17.8 + 10.7
0.064 0.067 0.063

Scores are given as median (min - max). One represents the best extraction or sedation quality and 10 describes no signs of sedation and impossible cheek tooth
extraction. The mean and standard deviation of required top up boli of romifidine (0.01 mg/kg bwt i.v.) for each group is also listed as well as the number of
horses that needed additional sedation. Additionally the time to the first bolus application and the adjusted constant rate infusion (CRI) are mentioned

Group R Romifidine only, group RB Romifidine and Butorphanol, group RM Romifidine and Midazolam, group RK Romifidine and Ketamine

a= significant difference to group R
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group R

group RB
group RM
group RK

O o0ogno

start of surgery

end of surgery/sedation

Fig. 2 Serum cortisol concentrations (ng/ml) of 40 horses before, during and after cheek tooth extraction. Cortisol values are presented as

qg-plots at different time points. Boxes and whiskers demonstrate interquartile range and standard deviation. Means are presented as points;

values exceeding 15 times the interquartile range are presented as rhombus'. Group R= Romifidine only; group RB= Romifidine and Butorphanol;

group RM= Romifidine and Midazolam; group RK= Romifidine and Ketamine. * = significantly different to baseline values; + = significantly

different to the previous time point

Reduction in relative head height was evident under all
of the four different protocols without differences be-
tween groups. Horses receiving romifidine and butor-
phanol showed a tendency towards carrying their head
lower compared to the other groups. This might be due
to synergistic effects of butorphanol on sedation with
romifidine [2, 3]. On the other hand, an increase in rela-
tive head height caused by the central excitement in-
duced by midazolam [23] and ketamine [24] cannot be
ruled out in groups RM and RK.

A side effect of alpha-2 agonists is dose-dependent ataxia
[5, 21]. Romifidine produces less ataxia compared to other
alpha-2 agonists [5, 21], representing a considerable advan-
tage for standing procedures. Horses in group R, RB and
RK showed a satisfying ability to stand stable in the stocks.
In contrast, horses sedated with romifidine in combination
with midazolam were significantly more ataxic than horses
in group RB and RK. Three horses of group RM even dis-
played severe ataxia with a total score of 4. The severe
ataxia started about 40 min after bolus administration and
continued until the end of CRI. The main reason for this
increased ataxia is the skeletal muscle relaxation induced

by midazolam [25]. Hubbell et al. [9] demonstrated that
intravenous midazolam doses exceeding 0.1 mg/kg bwt in
conscious horses can result in severe ataxia and might even
lead to recumbency. Even though the applied midazolam
dose in the present study was low compared to most stud-
ies, the concomitant romifidine administration should be
considered as a potential enhancing factor. Special care
should be taken in case of using midazolam in combination
with alpha-2 agonists that produce more muscle relaxation
than romifidine. Ataxia scores in horses only sedated with
romifidine showed trends towards being higher than in
horses that received combinations of romifidine with butor-
phanol or ketamine. The good standing stability in group
RB and RI<, nearly indistinguishable from baseline values,
was unexpected. The addition of butorphanol to alpha-2
agonists is described to lead to more instability in standing
horses [2, 3, 6]. In the current study, no significant increase
in ataxia in group RB compared to the other groups was
found. Iburg [26] described severe ataxia in horses placed
in their stalls after administration of romifidine (0.05 mg/kg
bwt iv.) and ketamine (0.06 mg/kg bwt i.v.), which dis-
agrees with the current results. Whereas Peterbauer et al.
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[12] and Lankveld et al. [13] detected only mild ataxia in
horses in the first 5 min under ketamine CRI.

Successful cheek tooth extraction in standing horses
is substantially influenced by chewing, head move-
ment and tongue activity of horses. In our study, the
combination of romifidine with midazolam was most
effective in reducing chewing activity during surgery.
This finding is probably related to the relaxation of
the masticatory muscles caused by midazolam, which
is in accordance with results of a previous study from
the same working group [10]. In that study horses
showed significantly less chewing activity when
midazolam was added to the standard sedation
protocol, consisting of romifidine (bolus 0.03 mg/kg
bwt, CRI 0.04 mg/kg bwt/h) and butorphanol (bolus
0.01 mg/kg bwt, CRI 0.02 mg/kg bwt/h).

Overall, the intensity of head movements as an arbi-
trary defense reaction did not differ between treatment
groups. The tendency towards higher score values at the
beginning of sedation and surgery, especially in group R,
indicated inadequate dosing for this invasive procedure.
After additional top-up boli of romifidine the head
movements were reduced. Although our dose of romifi-
dine was in accordance with a previous study [10], a
higher dosed initial bolus of romifidine would have been
beneficial for this type of procedure.

Tongue activity was more intense in group R. This
might be related to the site of action of alpha-2 agonists.
Muscle relaxation as well as ataxia are mediated via
inhibition of alpha-2 receptors in the spinal cord [27],
whereas the tongue muscles are innervated by the hypo-
glossal nerve [28] and therefore are less affected by
romifidine. The addition of butorphanol or ketamine did
not significantly reduce tongue activity. In contrast,
horses sedated with romifidine and midazolam showed
significantly less tongue movements, which can be
explained by the centrally acting midazolam mediating
muscle relaxation via stimulation of GABAA-receptors [8].

Horses in group R showed trends towards receiving
the largest number of top-up boli of romifidine. This
resulted in an adjusted romifidine CRI of 0.071 mg/kg
bwt/h compared to 0.064 mg/kg bwt/h in group RB,
0.067 mg/kg bwt/h in group RM and 0.063 mg/kg bwt/h
in group RK. However, the larger amount of romifidine
failed to gain better scores for measured head
parameters compared to the other sedation protocols.
Horses under romifidine midazolam sedation required
on average 20% less additional romifidine boli than
horses of group R. Reduced chewing and tongue activity
improved the surgical conditions for cheek tooth
removal and permitted a lower depth of sedation in
combination with excellent extraction quality. Sedation
quality was scored as “good", but the lack of sedative
and analgesic actions of midazolam and more

pronounced ataxia might have influenced assessment
The combination of romifidine with butorphano.
reduced the required top up boli by 34% compared to
group R, and only 7 of 10 horses needed additional top
ups. This can most likely be attributed to the synergistic
actions on analgesia and. sedation level [2, 29]. Horses
under romifidine ketamine sedation needed the least
additional romifidine and had the lowest and thereby the
best scores for sedation and extraction quality. Ketamine
has been shown to improve and prolong the analgesic
effect of romifidine in horses [26]. This can explain the
enhanced tolerance for manipulation in the mouth. Most
horses received the additional romifidine boli immedi-
ately at the beginning of surgery, regardless of the sed-
ation protocol, again indicating an inadequate initial
sedation bolus. Marly et al. [30] administered a romifi-
dine bolus of 0.08 mg/kg bwt followed by a CRI of
romifidine 0.03 mg/kg bwt per hour for dental examin-
ation and treatment in horses. Sedation quality and
depth was described as satisfying in their study, corrob-
orating that a larger initial bolus should be used.
Another aim of the present study was to evaluate
stress levels of horses before, during and after surgery by
analyzing blood cortisol concentrations [17] at different
time points. The baseline cortisol values were similar
across all treatment groups. Neither sedation nor the
beginning of the surgical procedure did result in changes
in cortisol levels. The cortisol values increased in group
R and RK 75 min and 90 min after the initial sedation
bolus, respectively. This was surprising because tooth
extraction was expected to be a strong stimulus to
trigger the hypothalamic-pituitary-adrenal axis [15, 17].
However, one should take into account that alpha adre-
noreceptors are widely spread within the nucleus para-
ventricularis, which is part of the hypothalamus [31].
Activation of presynaptic alpha-2 adrenoreceptors by
alpha-2 agonists, such as romifidine, can result in inhib-
ition of noradrenergic neurotransmitters leading to
diminished cortisol concentrations as described in
horses after application of clonidine or detomidine [32,
33]. The horses included in this study also received
meloxicam pre-operatively, which may reduce the pain
level in horses. In horses of group R, cortisol levels
increased during tooth extraction reaching significant
differences compared to baseline at the end of the pro-
cedure. We conclude that romifidine sedation alone
failed to prevent the surgically induced stress response
in horses, whereas sedation protocols RB and RM suc-
cessfully suppressed this stress response. The reason for
the lower cortisol levels in group RB might be the anal-
gesic action of butorphanol and an increased depth of
sedation. In addition, a direct inhibitory effect of opioids
on the hypothalamus is described [34]. Such a direct
inhibitory effect is also described for benzodiazepines
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[35] and might explain the low cortisol levels during
sedation with romifidine and midazolam. Horses in
group RK showed elevated cortisol values during
surgery. These results were unexpected, considering the
beneficial analgesic effect of ketamine and the good
sedation and extraction evaluations of this protocol. How-
ever, ketamine can induce excitement of central nervous
system [24] and can also selectively increase vasopressin
concentrations within the hypothalamus and consequently
trigger the hypothalamic-pituitary-adrenal axis, which in
turn leads to increased cortisol release [36].

Twenty minutes after ceasing the CRI a significant
increase in serum cortisol concentrations was detected
in all treatment groups except for group RB. The inhibi-
tory effect of romifidine on the hypothalamus might be
reduced and stress responses could again be triggered.
However, the duration of the sedative effect of romifi-
dine is long in horses. A single dose of romifidine
0.04 mg/kg bwt) produces sedation for about 75 min
[37], whereas in horses being sedated with a romifidine
CRI (0.03 mg/kg bwt/h i.v.) sedation lasted for about
60 min after discontinuing the CRI [3]. Therefore it is
likely that horses in the present study were still sedated
20 min after termination of the CRI. However, serum
concentrations of romifidine might still have been too
low for an effective inhibition of the hypothalamic-
pituitary-adrenal axis. Furthermore, the analgesic effects
of alpha-2 agonists require a higher plasma level than is
necessary for sedation [38]. Therefore, it is possible that
the horses had greater pain as the plasma levels of
romifidine dropped despite residual sedation. Horses
receiving butorphanol did not show any increased cortisol
levels within the postoperative observation period.
Butorphanol enhances and prolongs the analgesic and seda-
tive properties of romifidine [2]. The last blood sample was
taken 2 h postoperatively. At this time point all cortisol
values were back to baseline except in group R, where
cortisol levels were still elevated. Duration and intensity of
cortisol elevation depend on the strength of the stress factor
[15]. Therefore, it can be concluded that cheek tooth
extraction was more distressing for the horses sedated with
romifidine alone compared to the horses receiving butor-
phanol, midazolam or ketamine additionally.

A limitation of the study was the variability in duration
of the procedure and the drug infusion time which is
inherent to clinical trials. In case of incomplete maxillary
ar mandibular nerve blocks, the nerve infiltration had to
be repeated before surgery could be continued, thereby
.eading to delays. The variable duration of the surgical
procedure as well as ineffective anaesthesia resulting in
arying levels of pain might have influenced the cortisol
concentrations. Duration of surgery ranged from
108 min in group R to only 71 min in group RK. For the
intraoperative measurements, we included only the first

60 min of surgery, however for the postoperative mea-
surements the differences in duration of surgery could
have had an impact on pain and stress evaluations.

Another limitation was the potential influence of the
romifidine to up boli on the results for extraction and
sedation qualities. It is most likely that in some horses a
successful extraction would have failed without using
additional romifidine application, which would have led
to clearer results. But it must be accounted that the
study was performed under clinical settings and there-
fore risking unsuccessful extraction was not an option.

The fact that all horses entered the treatment room and
the stocks before sedation, can be considered as a
limitation also. Depending on the character of the in-
dividual horse this might have already caused differ-
ent levels of stress. However, no differences in
cortisol levels were observed between samples taken
in the stable or in the stocks. Administration of the
primary sedation bolus before entering the treatment
room and the stocks, or even when the horses are
still in their stables, might be beneficial and is recom-
mended for further trials. In future studies the recovery
period and postoperative pain should be evaluated, which
was not part of the present study.

Conclusions

The combination of romifidine with midazolam facili-
tated oral manipulations in horses although higher levels
of ataxia can be expected. An improvement of sedation
quality was also obtained by adding ketamine instead of
midazolam. Standing sedation for cheek tooth removal
with romifidine alone led to increased stress levels,
whereas the addition of butorphanol inhibited cortisol
elevations during and after surgery.
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Blood acid-base status in impala (Aepyceros
melampus) Immobilised and maintained under
total intravenous anaesthesia using two different
drug protocols

Gareth E Zeiler* and Leith C. R Meyer

Abstract

Background: In mammals, homeostasis and survival are dependent on effective trans-membrane movement of ions
and enzyme function, which are labile to extreme acid-base changes, but operate efficiently within a narrow regulated
pH range. Research in patients demonstrating a pH shifts outside the narrow regulated range decreased the cardiac
output and systemic vascular resistance and altered the oxygen binding to haemoglobin. These cardiopulmonary
observations may be applicable to the risks associated with anaesthesia and performance of wildlife ungulates on
game farms. The aim of this study was to compare blood pH changes over time in impala immobilised and
anaesthetised with two different drug protocols (P-TMP - immobilisation: thiafentanil-medetomidine; maintenance:
propofol-ketamine-medetomidine; P-EME - immobilisation: etorphine-medetomidine; maintenance: etorphine-
ketamine-medetomidine). Additionally, we discuss the resultant blood pH using both the Henderson-Hasselbalch and
the Stewart approaches. Two data collection time points were defined, Time! before maintenance of general
anaesthesia and Time 2 at end of maintenance of general anaesthesia. We hypothesise that blood pH would not be
different between drug protocols and would not change over time.

Results: Significant differences were detected over time but not between the two drug protocols. Overall, the blood
pH decreased over time from 7.37 £ 0.04 to 7.31 +0.05 (p =0.001). Overall, over time arterial partial pressure of carbon
dioxide changed from 51.3 + 7.5 mmHg to 72.6+ 124 mmHg (p <0.001); strong ion difference from 44.6+ 2.4 mEq/L
to 46.9 £3.1 mEqg/L {p< 0.001); anion gap from 15.0+3.1 mEg/L to 10.9+2.2 mEq/L {p <0.001); and total weak acids
from 161 £1.2 mmol/Lto 14.0+£1.1 mmol/L (p< 0.001). The bicarbonate changed from 29.6 +2.7 mEq/L to 36.0 + 4.
1 mEg/L [p <0.001); and lactate changed from 2.9 + 1.5 mEqg/L to 0.3 £ 0.03 mEq/L (p <0.001) over time.

Conclusions: The profound increase in the partial pressure of carbon dioxide that worsened during the total
intravenous anaesthesia in both protocols initiated a substantial metabolic compensatory response to prevent severe
acidaemia. This compensation resulted in a clinically acceptable mild acidaemic state, which worsened over time but
.not between the protocols, in healthy impala. However, these important compensatory mechanisms require normal
physiological function and therefore when immobilising ill or anorexic wild ungulates their acid-base status should
be carefully assessed.

Keywords: Blood pH, Impala, Aepyceros melampus, Immobilisation, General anaesthesia, Henderson-Hasselbalch,
Stewart approach
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Background

Enzymes are important for metabolism and regulation of
organ function and are labile to extreme acid-base
changes, but operate efficiently within a narrow regu-
lated pH range [1-3]. Research in patients demonstrat-
ing a pH shifts outside the narrow regulated range show
decreased cardiac output and systemic vascular
resistance and altered the oxygen binding to haemoglo-
bin [1, 2, 4]. These cardiopulmonary observations may
be applicable to the risks and success of anaesthesia and
performance of wildlife ungulates on game farms.

Blood pH regulation is complex and involves various
buffering systems and compensatory responses that keep
die resultant pH within an optimal range for the species
of animal [4-8]. Changes in pH are due to a change in
die hydrogen ion (H+) concentration [e, 7].

The traditional Henderson-Hasselbalch approach and
die Stewart physicochemical quantitative approach are
used to interpret blood pH. The Henderson-
Hasselbalch approach relates the blood pH to the con-
stituents of the bicarbonate (HCC= ) buffering system
|]CO2 + H20 <> H2C03 <» H+ + HCO03*) using the
following equation [9, 10]:

pH = pKa of H2C 03 + log1o ([HC03-]/[H2C 03])

Which has been adapted for clinical application by the
allowing equation [11, 12]:

pH = pKj' + logio ([HC03~]/S.PC02)

'here pKi' is the equilibrium dissociation constant of
carbonic acid =6.105 at 37.0°C (human); S is the

solubility coefficient of carbon dioxide
0.0307 [mmol/L]/mmHg.

The Stewart approach suggests that the HC03 and
H+ represent the effect rather than the cause of acid-
base derangements. Furthermore, the Stewart approach
is based on the dissociation of water (H20) to produce
H+ or hydroxide ions (OH ) to maintain electrical
neutrality within a solution (like blood) where there are
independent variables (arterial partial pressure of car-
bon dioxide [PaCO02], strong ion difference [SID], anion
gap [AG], total weak acids [Atot]) and dependent vari-
ables (H+ OH', HCO03, C03* weak acids [HA] and
ions [A-]) which influence the neutrality [13]. Any
change in the independent variable will effect a change
in the dependent variables to maintain electrical
neutrality within the solution. Stewart’s theory has led
to a revised version of the blood pH equation as follows
(11, 12;.

in plasma=

pH = pk/ + log{([SID+]—Ka[Atot] /(Ka + KTpH)/S.PC02}

where pK3' is the equilibrium dissociation constant of
carbonic acid; S is the solubility coefficient of carbon di-
oxide in plasma; Ka is the effective equilibrium dissoci-
ation constant of weak acids, the value is species
dependent (Ka=0.8 x 10”7 where pKa=7.08; calves
[11]). When using the Stewart approach the veterinarian
must measure (PaCO02 using a blood gas analyser) or
calculate the independent variables to help interpret the
resultant blood pH. Strong ion differences, anion gaps
and total weak acid concentrations may be calculated
using frequently published equations in the veterinary
literature (Table 1).

Table 1 Calculations used to calculate variables of interest to explain the acid-base balance in healthy impala (Aepyceros melampus)
-~oergoing immobilisation and general anaesthesia using two different drug protocols

*3rrble Equation used in study Equation references Unit Ruminant values Value references
aca =(INaq + [N + [Ca-Y)-([CM + [Lactate]) [4, 5, 37] mEq/L Calf: 39.3 + 4.5 [18]
Calf: 40.0 = 2.0 [16]
Xe =2.46 x I0pHsx PaC02 + albumin (g/dL) [4-6] mEq/L Calf: 348 + 4.8 [18]
sy e
9G = sIDa-SIDe [5.,6] mEq/L Calf: 0.0 + 3.0 [16]
AG =(INaq +[KTMtCn + [HCOfI) [4.8, 14, 18] mEq/L Goat: 20.02 = 05 3]
Goat: 12,62 + 17 [17]
Goat: 20.0 = 3 [19]
Goat: 17.1 + 3.9 [14]
Calf: 20.29 + 45 [18]
*CEr =225 x albumin (g/dL) + 1.4 x globulin [4,5] mmol/L Calf: 182 + 26 [18]
(g/dL) +0.59 x Phosphate (mg/dL) Calf 192 + 6.1 [16]

Cc apparent strong ion difference, SIDe effective strong ion difference, S/G strong ion gap, AO anion gap, Atot total weak acids in plasma, Na* sodium ion,
rocassium ion, Co44 calcium ion, CI" chloride ion, HCQJ bicarbonate ion, g/dL grams per decilitre, mEg/L milliequivilent per litre, mg/dL milligrams per decilitre,

— o. L millimoles per litre
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There is a growing body of literature that provide ref-
erence ranges for the independent variables in domesti-
cated production ungulates, in healthy [14] and diseased
states [15-21]. However, there is a paucity of informa-
tion regarding ranges of these variables in wildlife ungu-
lates. Furthermore, the effect of various immobilisation
and total intravenous anaesthesia protocols on blood pH
balance have undoubtedly not been explored. Field ready
drug protocols to maintain surgical anaesthesia in wild
ungulates is becoming increasingly important, due to the
increased demand of completing invasive surgical proce-
dures such as bone fracture repair [22, 23]. The drug
protocol should be made up of commonly available
drugs and be easy to administer. Furthermore, the com-
bination should maintain the animal’s organ physiology
within clinically acceptable ranges to minimise com-
promising vital organ function [4, 5, 23].

The aims of this study were to measure and report the
blood pH change over time in healthy adult female im-
pala undergoing immobilisation and general anaesthesia
using two different drug protocols. We hypothesise that
blood pH would not be different between drug protocols
and would not change over time. In addition, we aim to
discuss the measured blood pH by describing the change
in variables described by the Henderson-Hasselbalch
and Stewart approaches of interpreting blood pH.

Methods

This study was a part of a larger series of studies explor-
ing the feasibility and cardiorespiratory effects of two
different immobilisation and total intravenous anaes-
thetic protocols (drug protocols) administered for
120 min. All studies were approved by the animal ethics
and research committees of the University of Pretoria
prior to data collection (V099-13 & V012-16). The
feasibility and cardiorespiratory outcomes of the two
drug protocols are reported elsewhere and their findings
are independent of those reported here [22, 23]. The
present study reports on the acid-base status of the im-
pala undergoing the two drug protocols.

Ten adult non-pregnant female impala aged between
12 and 36 months old were enrolled in this prospective
cross-over study. The impala were captured from a
nearby game farm and transported to the Faculty 6
weeks prior to the drug trials. They were housed in a pur-
pose built 2.7 m high walled outdoor enclosure (boma) for
the duration of the study. The boma was divided, by an in-
ternal wall with swing gates at either end, into a small area
used for daily feeding and a larger home area. A & week
pre-trial period was used to allow the impala to familiarise
themselves with the boma and daily husbandry routine
[24]. The impala received hay (Erogrostis curvula), lucerne
(Medecargo sative) and water ad libitum; commercially
available antelope pellets (Alzu antelope pellets; Alzu;

South Africa; approximately 100g/animal/day) were
supplemented based on observed body condition.

