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The effect of  oral administration of  robenacoxib on hematological and  
biochemical parameters in different goat breeds
Zeynep Ozdemir Kutahya1, Petek Piner Benli1

ABSTRACT
Robenacoxib is a coxib-class, highly selective cyclooxygenase-2 inhibitor that is used to control 
pain and inflammation. This study aimed to determine the effect on hematological and bioche-
mical parameters 24 hours after oral administration of  robenacoxib to healthy Alpine and Saanen 
goats. The study was conducted on healthy females, 1-2 years old Alpine (n=5) and Saanen (n=5) 
goats. A single dose of  robenacoxib was administered orally to goats at a dose of  4 mg/kg body 
weight. Blood samples were taken before (0 hour) and 24 hours after the administration of  robe-
nacoxib to evaluate of  hematological and biochemical changes. The results of  this study showed 
that statistical differences in hematological and biochemical parameters were within the normal 
limits in Alpine and Saanen goats except lactate dehydrogenase in Saanen goats. Furthermore, no 
differences were observed in hematological parameters between goat breeds; it can be claimed that 
the Alpine breed is more susceptible to negative pharmacological side effects than the Saanen bre-
ed according to changes in biochemical parameters. As a result, it was concluded that robenacoxib 
did not have a negative effect on kidney and liver functions and blood components in Alpine and 
Saanen goats in the administered dose and treatment period in this study. Further studies need 
to investigate the effects of  robenacoxib in high doses, long-term use, and in disease conditions, 
especially on the kidney.
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INTRODUCTION

Changes in moral and ethical considerations have led to glo-
bal demands for better welfare conditions for food animals 
and the need for better agricultural practices. From this pers-
pective, controlling pain sensation is one of  the critical para-
meters necessary for improving livestock welfare. In addition 
to improving animal welfare standards, analgesia is also neces-
sary both to facilitate procedures and to improve animal and 
personnel safety (Smith et al., 2021).

Goats are very pain-sensitive animals and cannot tolerate 
pain-inducing procedures. In the postoperative period, sudden 
deaths have been reported in goats, which have been attribu-
ted to catecholamine-induced ventricular fibrillation resulting 
from inadequate analgesia (Gray and McDonell, 1986). Chro-
nic pain without relief  produces significant stress and changes 
in behavior, as well as cardiopulmonary, neuroendocrine, me-
tabolic, immunological, and thermoregulatory disorders (An-
derson and Muir, 2005).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely 
used in veterinary and human medicine due to their anti-in-
flammatory, analgesic, and antipyretic effects. NSAIDs act by 
inhibiting various cyclooxygenase (COX) enzyme isoforms 
that play a role in the synthesis of  prostaglandins, which have 
important efficacy in inflammatory and physiological events 
(Gunaydin and Sirri Bilge, 2018). Non-inducible COX-1, 
which is expressed by many body tissues, stimulates prosta-
glandin production for beneficial effects in the gastrointesti-
nal tract, kidneys, nervous, reproductive, and cardiovascular 

systems (Clark, 2006). On the other hand, COX-2 is induced 
locally and for a limited time and is mainly responsible for in-
flammation and pain (Morita et al., 1995). Therefore, NSAIDs 
with a broad therapeutic index (selective COX-2 inhibitors, 
COXIBs) have been developed (Flower, 2003). Robenacoxib, 
one of  the COXIBs that selectively inhibit COX-2, has been 
marketed as injectable and tablet formulations for cats and 
dogs (EMA, 2008). Animal species other than cats and dogs 
could potentially benefit from this drug.

There are no NSAIDs approved for use in the treatment of  
pain in small ruminants in Türkiye, USA, and Europe (Smith 
et al., 2021; Traş et al., 2021). As a result, these drugs are used 
off-label. Depending on the use of  off-label drugs, treatment 
failure, drug-related adverse effects, a decrease in the pro-
duction of  healthy and quality animal product and economic 
losses may occur. Changes in hematological and biochemical 
parameters can be observed as a result of  drug-related adverse 
effects (Amin et al., 2017; Owumi and Dim, 2019).

Hematological and biochemical parameters are considered 
indicators of  structural toxic effects (Thrall, 2004). The effect 
of  robenacoxib on hematological and biochemical parameters 
in goats has not been reported so far. In addition, studies have 
shown that there are differences among goat breeds concern-
ing their hematological and biochemical profiles (Azab and 
Abde-Maksoud, 1999; Tibbo et al., 2004). Alpine and Saanen 
breeds generally have high adaptability and strong constitu-
tions. One of  the breeds’ most important characteristiscs is 
their quick adaptation to different climatic conditions. Their 
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feed utilization ability is high (Gall 1996). Because of  these 
features, Alpine and Saanen goats were chosen in this study, 
which are raised almost all over the world. The purpose of  this 
study is to investigate whether robenacoxib affects hematolog-
ical and biochemical markers in different goat breeds (Alpine 
and Saanen) at 24 hours (24-h) after an oral single dose admin-
istration.

MATERIALS and METHODS

Animals

The study was carried out on a total of  10 goats of  Al-
pine (n=5) and Saanen (n=5) breeds, 1-2 years old, 25-35 kg 
in weight, determined to be healthy by general clinical exam-
ination. The animals did not receive any other medications for 
at least 2 months prior to the beginning of  this study. Goats 
according to breed, were kept in separate compartments from 
the other animals on the farm during the study. The goats were 
fed drug-free commercial feed twice a day and had free access 
to dried alfalfa grass and water. The experimental procedures 
in this study were approved by the Ethics Committee of  the 
Cukurova University, Health Sciences Experimental Applica-
tion and Research Center. This study was carried out at the 
Dairy Goat Research Farm, Faculty of  Agriculture, Cukurova 
University, Adana, Türkiye.

Experimental Design

A single dose of  robenacoxib (40 mg/tablet, Onsior®, Elan-
co) was administered orally at a dose of  4 mg/kg (Fadel et 
al., 2023) to goats. During the study, the animals were clin-
ically observed. Before (0 hour, control) and at the 24-h af-
ter the administration, 3 mL of  blood samples were taken 
with a vacutainer into tubes with K3EDTA for hematological 
analyses and without anti-coagulant for biochemical analyses. 
Hemotological measurements were performed immediately 
after blood collection. The blood samples taken for biochem-
ical measurement were centrifuged for 10 minutes (2500 ×g), 
and the serum samples obtained were stored at -20 °C until the 
analysis and analyzed within a week.

Analysis of  Hematological and Biochemical Parameters

Measurement of  hemotological parameters from blood 
samples taken into EDTA tubes (white blood cells (WBC), 
red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), 
mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), neutrophils (Neu), lymphocytes (Lym), mono-
cytes (Mon), eosinophils (Eos), basophils (Bas), neutrophils% 
(Neu%), lymphocytes% (Lym%), monocytes% (Mon%), eo-
sinophils% (Eos%), and basophils% (Bas%)) were measured 
in a blood counter (Mindray BC-5000 Auto Hematology An-
alyzer, Mindray Bio-Medical Electronics, Shenzhen, China). 
Measurement of  biochemical parameters (blood urea nitrogen 
(BUN), creatinine (CRE), total protein (TP), albumin (Alb), 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), gamma glutamyltransferase (GGT), lactate dehydroge-
nase (LDH), and creatine kinase (CK)) from serum samples 
was performed in an autoanalyzer device (Beckman Coulter 
AU 5800, Indianapolis, United States).

Statistical Analysis

Hematological and biochemical parameters were present-
ed as mean ± SD. The SPSS program (23.0 software; IBM) 
was used for statistical analysis. The data obtained in the study 
were evaluated with the paired-t test. A value of  p < 0.05 was 
accepted as the limit of  statistical significance.

RESULTS

The current study investigated the effects of  a single oral 
dose of  robenacoxib on heamotological and biochemical 
parameters in Alpine and Saanen goat breeds. After oral ad-
ministration of  robenacoxib at a single dose of  4 mg/kg, no 
difference was detected in the feed and water consumption, 
rumination, defecation, urination, and movements of  the 
goats during clinical observations. The findings indicated that 
a single oral dose of  robenacoxib after 24-h treatment signifi-
cantly altered some hematological and biochemical parameters 
within the reference range in both goat breeds (Table 1, Table 
2, p < 0.05). 