All impala received two drug protocols (P-TMP &
P-EME) on two occasions separated by 4 weeks:

e P-TMP - Immobilisation: thiafentanil (0.05 mg/kg;
Thianil 1%; Wildlife Pharmaceuticals; South Africa)
and medetomidine (0.055 mg/kg; Medetomidine 1%;
Kyron Prescriptions; South Africa); Maintenance:
propofol (12 mg/kg/h; Propoven 1%; Intramed, South
Africa), ketamine (1.5 mg/kg/h; Ketamine Fresenius
10%; Intramed) and medetomidine (0.005 mg/kg/h;
Domitor 0.1%; Zoetis; South Africa) ([22]).

e P-EME - Immobilisation: etorphine (0.05 mg/kg;
Captivon 0.98%; Wildlife Pharmaceuticals) and
medetomidine (0.055 mg/kg); Maintenance:
etorphine (0.04 mg/kg/h), ketamine (1.5 mg/kg/h)
and medetomidine (0.005 mg/kg/h) ([23]).

The impala were immobilised in the same order, on
the same day of the week (two impala per day), at ap-
proximately the same time of the day, as randomised in
the first week of data collection.

All impala were enclosed in the smaller feeding parti-
tion of the boma prior to darting. The impala were re-
motely injected using a filled dart (3 mL air pressurised
dart; Dan-Inject; South Africa) containing the immobil-
isation combination, projected into the muscles of the
pelvic girdle via a carbon dioxide powered rifle (set to
5 bar pressure, 12-15 m darting distance; Dan-Inject;
Model JM). Once the dart was placed and fully dis-
charged, a stopwatch was started to record the times to
sampling. When the impala was immobilised into a re-
cumbent position without attempts to stand the
remaining impala were released into the larger home
area of the boma and the immobilised impala was
approached. An initial field clinical examination was
completed and a cannula was aseptically placed into one
of the cephalic veins prior to vehicle transport to the
procedure room approximately 650 m away. Once in the
procedure room, the impala was instrumented with a
number of monitoring devices to measure cardiorespira-
tory and temperature parameters throughout the
120 min total intravenous anaesthesia ([22, 23]). Simul-
taneously, while placing the monitoring devices, an aur-
icular artery was aseptically cannulated for serial arterial
blood sampling and direct arterial blood pressure moni-
toring. The impala were left to breathe spontaneously
throughout the study. If apnoea (no attempt to breathe
over a 60 s period) was detected at any time during the
procedures, then butorphanol (1:1 potent opioid dose)
was administered intravenously [22, 23]. All impala tra-
cheae were intubated (size 8.0 polyvinyl chloride cuffed
endotracheal tube) and received oxygen insufflation
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(fixed rate of 2 L/min) via a nasogastric feeding tube
(8 French Gauge; Avacare feeding tube; Sunray
Medical; China) placed approximately to the level of
the fourth intercostal space. Physiological saline
(Sodium Chloride Fresenius 0.9%; Intramed; South
Africa) was administered at a fixed maintenance rate
of 5 mL/kg/h for the entire 120 min anaesthesia
period.

Data collection of importance to the present study
consisted of wvenous (lateral saphenous; needle and
syringe technique; stored in serum tube) and arterial
(aspirated from the auricular artery cannula using a pre-
heparinised syringe and needle) blood sampling at two
distinct time points. Time 1 was immediately prior to
the start of the total intravenous anaesthesia infusion
and oxygen supplementation, and Time 2 was 1 minute
prior to cessation of total intravenous anaesthesia infu-
sion, and before transporting the impala back to the
boma for recovery. The times to sampling (from dart
placement until sampling) for the two distinct times
were recorded.

The venous sample was allowed to clot prior to centri-
fugation to separate the serum from the cellular compo-
nents. The serum was carefully pipetted and stored in
cryovials in a - 80 °C freezer until analysis. Serum phos-
phorus, albumin and globulin from the venous sample
was analysed using a calibrated bench top serum ana-
lyser (Cobas, Integra 400 Plus; Roche Products (Pty)
Ltd.; South Africa).

The arterial blood sample was collected and analysed
immediately using a calibrated patient side blood gas
analyser (EPOC Reader Blood Analysis Analyzer and
EPOC BGEM smart cards; Epocal; USA). The blood gas
analyser measured the following variables of interest:
pH, PaC02, sodium, potassium, calcium, chloride and
lactate, haematocrit and haemoglobin concentration.
The base excess (BE) and bicarbonate (HCO3) was cal-
culated based on the analyser’s internal algorithm setting
for “other” species. All results were interpreted at a fixed
oody temperature of 37 °C (alpha-stat analysis). Rectal
temperature (Physitemp Model BAT-12; Physitemp
Instruments; USA) was continuously monitored and
recorded at the time of blood sampling.

The impala were recaptured and transported back to
their source on completion of the series of studies.

Data analysis

1 ata were assessed for normality by plotting histograms,
:alculating descriptive statistics and performing the
-nderson-Darling test for normality. Variables of inter-
est (electrolytes, arterial carbon dioxide tension, base
access, bicarbonate, lactate, strong ion differences, anion
£ips, total weak acids, proteins, haematocrit, haemoglo-
:.n concentration and temperature) were compared

between protocols and time (both fixed effects) where
impala were modelled as a random effect using a general
linear mixed model analysis. Independent variables that
cause the change in pH over time (partial pressure of
carbon dioxide, apparent strong ion difference, anion
gap and total weak acids) are presented graphically using
box plots and whiskers [13]. Correlation between blood
pH and variables of interest (bicarbonate ion, partial
pressure of carbon dioxide, apparent strong ion differ-
ence, anion gap and total weak acids) were assessed
using Persons correlation. The times to sampling for the
first and second sampling points were compared be-
tween protocols using the two-sample t-test. Results re-
ported as mean * standard deviation (SD). Overall values
were reported as mean + standard deviation of the com-
bined data from both protocols at the two time points.
Data were analysed using commercially available statis-
tical software (MiniTab 17.1.0; MiniTab Incorporated;
USA) and results interpreted at the 5% level of signifi-
cance. The main null hypothesis tested was that there
would be no difference in blood pH between protocols
and over time within a protocol.

Results

The impala were weighed and the drug doses used for
the immobilisation were recalculated on a per kilogram
bases. In P-TMP, thiafentanil and medetomidine were
dosed at 0.052 £ 0.007 and 0.057 +0.006 mg/kg, respect-
ively. In P-EME, etorphine and medetomidine were
dosed at 0.050 +0.012 and 0.054 + 0.013 mg/kg, respect-
ively. Both drug protocols immobilised the impala ad-
equately. Within the first 15 min of recumbency
butorphanol boluses were administered to eight impala
in P-TMP and to three impala in P-EME that developed
apnoea. Repeated butorphanol boluses were necessary in
most impala receiving P-TMP. All impala were breathing
regularly and spontaneously prior to Time 1 and no
more butorphanol boluses were required.

One impala receiving P-EME sustained an inoperable
comminuted fracture to a femur due to a darting injury
and was humanly euthanised. Data collected from this
impala were excluded from analysis.

The blood pH significantly decreased over time
within both drug protocols (Table 2; p =0.001), how-
ever, there was no significant difference between the
two protocols at both the time points (p =0.974; inter-
action: protocol x time). Overall, the pH changed from
7.37+0.04 to 7.31+0.05 at Time 1 to Time 2,
respectively.

According to the Stewart approach, evaluation of the
independent variables responsible for shifts of the hydro-
gen ion concentration, and thus blood pH, demonstrated
statistically significant shifts over time that were of clin-
ical interest (Fig. 1 and Table 2). The PaC02 ip <o.001)



72 Veterinary Medicine: Assessment, Diagnosis and Treatment of Animal Diseases

Table 2 Measured and calculated values obtained from healthy impala (Aepyceros melampus) undergoing immobilisation and
general anaesthesia using two different drug protocols

Variable Unit Time 1 Time 2 P value
P-TMP P-EME P-TMP P-EME
Mean +SD Mean +SD Mean +SD Mean +SD

Times to sampling (from dart placement until sampling)
Times to sampling min 16.8 +7.0 19.2 +5.6 150.4 +5.7 151.8 +6.3
T-test P value P =0.442 P =0.613

Basic clinical parameters at time of sampling

Heart rate Beats/min 122 +40 79 +37 57 +9 59 +11 <0.001
Resp rate Breaths/min 9 +5 9 +2 10 +2 10 +2 0.316
MAP mmHg 126 +14 117 +18 102 +12 90 +19 0.001
Temperature °C 38.9 +0.4 39.3 +0.2 37.0 +0.2 37.0 +0.2 <0.001

Arterial blood acid base analysis

pH N/A 7.36 +0.04 7.38 +0.04 731 +0.02 7.30 +0.05 0.001

HCOi mEq/L 29.0 +2.7 30.1 +2.9 36.0 +5.9 35.9 *1.5 <0.001
mmol/L 29.0 +2.7 30.1 +29 36.0 +59 35.9 *15

BE mEq/L 3.6 +24 4.9 +3.1 9.8 +6.1 95 *15 <0.001
mmol/L 3.6 +2.4 4.9 +3.1 9.8 +6.1 95 +15

Lactate mEq/L 3.0 +1.6 2.9 +14 0.3 +0.0 0.3 +0.0 <0.001
mmol/L 3.0 +1.6 29 +14 0.3 +0.0 0.3 +0.0

Electrolytes

Na+ mEq/L 145.8 +1.3 146.9 +2.3 146.4 +2.4 148.2 +24 0.170
mmol/L 1458 +13 146.9 +2.3 146.4 +24 148.2 +2.4

K+ mEq/L 4.2 +0.2 41 +0.4 3.6 +0.1 3.6 +0.3 <0.001
mmol/L 42 +0.2 41 +0.4 3.6 +0.1 3.6 +0.3

Ca++ mEq/L 11 +0.1 11 +0.1 11 +0.1 11 +0.1 0.307
mmol/L 0.55 +0.05 0.55 +0.05 0.55 +0.05 0.55 +0.05

cr mEq/L 107.4 +3.1 106.6 +2.38 103.9 +2.6 106.3 +2.4 0.046
mmol/L 107.4 +3.1 106.6 +2.8 103.9 +2.6 106.3 +2.4

p- mEq/L 22 +0.4 22 +0.5 2.0 +0.5 2.2 +0.5 0.606
mmol/L 2.2 +04 22 +0.5 2.0 +05 2.2 +0.5

Proteins

Albumin g/dL 4.4 +0.3 4.2 +0.3 3.6 +0.2 3.7 +0.1 <0.001

Globulin g/dL 18 +0.3 16 +0.3 15 +0.3 1.4 +0.2 0.003

Haematocrit bl 0.29 +0.03 0.28 +0.03 0.18 +0.02 0.20 +0.03 <0.001

Haemoglobin g/dL 9.98 +0.86 9.42 +1.22 6.12 +0.72 6.72 +0.88 <0.001

Independent variables affecting pH

PaC02 mmHg 515 +8.6 51.2 +6.7 71.4 +15.6 738 +9.1 <0.001

SIDa mEq/L 40.7 *19 42.7 +2.7 47.0 +4.3 46.2 +1.4 <0.001
mmol/L 40.1 +19 421 +2.7 46.4 +4.3 45.7 +1.6

SIDe mEq/L 34.1 +3.0 351 +3.6 40.4 +6.0 40.8 +2.0 <0.001

mmol/L 341 +3.0 35.1 +3.6 40.4 +6.0 40.8 +2.0
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Table 2 Measured and calculated values obtained from healthy impala (Aepyceros melampus)

general anaesthesia using two different drug protocols (Continued)

SIG mEq/L 6.6 +3.3 75
mmol/L 6.0 +3.2 70

AG mEq/L 135 +4.0 143
mmol/L 135 +4.0 143

Atot mmol/L 16.4 *12 15.7

maintained under total intravenous... 73

undergoing immobilisation and

+1.8 6.5 +3.2 55 +2.2 0.243
+14 6.0 +3.2 5.0 +2.2

21 10.2 +2.8 9.5 +1.7 <0.001
+2.1 10.2 +28 9.5 +1.7

*12 138 +11 143 +1.0 <0.001

Tmel: sampling prior to maintenance of general anaesthesia; Time 2: sampling 1 min prior to ending general anaesthesia; P-TMP protocol using thiafentanil-
medetomidine immobilisation and propofol-ketamine-medetomidine infusion for general anaesthesia maintenance, P-EME protocol using etorphine-medetomidine
immobilisation and etorphine-ketamine-medetomidine infusion for general anaesthesia, P value level of significance estimated over time, min minute, Resp rate respiratory
rate, MAP direct mean arterial blood pressure, HCOJ bicarbonate ion, BE base excess, Na* sodium ion, !C potassium ion, Ca** calcium ion, CI chloride ion, P~ phosphorus
ion, PaCOi arterial partial pressure of carbon dioxide, SIDa apparent strong ion difference, SIDe effective strong ion difference, S/G strong ion gap, AG anion gap Atot total
weak acids in plasma, mmHg millimetres mercury, g/dL grams per decilitre, mEg/L milliequivilent per litre, mg/dL milligrams per decilitre, mmoi/L millimoles per litre

and SIDa (p<0.001) increased, while the AG (p <0.001)
and Atot (p <0.001) decreased over time. Yet, there was no
significant difference between the two drug protocols for
PaC02 (p=0.754), SIDa (p=0.552), AG (P=0.963) and
Atot (p=0.860). Overall, the independent variables
changed, as follows: PaC02 from 51.3 £ 7.5 mmHg to 72.6
+12.4 mmHg; SIDa from 44.6+24 mEg/L to 46.9
3.1 mEg/L; AG from 15.0 + 3.1 mEqg/L to 10.9 + 2.2 mEq/
L; and Atot from 16.1 + 1.2 mmol/L to 14.0 + 1.1 mmol/L
at Time 1to Time 2, respectively.

According to the Henderson-Hasselbalch approach,
the PaCO02 (already described above) and serum
bicarbonate are the variables of interest. Serum bicar-
bonate increased (p <0.001) and serum lactate decreased
p <o.001) over time, without significant differences be-
tween the two protocols at the time points (serum bicar-
bonate p =0.676; serum lactate p =0.782). Overall, the
serum bicarbonate changed from 29.6 +2.7 mEg/L to
36.0 4.1 mEg/L; and serum lactate changed from 2.9
i.5 mEg/L to 0.3 £0.03 mEg/L at Time 1 to Time 2,
respectively.

The blood pH demonstrated a strong negative cor-
relation to the PaCO02 (r=-0.824; p <0.001) and a
moderate negative correlation to serum bicarbonate
r=-0.385; P =0.020). The blood pH did not correlate
to the SIDa (r=-0.316; p - 0.060) and Atot (r =0.164;
p =0.341), respectively, but it did correlate moderately
and positively to the AG (r= 0.413; p =0.012).

The electrolytes did not change over time, with the ex-
ception of potassium (p <0.001) and chloride (p =0.046)
which both decreased without a significant difference
retween the two protocols (potassium p =0.192; chloride
p =0.398). Overall, potassium changed from 4.1+
.3 mEg/L to 3.6 + 0.3 mEg/L; and chloride change from
107.0+ 2.9 mEg/L to 105.1 £2.7 mEg/L at Time 1 to
Time 2, respectively.

The haematocrit (p <0.001) and haemoglobin concen-
tration decreased (p<o.0o01) over time, without

gnificant differences between the two protocols at the
tme points (haematocrit p =0.856; haemoglobin

concentration p =0.944). Overall, the haematocrit chan-
ged from 0.29 +0.03 L/L to 0.19 + 0.02 L/L; and haemo-
globin concentration changed from 9.7 + 1.1 g/dL to 6.4
+0.8 g/dL at Time 1 to Time 2, respectively.

The serum proteins, albumin (p =<0.001) and globulin
(p=0.003) significantly decreased over time with a
significant differences between the two protocols for albu-
min (p =0.036; interaction: protocol x time), yet, not for
globulin (p =0.092; interaction: protocol x time). Overall,
the albumin changed from 4.3 + 0.3 g/dL to 3.6 + 0.2 g/dL;
and globulin changed from 1.7 £ 0.3 g/dL to 1.5 +£0.2 g/dL
at Time 1 to Time 2, respectively.

Discussion

The initial blood pH, after immobilisation, indicated a
mild acidaemia (normal ruminant arterial blood pH ref-
erence range 7.37 to 7.48 [25]) due to the elevated
PaCO02 causing a respiratory acidosis. Thereafter, the
PaCO02 increased further and blood pH of the impala
significantly decreased over time, regardless of the im-
mobilisation and anaesthetic protocol wused. The
Henderson-Hasselbalch approach and the quantitative
physicochemical Stewart approach were used to inter-
pret the acid-base status of the impala. The profoundly
elevated PaCO02 at the end of the anaesthesia would
cause a respiratory acidosis, while the rising apparent
strong ion difference (SIDa) and waning total weak acids
(Atot) contributed to a simultaneous occurring meta-
bolic alkalosis. Furthermore, the progressive elevation of
the calculated serum bicarbonate (HCOi) and base ex-
cess (BE) both indicate an emerging compensatory meta-
bolic response. Therefore the resultant pH values at the
end of the anaesthesia are because of a pronounced
metabolic compensatory response to the severe respira-
tory acidosis that resulted in an overall mild acidaemia.
Because there are no published reference ranges for
acid-base variables in resting impala we used ranges
from closely related species (healthy awake goats and
calves; Table 1) to interpret our findings.
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Time

Time

Fig. 1 Box plot and whiskers of the independent variables in healthy impala (Aepyceros melampus) thought responsible for the change in
hydrogen ion concentration (pH) in the plasma. Time 1was sampling after immobilisation with either thiafentanil-medetomidine (P-TMP) or
etorphine-medetomidine (P-EME). Time 2 was sampling at the end of either a propofol-ketamine-medetomidine (P-TMP) or an etorphine-

ketamine-medetomidine (P-EME) total intravenous infusion. Where: PaC02 is the arterial partial pressure of carbon dioxide; SIDa is the apparent

strong ion difference; Atot is the total weak acid concentration in plasma; mmHg: millimetres mercury; mEqg/L: milliequivence per litre and
mmol/L: millimoles per litre; t: significant change in variable value over time for P-TMP protocol; ® significant

Unfortunately, more advanced techniques used to cal-
culate compensation, like expected compensatory
changes in PaC02 or bicarbonate ion concentrations,
would be difficult to use for interpretation due to the
paucity in referenced normal ranges for small wild ungu-
lates. Although the impala were habituated to the boma,
they were not tame enough for us to obtain awake con-
trol or reference samples. Gaining such samples from an
awake wild animal can only be achieved by using remote
sampling devices [26]. Such devices are not readily avail-
able and need to be custom made per species [27].

We expected respiratory acidosis to be pronounced,
especially at the end of the anaesthesia, as PaC02 was
greatly elevated compared to the normal awake range of
35-45 mmHg in mammals [5]. The PaCO02 at the end of
the anaesthesia was substantially higher compared to
just after induction into immobilisation in our impala,
and compared to values measured in other immobilised
impala (PaC02 of 39.1 +3.4 to 41.3+5.0 mmHg) [28].
One of the stimuli to take a breath in a healthy awake
animal is brought about by the rising PaCO02 level reach-
ing a threshold. The drugs used in this study, especially
the potent opioids, either alone or in combination with
the other anaesthetic and sedative drugs, are known to
cause respiratory-neuronal depression [29, 30] which
shifts the carbon dioxide respiratory response curve to
the right [31]. Whereby a higher threshold level of
PaCO0z2 is required to stimulate the respiratory centre to
initiate a breath. Therefore these drugs ultimately result
in hypoventilation (decreased alveolar  minute

ventilation) which causes the increase in PaC02. Ventila-
tion is challenging to assess when only subjectively mon-
itoring the respiratory system by counting the
respiratory rate and estimating the tidal volume. Often
an animal will appear to be ventilating normally, as in
the case of these impala that had a normal respiratory
rate and tidal volume at Time 1, after dosing with butor-
phanol (data reported elsewhere) [22, 23], but on closer
examination this may not be the case. Thus, more inva-
sive monitoring tools, such as arterial blood gas analysis
or capnography, may be required to detect shifts in
blood pH that are due to alterations in ventilation [32].
Furthermore, other co-aetiologies should always be
considered when there is an obvious respiratory acidosis
without overt evidence of simple hypoventilation, such
as severe right-to-left pulmonary shunting, large
dead-space ventilation or ventilation-perfusion
mismatch [5 23, 30]. Haemoglobin is an important
intracellular buffer that will bind reversibly to either
carbon dioxide or to the hydrogen ion formed by the
bicarbonate buffer system, to transport them from the
metabolising tissues to the lungs [4, 5, 8, 33, 34].
With oxygen supplementation an increase in the
Pa02 will increase the force for oxygen to bind to
haemoglobin as opposed to carbon dioxide or hydro-
gen ions (Haldane Effect; high Pa02 levels decrease
the buffering effects of haemoglobin, therefore hydro-
gen ions are unbound from haemoglobin to preferen-
tially transport oxygen). Therefore, during anaesthesia,
the PaCO02 in the impala most likely increased due to
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the oxygen supplementation [4, 5, 33, 34]. Further-
more, the haemoglobin concentration (and haemato-
crit) dropped during general anaesthesia [35], a
known phenomenon in patients under general anaes-
thesia, especially if alphaz-adrenoceptor agonists like
medetomidine are used [36], therefore decreasing an
important plasma buffering system which could have
also contributed to the increase in PaC02 and hydro-
gen ion concentration. The emergency treatment of
apnoea with butorphanol did result in a regular spon-
taneous breathing pattern in the impala immobilised
with both protocols [22, 23]. A limitation to this
study is that we did not take arterial blood samples
immediately after recumbency, while apnoeic episodes
occurred, especially in P-TMP which required more
frequent butorphanol boluses compared to P-EME.
Therefore, the effects of butorphanol on the blood
pH could not be determined. However, in another
etorphine immobilized ungulate, the goat, butorphanol
corrected hypoxaemia but not hypercapnia and there-
fore it may be that it had little influence on blood
pH in the impala at Time 1 [37].

Irrespective of the cause of the respiratory acidosis,
metabolic compensation, indicated by the significant rise
in the bicarbonate ion concentration, occurred within a
120 min. This indicator of compensation is according to
the traditional Henderson-Hasselbalch approach used to
evaluate blood pH, whereby the body attempts to correct
the increased hydrogen ion concentration by elevating
the bicarbonate ion concentration to normalise the bi-
carbonate ion to carbonic acid ratio ([HCO03~]:[H2C 03]
ratio) back to 20:1 [4]. The PaCO02 corresponds to
H2C 03 and is merely substituted to simplify the calcula-
tion of the compensatory response [12, 17, 28]. There-
fore, any rise in PaC02 should be met by a rise in the
HCO03“ ions in uncomplicated respiratory acidosis, as
demonstrated in these impala.

A simple change in the HC03 does not completely ex-
plain the acid-base compensation that occurred in the
:mpala. The apparent strong ion difference (SIDa) was
r.igher and the total weak acids (Atot) were lower than
<jiat of published ranges for healthy control goats and
:alves. Both changes indicate an additional non-
respiratory alkalinising effect [5-7, 11]. The measured
-..ectrolytes (sodium, potassium, calcium, chloride and
rhosphorus) were within accepted published ranges for
Tipala [38]. Furthermore, all but the potassium and
mloride concentration did not significantly change over
:me. Yet the decrease in the potassium level was not
irge enough to solely explain the increased apparent
-rong ion difference (SIDa) value. Therefore, the de-
cease in lactate ion concentration that occurred most

xely contributed the most to the increased apparent
strong ion difference (SIDa) at the 120 min

measurement. The drop in the chloride concentration
could have been due to the increase in plasma bicarbon-
ate, whereby the plasma attempts to maintain electrical
neutrality by excreting chloride [5-7, 12, 39]. At the rate
of administration used it is unlikely that the infused
physiological saline increased -sodium or chloride con-
centrations in the plasma of the impala, as reported in
healthy dogs [40]. The decreased total weak acids (Atot)
over time was attributed to the decrease in albumin and
globulin concentrations. A decrease in plasma protein
levels has been described in animals undergoing general
anaesthesia [35], especially when alpha2-adrenoceptor
agonists such as medetomidine are administered [36].
The total weak acids (Atot) levels reported in this study
were also lower compared to goats and calves. This dif-
ference could be attributed to different measurements of
phosphorus, or different calculations used to determine
the total weak acids (Atot). Furthermore, the rising bi-
carbonate ion concentration could cause the negatively
charged proteins to move out of the plasma in order to
maintain electrical neutrality, a plausible theory requir-
ing further confirmation.

The decrease in the anion gap (AG) over time was at-
tributed to the pronounced increase in the HC03“ con-
centration. Overall the anion gap (AG) was
substantially lower than those reported for goats and
calves [14, 17-20]. However, the H C03 concentrations
and BE at the end of the anaesthesia were higher than a
generally accepted upper limit of 30 mmol/L and 6.0 to
8.0 mmol/L, respectively for herbivores [4, 5, 8] and the
published ranges for healthy goats [14, 17, 19] and
calves [18, 20]. Both of these variables demonstrate that
a metabolic compensatory response was initiated to
correct the respiratory acidosis in the impala.

The worsening acidaemia, and precipitous drop in
serum protein concentrations, especially albumin, may
alter ionisation and protein binding of drugs, which
could have profound effects on drug pharmacokinetics
and dynamics [41]. These possible alterations warrant
further investigation to gain better clarity of their clinical
implications. In other words, did the impala in this study
experience more pronounced respiratory depression due
to alterations in the pharmacokinetics and dynamics of
the drugs used to maintain general anaesthesia by
causing a relative overdose?

Furthermore, the clinical implications of acidosis,
regardless of cause, are serious and warrant careful
consideration. The effects of acidosis on the cardiovas-
cular system include negative inotropy, tachycardia and
vasodilation which translates into a decreased blood
pressure due to the reduction in cardiac output
(decreased stroke volume) and systemic vascular resist-
ance [1, 2]. Oxygen binding to haemoglobin is altered,
causing a right shift in the oxygen-haemoglobin
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dissociation curve (Bohr Effect; acidaemic plasma pH,
usually brought about by increasing PaCO02 levels at
metabolically active tissue decrease haemoglobins affin-
ity for oxygen, therefore increase its offloading to the
tissue) [4, 5]. The right shift translates into a decrease
affinity for haemoglobin to bind to oxygen, therefore
less is transported to the tissue potentially resulting in
tissue hypoxia. Among other causes, the decrease in pH
increases the stimulation to breathe which results in in-
creased workload of the respiratory system and there-
fore global oxygen demand. Furthermore, the decrease
in cardiovascular performance decreases oxygen deliv-
ery [2]. Animals that cannot initiate compensatory re-
sponses to acidosis due to illness or the effects of
anaesthetic drugs or both may suffer further physio-
logical derangements which could lead to increased
morbidity or mortality.

The shift in blood pH was evident in healthy impala
undergoing immobilisation and general anaesthesia
using two different drug protocols. The profound in-
crease in PaCO02, despite a seemingly normal respiratory
rate for a medium sized ruminant suggests that monitor-
ing for a respiratory acidosis is not reliable when using
just the respiratory rate as an indicator of respiratory
suppression. The gases found within the alveoli while
breathing room air include nitrogen, oxygen and carbon
dioxide (originating from the metabolically active tissue
and transported to alveoli via the blood). If the amount
of carbon dioxide increases to levels above 50 mmHg, as
noted in these impala, then there is an increased compe-
tition for gases within the alveoli [4, 5]. This competition
decreases the amount of oxygen that is available for ab-
sorption and can lead to hypoxaemia [4, 5]. Therefore, if
these protocols are to be used in the field, oxygen sup-
plementation should be considered mandatory [22, 23].
Despite the substantial increase in PaC02 over time the
acidaemic shift in the blood pH was negligible due to
the profound compensatory metabolic responses that we
detected. These important responses require normal
health and physiological function and therefore caution
should be taken, and acid-base status carefully assessed,
when immobilising ill or anorexic wild ungulates.

Conclusion

The profound increase in the partial pressure of carbon
dioxide that worsened during the total intravenous anaes-
thesia in both protocols initiated a substantial metabolic
compensatory response to prevent severe acidaemia. This
compensation resulted in a clinically acceptable mild acid-
aemic state, which worsened over time but not between
the protocols, in healthy impala. However, these important
compensatory mechanisms require normal physiological
function and therefore when immobilising ill or anorexic
wild ungulates their acid-base status should be carefully

assessed. In addition, whenever impala are immobilised
with thiafentanil or etorphine based drug combination
respiration should be closely monitored and butorphanol
and oxygen supplementation should be considered in
apnoea and hypoxia occurs.
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Abstract

Background: c-KIT expression has been related to bone metastasis in human prostate cancer, but whether c-KIT
expression can be similarly classified in canine prostatic tissue is unknown. This study assessed c-KIT and Ki67
expression in canine prostate cancer (PC). ¢c-KIT gene and protein expression and Ki67 expression were evaluated in
forty-four canine prostatic tissues by immunohistochemistry, RT-qgPCR and western blot. Additionally, we have
investigated c-KIT protein expression by immunoblotting in two primary canine prostate cancer cell lines.

Results: Eleven normal prostates, 12 proliferative inflammatory atrophy (PIA) prostates, 18 PC, 3 metastatic lesions and
two prostate cancer cell cultures (PC1 and PC2) were analysed. The prostatic tissue exhibited varying degrees
of membranous, cytoplasmic or membranous/cytoplasmic c-KIT staining. Four normal prostates, 4 PIA and 5
prostatic carcinomas showed positive c-KIT expression. No c-KIT immunoexpression was observed in metastases.
Canine prostate cancer and PIA samples contained a higher number of Ki67-positive cells compared to normal
samples. The median relative quantification (RQ) for c-KIT expression in normal, PIA and prostate cancer and
metastatic samples were 0.6 (0.1-2.5), 0.7 (0.09-2.1), 0.7 (0.09-5.1) and 0.1 (0.07-0.6), respectively. A positive
correlation between the number of Ki67-positive cells and c-KIT transcript levels was observed in prostate
cancer samples. In the cell line, PC1 was negative for c-KIT protein expression, while PC2 was weakly positive.

Conclusion: The present study identified a strong correlation between c-KIT expression and proliferative
index, suggesting that c-KIT may influence cell proliferation. Therefore, c-KIT heterogeneous protein expression among
the samples (five positive and thirteen negative prostate cancer samples) indicates a personalized approach for canine

prostate cancer.

Keywords: CD117 antigen, Dog, Prostatic cancer, Immunohistochemistry, Western blotting

Background

Prostate cancer (PC) in dogs is associated with aggressive
tumour behaviour, high metastatic rate and poor progno-
sis [1]. Bone and lungs are the most common metastatic
sites, and 80% of patients show distant metastases at the
time of diagnosis [2-4]. Despite the devastation of this
disease, few treatment options are currently available for
PC-affected dogs [5, 6]. Radiation therapy and non-
steroidal anti-inflammatory drugs are considered the best

* Correspondence: renee@fmvz.unesp.br

"Department of Veterinary Clinic, School of Veterinary Medicine and Animal
Science, Univ. Estadual Paulista - UNESP, Rua Professor Dr Walter Maurfcio
Correa, s/n, Unesp/Campus de Botucatu, Mail box- 560, Botucatu, SP
18618-681, Brazil

Full list of author information is available at the end of the article

options for metastatic PC [7]. Photodynamic therapy [8],
targeted radioiodine imaging [9] and radiolabelled mono-
clonal antibodies [10] have been experimentally used in
pre-clinical canine models of human prostate cancer, but
their clinical efficacy is currently unknown. Other targeted
therapies have been evaluated, such as inhibition of the
c-KIT receptor using toceranib [11, 12]. In fact, recent
studies have demonstrated the role of ¢c-KIT in human PC
development [13] and metastasis [14].

The proto-oncogene c-KIT belongs to the class Il re-
ceptor tyrosine kinase family, and its ligand (stem cell
factor protein) represents the mast cell growth factor in
humans and dogs [15, 16]. In xenografts models of hu-
man PC with low c-KIT expression, the receptor is up-
regulated during cancer progression through production
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of stem cell factor in the bone microenvironment [14].
Thus, osteoclasts produce stem cell factor, stimulating
PC cells to increase c-KIT expression and, subse-
quently, their migration from the primary tumour to
bones [14]. Inhibition of c-KIT using lentiviral short
hairpin RNA in human PC cell lines reduced tumour
growth and increased the incidence of metastasis, sug-
gesting a key role for c-KIT in intraosseous tumour
growth in xenografts model [17].

Moreover, c-KIT has been hypothesized to be involved
in neoplastic cell proliferation. In canine mammary
tumours, a positive correlation between c-KIT and Ki67
expression has been demonstrated [18]. Brunettti et al.
[18] observed a correlation between c-KIT expression
and I<i67 immunoexpression, suggesting a correlation
between the presence of c-KIT receptor and proliferative
activity. These authors indicated that membranous or
cytoplasmic immunolocalization promotes proliferation
in canine malignant tissue [18]. Our research team eval-
uated double immunohistochemical expression of
¢c-KIT/1<i67 in canine mast cell tumours [19] and identi-
fied a strong correlation between the co-expression of
¢-KIT and I<i67 with survival time. Thus, patients show-
ing positive immunostaining against both markers
c-KIT/1<i67) experienced decreased survival time [20].
¢c-KIT expression has been studied in different canine
tumours, including mast cell tumours [20], mammary
tumours [18], seminomas [19], liposarcomas [19] and
gastrointestinal stromal tumours [19]. To the best of our
knowledge there is no information about c-KIT expres-
sion in canine PC tissue.

Therefore, this study aimed to evaluate c-KIT gene
and protein expression in normal prostate, canine
preneoplastic lesions (proliferative inflammatory atrophy
- [PIA]), PC and its metastasis and correlation with
Xi-67 expression and other clinical and biological pa-
rameters. Additionally, we investigated c-KIT protein ex-
pression in two canine PC primary cell lines.

Methods

Case selection

Forty-four formalin-fixed paraffin-embedded (FFPE) and
-velve frozen canine prostatic tissues were selected from

the archives of the Veterinary Pathology Service (Univ.
Estadual Paulista-UNESP) from 2011 to 2015. Tumour
samples were obtained from PC-affected dogs during
prostatectomy, surgery or necropsy. Normal prostates
and PIA lesions were collected during necropsy from
animals that died causes not related to prostatic disease.
For western blot analysis, tissue samples were collected
and immediately frozen in liquid nitrogen.

All samples were from intact adult dogs. We selected
11 normal prostates, 12 PIA samples, 18 PC and three
metastases. The metastatic samples were from three dif-
ferent patients (PC3, PC10 and PC13 - Table 1). The
Gleason score of each PC was determined according to
Palmieri and Grieco [21], and the histological subtypes
were evaluated according to Palmieri et al. [22]. Only PC
samples with negative Uproplakin Il (UPIII) antibody
staining were used. UPIIl staining was performed ac-
cording to Lai et al. [23].

Clinical data

Medical records were assessed to obtain clinical informa-
tion, treatment modalities, treatment response and out-
come for each patient. Clinical data was available for 14
out of 18 PC-affected patients (Additional file 1. Table SI).
Radical prostatectomy was the primary treatment for ani-
mals with non-metastatic PC (2/14). Three patients (3/14)
received metronomic chemotherapy, two patients (2/14)
received piroxicam, while one patient (1/14) did not re-
ceive any treatment. Metronomic chemotherapy was ad-
ministered according to Fonseca-Alves et al. [5].

c-KIT and Ki67 protein expression

Slide sections (4 pm) were dewaxed in xylene and rehy-
drated in ethanol. For antigen retrieval, slides were incu-
bated with citrate buffer (pH 6.0) in a pressure cooker
(Pascal*; Dako, Carpinteria, CA, USA) followed by treat-
ment with freshly prepared 3% hydrogen peroxide (code:
2081, Dinamica, Diadema, Brazil) in methanol (code:
956, Dinamica, Diadema, Brazil) for 20 min to inhibit
endogenous peroxidase activity and further washed in
Tris-buffered saline. Slides were incubated with the fol-
lowing primary antibodies overnight at 4 °C: anti-I<i67
(code: M7240, Monoclonal, mouse anti-human, Clone
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MIB1, Dako, 1:50) and anti-CD117/c-KIT (code: A4502,
Polyclonal, rabbit anti-human, Dako, 1:100). Both anti-
bodies have been previously validated against canine tis-
sue [24, 25]. A polymer, peroxidase-based system (code:
K4061, Envision, Dako, Carpinteria, CA, USA) was sub-
sequently applied, and 3'-diaminobenzidine tetrahydro-
chloride (code: K3468, DAB, Dako, Carpinteria, CA,
USA) was used as a chromogen for 5 min, followed by
Harris haematoxylin (code: 2072, Dinamica, Diadema,
Brazil) counterstaining. Negative controls were treated
the same except for replacing the primary antibody with
Tris-buffered saline. A cutaneous canine mast cell
tumour was used as a positive control.

Samples were evaluated according to the percentage of
c-KIT-positive expression in neoplastic cells and then clas-
sified as c-KIT positive or negative. The following semi-
quantitative scores were applied: 0 = negative, 1 = >0- 10%
positive cells, 2 =11-40% positive cells, 3=41-70%
positive cells and 4 =>70% positive cells. Samples show-
ing a percentage higher than 10% were classified as posi-
tive [8]. Distribution of the signal (membranous and/or
cytoplasmic) was recorded. For Ki67 analysis, the number
of positive neoplastic cells in 10 high power fields (HPF)
was calculated.

Primary cell culture

Primary cell lines were previously established in our la-
boratory. We cultured one c-KIT positive and one c-KIT
negative PC (evaluated by immunohistochemistry). Ca-
nine PC cells (PCI and PC2) were cultured in a PEGM™
prostatic medium (Lonza, Basel, Switzerland) at 37 °C in
5% C02 in culture medium supplemented with 10% inac-
tivated foetal bovine serum (FBS, HYCLONE, Waltham,
MA, USA) and 100 U/mL of penicillin G and 100 mg/mL
of streptomycin (SIGMA, Portland, OR, USA). Culture
medium was discarded and replaced with fresh medium
every 48 h. For protein and mRNA extraction, 104 cells
were cultured in 6 -well plates (Inc., Corning, NY, USA) in
triplicate. When cell cultures reached greater than 90%
confluence, protein and mRNA were extracted.

Protein quantification

Western blotting was performed on normal prostate (n=s),
PC samples (n =6) and the two cell lines. A cutaneous mast
cell tumour was used as positive control for c-KIT expres-
sion. Tissue samples were mechanically homogenized in
50 mM of Tris-HCI buffer, pH 7.5, 0.25% Triton X-100 and
EDTA using the Polytron homogenizer (Kinematica,
Lucerne, Switzerland) for 30 s at 4 °C. For both cell lines,
RIPA Lysis Buffer (catalog: 89,901, Millipore Co., Bedford,
MA, USA) was used for protein extraction following manu-
facture’s recommendation. Then, sample homogenates from
prostatic tissue and cell lines were centrifuged. Proteins
were extracted from the supernatant and quantified as

described by Bradford (1976). Equal amounts of protein
(70 pig) obtained from the samples were heated at 95 °C for
5 min in the sample loading buffer and were then subjected
to SDS-PAGE separation or electrophoresis under reducing
conditions and transferred to nitrocellulose membranes
(code: N7892, Sigma Chemical Co., St. Louis, MO).
Membranes were blocked with 6% skimmed milk in TBS-T
(10 mM Tris-HCI pH 7.5, 150 mM NacCl, 0.1% Tween-20)
for 4 h, and the anti-KIT antibody (code: A4502, polyclonal,
rabbit-anti human, Dako - CA, USA; 1:300) was applied
and incubated overnight Anti-(l-actin antibody (code:
sc-1616, polyclonal, goat anti human, Santa Cruz
Biotechnology, Santa Cruz, CA, USA; 1:1:000) was used as
a positive control. After incubation with the corresponding
horseradish peroxidase-conjugated secondary antibody, the
blots were detected by means of chemiluminescence (code:
RPN2235, Amersham ECL Select western blotting
Detection Reagent, GE Healthcare). Protein bands were
quantified by densitometry analysis and expressed as inte-
grated optical density (I0OD). ¢-KIT protein expression was
normalised to (1-actin. Normalised data are expressed as the
mean with standard deviation.

Gene expression

All FFPE prostatic samples were macrodissected using
16-gauge needles, and mRNA were extracted using a
commercial RecoverAlIF" Total Nucleic Acid Kit (code:
AM1975, Ambion, Life Technologies, MA, USA) ac-
cording to the manufacturer’s instructions. mMRNA from
cell lines was extracted using the RNeasy mini Kit (code:
74,104, Qiagen, Hilden, Germany) following the manu-
facturer’s recommendations. mMRNA concentration was
determined with a spectrophotometer (NanoDrop",
ND-8000, Thermo Scientific, MA, USA), while mRNA
integrity was evaluated with a Bioanalyzer 2100 and an
Agilent RNA 6000 Nano Kit (code: 5067-1511, Agilent
Technologies, CA, USA). cDNA was synthesized in in-
cluded in a final volume of 20 |iL, with each reaction
containing 1 pg of total RNA treated with DNAse 1
(code: 18,047,019, Life Technologies, Rockville, MD,
USA), 200 U of Super Script Il reverse transcriptase
(code: 18,080,044, Life Technologies, Rockville, MD.
USA), 4 pL of 5X Super Script First-Strand Buffer, 1 pL
of each dNTP at 10 mM (code: 18,427,088, Life
Technologies, Rockville, MD, USA), 1 pL of OUgo-(dT)18
(500 ng/pL) (code: 8,418,012, Life Technologies, Rockville,
MD, USA), 1 pL of random hexamers (100 ng/pL) (code:
N8080127, Life Technologies, Rockville, MD, USA), and
1 pL of 0.1 M DTT (code: R0861, Life Technologies,
Rockville, MD, USA). Reverse transcription was
performed for 60 min at 50 °C, and the enzyme was subse-
quently inactivated for 15 min at 70 °C. cDNA was stored
at -80 °C as described by Rivera-Calderon et al. [26].
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RT-gPCR for c¢-KIT (Forward: 5'-CCAGTGTGTG
GTTGCAGGAT-3" and Reverse: 5'-CTCAGCTCCTGG
ACAGAAATACC-3") and the endogenous genes HPRT
(Forward: 5’-AGCTTGCTGGTGAAAAGGAC-3' and
Reverse: 5'-TTATAGTCAAGGGCATATCC-3"), ACTB

(Forward: 5-GGCATCCTGACCCTCAAGTA-3' and
Reverse: 5'-CTTCTCCATGTCGTCCCAGT-3") and
RPS5 (Forward: 5'-TCACTGGTGAGAACCCCCT-3'

and Reverse: 5'-CCTGATTCACACGGCGTAG-3") was
conducted in a total volume of 10 pL containing Power
SYBR Green PCR Master Mix (Applied Biosystems;
Foster City, CA, USA), 1 pL of cDNA (1:10) and 0.3 pL
of each primer. Reactions were performed in triplicate in
384-well plates using QuantStudio 12 K Flex Thermal
Cycler equipment (Applied Biosystems; Foster City, CA,
USA). A dissociation curve was included in all experi-
ments to determine the PCR product specificity. Relative
gene expression was quantified using the 2 JJACT method.

Statistical analysis

All groups (normal, PIA, PC and metastases) were evalu-
ated as the median, and an analysis of variance
ANOVA) was used to evaluate any difference among
the groups. Data are presented as the mean +SD. A t
test was used to verify the significant difference in I<i67
expression and c-KIT gene expression. The survival
curve was calculated only for PCs using the Kaplan-
Meier method, and the statistical significance was deter-
mined using a log-rank test. The overall survival was de-
fined as the period (in months) between the date of
surgery and death. We evaluated the overall survival of
Y1 patients according to the chemotherapy protocol, c-
KIT expression (c-KIT transcript level and immunoex-
rression) and Ki67 expression (low I<i67 expression or
high 1<i67 expression). The I<i67-positive samples were
categorized as low or high according to the median ex-
rression. A t test was used for western blotting analysis. A
t test was applied to analyse the c-KIT transcript levels
comparing two variables. P <0.05 was considered signifi-
cant for all variables. Analyses were performed using
GraphPad Prism 5 (GraphPad Software Inc., La Jolla, CA).

Results
Oinical data
Cl clinical information about breed, age and metastatic his-
;ary from the fourteen dogs with PC are shown in
-.dditional file 1: Table SI. Based on clinical records, the
utcome was identified in 8 out of 14 (57%) patients. The
median survival time was 165 days (12 - 423 days). Despite
me heterogeneous survival rate due to different treatments,
me patients that received metronomic chemotherapy expe-
menced the highest survival time (p =0.01). There were no
caificant differences between survival time and c-KIT or
*j 67 expression. Based on the Gleason score classification,

10 patients showed a tumour with a Gleason score 10 (10/
14), two patients showed a Gleason score & (2/14), one
patient presented a Gleason Score 8 (1/14) and the other
patient showed a Gleason Score 9 (1/14). Seven patients (7/
14) showed metastases, primarily to lungs and bones. Four
patients with metastases (4/7) showed PC with a Gleason
score 10, one patient (1/7) had Gleason score 8 and one
had a Gleason score 6 (1/7).

Histology and growth pattern

The cribriform growth pattern was the most common
histological subtype of PC (8/18), followed by the solid
(5/18), small acinar (2/18), papillary (1/18) and signet
ring (1/18). Only one sample (1/18) showed a mixed
pattern (small acinar and cribriform). All histological
subtypes are summarized in Additional file 1. Table Sl
and Fig. 1. Regarding the co-existence of preneoplastic
and neoplastic lesions, PIA lesions were observed
surrounding carcinomas in 66.7% (12/18) of PC samples.

c-KIT and Ki67 protein expression

No correlation between histological subtype and c-KIT
expression was identified. However, all PC samples posi-
tive for c-KIT expression showed a Gleason score 10.

Fig. 1 Histological evaluation of canine prostatic tissue, @ Histological
appearance of a normal prostate gland showing cuboid epithelial cells
arranged in an acinar pattern, bcanine prostate cancer (PC) showing a
cribriform pattern with central comedonecrosis (Gleason Score 10).

C Canine PC presenting a small acinar pattern (black arrows) (Gleason
score 6). d Histological appearance of a canine PC with a solid pattern
(Gleason Score 10). € Canine PC showing a papillary pattern (Gleason
Score 8). f Canine PC showing a signet ring (black arrows) histological

pattern (Gleason Score 10)
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The immunohistochemical data are presented in Table 2.
A total of 36.4% of normal samples (4/11) showed posi-
tive c-KIT staining (Fig. 2), and 33.3% (4/12) and 27.7%
(5/18) of PIA and PC samples were c-KIT positive (Fig.
2). All metastases (3/3 - 100%) were c-I<IT-negative.
Regarding the semi-quantitative immunohistochemical
analysis, 50% of c-KIT-positive normal samples (2/4)
showed a score of 4 and 50% (2/4) showed a score of 3,
while one c-KIT-positive PIA sample (1/4) had a score
of 2 and the other three had scores of 3 (3/4). Two (2/5)
c-KIT-positive PC samples had scores of 3, two (2/5)
had scores of 2, and one (1/5) had a score of 4. Positive
¢c-KIT staining was also observed in stromal cells (Fig. 2).

PIA and PC samples contained higher numbers of
Ki67-positive cells (Fig. 2) than did normal samples
(Table 1). A progressive increase in the number of posi-
tive cells was observed in PIA, PC and metastatic
samples (p <0.0001). The mean number of positive cells
in normal, PIA, PC and metastatic samples was 1.0, 54.5,
366 and 578, respectively (Table 1).

Protein quantification

Two bands of 100 and 155 KDa were identified in canine
prostatic tissue. Normal and PC samples showed a simi-
lar pattern of c-KIT expression with no significant differ-
ence between the two groups (Fig. 3). Three samples (3/
6) with negative c-KIT immunoexpression were evalu-
ated by western blotting, and we identified positive ex-
pression for both bands (100 and 155 KDa).

Gene expression

The median relative quantification (RQ) for c-KIT ex-
pression in normal samples was 0.6. Normal samples
showing positive c-KIT staining had a median of 1.6 RQ,
and normal samples with a negative staining showed a
median of 0.5 RQ. The median for PIA samples was 0.7
RQ for c-KIT expression, and positive samples showed a
median of 1.3 RQ.

The median RQ for c-KIT expression in PC samples
was 0.7 (Table 1). c-KIT-positive PCs had a median 1.5
RQ, and negative PCs showed a median 0.5 RQ. A lower
median RQ for c-KIT expression was observed in the
metastatic group (0.1) compared to normal samples
(0.6). There were no significant differences among nor-
mal, PIA, PC and metastatic samples. All results are
shown in Table 1, Table 2 and Fig. 4.

Fig. 2 Immunohistochemical analysis of canine prostatic tissue for
c-KIT and Ki67. @ Normal canine prostate. Normal epithelial cells
showing specific membranous staining (black arrow), b Ki67 expression
in canine prostatic tissue. Arrows indicate positive nuclear expression in
basal and stromal cells and no expression in luminal cells, C c-KIT
expression in PIA lesion. Epithelial atrophic cells showed membranous
and cytoplasmic c-KIT staining (arrows), d Ki67 expression in PIA lesion.
There is positive nuclear expression in basal epithelial atrophic cells, €
Canine prostate cancer. Neoplastic cells show membranous and
cytoplasmic staining. Few c-KIT-positive stromal cells are observed, f Ki67
expression in canine prostate cancer. Note a high number of neoplastic
cells showing nuclear expression. DAB chromogen, Harris haematoxylin

counterstain. 200x

A positive correlation between the number of Ki67-
positive cells and c-KIT relative expression was identi-
fied (Spearman R =0.8287; P<0.0001). Tumours
showing the highest ¢c-KIT RQ had the highest number
of I<i67-positive cells (Fig. 5).

Primary cell culture

We grew both primary cell lines at passage 10. The PCI
cell line is from a primary tumour showing no c-KIT
immunoexpression and presenting RQ 0.091 in
RT-gPCR analysis. PCI cells had no c-KIT protein ex-
pression (Fig. 6) and presented no detectable c-KIT

Table 2 Median of c-KIT gene expression and number of Ki67-positive cells in normal prostates and canine prostatic lesions according

to c-KIT positive or negative immunostaining

Normal c-KIT Normal c-KIT

c-KIT positive

c-KIT negative c-KIT positive c-KIT negative c-KIT negative

positive samples negative samples PIA PIA PC PC metastasis
c-KIT gene Expression 1.6 0.0-2.5) 0.6 (0.15-0.7) 13 (0.7-2.1) 0.2 (0.09-0.8) 1.5 (1.2-5.1) 0.5 (0.09-0.9) 0.1 (0.06-0.6)
Ki67-positive cells 2 (1-3) 0(0-1) 755 (37-99) 49 (23-105) 645 (458-751) 301 (109-508) 578 (453-611)
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Fig. 3 a Western blotting analysis of c-KIT expression in normal and prostate cancer (PC) samples, b No differences were observed between

normal and PC samples

transcript. The PC2 cell line is from a primary PC with
¢c-KIT membranous and cytoplasmic immunoexpres-
sion and had 1.429 RQ by RT-gPCR analysis. The
PC2 cells had very low c-KIT protein expression (Fig.
6) compared to controls (mast cell tumour) and
showed 0.986 RQ by RT-gPCR.

Discussion

We evaluated c-KIT protein and gene expression in
canine prostatic tissue and found a small number of
samples were positive for ¢c-KIT. Our western blotting

results identified positive protein expression in all
10i
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Fig. 4 c-KIT transcript levels in normal prostate and canine prostatic
esions. There is a similar median of relative quantification among
mormal, proliferative inflammatory atrophy (PIA), prostate cancer

Al) and metastatic samples. In the PC group, pink triangles represent

-etastatic tumours

samples analysed (6 normal and 6 PC), including three
samples with KIT negative immunostaining. All prostatic
samples contained transcript levels of c-KIT; however,
only PCs with relative quantification higher than 1.211
(5/18) demonstrated positive c-KIT immunoexpression.
Protein expression is regulated by a complex process in-
volving DNA transcription, epigenetic modification and
mRNA degradation [27], and protein expression is
directly related to mRNA degradation and protein half-
life [28]. Thus, changes and regulation of protein expres-
sion occur at multiple levels. One hypothesis for the

Spearman R=0.8287

Fig. 5 Spearman correlation between the number of Ki67-positive
cells and c-KIT transcript levels in canine prostate cancer. There is a
positive correlation (ft = 0.8287) between the number of Ki67-positive
cells and c-KIT transcript levels (prostate cancer samples with high
number of Ki67-positive cells showed high c-KIT transcript levels)
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Fig. 6 c-KIT protein expression in triplicate in canine cell lines. Positive
control (canine mast cell tumour) exhibited strong c-KIT expression
(100 KDa). The PCI cell line was negative for c-KIT expression, and the

PC2 cell line presented two weak bands

differential ¢c-KIT expression detected between different
techniques is the difference in ¢-KIT protein and tran-
script stability in prostatic tissue.

On the other hand, some samples with detectible
¢c-KIT transcripts had negative c-KIT immunostaining in
epithelial cells and positive staining in stromal cells. The
latter results were most likely associated with c-KIT-
positive stromal cells observed by immunohistochemis-
try. This result may suggest that stromal cells play an
important role in tissue microenvironment maintenance.
The levels of protein and transcript detected by western
blotting and RT-qPCR in samples showing c-KIT nega-
tive immunoexpression by epithelial cells could indicate
that other cell types show c-KIT expression in these
cases. These samples showed I<i67 expression only in
basal and/or stromal cells, indicating a role for cell pro-
liferation in ¢c-KIT expression.

To evaluate c-KIT inhibition in vitro, we cultured two
canine PC cell lines (one c-KIT positive and other ¢c-KIT
negative by immunohistochemistry), and evaluated pro-
tein expression by western blotting. PCI cancer cells
had no c¢c-KIT protein expression, and PC2 cells showed
very weak c-KIT expression. Moulay et al. [29] evaluated
c-KIT transcript in five derived cancer cell lines and
found only one line (DT08/40) was weakly positive.
Detectable c-KIT transcript in the primary tumour from
which PCI cells were derived and the absence of tran-
script in the respective cell line could be related with ex-
pression of c-KIT by stromal cells, since the cell line
contains only neoplastic epithelial cells.

¢c-KIT transcript levels were positively associated with
the number of Ki67-positive cells. Therefore, a correl-
ation between cell proliferation and c-KIT has been sug-
gested [18. 20]. Thus, cells with high c-KIT transcript
levels may have the ability to induce cell proliferation
mediated by auto phosphorylation. Previously, we have
demonstrated high number of C-K1T/KO67 double-
stained neoplastic cells in high-grade canine mast cell
tumours [20]. These tumours showing double stained
cells had internalization of the c-KIT receptor [20]. Mast
cell tumours showing c-KIT | pattern presented few

neoplastic mast cells with nuclear Ki67 and cytoplasmic
c-KIT pattern. These findings suggest internalization of
the c-KIT receptor during cell proliferation, at least in
tumours showing a c-KIT | pattern [20].

No correlation has been demonstrated between c-KIT
and Ki67 expression and histological subtype, while all
PC samples with c-KIT positive staining had a Gleason
score 10. In canine mammary gland tumours, Brunetti
et al. [18] did not find any correlation between c-KIT
expression and tumour histological type, invasiveness or
type of mammary lesion. However, c-KIT expression was
significantly associated with Ki67 index. The Ki67 value
was higher in c-KIT positive tumours than in c-KIT
negative tumours. The lack of clinical data in some
patients has hindered the opportunity to identify a cor-
relation between survival time and the prognostic
markers under consideration. However, our results sug-
gest a highest overall survival rate in patients receiving
anti-inflammatory-based protocols.

Our results show differential c-KIT expression be-
tween primary PCs and metastatic lesions. Primary tu-
mours showed a median c¢c-KIT RQ of 0.7, while their
corresponding metastases demonstrated lower transcript
levels (median 0.1). Therefore, ¢c-KIT may not be associ-
ated with the metastatic process in canine PCs. Interest-
ingly, two (2/3) metastases were in bone, and human
studies have shown that c-KIT signalling is associated
with bone metastasis [14, 17]. Bone metastasis in human
PC is strongly correlated with c-KIT and SCF signalling
[14, 17]. A previous study using a xenograph model pro-
posed that the bone microenvironment expresses SCF to
induce expression of ¢c-KIT by neoplastic epithelial cells,
acting as an attractant for neoplastic cell migration [14]. It
should be noted that this study has a limited number of
samples, and there is a need to assess more samples from
various breeds of dog and different age groups. More in-
depth studies are needed to investigate the direct relation-
ship between c-KIT and cell proliferation rate (Ki67).

Targeted drug therapy has been used in veterinary
medicine for the treatment of canine PC. Controversial
results have been obtained in canine PCs treated with
toceranib, a multi targeted inhibitor with activity against
¢c-KIT and other tyrosine kinases; stable disease for at
least 6 weeks has been reported by Chon et al. [11],
while partial response or progressive disease was re-
ported by Pan et al. [12] However, our c-KIT results sug-
gest that dogs with c-KIT-positive PC may benefit from
this drug or other compounds with a specific activity
against this receptor.

Conclusions

The present study identified a strong correlation be-
tween c-KIT expression and high proliferative index,
suggesting ¢-KIT may influence cell proliferation. We
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'~5ed no relationship between c-KIT expression and
m --tatic tumours. Therefore, heterogeneous protein
«cression of c-KIT among samples (five positive and
"" "rvn negative PC samples) indicates a personalized
ecroach is needed for canine PC. Thus, each canine
PC should be evaluated individually for more accurate
Moent care.

*rni 1nations

o 1 Analysis of variance; cDNA: Complementary deoxyribonucleic acid;

--x -zr—alin-fixed paraffin-embedded; PC: Prostate cancer; PIA: Proliferative
«— .vory atrophy; RNA: Ribonucleic acid; UPIIl: Uroplakin il
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Sponsorship bias and quality of randomised
controlled trials Iin veterinary medicine

*. - Varehaml, R. M. Hydel D. Grindlay2 M. L. Brennanland R S. Deanl*

Abstract

Background: Randomised controlled trials (RCTs) are considered the gold standard form of evidence for assessing
vestment efficacy, but many factors can influence their reliability including methodological quality, reporting

-uality and funding source.

~"e aim of this study was to examine the relationship between funding source and positive outcome reporting in
ere' nary RCTs published in 2011 and to assess the risk of bias in the RCTs identified.

'o'ethods: A structured search of PubMed was used to identify feline, canine, equine, bovine and ovine clinical trials
examining the efficacy of pharmaceutical interventions published in 2011. Funding source and outcomes were
exacted from each RCT and an assessment of risk of bias made using the Cochrane risk of bias tool.

Results: Literature searches returned 972 papers, with 86 papers (comprising 126 individual RCTs) included in the
a-a .sis. There was found to be a significantly higher proportion of positive outcomes reported in the
"5'maceutical funding group (P) compared to the non-pharmaceutical (NP) and 'no funding source stated' (NF)
;1 jps (P =56.9%, NP = 34.9%, NF = 29.1%, p < 0.05). A high proportion of trials had an unclear risk of bias across

re five criteria examined.

Conclusions: We found evidence that veterinary RCTs were more likely to report positive outcomes if they have
trarmaceutical industry funding or involvement. Consistently poor reporting of trials, including non-identification of
'-'ding source, was found which hinders the use of the available evidence.

eeywords: Clinical trials, Study design and data analysis, Evidence based medicine, Risk of bias

background

m rder to effectively practice veterinary medicine in an
- dence-based way, it is imperative that accurate scien-
ce evidence is available so that the evidence base is
. mplete, reliable, and therefore not misleading. Rando-
~ -ed controlled trials (RCTs), along with their synthesis
* the form of systematic reviews, are considered to be the
eaW standard method for assessing the efficacy of treat-
ment interventions and are a valuable source of informa-
«". on which to base clinical decisions [1]. The results of
3’ETs can however be affected by many biases including

:"r:Dondence: Rachel.Dean@nottinghamac.uk
Zarve for Evidence-based Veterinary Medicine, School of Veterinary
*so0: ne and Science, The University of Nottingham, Sutton Bonington
ar-oj§ Loughborough LE12 5RD, UK
st of author information is available at the end of the article

selection, performance, detection, attrition and reporting
biases [2, 3]. The presence of bias can lead to misinter-
pretation of treatment efficacy or harms, and mislead
clinicians when putting the evidence into practice.

Sponsorship bias (the influence of funding source on
the reporting of trial results) is an additional potential
problem when assessing the reliability of RCTs. The
medical literature contains differing reports over whether
financial conflicts of interest influence the reported results
of a trial. Some studies report a greater likelihood of
positive results for industry funded trials [4, 5], while some
report no difference between industry and non-industry
sponsored trials [6, 7]. A recent overview of medical
literature in a Cochrane systematic review concluded that
drug and medical device studies were more likely to report
favourable results when the study was sponsored by a
manufacturer [8].
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There have been several studies examining the methodo-
logical and reporting quality of clinical trials in the pub-
lished wveterinary literature [9-11]. Such studies have
highlighted issues with the reporting of RCTs and have
shown how these reporting deficiencies are associated with
an increased likelihood of a trial reporting one or more
positive outcomes [10]. To our knowledge, no studies to
date have examined the influence of funding source on the
likelihood of reporting positive outcomes in the veterinary
RCT literature.

The aim of this study was to examine the relationship
between funding source and proportions of positive out-
come reporting in veterinary RCTs involving a pharmaceut-
ical intervention published in a single calendar year (2011).
A secondary aim was to assess the risk of bias of veterinary
RCTs published in the same time period.

Methods

A cross-sectional study of veterinary RCTs was conducted.
The target population was feline, canine, equine, bovine
and ovine RCTs where a pharmaceutical agent was the
intervention of interest and efficacy was assessed. The
sample population was feline, canine, equine, bovine and
ovine RCTs published in 2011 within journals indexed in
PubMed.

Search strategy and filtering of results

A structured search of PubMed was conducted in June
2013 using the “clinical trial” Publication Type combined
with the relevant species MeSH heading e.g. “clinical trial”
[publication type] AND cats [mh]. This was done for each
of the 5 species studied: cats, dogs, horses, cattle and
sheep (Fig. 1). The search was limited to one calendar year
with a PubMed filter: 01/01/11-31/12/11. Search results
were exported into EndNote* software for filtering. Papers
indexed as RCTs by PubMed (“randomised controlled tri-
als” [publication type]) were extracted, investigators then
confirmed if they were RCTs according to the Cochrane
definition below (http://www.cochrane.org/glossary/):

“An experiment in which two or more interventions,
possibly including a control intervention or no interven-
tion, are compared by being randomly allocated to partici-
pants. In most trials one intervention is assigned to each
individual but sometimes assignment is to defined groups
of individuals (for example, in a household) or interven-
tions are assigned within individuals (for example, in dif-
ferent orders or to different parts of the body).”All
publications containing trials confirmed by the investiga-
tors as being RCTs, published in 2011, and relevant to the
species of interest were then categorised into four inter-
vention subcategories based on the main intervention of
interest of the study (Table 1 - Level 1 exclusion criteria):

1. Pharmaceutical - consisting of an active
pharmaceutical ingredient, including anthelmintics
and vaccines

2. Nutritional

3. Para-pharmaceutical - including probiotics,
prebiotics, synbiotics, nutraceuticals and
supplements/vitamins/minerals if not considered
part of the total dietary ration

4. Other - including surgical interventions,
management/husbandry interventions, non-
medicinal shampoos, studies relating to diagnostic
tests.

Only publications within the ‘Pharmaceutical interven-
tion’ subcategory were included in this study; these were
assessed for further eligibility for analysis according to
the second level of inclusion and exclusion criteria in
Table 1

Publications included in the analysis were therefore
single dose efficacy studies of pharmaceutical inter-
ventions in cats, dogs, horses, cattle or sheep pub-
lished in 2011. In the case of a publication containing

more than one trial, each trial was included inde-
pendently in the analysis if it met all inclusion
criteria.

Sources of funding
For each included trial the source of funding was categorised
as one of the following:

1. Pharmaceutical company funding stated or
pharmaceutical company involvement (e.g. drug
donated by a pharmaceutical company or authors
associated with a pharmaceutical company) (P)

2. Non-pharmaceutical company funding stated (NP)

3. No funding source stated (NF)

Outcome recording

All outcomes mentioned in the methods section of the
manuscripts were extracted and the result for each out-
come was recorded. Outcomes that were reported as re-
sults but not mentioned in the methods were not
included in the analysis. The result for each outcome
was recorded in one of the five categories below
(adapted from [10]):

1. Treatment of interest had a statistically significant

positive effect on the outcome

mTreatment better than any control group

mTreatment equal to positive control group
(whether non-inferiority/equivalence design
or not)

m Safety/lack of adverse effects equal to, or better
than, any control group
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Fig. 1summary of the number of papers retrieved from literature searches, numbers of papers excluded using Level 1 and 2 exclusion criteria

and number of papers and individual trials analysed for each species and overall

2. Treatment of interest had a statistically significant = There was data reported for an outcome that could
negative effect on the outcome have been statistically analysed, but no analysis was
mTreatment worse than any control group presented (if an outcome did not occur in any
= Treatment equal to negative control group group, e.g. adverse events, it was treated as having
= Safety/adverse effects worse than any control group been statistically analysed)
mTreatment equal to a positive control group in a mOutcomes such as descriptions of pathological

superiority analysis appearances with no numerical data attached.

3. No significant difference between treatment and 5. Results for the outcome were not reported
control groups
mOutcome remained constant throughout the study Outcome measures that had multiple components (e.g.
(no measurable effect of treatment on the outcome) complete blood count and serum biochemistry, meat yield
and meat quality grade assessments) were classed as a sin-

4. Results for the outcome were described only gle outcome each unless specific features were relevant to



90 Veterinary Medicine: Assessment, Diagnosis and Treatment of Animal Diseases

Table 1 Two levels of inclusion and exclusion criteria applied to the search results

Level 1. Inclusion criteria for publications
Species of interest is cats, dogs, horses, cattle or sheep
Published in 2011

RCT according to PubMed publication types and the
Cochrane definition

Treatment of interest is a pharmaceutical intervention
(including anthelmintics and vaccines)

Level 2: Inclusion criteria for analysis of pharmaceutical RCTs

Primary aim is to assess efficacy

Level 1: Exclusion criteria for publications
Not about cats, dogs, horses, cattle or sheep
E published only in 2011 if full publication occurred in a different calendar year

Not an RCT (not indexed as an RCT by PubMed or not fulfilling
Cochrane definition of an RCT)

Treatment of interest is not a pharmaceutical agent e.g. nutritional,
surgical, animal husbandry etc

Level 2: Exclusion criteria for analysis of pharmaceutical RCTs

Primary aim was not to assess efficacy (pharmacokinetic/dynamic studies,

safety studies, physiological effects, resistance testing, testing routes of
administration only, testing timing of administration only)

Identifiable treatment or protocol of interest
Single dose of the treatment of interest used

Published in English

the disease, in which case these were extracted as individual
outcomes. If an outcome had a result recorded at multiple
time points, an overall judgement was made as to which of
the above categories was most appropriate (i.e. the outcome
was only recorded once regardless of how many time
points it was measured). Where multiple treatment and
control groups were used, each group containing the treat-
ment of interest (either alone or in combination) was com-
pared to its relevant control group for each outcome.

Risk of bias assessment
All the included studies were assessed at the study level
using the Cochrane risk of bias tool [2]. The five features
assessed were: random sequence generation, allocation con-
cealment, blinding, incomplete outcome data and selective
outcome reporting. Following the Cochrane guidelines for
the risk of bias tool each category was assessed as being at
a high, low or unclear risk of bias. These features allow the
risks of selection bias, performance bias, detection bias,
attrition bias and reporting bias to be assessed (see
Additional file 1 for definitions of these types of bias). We
did not include the category of ‘Other bias’ from the tool.
All assessments made throughout the study were
agreed upon by two authors (ICW and RH/RD) with any
disputes resolved by a third author (RD/RH).

Statistical analysis

Categorical data were presented descriptively as raw num-
bers and percentages. Associations between funding source
and positive outcome reporting were analysed using a
Pearson’s chi squared test and Bonferroni post hoc test with
adjusted p values. Significance level was set at p < 0.05.
Results for different species are described only and were
not compared statistically due to small group sizes. All stat-
istical analyses were conducted in IBM SPSS Version 21.

Treatment or protocol of interest could not be identified
Multiple doses of the treatment of interest used/dose finding studies

Not available in English

Results

Overall study numbers

A total of 972 papers were retrieved from the initial
searches (96 for cats, 255 for dogs, 135 for horses, 371 for
cattle and 115 for sheep; Fig. 1). Following an initial review
and exclusions based on year of publication in paper copy
and species of interest there were 410 papers given the
Publication Type for RCTs in PubMed; 390 of which were
confirmed to be RCTs according to the Cochrane
definition. Of these, 172 papers (172/390, 44.1%) were
describing RCTs in which the treatment of interest was a
pharmaceutical intervention and were included in further
analysis (Fig. 1). The remainder comprised nutritional
studies (121/390, 31.0%), para-pharmaceutical agent stud-
ies (17/390, 4.4%) and other RCTs’ (80/390, 20.5%).

Following application of the second set of exclusion cri-
teria to the RCT pharmaceutical intervention studies, 86
papers remained in the study from which outcomes, bias
and sources of funding were extracted (Fig. 1, Table 2 and
Additional file 2: Table SlI). Eleven papers (all except one
of which were within the pharmaceutical funding group)
reported more than one RCT, notably one sheep paper re-
ported 19 separate RCTs. As each trial was assessed indi-
vidually as a separate entry, there were 126 trials included
in the full analysis (Table 2 and Additional file 3 for full
references of the publications analysed).

Of these 126 trials, 86 (68.3%) were funded by the
pharmaceutical industry or had pharmaceutical company
involvement, 19 trials (15.1%) explicitly stated they were
not funded by the pharmaceutical industry, and 21 trials
(16.7%) did not state any source of funding within the
manuscript (Table 2).

Funding source and outcome reporting

From the 126 trials included in the analysis, a total of 960
outcomes were extracted. Overall, 47.5% of outcomes
(456/960) recorded in the trials were statistically positive
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2 Njmber and funding source of papers and individual trials following level 2 exclusion criteria application

Number of cat

papers (trials) papers (trials)

Number of dog Number of horse
papers (trials)

Number of cattle
papers (trials)

Number of sheep Total number of papers

papers (trials) (trials, % of total trials)

Weer5 - eluding pharmaceutical 17 49 28 61 17 172
werT <T$S
aX 't sxc jded from analysis3 9 21 17 29 10 86
analysed 8 (9 trials) 28 (44 trials) 11(11 trials) 32 (36 trials) 7 (26 trials) 86 (126 trials)

mbiting sources of analysed
Btawraceutical company funded/ 4 (5 trials) 17 (33 trials) 4 (4 trials) 20 (23 trials) 2 (21 trials) 47 (86 trials; 68.3%)
Htanaceutical company
meiiement

e-e— aceutical funding 3 (3 trials) 4 (4 trials) 2 (2 trials) 6 (7 trials) 3 (3 trials) 18 (19 trials; 15.1%)
4 oa:
It Irong stated 1 (1 trial) 7 (7 trials) 5 (5 trials) 6 (6 trials) 2 (2 trials) 21 (21 trials; 16.7%)

studies are the pharmaceutical agent RCTs. “See Additional Table 1 for reasons for exclusions from analysis. There was no statistical difference (p = 0.53)
Ending sources between companion animal species (cats, dogs and horses) and farm animal species (cows and sheep)

=Tired to 28.8% (276/960) which were recorded as
»'--z statistically negative; 1.9% of outcomes (18/960)
ie~i-r.ed unchanged during the study (no significant
vinerence category), 14.7% of outcomes (141/960) were
mscried only and 7.2% (69/960) were not reported at all
n trie results (Table 3).
r~- een funding groups there were significant differ-
=t B in the proportions of outcomes recorded in each of
~r outcome categories (Table 3, Pearsons chi squared,
s <0.001). The proportion of positive outcomes reported
mas significantly higher in the pharmaceutical group than
ene non-pharmaceutical and ‘no funding source stated’
poops (P = 56.9%, NP = 34.9%, NF = 29.1%, p < 0.05).
I “espondingly, there was a significantly lower propor-
r. of negative outcomes recorded for the pharmaceutical
frxip compared to the other two groups (P = 23.5%,
Si? = 37.6%, NF = 37.1%, p < 0.05). Across all funding
- ups the proportion of outcomes recorded as ‘no signifi-
ir.. difference’ was low, however the ‘no funding group’
lac a significantly higher proportion compared to the
: T -naceutical group (NF = 4.6%, P = 0.8%, p <0.05); the
' .-pharmaceutical group was not different to either of
re other two groups (NP = 2.6%, p > 0.05). There were

no significant differences between the funding groups in
the proportion of ‘described only’ or ‘not reported’ out-
comes {p >0.05).

The above analysis categorised a treatment group which
had equal results to a positive control group as a ‘positive’
outcome, even if the study did not use a non-inferiority
design. If these results were instead considered to be in a
‘no significant difference’ category, the pattern of signifi-
candy higher positive, and lower negative, outcome
reporting in the pharmaceutical group compared to the
other two groups was still present (p < 0.05).

Risk of bias assessment

Of the 126 included trials, the majority (92/126, 73.0%)
were assessed as having an unclear risk of selection bias as
there was inadequate or no description of how randomisa-
tion sequences were generated and employed. The vast
majority of the trials were assessed as having an unclear
risk of bias for allocation concealment (109/126, 86.5%) as
it was impossible to determine what procedures had been
followed. Blinding was reported more consistently, with
44 of the 126 trials (34.9%) being assessed as having a low
risk of bias, 72/126 (57.1%) having an unclear risk, and the

'able 3 Categorisation of individual outcomes from 126 trials (960 outcomes)

Outcomes from trials with

pharmaceutical funding/involvement
*ssrve outcomes 56.9% (339/596)a

mtaad.e outcomes 23.5% (140/596)a

Outcomes from trials with
non-pharmaceutical funding stated

34.9% (66/189)b

37.6% (71/189)b

Outcomes from trials with no  Outcomes from

funding source stated all trials

29.1% (51/175)b 47.5% (456/960)

37.1% (65/175)b 28.8% (276/960)

*c r-erence 0.8% (5/596)a 2.6% (5/189)ab 4.6% (8/175)b 1.9% (18/960)

Tescnbed only 12.8% (76/596) 16.9% (32/189) 18.9% (33/175) 14.7% (141/960)

Hot reported 6.0% (36/596)s 7.9% (15/189) 10.3% (18/175) 7.2% (69/960)

I*a shown as percentages and raw numbers in brackets. Significant differences (p < 0.05) existing between funding categories within rows are indicated by
:~r-og subscript letters. (No subscript letters in a row signifiy no significant differences. The presence of a subscript letter (e.g. ‘a' in a cell indicates that it is
. ** cantly different from a cell marked with a different letter (e.g. 'bO. If a cell has two subscript letters (e.g. 'ab’) then it is different from cells individually

" anted with each letter)
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remaining 10 (7.9%) having a high risk of bias. Around
half of the trials (65/126, 51.6%) were at low risk of bias
for incomplete outcome reporting. There was a high risk
of bias for incomplete outcome reporting in 19 out of the
126 trials (15.1%) due to missing data, or lack of analysis
of the full population of animals randomised in the trial.
Twenty-nine of the 126 trials (23.0%) were judged to be at
a high risk of bias for selective outcome reporting, only
107126 (7.9%) were at an unclear risk of bias, and the
remaining 87 (69.0%) were assessed as being at a low risk
of bias (Fig. 2 and Table 4).

The results of comparing the quality criteria across the
trials in different funding are shown in Table 4. The
highest percentage of unclear risk for sequence gener-
ation was in the pharmaceutical group where 67 out of
86 trials (77.9%) were judged to be at an unclear risk of
bias with a lower proportion in the non-pharmaceutical
group (12719, 63.2%) and 3/21 (61.9%) in the no funding
declared group (13721, 61.9%). The pharmaceutical
group also had a higher proportion of unclear risk for
incomplete outcome reporting in comparison to the
other two funding groups (P = 36/86, 41.9%, NP = 3/19,
15.8%, NF = 3/21, 14.3%) and a correspondingly lower
proportion of trials in the low risk category for this cri-
teria. The high risk for selective outcome reporting was
seen across all the funding categories (P = 18/86, 20.9%;
NP = 5/19, 26.3%; NF = 6/21, 28.6%), however the
pharmaceutical group had the largest proportion of
studies in the low risk category for this criteria com-
pared to the other groups (P = 64/86, 74.4%, NP = 11/
19, 57.9%, NF = 12/21, 57.1%). Similar distributions of
risk for blinding and allocation concealment were seen
across the funding groups (Table 4).

Sequence generation

Selective outcome reporting

0%

Discussion

This study found a significantly higher proportion of posi-
tive outcomes reported in RCTs with pharmaceutical
funding (56.9%) or involvement compared to those with
declared non-pharmaceutical funding (34.9%) or with no
funding source stated (29.1%) within the sample of litera-
ture studied. There was a correspondingly lower propor-
tion of negative outcomes reported in trials within the
pharmaceutical funding group (23.5%) compared to the
other two groups (37.6% and 37.1%). When assessing the
trials for risk of bias across the five main categories using
the Cochrane risk of bias tool, a large proportion were at
an ‘unclear’ risk indicating significant reporting deficien-
cies. A high risk of bias was most predominantly seen for
selective outcome reporting (reporting bias), and more
moderately for incomplete outcome data (attrition bias)
and blinding (detection bias). Proportions of trials at high,
low or unclear risk of bias for the different quality criteria
were largely similar across funding categories.

The sponsorship bias detected in this study is in accord-
ance with many reports in the medical literature where an
association between funding source and positive results
has been demonstrated, most notably in a Cochrane
Review of drug and medical devices [8]. There are many
reasons why such a bias may be present in the published
literature including differences in the methodological
guality of trials; inherent biases in trial conduct to favour
a treatment; a genuinely greater likelihood that pharma-
ceutical companies would be testing pharmaceutical
agents that are likely to perform well; and inadequacies in
trial reporting which favour a treatment. Additionally,
publication bias may play a role through researchers
within different environments potentially being more or

* High risk of
bias

mLow risk of bias

Unclear risk of
bias

50% 100%

Fig. 2 Percentages of all trials (N = 126) at high, low or unclear risk of bias for the five criteria assessed
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"*m* e - sk of bias for trials within different funding categories and overall

Risk of bias Pharmaceutical funding/
involvement (86 trials)
generation High 3 (3.5%)
Low 16(18.6%)
Unclear 67 (77.9%)
Nl w acr concealment High 5 (5.8%)
Low 5 (5.8%)
Unclear 76 (88.4%)
awolu High 5 (5.8%)
Low 29 (33.7%)
Unclear 52 (60.5%)
m 0-0e? outcome reporting High 14 (16.3%)
Low 36 (41.9%)
Unclear 36(41.9%)
State"we i ncome reporting High 18(20.9%)
Low 64 (74.4%)
Unclear 4 (4.7%)

e*c/-«sed as as raw numbers and percentages of total trials

teiikeh' to publish trials demonstrating a positive effect
3 “tired to trials showing a ‘negative’ result. Further
encaes are required to examine this finding and its poten-
p> .anative factors in more detail, in particular whether
are correlations between quality criteria and funding

m eroe, something which this study did not investigate.
"~ere are a variety of methods that could have been uti-
:ar the current study. For example, in medical litera-
mre reviewing the presence of sponsorship bias, it is
=imon to report one overall conclusion for a paper (i.e.
r erall the paper has a positive/negative/not significantly
Jrerent outcome) determined either by the reviewers,
ifcsed on the assertions of the authors or on the statistical
of one primary outcome of the study [4, 7,12]. The
in-nod we have used, whereby we have extracted each out-
mm e and its result, is more achievable in the veterinary lit-
rnrure, as primary outcomes are often unspecified [10, 13],
ma different results would potentially be obtained using a
efferent approach. Of note in this study is the potential for
differences between species, and potential clustering of
* me types of trials, e.g. anthelmintic efficacy trials, to have
»r'»ed the data; these limitations will be discussed in more
artad below. To date, we have found no other publications
- “ining the association of funding source with positive
a." me reporting in the veterinary literature with which
> mpare our results. The group of trials with no funding
m =ree stated are particularly difficult to assess in this study
*> vo assumptions can be made as to which of the two
atrer groups they would most appropriately belong to.
chin the results, they appear to be most like the non-
J ““rmaceutical group of trials in their characteristics, but
n itself highlights a continuing problem of poor

Non pharmaceutical funding No funding source All trials
declared (19 trials) declared (21 trials) (126 trials)
0(0%) 0(0%) 3 (2.4%)

7 (36.8%) 8(38.1%) 31 (24.6%)

12 (63.2%) 13 (64.9%) 92 (73.0%)

1 (5.3%) 0(0%) 6 (4.8%)

3 (15.8%) 3 (14.3%) 11 (8.7%)
15 (78.9%) 18(85.7%) 109 (86.5%)
3 (15.8%) 2 (9.5%) 10 (7.9%)

7 (36.8%) 8 (38.1%) 44 (34.9%)
9 (47.4%) 11 (52.4%) 72 (57.1%)
1 (5.3%) 4 (19.0%) 19 (15.1%)

15 (78.9%) 14 (66.7%) 65 (51.6%)

3 (15.8%) 3 (14.3%) 42 (33.3%)

5 (26.3%) 6 (28.6%) 29 (23.0%)

11 (57.9%) 12 (57.1%) 87 (69.0%)

3 (15.8%) 3 (14.3%) 10(7.9%)

reporting of clinical trials (20% of trials in this study did not
report a funding source).

Selective outcome reporting, for example not reporting,
or incompletely reporting, results for pre-specified out-
comes, or reporting outcomes that were not pre-specified,
can introduce reporting bias into a study and influence
the overall results [2, 3]. A striking feature of our data was
the high proportion of outcomes that were described only
(18.9%) or were mentioned in the materials and methods
then not reported in the results (10.3%). This could pardy
be due to manuscripts not detailing clearly which of the
parameters being measured were intended to be outcomes
used to assess efficacy, leading us to misclassify the infor-
mation, highlighting again the issue of poor reporting. A
previous study reporting quality criteria and outcome data
from a sample of dog and cat trials also reported a high
percentage of outcomes with no formal statistical analysis
(31%) and a lower percentage not reported at all (3.1%)
[10]. The proportions of outcomes in these two categories
contribute to the overall high risk of reporting bias (select-
ive outcome reporting) found in this study. Research has
shown that outcomes that are not reported, or incom-
pletely reported are more likely to be statistically insignifi-
cant [14, 15]. This highlights the need for pre-specified
primary and secondary outcomes to be explicitly stated in
the methods and adhered to when reporting results. One
approach which should help to combat this problem is for
all clinical trial protocols to be registered in advance, so a
comparison can be made with the final report; this
approach is being championed by the AllTrials campaign
in human medicine. AllTrials aims to ensure that all
clinical trials are registered before they commence and
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that all are fully reported [16] (www.alltrials.net). A similar
initiative is currently underway for veterinary clinical trials
[17]; these schemes should also help to combat publica-
tion bias. Publication bias, meaning negative studies are
less likely to be published than positive ones, is a problem
that has been identified across scientific publishing gener-
ally and which can lead to over estimates of treatment ef-
fects [3, 15]. The potential impact of publication bias on
our study results would depend on who was funding any
unpublished trials.

The high proportions of ‘unclear’ risk of bias for the five
quality criteria assessed in this study indicate a significant
issue with poor reporting, a feature which has also been de-
scribed in previous quality assessments of veterinary clinical
trial literature [9, 10, 13]. This does not necessarily equate
to poor methodological trial conduct, but a lack of
complete reporting means that the methodology cannot be
adequately assessed [18, 19]. This study did not set out to
assess the impact of risk of bias on levels of positive out-
come reporting. However, it has previously been shown in
both veterinary and medical literature that incomplete or
inadequate reporting of certain quality criteria (e.g. method
of randomisation) is linked to an exaggeration of treatment
efficacy [10,13, 20, 21].

The CONSORT reporting guideline was developed in
order to improve the reporting of RCTs, making it easier
to ascertain what was done, identify possible sources of
bias, and evaluate the reliability of a study [22, 23]. In
general, the adoption of the CONSORT checklist has
improved the reporting of RCTs in the medical litera-
ture, but there are still reporting deficits [24, 25]. In vet-
erinary medicine the REFLECT statement is also
available, which is an extension to the CONSORT
reporting guideline specifically developed for RCTs in-
volving livestock [26, 27]. Strict adherence to such
reporting guidelines [28] should have reduced all the
‘unclear’ assessments of bias made in this study and
would have allowed us to identify the funding source of
all the trials. Most importantly, this would allow more
reliable assessments of treatment efficacies to be made,
meaning more effective translation of evidence into clin-
ical practice. A recent survey assessing the awareness of
reporting guidelines amongst veterinary editors reported
that 35.1% of journal editors said reporting guidelines
were referred to in their instructions to authors [29]. An
improvement in the endorsement of reporting guidelines
by journals could help to improve the reporting quality
of the veterinary clinical trial literature as it has done for
medicine.

A significant limitation of this study is that there were a
relatively small number of trials included in the analysis,
and due to the large proportion of pharmaceutical trials in
the sample (68%), the groups for comparison were unbal-
anced and the non-pharmaceutical group small. Another,

larger study would be extremely beneficial in assessing the
presence of sponsorship bias in the veterinary clinical tri-
als literature. In particular, an exploration of potential dif-
ferences between species, or between companion animal
versus production animals, warrants further investigation
with larger sample sizes, (no significant differences were
found in the current study, see Table 2). Results of this
type of study can be very dependent on the methods, in-
cluding what types of studies are included (e.g. we have
only included pharmaceutical interventions), which out-
come classifications are used, the way in which outcomes
are extracted (e.g. we did not include results for outcomes
which were not mentioned in the materials and methods)
and how funding categories are divided, meaning results
across studies could be very different. Another limitation
of this study is that the authors were not blinded to any
manuscript details during data extraction potentially
leading to biased interpretation. The lack of inclusion of
efficacy studies where multiple doses of the test treatment
were used is another significant limitation of the study.
On balance it was felt that inclusion of these could poten-
tially skew the results due to multiple entries for the trial
by including each dose, or selecting only one of the doses.
The inclusion of multiple trials within one publication
may also skew results, as the methods, and therefore as-
sessment of quality, tend to be identical for all the in-
cluded trials. As most multiple trial papers were in the
pharmaceutical category, this could potentially lead to
clustering of information. Of particular influence in this
study were RCTs assessing anthelmintic agents as these
often contained multiple similar trials with an overwhelm-
ing proportion of positive outcomes. As they fulfilled our
initial inclusion criteria they remained in our sample but
their impact on the overall results may be substantial. The
subjective assignment of a single outcome result for an
outcome which was assessed at multiple time points is
another limitation which was necessary for practicality.
Limits to the initial sample size were needed due to cost
and time constraints; a single calendar year search in
PubMed was chosen to give a representative, recent
sample of trials, rather than selecting certain journals to
search. Using PubMed also allowed us to search by publi-
cation type. Not including studies unavailable in English
was a necessary cost and time limitation but only one
paper was excluded on this basis so this is unlikely to have
affected the study outcomes.

Conclusions

This study found a positive association between pharma-
ceutical funding or involvement and increased positive
outcome reporting. Consistently poor reporting of trials,
including non-identification of funding source was
identified, which hinders the assessment and use of the
limited evidence available to the profession.
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Additional file 1: Cochrane (http://www.cochrane.org/glossary/)
definitions of types of bias. Written descriptions of the definitions of the
Cochrane types of bias.

Additional file 2: Table SI. Reasons for exclusions of RCTs involving
pharmaceutical agents from analysis. Table containing numbers of trials
excluded for each reason organised in species groups. (DOCX 14 kb)

Additional file 3: References for all papers included in the analysis
within this study (single dose efficacy studies of pharmaceutical
interventions in cats, dogs, horses, cattle or sheep published in 2011).
List of references in word.
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Abstract

Background: Gastrointestinal and respiratory diseases in calves and piglets lead to significant economic losses in
vestock husbandry. A high morbidity has been reported for diarrhea (calves < 35 %; piglets <50 96) and for
'espiratory diseases (calves <80 %; piglets <40 %). Despite a highly diverse etiology and pathophysiology of
these diseases, treatment with antimicrobials is often the first-line therapy. Multi-antimicrobial resistance in
oathogens results in international accordance to strengthen the research in novel treatment options. Medicinal plants
bear a potential as alternative or additional treatment. Based on the versatile effects of their plant specific
multi-component-compositions, medicinal plants can potentially act as 'multi-target drugs'. Regarding the
plurality of medicinal plants, the aim of this systematic review was to identify potential medicinal plant
species for prevention and treatment of gastrointestinal and respiratory diseases and for modulation of the
immune system and inflammation in calves and piglets.

Results: Based on nine initial sources including standard textbooks and European ethnoveterinary studies, a
total of 223 medicinal plant species related to the treatment of gastrointestinal and respiratory diseases was
identified. A defined search strategy was established using the PRISMA statement to evaluate 30 medicinal
plant species starting from 20'000 peer-reviewed articles published in the last 20 years (1994-2014). This
strategy led to 418 references (257 in vitro, 84 in vivo and 77 clinical trials, thereof 48 clinical trials in
eeterinary medicine) to evaluate effects of medicinal plants and their efficacy in detail. The findings indicate
that the most promising candidates for gastrointestinal diseases are Allium sativum L, Mentha x piperita L. and
Salvia officinalis L.; for diseases of the respiratory tract Echinacea purpurea (L) MOENCH, Thymus vulgaris L. and
-Ithea officinalis L. were found most promising, and Echinacea purpurea (L) MOENCH, Camellia sinensis (L.)
<UNTZE, Glycyrrhiza glabra L. and Origanum vulgare L. were identified as best candidates for modulation of
the immune system and inflammation.

Conclusions: Several medicinal plants bear a potential for novel treatment strategies for young livestock.
There is a need for further research focused on gastrointestinal and respiratory diseases in calves and piglets,
and the findings of this review provide a basis on plant selection for future studies.

Keywords: Medicinal plants, Calves, Piglets, Gastrointestinal diseases, Respiratory diseases

mtcnespondence: hannah.ayrle@fibl.org
Leoartment of Livestock Sciences, Research Institute of Organic Agriculture
- 8L), Ackerstrasse 113, postbox 219, Frick 5070, Switzerland
= mion Veterinary Pharmacology & Toxicology, Department Clinical
-esearch and Veterinary Public Health, Vetsuisse Faculty, University of Bern,
-3e-ggassstrasse 124, Bern 3012, Switzerland

list of author information is available at the end of the article


mailto:hannah.ayrle@fibl.org

98 Veterinary Medicine: Assessment, Diagnosis and Treatment of Animal Di

Background

A high standard of animal health and welfare is striven in
modern livestock husbandries. Health in early life repre-
sents a precondition for a superior constitution and re-
sults in a high productivity later in life. The mammalian
immune system is still immature in the first weeks of life
and, in combination with an inappropriate colostral sup-
ply, contact to pathogens often results in high morbidity
and mortality in young farm animals. Inadequate manage-
ment including long distance transports, fasting, commin-
gling of individuals from different sources, abrupt changes
in diet or incorrect diet, overcrowding of pens, improper
climate and suboptimal hygiene are crucially involved in
infectious diseases [1-6]. In calves and piglets, the first
contact sites for pathogens are the epithelia of the gastro-
intestinal and respiratory tract. Table 1 shows four of the
most important infectious disease complexes in calves and
piglets leading to a decreased animal performance and
welfare and therefore high economic losses.

In calves and piglets, a variety of pathogens can cause
gastrointestinal diseases. Neonatal calf diarrhea represents
the most frequent cause of calf losses [2, 7-9] with a mor-
tality of around 55 % in the U.S.A. and in Korea [10] and a
morbidity ranging from 12 % in the USA. 23 % in
Canada up to 53 % in The Netherlands [1, 7, 11]. Insuffi-
cient colostral supply and failure of feeding or improper
diet are triggers for diarrhea in calves [12-14]. In suckling
and postweaning piglets an infection with enterotoxigenic
Escherichia coli strains has been reported to lead to high
economic losses as a result of a constant high morbidity
and mortality [15]. Verocytotoxin-producing Escherichia
coli infections can lead to more seldom but severe edema
disease in weaned pigs [16-18]. The prevalence of post-
weaning diarrhea has been reported to be 35 % in France

predisposing factors additionally [25, 26]. Respiratory dis-
eases are also of high importance in pigs. The morbidity
rates differ between countries; a morbidity of 10 and 40 %
have been reported for Denmark and the U.S.A. respect-
ively [27, 28]. Mortality rates up to 15 % [29] have been re-
ported and attributed with the porcine respiratory disease
complex. The interaction of various pathogens as well as
housing conditions, management and genetic factors, were
reported to cause bronchopneumonia [27, 29].

Antibiotic therapy is often the first-line therapy of dis-
eases of the gastrointestinal and respiratory tract in calves
and piglets. A previously published study showed that fat-
tening calves receive antibiotics for 30 days on average.
Moreover, calves are frequently treated with reserve anti-
biotics such as fluorchinolones and cephalosporines of the
3. and 4. generation [30]. In pig production, routine pro-
and metaphylactic administration of antimicrobial agents
is a widely-used practice in herds suffering from neonatal
diarrhea, postweaning diarrhea or edema disease irre-
spective of increasing ineffectiveness in consequence of
bacterial resistance [6]. More than 60 % of the antibiotics
used in porcine husbandry are administered by oral group
treatment [31]. Data on antimicrobial resistance monitor-
ing indicated that 59 % of porcine Escherichia coli strains
from fecal samples showed resistance to at least one anti-
biotic and 12 % to more than four of the antibiotics that
were investigated [32]. With regard to increasing anti-
microbial resistance worldwide, the prevailing issue of re-
ducing antibiotics in food producing animals is seeking
for novel options to prevent and cure most common and
costly diseases. Improved biosecurity and housing condi-
tions, new feeding regimes, vaccinations and the use of
disease-resistant breeds are important provisions.

The diverse etiopathology and symptomatology of dis-

[19] , the morbidity was stated to exceed 50 % in Finlanehses in young stock is a challenge and demands a multi-

[20] and the mortality can be as high as 25 % without
therapy [17]. The incidence of neonatal diarrhea in piglets
depends on concentration of antibodies in sow’s colos-
trum. While piglets are protected by the antibodies in
sow’s milk, the predisposition for postweaning diarrhea in-
creases with weaning. Additional factors to the immuno-
logical gap, including abrupt changes in diet, an increase
in stomach pH, and changes in the enzymatic and cellular
configuration of the intestine lead to dysbiosis [6,17, 21].
Respiratory diseases in calves and piglets have been
assessed as one of the most serious diseases with regard
to financial losses because of decreased weight gain,
costs for veterinary interventions and higher condemna-
tion at slaughter [22]. In fattening calves bovine respira-
tory disease is a considerable challenge with a morbidity
ranging from 49 % in Switzerland to 80 % in the U.S.A.
[23, 24]. There is a disposition of the bovine respiratory
tract to respiratory diseases. Improper microclimate,
noxious gases and distress through transportation are

targeted therapy. In contrast to chemically synthesized
mono-target drugs, multi-target drug characteristics are
typical for medicinal plants based on their multi-
component composition, which can lead to pleiotropic,
synergistic or additive effects in the organism [33, 34].
The broad spectrum of natural products from plants rep-
resents a prevailing and widely unemployed potential es-
pecially for medication of herbivore and omnivore
livestock [35]. Medicinal plants have been used worldwide
for prevention and treatment of diseases in human and
animals for centuries. Ethnoveterinary research and the
underlying documents describing traditional and recent
use of medicinal plants [36-38] could be exploited as al-
ternative or as supportive tools to reduce the use of antibi-
otics in livestock. Additionally, some medicinal plants are
known to modulate the immune system and inflammation
and could be used as a prophylaxis for infectious diseases.

Human clinical studies, experimental in vivo, ex vivo
and in vitro studies on medicinal plants are available,
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Table 1 Challenging infectious diseases in calves and piglets: pathogens, pathophysiology, resulting demands for prophylaxis and therapy

Disease complex

Calves

Neonatal Calf
Diarrheal

Pathogens

Bacteria

Escherichia coli

Bovine Respiratory Mannheimia

Disease2

=iglets

‘.eonatal Diarrhea

: ostweaning
Diarrhea3

haemolytica

Pasteurella
multocida

Histophilus somni

Mycoplasma bovis

Escherichia coli

Clostridium
perfringens

Lawsonia
intracellularis
Brachyspira spp.

Salmonella spp.

(Yersinia spp.)

. cine respiratory Pasteurella

. sease complex4

multocida

Mycoplasma
hyopneumoniae

Viruses

Bovine Coronavirus

Rotavirus

Infectious bovine
rhinotracheitis virus
Parainfluenza type 3 virus
Bovine respiratory
syncytial virus

Bovine viral diarrhea virus

Rotavirus

Coronavirus

Porcine Circovirus type 2

Porcine reproductive and
respiratory syndrome virus

Swine influenza virus

Porcine circovirus type 2

Parasites

Cryptosporidium

porvum

Cryptosporidium spp.

Isospora suis

Trichuris suis

Oesophagostomum
dentatum

Pathophysiology/pathogenesis

secretory/malabsorptive/
maldigestive diarrhea

dehydration
hypovolemic shock
decrease in temperature
d-lactat acidosis
septicaemia
neurological symptoms
apathy

recumbency

reluctance to drink
fever

catharral/interstitial/fibrinous
bronchopneumonia

fever

increased respiratory rate

dyspnoea
inappetence
nasal discharge
coughing
apathy

runting

secretory/malabsorbtive/
maldigestive diarrhea

enteritis

colitis

dehydration

acidosis

septicaemia
neurological symptoms
apathy

reduced growth rates

suppurative/fibrinous/interstitial
bronchopneumonia

coughing

nasal discharge

Demands for prophylaxis

and therapy

antimicrobial

antiviral
antidiarrheal
antiadhesive
astringent
spasmolytic
analgesic
anti-inflammatory
orexigenic
prebiotic
immunostimulant

antimicrobial

antiviral

analgesic

anti-inflammatory
immunostimulant
mucolytic
secretolytic

antitussive

antimicrobial

antiviral

antidiarrheal

antiadhesive

astringent

spasmolytic
analgesic
anti-inflammatory
orexigenic
prebiotic
immunostimulant

antimicrobial

antiviral

analgesic
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Table 1 Challenging infectious diseases in calves and piglets: pathogens, pathophysiology, resulting demands for prophylaxis and therapy

(Continued)

Actinobacillus
pleuropneumoniae

(Streptococcus
Suis)

(Haemophilus
parasuis)

'[10-13] 2[3-S, 23, 25] 3[6, 15-18] 4[22, 27, 29]

but there is a lack of comprehensive research for veter-
inary medicine, especially in young farm animals. There-
fore, the purpose of the underlying work is to gain
information about potential efficacy of medicinal plants
in human and veterinary medicine including in vitro, in
vivo and clinical studies.

The aim of this systematic literature review is to iden-
tify medicinal plant species or their extracts that are
promising candidates for use in diseases of the gastro-
intestinal and respiratory tract and for stimulation of the
immune system and prevention or therapy of inflamma-
tion in calves and piglets. Candidate plants should bear a
reliable potential for effective treatment and prevention
of these diseases. The information obtained can build a
basis for state-of-the-art experimental trials and clinical
studies with medicinal plants of interest for the treat-
ment of gastrointestinal and respiratory diseases and for
the modulation of the immune system and inflammatory
processes in calves and piglets.

Methods

The design of the systematic review was ‘a priori’ indi-
vidually developed according to the recommendations of
the PRISMA statement [39, 40] and AMSTAR measure-
ment tool [41]. The research question was designed fol-
lowing the PICOS scheme [39]: the population are
calves and piglets in livestock farming, the intervention
is a treatment with medicinal plants, the comparator is
no treatment, a placebo or standard treatment, the out-
come is the effect of the plant, the study design included
in vitro, ex vivo, in vivo and clinical trials. The detailed
protocol of the systematic review is provided in the
Additional file 1.

Selection of plant species

To choose eligible plant species, different initial sources
were screened in respect to plant species frequently rec-
ommended for the treatment of gastrointestinal diseases,
particularly unspecified or infectious diarrhea and
gastrointestinal spasms (QA) and respiratory diseases
(QR) as well as those plants that have been reported to

increased respiratory rate anti-inflammatory

fever immunostimulant

reduced growth rates mucolytic

runting secretolytic

antitussive

modulate the immune system and affect inflammation in
infectious diseases (QL). Regarding the intended use of
medicinal plants in Western livestock husbandry, poten-
tial plant species should be economically available or
easy to cultivate in Europe. The initial sources included
standard literature, based on traditional empiric know-
ledge and historical literature of veterinary [42-45], and
human phytotherapy [46], peer-reviewed publications of
European [47] and in particular Swiss ethnoveterinary
medicine [36, 38] and a report of the European Food
Safety Authority (EFSA) [48] focusing on the use of plants
as feed additives in animal production. All plant species
of these sources connected to one or more of the indica-
tions were recorded including the used part(s) of plant, the
route of administration, the dosage, the contraindications
and adverse effects (Additional file 1). Based on the plant
species that had been mentioned in at least three different
initial sources for the same indication, a preliminary selec-
tion was established. This selection was sent to three spe-
cialists in European veterinary phytotherapy to capitalize
their experience. The experts were asked to comment on
the preliminary selection of plant species regarding the
most common ones being particularly suitable for treatment
and prevention of gastrointestinal and respiratory diseases.

Selection of scientific references

Bibliographic search

The chosen plant species were included in the following
step. A bibliographic web-based search was conducted
based on the recommendations of the PRISMA statement
[39, 40] and AMSTAR measurement tool [41]. An intro-
duction in scientific bibliographic literature searches and
continuous support was provided by a professional librar-
ian. The bibliographic sources used included PubMed [49]
and Web of Science [50]. Both were consulted in the time
between 2015-02-16 and 2015-02-19 by one person. The
search terms consisted of the Latin name, the common
trivial name in English and the pharmaceutical denomin-
ation in Latin (e.g. “Foeniculum vulgare” OR “fennel” OR
“foeniculi fructus”). In the PubMed keyword search, the
results were refined with the subjects ‘complementary
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medicine; ‘dietary supplements! ‘systematic review! ‘toxicol-
ogy’ and ‘veterinary science’. In the PubMed search with
MeshTerms, only the Latin name of the plant was used
and the subheadings ‘adverse effects! ‘analysis! ‘drug effects!
microbiology! 'pharmacology! ‘therapeutic use! ‘therapy’
and ‘toxicity’. In the Web of Science database, the search
was conducted in the research domain ‘science technol-
ogy’ and the results were refined with the research areas
pharmacology! ‘infectious diseases! ‘toxicology! ‘veterinary
sciences! ‘microbiology! ‘gastroenterology! ‘integrative com-
plementary medicine! 'general internal medicine! ‘respira-
tory system’ and ‘virology’. Overall, only peer-reviewed
articles written in English or German language and pub-
lished between 1994 and 2014 were considered for further
evaluation to ensure contemporary scientific quality and
timeliness of the review. The references found were saved
m an EndNote X7 data base [51] and the information on
each plant was stored in a separate folder in this database.
Duplicates were removed for each plant species.

In some studies more than one plant species was in-
vestigated (e. g. a screening of plant species against E.
coli [52]). In other studies, more than one indication was
considered and investigated (e. g. spasmolytic effect of
Plantago lanceolata L. on intestine and trachea [53]).
Therefore, the following definition of ‘reference” was
itroduced:

reference = indication per plant species per peer-
reviewed publication

Tierm-list search
V. term-list search was conducted within each plant spe-
ijes using the search function in EndNote X7 [51]. Only
eiferences containing one of the following predefined key-
words occurring in the title or the abstract were included:
?*g*[ talv*!'muco*;‘spasmo*!'anti*’ (e.g. antimicrobial, anti-
r-acterial, antiviral, antifungal, antioxidant, antinocicep-
rve...), ‘wean*!' ‘intest*! ‘gastro*! ‘pulmo*! ‘broncho*!
: rarma*! ‘eff*’(e.g. efficiency, effectivity, effect), ‘bioactiv*!
.o nstitu®. References containing the terms ‘tumor’ or
incer’ were excluded. The check of the excluded refer-
r-.;es lowered the risk to exclude relevant references.

'minning with inclusion and exclusion criteria
The remaining references were refined using a selective
'vreening of the title. References remained if the content
-Sees the objective of the review. Therefore, inclusion cri-
Tern were pre-defined by two scientists and lead to an in-
. -sion of all references containing investigations of plants
r in vitro, ex vivo, in vivo or clinical studies. Besides these
-'.egories, the evaluation included the following inclusion
“ eria: antibacterial effect, enhancement of antibiotics,
cnviral effect, antiprotozoal effect, anti-inflammatory ef-
analgesic effect, spasmolytic effect, antiadhesive effect,

astringent effect, secretolytic or mucolytic effect, antitussive
effect, and other effects on the gastrointestinal tract, re-
spiratory tract or immune system, treatment of diarrhea,
bacterial or viral infections of the gastrointestinal tract or
respiratory tract, bronchopneumonia, common cold, cough
as well as ingredients, constituents, components of plants
and the detection or extraction of them, toxic activity or ad-
verse effects due to a treatment with plants.

Exclusion criteria were chosen in order to exclude refer-
ences dealing with other plant species or subspecies than
those we focused on, a mixture of different plant species
investigated as one single preparation, pathogens affecting
only humans, diseases regulated by laws, cultivation or
breeding of plants, plant genetics, seeds and fertilizers, re-
gional reservoirs, habitats or demands for growing of
plants, plant pathology, plant protection systems or pesti-
cides, ecology, geology, ethology, sociology, the usage of
the plant as food, food technology or food-packaging, the
use of the plant as a repellent or insecticide, other medical
branches, other diseases or apparatuses than mentioned in
the inclusion criteria (e.g. dermatology, cardiology, oncol-
ogy, nephrology, diabetes) as well as other animal classes
than mammalians and birds.

Classification

Thereby the references were classified into different cat-
egories of trial types. Studies investigating diseases oc-
curring naturally in the investigated animal species or in
humans were categorized as ‘clinical references’. Trials
investigating diseases or the effect of plants in animal
models were categorized as ‘in vivo references’. Studies
using pathogens, cell layers or ex vivo models were cate-
gorized as ‘in vitro references’. Studies investigating the
pharmacologic characteristics, constituents or the detec-
tion of them were categorized as ‘pharmacognostic refer-
ences’ and the evaluation of plants summarizing other
studies as ‘review references’.

In the last step, abstracts of the remaining clinical, in
vivo and in vitro references were studied by one person.
During this process, further references were excluded be-
cause they did not match the predefined selection criteria.

Assessment of clinical, in vivo and in vitro references
The remaining references were assessed by the following
characteristics: used plant species, type of reference
(clinical, in vivo or in vitro), indication of the reference
inspired by the ATCvet classification (QA, QR, QL) [54],
animal species used, study design, pharmaceutical form
of the plant, type of application, concentration tested,
dosage or minimal inhibition concentration and, if avail-
able, the tested pathogen.

To assess the potential of the selected plant species, a
reconciliation of the demands for prophylaxis and ther-
apy of gastrointestinal and respiratory diseases with the
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hypothesized and tested effects of the plants was per-
formed. The demands for prophylaxis and therapy were de-
rived from the pathophysiology of the focused diseases
(Table 1). According to these data, plant-derived treat-
ment options should act bacteriostatic or bactericidal, syn-
ergistically with antibiotics, antiviral, antiprotozoal, anti-
inflammatory, analgesic, immunomodulatory, antidiarrheal,
antiadhesive, spasmolytic, astringent, expectorant or anti-
tussive (depending on the indication). The conclusion of a
trial on the investigated hypothesized effect of the plant
species (Additional file 3) was transferred in the following
assessment. To compare the potential of the plant species,
a scoring system was established. For each significantly
proven effect, the plant species one point was given, while
for each uncertain effect, zero points were assigned, and for
each disproved effect a point was subtracted (for more de-
tails see Additional file 1). Clinical studies were given more
weight compared to in vivo studies followed by in vitro
studies. Clinical studies were given a weight of three, in vivo
studies two, and in vitro studies one. The weighted average
of the sum of points of the clinical, in vivo, and in vitro
scores served as the final score. The scores were used to
identify the plant species that are the most efficacious op-
tions for related disease complexes.

Score = 3 x (number of proven effects in clinical studies -
number disproof of effects in clinical studies) 4-
2 x (number of proven effects in in vivo studies -
number ofdisproof of effects in in vivo studies) 4-
1x (number of proven effects in in vitro studies-
number of disproof of effects of in vitro studies)

Results

The procedure of this systematic literature review is vi-
sualized in Fig, 1. The screening of ethnoveterinary re-
search and standard phytotherapeutic textbooks (initial
sources) led to a total of 223 plant species recommended
for the treatment and prophylaxis of gastrointestinal
(diarrhea and intestinal spasms) and respiratory diseases
in human and animals. A number of 134 different plant
species were recommended for QA, 121 for QR and 44
for QL (Additional file 2). A preliminary selection of 29
plant species, recommended in at least three different
sources for the same indication, was established. There-
from, 17 plant species were recommended for QA, 15
for QR and 8 for QL. The specialists review led to an
addition of one plant species (Origanum vulgare L.) to
the preliminary list including finally 30 plant species. All
of these plant species meet the claims for cost-efficiency
or cultivability in Europe.

In the subsequent bibliographic search 20,364 refer-
ences (after removal of duplicates) were found for the 30
plants species (Table 2). During the term-list search, the
amount of relevant references led to a reduction of refer-
ences with 6,800 remaining references. An ensuing

random check of the excluded references confirmed the
selected terms. The subsequent screening of titles led to
a number of 2,797 eligible references, which were classi-
fied into the categories ‘clinical references’ (243), ‘in vivo
references’ (428), ‘in vitro references’ (1258), ‘pharmacog-
nostic references’ (704) and ‘review references’ (164).
The terminal screening of the abstracts of all clinical, in
vivo and in vitro references revealed a final number of
418 references (77 clinical, 84 in vivo, 258 in vitro)
(Additional file 3). Due to the fact that more than one
reference could be defined from some studies, the system-
atic literature research led to a number of 378 studies
representing the effects and efficacy of 29 plant species in
418 references. For one plant species, Quercus robur L.,
no references were found according to the criteria.

A total of 19,077 references were excluded because they
did not match the predefined selection criteria. Predomin-
ant reasons for exclusion included that the content of title
and abstract did not correspond to the focus of the review
(e. g. pathogens were not the pathogens of the focused dis-
eases). Other reasons were missing abstracts (in 212 refer-
ences) or publications that were not peer-reviewed.

From the 418 remaining references, 48 references based
on clinical studies were veterinary origin with 19 swine
studies, 5 cattle studies, 17 horse studies, and 4 studies in
rabbits. A number of 370 references include studies in
humans (29 clinical, 84 in vivo and 257 in vitro studies). A
number of 77 in vivo references used laboratory rodents
(rats, mice, guinea-pigs) and three studies used cats as an
animal model. For gastrointestinal indications (QA), 198
references were found, 57 references were related to re-
spiratory diseases (QR), and 163 references aimed at the
modulation of the immune system and inflammation pro-
cesses (QL). Most references coping with the inclusion cri-
teria were found for Echinacea purpurea L. MOENCH.
(48 references), Origanum vulgare L. (36 references) Thy-
mus vulgaris L. (36 references), Camellia sinensis (L.)
KUNTZE (32 references), and Allium sativum L. (31 refer-
ences). The required effects of a treatment and the proven
effects of the plant species as mono-substances for each
indication are shown in Tables 3, 4 and 5. In Table s, the
most promising plant species of the peer-reviewed refer-
ences according to the scoring system for each indica-
tion (QA, QR and QL), as well as the most frequently
recommended plant species of the traditional references
(Additional file 2) are shown. According to the scoring
system, the two most promising plant species are
Echinacea purpurea (L) MOENCH (for QR and QL)
and Allium sativum L. (for QA).

Discussion

There is a large amount of evidence-based knowledge
about medicinal plants, represented by 20,364 studies fo-
cusing on 30 medicinal plant species from the last
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Fig. 1 Process of the systematic literature review

20 vears considering peer-reviewed publications in English
r German language. The emergence of multi-drug resist-
iTce in human and animal pathogens results in inter-
-anonal accordance to strengthen the research in novel
-atment options. Medicinal plants and their extracts
~aght be an option to prevent and cure livestock diseases.

Evaluation of the search strategy

This systematic review was designed and performed ac-
cording to the guidelines of the PRISMA statement and
AMSTAR measurement tool [39-41]. Due to the fact that
we searched for available data on a largely underrepre-
sented topic in the last decades, only a small number of
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Table 2 Quantifying and categorizing of scientific publications regarding 30 medicinal plants during bibliographic literature research
process

Plant species Common All references After keyword Pharmacognostic Reviews After checking Clinical In vivo In vitro and
name imported from search in titles studies of relevance, studies studies €x Vivo
WoSland PM2 and abstracts regarded for studies
after removal with endnote the assessment
of duplicates of plant species
Achillea millefolium L. yarrow 345 157 14 2 15 2 3 10
Agrimonia eupatoria L.  agrimony 73 37 10 0 2 1 0 1
Allium sativum L. garlic 1149 630 24 14 31 9 5 17
Althaea officinalis L. marshmellow 62 29 6 1 6 0 4 2
Camellia sinensis (L). green tea 2052 804 53 21 32 4 6 22
KUNTZE
Carum carvi L. caraway 191 95 28 6 5 0 1 4
Cetraria islandica (L.) Icelandic 118 46 8 0 4 1 1 2
ACH. moss
Echinacea purpurea (L) purple 869 364 45 18 48 14 8 26
MOENCH coneflower
Foeniculum vulgare (L) fennel 825 308 46 6 18 1 4 13
MILL
Glycyrrhiza glabra L. liquorice 597 252 43 8 26 3 7 16
Linum usitatissimum L. linseed 762 227 12 5 7 3 3 1
Malva sylvestris L. wild mallow 243 50 2 2 4 0 3 1
Matricaria recutita L. camomile 908 305 43 7 22 1 7 14
Mentha x piperita L peppermint 1331 425 35 23 21 8 0 13
Origanum vulgare L. oregano 904 526 42 0 36 10 4 22
Picea abies (L) H.KARST. norway 1031 153 0 0 1 0 0 1
spruce
Pimpinella anisum L. anis 453 147 12 2 12 2 0 10
Plantago lanceolate L. english 532 136 7 2 6 1 0 5
plantain
Potentilla erecta (L) tormentil 49 15 3 2 3 2 0 1
RAEUSCH.
Primula veris L. cowslip 106 23 2 0 1 0 0 1
Quercus robur I. english oak 1210 165 7 0 0 0 0 0
Rubus fruticosus L. blackberry 583 172 34 0 6 0 1 5
Rumex ssp. L. dock 939 208 15 2 1 0 4 7
Salix ssp, L. willow 915 171 20 13 6 0 1 5
Salvia officinalis L. sage 902 372 67 5 20 7 7 6
Sambucus nigra L. elderberry 891 169 19 4 7 1 2 4
Thymus vulgaris L. thyme 831 372 52 3 36 6 2 28
Tussilago farfara L. coltsfoot 101 36 14 0 4 0 1 3
Urtica dioica L. stinging 760 251 16 10 20 1 6 13
nettle
Vaccinium myrtillus L. blueberry 632 155 25 7 8 0 4 4
sum3 20364 6800 704 164 418 77 84 257

adue to the definition of reference (trial x plant species x indication) the sum may contain some trials more than one time; "WoS =Web of Science [50];
2PM = PubMed [49]

veterinary clinical data is currently available. Therefore, research question. Human clinical studies, experimental
the search strategy was adapted to gain as much plant spe- in vivo studies with laboratory animals as well as ex vivo
cific information as possible and to cope with the complex  and in vitro studies were included as well. To avoid the



Table 3 Assessment3 of medicinal plants based on peer-reviewed references6 of the last 20 years aiming gastrointestinal indicationsO

Plant species

Achillea millefolium L.

Allium sativum L

Althaea officinalis L.

Camellia sinensis (L.)

KUNTZE

Carum carvi L.

Echinacea purpurea

(L) MOENCH

Foeniculum vulgare

(L) MILL.

Gycyrrhiza glabra L.

Linum usitatissimum L.

Matricaria recutita L.

Number of Type of

references

12

10

reference

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

In vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

Antibacterial

21

125

27

214

615

219

32

625

433

238

545

with AB
? o + ?
13
16
18
116
124
26 27 28
23

Synergism Antiviral

Anti
protozoal

29

?

Anti
adhesive
+ ? 0

Anti
diarrheal

+

210

220

14°

247

?

Spasmolytic

42

14

122

136

139

142

446

?

(0]

Immuno

stimulant

+

?

(0]

Antiin Analgesic Hypothesis
flammatory proved
+ 2 0 + ? 0 + ? 0
112 213
123
130
132

137

140

143 144

148

"saseasip Alojelidsas pue [eunsajuioiseb Joy suondo onnadelayl pue onoejAydold - syueld reudipan

gO



Table 3 Assessment3 of medicinal plants based on peer-reviewed referencesBof the last 20 years aiming gastrointestinal indications'3 (Continued)

Plant species

Mentha x piperita L.

Origanum vulgare L

Picea abies (L))

H.KARST.

Pimpinella anisum L.

Plantago lanceolata L.

Potentilla erecta (L.)

RAEUSCH.

Rubus fruticosus L

Rumex ssp. L.

Salix ssp. L.

Salvia officinalis L.

Sambucus nigra L.

Number of Type of

references

13

21

reference

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

Antibacterial Synergism Antiviral
with AB
+ ? o + ? o + ? o +
849 150 1 51
153
18s7 258
<60
167
368 269 2170
173
AT
580 181
382

Anti
protozoal

261

176

Anti Spasmolytic Immuno Antiin Analgesic Hypothesis
diarrheal stimulant flammatory proved
+ ?2 0 o+ ?2 0 + ?2 0 + ? o + ?2 o+ ? 0
352
154 455
159
162 i63 264 765 166
17
i72
i75
178
179
1 |85 186 i 87
84
i89

90T
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Table 3 Assessment3 of medicinal plants based on peer-reviewed references6 of the last 20 years aiming gastrointestinal indications0 (Continued)

Thymus vulgaris L.

Plant species

Tussilago farfara L.

Urtica dioica L.

Vaccinium myrtillus L

Sum of plant species

for each effect

Sum of assessments

14

3

in vitro

in vivo +
clinical

Number of Type of

references

reference

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

in vitro

in vivo +
clinical

icro f

Antibacterial Synergism Antiviral Anti

18

93

1

with AB protozoal

Anti

adhesive
0 0 1
1 00
0 0 1
1 00

Anti
diarrheal

10

Spasmolytic

10

20

Immuno Antiin
stimulant flammatory
reil

Analgesic Hypothesis
proved

“Assessment = conclusion of a reference on a hypothesized effect; Reference =trial x plant species x indication; 'particularly unspecified or infectious diarrhea and gastrointestinal spasms+ = reference proves evidently

the hypothesized effect; ? = reference shows uncertain hypothesized effect; o = reference does not prove evidently the hypothesized effect

'[147, 148] 2[149-352) 3[153] 4[154] s[69-76,155-158] 6[69] 7[63, 66] S[159] 962, 160] *°[63, 64] * [66] 12[77] 3[161, 162] ,A[163, 164] 1s[165-170] 16{170] ” [171] ,8[172] 9[124, 125] 2[124, 173] 21[174-176] 22[177]
23[178] 24179] 25175, 176, 180-183] 26[184] 27[185] 28[181] 29[186] [187] 31[188] 32[189] 33[143, 190-192] 34142, 193] 35145] 36[194] 37195] 38[196, 197] 39141] 40[198] 41[199] 42[199] 43{200] "[201] 45[202] [175, 185,
203, 204] * [205-208] 47209, 210] 48[189] 49176, 211-216] 50[217] s1[214] 52[88, 205, 218] 53[219] 54[220] 55[86, 87, 221, 222] s6[223] 57[S2, 118, 175, 224-237] 58238, 239] 59[240] * [241] 6 [242, 243] * [244] 63[245]
“ [244, 246] “ [247] “ [248] 67[249] 68[175, 250, 251] 69[252, 253] 70[251, 254] 7L[255] 72[53] 73[256] 74[257] 75[258] 76[259] 77[180, 260-262] 78263] 79[264] 80[175, 211, 233, 237, 265] 81[252] “ [266-2681 s3[267, 268]
m[269] 85[270] “ [269] 87[268] “ [271] 89[272] 90[52, 118-120, 175, 176, 226, 250, 252, 273] 91[274] 92[113, 275, 276] 93277, 278] H[279] 95[280] 96[191, 281] 97[185, 282] “ [145] "[283, 284] ,00[285] 0’ [259] 02[286]

103287] ,04[286]

""saseasip Alojelidsal pue eunnsajulosiseb 1oy suondo onnadessyy pue onoejAydold - syueld reuipsiy



Table 4 Assessment3 of medicinal plants based on peer-reviewed referencesBof the last 20 years aiming respiratory indications

Plant species

Achillea millefolium L.

Agrimonia eupatoria L.

Allium sativum L.

Althaea officinalis L.

Camellia sinensis (L).

KUNTZE

Cetraria islandica (L)
ACH.

Echinacea purpurea (L.)
MOENCH

Foeniculum vulgare (L.

MILL.

Glycyrrhiza glabra L.

Mentha x piperita L.

Pimpinella anisum L.

Plantago lanceolata L.

Primula veris L.

Rubus fruticosus L.

Rumex ssp. L.

Number of Type of

references reference

2 in vitro

1 in vivo + clinical
1 in vitro

0 in vivo + clinical
1 in vitro

0 in vivo + clinical
0 in vitro

4 in vivo + clinical
0 in vitro

2 in vivo + clinical
0 in vitro

1 in vivo + clinical
3 in vitro

8 in vivo + clinical
2 in vitro

0 in vivo + clinical
1 in vitro

2 in vivo + clinical
1 in vitro

0 in vivo + clinical
2 in vitro

0 in vivo + clinical
1 in vitro

0 in vivo + clinical
1 in vitro

0 in vivo + clinical
0 in vitro

1 in vivo + clinical
2 in vitro

0 in vivo + clinical

Anti-bacterial

r2

126

128

Synergism  Antiviral

with AB

Spasmolytic Expectorant Antitussive Immuno-stimulant Anti-inflammatory Analgesic Hypothesis
proved
+ 20 + 70 + 70 + 7 0 + ? 0 + ? O + 2?2 0 + ?2 0
2
12
13
14
45
le &
19 0)
2'° 21
113 =14 215 116 217 218
2'9
120
12 122
123
224 . %
[11]
125 ﬁ]
3
it]
127
229



Table 4 Assessment3 of medicinal plants based on peer-reviewed references'3 of the last 20 years aiming respiratory indications (Continued)

Salvia officinalis L. in vitro
in vivo + clinical la
Sambucus nigra L. in vitro
in vivo + clinical 1%
Thymus vulgaris L. in vitro 334 636
in vivo + clinical 136
Tussilago farfara L. in vitro 137
in vivo + clinical 139
Urtica dioica L. in vitro 34°
in vivo + clinical
Vaccinium myrtillus L. in vitro
in vivo + clinical
Sum of plant species in vitro 5 0 0 0 O 0 6 00 7 0 0 0 0 O 0 0 0 0 1 1 0 0 0 0 0 O
for each effect in vivo + clinical 2 0 0 o 0 1 2 0 1 2 0 2 o 0 4 0o 0 1 0 0 2 0 0 1 0 0 3
Sum of assessments in vitro 9 0 0 0o 0 O 8 00 15 0o o0 0O 0 O 0O 0 O 0 1 2 0 0 0 0 0 O
in vivo +clinical 2 o 0 o 0 1 2 01 2 0o 2 o o0 7 0 0 2 0 0 2 0 0 1 0 0 4

' Assessment = conclusion of a reference on a hypothesized effect; b reference = trial x plant species x indication; + =reference proves evidently the hypothesized effect; ? = reference shows uncertain hypothesized
effect; o =reference does not prove evidently the hypothesized effect

1[288, 289] 2[290] 3[291] 4 [292] 5 [293-296] 6 [297] 7[298] 8 [297] 9 [299] 10[300, 301] " [103, 301] 12 [302] 13 [94] 14 [96] 15[302, 303] 16 [96] 17 [95, 304] 18 [305, 306] 19 [307, 308] 20 [309] 2L [140] 22 [139] 23 [89] 24
[310, 311] 25 [53] 26 [312] 27 [313] 28 [314] 29 [315] 30 [293] 31 [316] 32[300] 33 [317] 34 [191, 318,319] 3H5[113-116,320,321] 36 [108] 37 [322] 38 [323] 39 [323] 40 [322, 324, 325] 41 [326] 42 [327]

saseasip Alojelidsal pue feunsajuioaiseb oy suondo annadelsyl pue onoejfydold - syueld [eudipay
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Table 5 Assessment3 of medicinal plants based on peer-reviewed references'3 of the last 20 years aiming the modulation of the
immune system and inflammation

Plant species Number of references Type of reference Immunostimulant Antiinflammatory Analgesic Hypothesis proved
+ ? 0 + ? 0 + o +

Achillea millefolium L. 2 in vitro 21

2 in vivo + clinical 12 13
Agrimonia eupatoria L. 0 in vitro

1 in vivo + clinical 1s
Allium sativum L. 4 in vitro 16 17 28

5 in vivo + clinical 59 ()
Camellia sinensis (L), KUNTZE 14 in vitro 3" 1212

5 in vivo + clinical 213 214 115
Cetraria islandica (L.) ACH. 2 in vitro 2'6

1 in vivo + clinical 117
Echinacea purpurea (L) MOENCH 23 in vitro 1618 119 620

13 in vivo + clinical 921 22
Foeniculum vuigare (L.) MILL. 1 in vitro 125

3 in vivo + clinical 126 327
Glycyrrhiza glabra L. 6 in vitro 428 229

4 in vivo + clinical 330 13 132
Linum usita-tissimum L. 1 in vitro 133

3 in vivo + clinical 134 235 136
Maiva sylvestris L. 1 in vitro 137

3 in vivo + clinical 138 239 140
Matricaria recutita L. 5 in vitro 141 442

5 in vivo + clinical 143 4 s 246
Mentha x piperita L. 0 in vitro

1 in vivo + clinical 147
Origanum vuigare L. 1 in vitro 148

6 in vivo + clinical 249 350
Pimpinella anisum L. 1 in vitro 152

2 in vivo + clinical 153 154
Plantago lanceolata L. 3 in vitro 355

0 in vivo + clinical
Potentilla erecta (L.) RAEUSCH. 1 in vitro 156

0 in vivo + clinical
Rubus fruticosus L. 4 in vitro 4s7

0 in vivo + clinical
Rumex ssp. L 1 in vitro 158

3 in vivo+ clinical 259 ze0
Salix ssp. L. 4 in vitro 461

1 in vivo + clinical 162
Salvia officinalis L. 0 in vitro

7 in vivo + clinical 163 ST IEL al
Sambucus nigra L. 2 in vitro o8 169

in vivo + clinical
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Table 5 Assessment3 of medicinal plants based on peer-reviewed referencesBof the last 20 years aiming the modulation of the
immune system and inflammation (Continued)

Thymus vulgaris L. 5 in vitro 571
4 in vivo + clinical 172 13 274
Tussilago farfara L. 1 in vitro 175
0 in vivo + clinical
Urtica dioica L. 4 In vitro 276 277
4 in vivo + clinical 378 179 80
Vaccinium myrtillus L 1 In vitro 181
2 in vivo + clinical 182 283
Sum of plant species for each effect in vitro 6 3 0 20 0 0 o © ©° ©° 0 0
in vivo + clinical 9 4 6 13 0 1 2 0 1 1 1 1
Sum of assessments in vitro 29 3 0 56 0 0 0 0 0 O 0 0
in vivo + clinical 24 4 7 20 0 1 20 0 1 1 1 1

'Assessment = conclusion of a reference on a hypothesized effect; breference =trial x plant species x indication; + = reference proves evidently the hypothesized

effect; ? =reference shows uncertain hypothesized effect; o =reference does not prove evidently the hypothesized effect

'[328, 329] 2[330] 3[331J 4[331] 5[332] 6[333] 7[334] €[78, 80] 9[65, 67, 68, 79, 335] ,0[79) " [133, 336, 337] 1336, 338-348] 13[134, 349] ,4[131, 350] 5[351] ,6[352,

353] 17[354] 18[99, 100, 355-368] 19369] 20[102, 370-374] 21[93, 97, 98, 375-380] 22[381,382] 23[383] 24[384] 25[385] 26[386] 27[386-388] 28[144, 334, 389, 390]

13[391, 392] 30138, 380, 393] 31[394] 32394] 33[395] 34[396] 39397, 398] 36[397] 37[399] 38[400] 39[401, 402] 4°[401] 41[403] 42[404-407] 43[408] 44[409] 45[410, 411]

“ [410, 412] 47[413] 4s[414] 49[415, 416] sO[417-419] s1[420] 52[421] 53[422] 54[423] 56[392, 424, 425] 56[426] 57[427-430] 58[431]59[432, 433] 60[432, 434] ¢
437] 62[438] 63[439] 64[440] “ [441] “ [442-445] 67[442, 443] 65[446] 69430] 70[447] 71[436, 448-450] 72[451] 73[451] 74[417, 452]75[453] 76[454, 455] T7[45€

138, 458, 459] 79[460] so[460] s,[344] 82[461] 83461, 462

risk of source selection bias, multiple types of sources
were used initially: standard textbooks, peer-reviewed
publications, a governmental report, and personal com-
munications with experts. The risk of introducing data-
base bias was reduced by using two different and
independent databases and by using the Mesh Terms
function of PubMed. The selection of the 30 traditionally
used plant species may bear a sampling bias. European
ethnoveterinary and traditional administrations of medi-
cinal plants were screened to identify promising plant spe-
cies for the bibliographic search. Due to our strategy, it is
likely that frequently studied plant species come up as
more promising compared to less frequently studied
plants. Additionally, the timeliness of the review excluded
studies published before 1994 which may be accepted in
science for decades by e.g. the European Scientific Co-
operative on Phytotherapy [55]. As a consequence, plants
including Malva sylvestris L., Potentilla erecta (L.
RAEUSCH, Primula veris L., Quercus robur L. or Picea
r.bies (L.) H.KARST. appeared less promising, although
:hey are an integral element of traditional medicine.

Comparison of traditional phytotherapy with up-to-date
Knowledge

The most promising plant species of the peer-reviewed
publications of the last 20 years were compared to the
most common traditional administrations of the initial
sources (Table 6). For the most promising plant species
52, 30 and 27 % are also frequently recommended in the
initial sources for QA, QR and QL, respectively. The re-
mits confirmed the rationale of some traditional

administrations of medicinal plants. Cases where the
traditional applications were not confirmed by current
studies, may be explained by the fact that only studies
published between 1994 and 2014 were considered.
Nevertheless, for many of these plant species broad sci-
entific substantiation exists. For example, ESCOP mono-
graphs are available for Linum usitatissimum L.,
Pimpinella anisum L., Cetraria islandica (L) ACH,
Primula veris L. and Salix ssp..

Complexity of varying chemistry

It is important to consider that the amount of active con-
stituents in plants depends on environmental factors.
Based on the plant cultivars used climatic and geographic
conditions, quality of the soil and method of cultivation
and harvest influence the phytochemical composition of
the plant and therefore, different amounts of constituents
can be found in different batches. The used part of plant,
widely divergent post-harvesting processing and methods
of extraction and stabilization affect the chemistry of phy-
topharmaceuticals [56]. Environmental factors and post
harvesting procedures are likely to explain varying ef-
fectiveness of a medicinal plant in different studies as
reported for Echinacea [57, 58]. Therefore, a direct
comparison of the outcome of the studies is difficult
especially because of the lack of information regard-
ing the phytochemical composition of the used test
material. The use of pharmacopoeia quality in future
research would ensure a defined amount of active
constituents [59].
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Table 6 Promising medicinal plants for treatment and prophylaxis of gastrointestinal and respiratory diseases and for modulation of
the immune system and inflammation

Indication Traditional applications in initial sources’ (number Peer-reviewed references
of references recommending the plant for the indication)3 (sum of points gathered in the scoring system2)6
Gastrointestinal tract Matricaria recutita L. (7) Allium sativum L. (41)
Foeniculum vuigare (L.) MILL. (6) Mentha x piperita L. (30)
Potentilla erecta (L) RAEUSCH (5) Salvia officinalis L. (27)
Linum usitatissimum L. (5) Origanum vuigare L. (24)
Rubus fruticosus L. (5) Camellia sinensis (L.) KUNTZE (18)
Thymus vulgaris L. (4) Matricaria recutita L. (15)
Quercus robur L. (4) Qlycyrrhiza glabra L. (14)
Mentha x piperita L. (4) Thymus vulgaris L. (13)
Urtica dioica L. (4) Foeniculum vuigare (L) MILL. (7)
Vaccinium myrtillus L. (4) Carum carvi L. (6)
Salvia officinalis L. (4) Pimpinella anisum L. (6)
Carum carvi L. (4) Rumex sp. L (6)
Camellia sinensis (L.) KUNTZE (4) Urtica dioica L. (6)

Achillea millefolium L. (4)

Respiratory tract Thymus vulgaris L. (7) Echinacea purpurea (L.) MOENCH (10)
Pimpinella anisum L. (6) Thymus vulgaris L. (10)
Althaea officinalis L. (5) Althaea officinalis L. (8)
Cetraria islandica (L) ACH. (5) Glycyrrhiza glabra L. (5)
Primula veris L. (5) Salvia officinalis L. (5)
Foeniculum vuigare (L) MILL (4) Tussilago farfara L (5)
Sambucus nigra L. (4) Urtica dioica L. (5)
Malva sylvestris L, (4) Achillea millefolium L. (4)
Allium sativum L. (4) Camellia sinensis (L) KUNTZE (4)
Picea abies (L.) H.KARST. (4) Sambucus nigra L. (4)
Modulation of immune Echinacea purpurea (L.) MOENCH (2) Echinacea purpurea (L.) MOENCH (41)
system and inflammation Salix sp. L. (2) Camellia sinensis (L.) KUNTZE (26)
Thymus vulgaris L. (1) Glycyrrhiza glabra L. (19)
Sambucus nigra L. (1) Origanum vuigare L. (19)
Urtica dioica L. (1) Allium sativum L. (18)
Malva sylvestris L. (1) Salvia officinalis L. (16)
Plantago lanceolate L. (1) Urtica dioica L. (15)
Allium sativum L. (1) Foeniculum vuigare (L) MILL (11)
7ilia cordata MILL/7/fa platyphyllos scop, (1) Matricaria recutita L. (11)
Artemisia absynthum 1. (1) Malva sylvestris L (9)
Verbascum sp. L. (1) Rumex sp. L. (9)

Armoracia rusticana PH. GARTN.f?)

"initial sources = standard literature, based on traditional empiric knowledge and historical literature of veterinary [42-45], and human phytotherapy [46], peer-reviewed
publications of European [47] and Swiss ethnoveterinary medicine [36,38] and a report of the European Food Safety Authority (EFSA) [48] focusing on the use of plants
as feed additives in animal production; 2Score =3 x (number of proven effects in clinical studies - number disproof of effects in clinical studies) +2 x (number of proven
effects in in vivo studies - number of disproof of effects in in vivo studies) + 1 x (number of proven effects in in vitro studies - number of disproof of effects of in vitro
studies) “gastrointestinal tract’ all plant species recommended for QA 4 times or more in the initial sources, ordered by incidence of recommendation by different
authors as listed in detail in Additional file 2; “respiratory tract: all plant species recommended for QR 4 times or more in the initial sources, ordered by incidence
of recommendation by different authors as listed in detail in Additional file 2; “Modulation of immune system and inflammation: includes all plant species
recommended for QL 1 time or more in the initial sources, ordered by incidence of recommendation by different authors as presented in file 2 in greater
detail; bgastrointestinal tract: includes all plant species gathered for QA with a minimum score of 6 ordered by sum of points the plant species gathered;
brespiratory tract: includes all plant species gathered for QR with a minimum score of 4, ordered by sum of points the plant species gathered; bModulation of immune
system and inflammation: includes all plant species gathered for QL with a minimum score of 9, ordered by sum of points the plant species gathered; bold letters =
plant species recommended in initial sources and in peer-reviewed references for same indication
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Relevance for the treatment of livestock diseases

From the 418 references assessed, 46 focused on live-
stock including 19 clinical references for pigs and five
for cattle. Most of these clinical studies used the plants
as a feed additive and not as a pharmaceutical. This
might be due to complex regulatory affairs exacerbating
the licensing and authorization of a medicinal plant or a
plant extract as a veterinary drug.

Due to missing information regarding the absorption of
orally administered medicinal plant compounds by the
gastrointestinal tract, local treatment of gastrointestinal dis-
eases might promising compared to a systemic treatment
of respiratory diseases. Effective concentrations of, e.g. es-
sential oils via inhalation may be obtained in the respiratory
tract, but it is less practicable when larger herds need to be
treated. While pigs as monogastrics might be compared
uith humans, calves are young ruminants and the biotrans-
formation of plants secondary metabolites in the foresto-
mach is not well known. However, in suckling calves plant
extracts can be administered by daily milk diet to ensure
bypassing the forestomach by oesophagal groove reflex.

We identified only a few recent references and also
few traditional recommendations for the indication QR
n=57) compared to QA (n = 198). Interestingly, similar
findings were reported from ethnoveterinary research
47, 60]. One explanation might include the challenge of
the treatment of respiratory diseases because systemic
effects are needed to obtain the therapeutic effect com-
pared to primarily local effects. Modulation of the im-
mature or deficient immune system of calves and piglets
provides a starting-point for the prevention of multifac-
torial infectious diseases. In the traditional phytotherapy
literature, effects of medicinal plants on the immune sys-
tem cannot be found frequently. This might be explained
by the fact that immunology is a relatively young scien-
tific field that developed rapidly in recent years. In human
medicine, some immune stimulating preparations are
already available on the market and therefore, a variety of
studies is available. In contrast, for livestock, scientific
Knowledge is not transferred to practical use yet.

This review mainly focused on therapeutic options of
medicinal plants. From this point of view, the relevance
of possible toxicity, adverse effects or residues in live-
stock products remains open. Regarding safety aspects
Tussilagofarfara L. cannot be recommended as a thera-
peutic medicinal plant due to the presence of toxic pyr-
rolizidine alkaloids. Nevertheless, the majority of plant
species in this review are consumed by humans as food,
-pices, luxury foodstuffs or as registered nutraceuticals
and pharmaceuticals. If these plant species are safe for
ngestion in humans, it might be legitimate to transfer
filese results to other mammalians with a comparable
metabolism (herbivores and omnivores). Under these

rcumstances, risks for humans based on residues in

products from food-producing animals should be neglect-
able. For herbivores and omnivores with a mainly plant-
based ration, safety of the most medicinal plant species
can be supposed. These species may cope with plant sec-
ondary metabolites in a similar way as humans [35].

Promising plant species for gastrointestinal and
respiratory diseases and for modulation of the immune
system and inflammation

Several trials show the equivalence of plant-derived phar-
maceuticals with synthetic ones, but nonetheless there are
some trials showing the contrary. Based on the data pre-
sented in this review, Allium sativum L., Mentha x piper-
ita L. and Salvia officinalis L. carry a high potential for
treatment of gastrointestinal diseases (Table 3). Echinacea
purpurea (L.) MOENCH, Thymus vulgaris L. and Althaea
officinalis L. may be considered for the treatment of
respiratory diseases (Table 4). Regarding the majority
of positive results of studies evaluated, Echinacea pur-
purea (L.) MOENCH, Camellia sinensis (L.) KUNTZE
and Glycyrrhiza glabra L. were found to stimulate the
immune response (Table 5).

Traditionally, plant species with a high content of tan-
ning agents are administered in diarrhea. Allium sativum
L. does not contain tanning agents, but due to its anti-
bacterial, antidiarrheal, anti-inflammatory and immuno-
modulatory effects, it may be used for prophylactic and
acute treatment in diarrhea of calves and piglets. Eight
in vivo and clinical studies were identified for Allium
sativum L. proving these effects, and no studies disprov-
ing them. A trial conducted with neonatal calves showed
that allicin, a main active compound of Allium sativum
L,, delayed the onset of diarrhea due to Cryptosporidium
parvum [61]. Two clinical studies demonstrated anti-
diarrheal effects and a reduction of the fecal coliform
count by Allium sativum £.. There is also evidence for
an improvement of performance in pre-ruminant calves
[62, 63]. The immunomodulatory activity of Allium sati-
vum L. in pigs [64, 65] and poultry [66, 67] may hold
true in immunocompromised calves to support their im-
mune defense. Its antibacterial effects on Escherichia coli
and Salmonella ssp. in vitro suggest a high probability of
antibacterial activity in vivo [68-75]. Nevertheless, more
clinical studies are necessary to investigate antiinfective
effects of Allium sativum L. in young farm animals. Al-
lium sativum L. has been reported to exhibit anti-
inflammatory activity in rats [76]. There is also mechan-
istic evidence for anti-inflammatory properties as well as
immunostimulation showed in three in vitro studies,
namely an inhibition of leucocyte migration [77], modu-
lation of interleukin and interferon-gamma expression
[78] and a suppression of nitrogen oxide production in
macrophages [79]. An anti-inflammatory effect may be
useful for the treatment of systemic inflammation
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processes often accompanied with diarrhea. Facing animal
welfare and regarding efficient synthetic non-steroidal and
steroidal anti-inflammatory agents, it is debatable whether
there is a need for plant-derived alternatives. While syn-
thetic non-steroidal and steroidal anti-inflammatory agents
often produce considerable adverse effects including an in-
hibition of mucus production [80, 81], medicinal plants
compass considerable adverse-effects because they contain
several different active compounds which might reduce
the potential of unwanted effects [82]. In in vivo tests for
acute and chronic toxicity, the maximum tolerance dose
and genotoxicity Allium sativum L. was demonstrated to
be relatively safe if administered in therapeutic dosages
[83] and if estimated for the animals metabolic body weight

[84] . With respect to food quality, it must be assured that

residues of Allium sativum L., responsible for the typical
taste of this plant do not result in an altered taste of meat.

To reduce enteral spasm during diarrheal diseases,
Mentha x piperita L. might be an efficient treatment option
based on three clinical studies in humans, demonstrating
efficient spasmolytic activity comparable to butylscopola-
mine [85-87]. The underlying mechanism includes inhib-
ition of smooth muscle contractility through the block of
calcium influx by menthol [sg]. In traditional medicine,
Mentha x piperita L. has been used in the therapy of re-
spiratory diseases. Peppermint essential oil showed spas-
molytic activity on rat trachea ex vivo [89]. But there are no
clinical studies in veterinary medicine for Mentha x piper-
ita L. in respiratory disease. No adverse effects have been
reported for Mentha x piperita L. infusions or oral intake
of leaves [90]. Excessive inhalation or local application of
pure Mentha x piperita L. essential oil was shown to lead
to hypersensitivity reactions [56]. Contraindications are se-
vere hepatic damage and cholestasis [43].

Based on this review, the most prominent plant species
for stimulation of the immune system is Echinacea pur-
purea (L) MOENCH. The main constituents are polysac-
charides, alkylamides, caffeic acid esters and polyacetylenes
[91]. It has been used in therapy for stimulation of the im-
mune system in human medicine, mainly for prevention of
viral infections of the respiratory tract [92]. A total of 23
clinical and in vivo studies revealed multiple effects on the
innate and acquired immune system. Echinacea purpurea
(L) MOENCH was shown to increase the immune re-
sponse towards swine erysipelas vaccination in piglets [93],
prevented enveloped virus infections in humans [94] and
reduced symptom severity in naturally acquired upper re-
spiratory tract infections in humans [95]. In contrast, seven
clinical or in vivo studies reported the absence of the above
mentioned effects. For example Echinacea purpurea (L.)
MOENCH faded to enhance growth or to show any immu-
nomodulatory effect in one study in pigs [96]. Reasons for
these negative results may be due to a very small number
of individuals, an improper dosage or study design. As

mentioned above, the diversity of non-standardized Echin-
acea preparations with varying chemistry is likely to result
in different findings. In some studies, the dosage was not
reported, and therefore it was not possible to estimate how
much plant material or drug equivalent was administered
per day. Consequently, due to missing data final conclu-
sions cannot be drawn. Nevertheless, eight in vivo studies
reported modulations of immune system and blood cell
count, and no studies were found disproving these effects.
Different Echinacea species were found to increase the total
number of white and red blood cells in mice [97] and
horses [98]. Twenty-six in vitro studies demonstrated the
underlying mechanisms of immunomodulatory effects of
Echinacea purpurea (L.) MOENCH. It was reported to acti-
vate macrophages and natural killer cells [99-101] and to
modulate several cytokines [102-105]. Echinacea purpurea
(L) MOENCH is known as a safe immunostimulant in
humans and several products are available on the market.
No reported interactions with other drugs and no toxic ef-
fects after overdosage were reported [106]. Possible rare ad-
verse effects such as hypersensitivity reactions are reported,
but no adverse effects have been observed during long-
term administration [107]. In general, Echinacea purpurea
(L) MOENCH seems to be effective in preventing respira-
tory diseases and as an early intervention immediately after
onset of first symptoms of infectious diseases [95]. How-
ever, further veterinary clinical studies need to be per-
formed, especially to evaluate effective dosages.

In human medicine, Thymus vulgaris L. has been already
effectively used according to its antitussive and mucolytic
effects in the treatment of acute bronchitis, often in com-
binations with other plant species, e. g. Primula veris L.
for its expectorant effects [108-110]. The main active
compound of Thymus vulgaris L. is the essential oil con-
taining thymol, geraniol, thujanol and linalool [111]. The
above mentioned effects still have to be investigated for
veterinary purposes. Nevertheless, an enhancement of the
mucociliary clearance in mice was shown in two in vivo
studies [112, 113]. This effect was explained by an inter-
action with beta2 receptors in rat lung tissue [112]. Add-
itionally, three ex vivo studies demonstrated spasmolytic
effects of Thymus vulgaris L. on tracheal chains compar-
able to theophylline [114-116]. The reported anti-
inflammatory properties [117] and antibacterial effects
found in in vitro studies [118-120] of Thymus vulgaris L
still needs to be investigated in clinical studies. In vivo
studies on the toxicology of Thymus vulgaris L. leaf extract
showed no toxic potential [121, 122]. In summary, the data
available support the potential for using Thymus vulgaris
L. for treatment of respiratory diseases in livestock.

Camellia sinensis (L.) KUNTZE seems to be useful for
treatment of diarrhea as well as for stimulation of the im-
mune system. Main constituents are polyphenolic com-
pounds (up to 25 % catechin derivatives in non-fermented
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plants, e.g. epigallocatechin), purine alkaloids (caffeine, theo-
bromine, theophylline) and flavonoids [123]. Some clinical
studies reported beneficial effects of Camellia sinensis (L.)
KUNTZE on gut health as indicated by a reduced preva-
lence of postweaning diarrhea in piglets, but also a decrease
in growth performance [124]. An experimental trial on a
diet with Camellia sinensis (L.) KUNTZE whole plant ex-
tract revealed a significant decrease of Clostridia counts, but
also of Enterococci counts in the feces of piglets com-
pared to a standard diet with antibiotics [125]. Two in vivo
studies showed also anti-influenza virus activity in mice
[126] and chicken [127], which might be due to an inhib-
ition of virus adsorption [126]. Fifteen in vitro and five in
vivo studies demonstrated antioxidative [128-130] and anti-
inflammatory [131, 132] effects and a modulation of the im-
mune system [133, 134]. No studies were found disproving
these effects. In mice, the intake of a concentrated extract of
Camellia sinensis (L.) KUNTZE did not lead to unwanted
adverse effects [135]. Despite that Camellia sinensis (L.)
KUNTZE is known to be fairly devoid of unwanted effects,
some reports on liver damage related to the intake of Cam-
ellia sinensis (L.) KUNTZE extract are available [136, 137].
In summary, most reports state that safety of Camellia
sinensis (L.) KUNTZE extract can be supposed, if used ap-
propriately to the recommendations [136]. Therefore, Cam-
ellia sinensis (L) KUNTZE bears a reliable potential for
prophylaxis and therapy of diseases in calves and piglets.
The main active compound of medicinally used roots of
Glycyrrhiza glabra L. is the saponin glycyrrhizin. Further-
more, it contains flavonoids and isoflavonoids, chalcones,
cumarins and phytosterols [123]. With regard to the inclu-
sion criteria of this review, no clinical studies focusing on
Glycyrrhiza glabra L. could be found. Nevertheless, it was
>hown to exhibit immunostimulatory effects in vivo, by
stimulation of cellular and nonspecific response [138]. In
three in vivo and ex vivo models, antitussive [139] and tra-
cheal smooth muscle relaxing activity [140] as well as regu-
lating effects in the gastrointestinal tract were reported
[141]. Four in vitro studies demonstrated its antimicrobial
[142, 143] and antiviral potential by activation of autophagy
[144]. In an assessment of different plant species, Glycyr-
-nizaglabra L. exerted the strongest antiviral activity against
rotavirus [145]. Due to these versatile effects, Glycyrrhiza
;labra L. might be beneficial for prophylaxis and treatment
of virus induced diseases of the respiratory- as well as the
gastrointestinal tract Regarding the safety of Glycyrrhiza
glabra L., it is important to choose the right dosage due to
the hyper-mineralocorticoid-like effects of glycyrrhizin. An
acceptable daily dosage of 0.015-0.229 mg glycyrrhizin/kg
oody weight/day for human and animals was reported [146].

Conclusions
This systematic review identified common medicinal
plant species as a potential future therapeutic option for

gastrointestinal and respiratory diseases in calves and
piglets. Based on their plant specific multi-component
compositions, the versatile effects of medicinal plants as
'multi-target drugs’ may bear a potential for the treatment
of respiratory and gastrointestinal diseases in calves and
piglets. Medicinal plants are unlikely to replace chemical
medications as a general rule, but they may be a single or
at least a complementary treatment. In concert with hous-
ing, feeding and hygiene, medicinal plants are part of a
sustainable, natural option for improving animal health
and reducing the use of antimicrobials in livestock farm-
ing. The results of this review provide support for a need
for additional in vitro, in vivo and clinical research focused
on phytotherapy for recently emerging and challenging
diseases in livestock. While a large amount of peer-
reviewed studies about medicinal plant species is available,
most of the clinical and experimental studies were per-
formed in humans and experimental animals. More re-
search is needed to evaluate the potential of medicinal
plants for treatment of farm animals. The data from this
review provide guidance on medicinal plants promising
for further investigations in livestock: the most promising
candidates for gastrointestinal diseases are Allium sativum
L., Mentha x piperita L. and Salvia officinalis L.; for dis-
eases of the respiratory tract, Echinacea purpurea (L)
MOENCH, Thymus vulgaris L. and Althea officinalis L.
were found most promising, and Echinacea purpurea (L.)
MOENCH, Camellia sinensis (L.) KUNTZE, Glycyrrhiza
glabra L. and Origanum vulgare L. were identified as best
candidates for modulation of the immune system and in-
flammation. Based on this review, studies are under way
to investigate the effects of promising medicinal plants in
calves and piglets.
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