Alterations in Hematological Parameters

The effects of  robenacoxib on hematological parameters in 
Alpine and Saanen goats were presented in Table 1. Robena-
coxib showed no significant effect on WBC, HGB, MCV, Lym, 
Eos, Bas, Eos%, and Bas% after the 24-h treatment period 
when compared with the 0-h in the Alpine goat breed (p < 
0.05; Table 1). While robenacoxib treatment significantly de-
creased RBC, HCT, Neu, and Neu%, MCH, Mon, Lym%, and 
Mon% were significantly increased after the 24-h treatment 
period when compared with the 0-h in Alpine goats (p < 0.05; 
Table 1). The obtained data revealed non-significant alteration 
in the WBC, HGB, Neu, Lym, Bas, Neu%, Eos%, and Bas% 
after the 24-h treatment period when compared with the 0-h 
in Saanen goats. However, robenacoxib had a significant effect 
on RBC, HCT, MCV, MCH, Mon, Eos, Lym%, and Mon% af-
ter the 24-h treatment period in this goat breed (p < 0.05; Ta-
ble 1). The results indicated that there are significant decreases 
in RBC, HCT, MCV, and Lym% at 24-h treatment period in 
the Saanen goats (p < 0.05; Table 1). Additionally, MCH, Mon, 
Eos, and Mon% were significantly increased in the robenacox-
ib treated group at the 24-h treatment period in the Saanen 
goats when compared with the 0-h treatment period (p < 0.05; 
Table 1).

Alterations in Serum Biochemical Parameters 

Robenacoxib effects on biochemical parameters in Alpine 
and Saanen goats were presented in Table 2. Robenacoxib had 
no significant effect on CRE, TP, Alb, and CK after the 24-h 
treatment period when compared with the 0-h in Alpine goats. 
The biochemical profiles, such as serum BUN levels and GGT 
enzyme activity were significantly increased, whereas serum 
AST, ALT, and LDH enzyme activities were significantly de-
creased at 24-h treatment period in Alpine goats (p < 0.05; 
Table 2). Robenacoxib significantly affected serum GGT and 
LDH activities after the 24-h treatment period when com-
pared with the 0-h in the Saanen goats (p < 0.05; Table 2). Se-
rum GGT and LDH activities were increased in robenacoxib 
treated Saanen goats at 24-h (p < 0.05; Table 2).
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DISCUSSION

NSAIDs are the group most often used in human and vet-
erinary medicine. The use of  NSAIDs off-label in painful and 
inflammatory conditions raises concern about their safety in 
sheep and goats because there are no approved NSAIDs for 

these species. Studies evaluating hematological and biochem-
ical parameters after administration of  NSAIDs with great-
er COX-2 selectivity than COX-1 to farm animals are limited 
(Durna Çorum and Yıldız, 2020), and no studies investigat-
ing the effects of  COXIBs on ruminants were found in the 
literature review. This is the first study to evaluate hemato-
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Hematological  
Parameters

Alpine Saanen
Reference Range

0-h 24-h 0-h 24-h
WBC  (×109/L) 14.53±2.82 13.56±2.04 14.20±3.34 15.37±4.00 5.80-25.00
RBC (×1012/L) 18.37±2.71 14.34±2.22* 15.53±0.72 14.46±0.81** 10.00-21.00
HGB (g/dL) 9.78±0.90 8.46±0.84 8.68±0.80 8.70±0.85 6.2-13.5

HCT (%) 24.66±1.64 19.22±1.46* 21.90±1.58 20.04±1.53** 19.00-36.00
MCV (fL) 13.58±1.40 13.54±1.34 14.08±0.62 13.84±0.53** 13.00-23.00
MCH (pg) 5.38±0.35 5.94±0.38* 5.58±0.33 6.02±0.36** 4.2-7.8

Neu (×109/L) 7.23±1.89 5.78±1.39* 6.41±2.51 6.95±2.20 2.12-10.10
Lym (×109/L) 6.86±1.18 7.05±1.36 7.37±1.32 7.59±2.32 3.12-22.10
Mon (×109/L) 0.08±0.03 0.32±0.14* 0.13±0.05 0.39±0.11** 0.00-1.42
Eos (×109/L) 0.31±0.27 0.36±0.12 0.21±0.09 0.34±0.08** 0.00-1.32
Bas (×109/L) 0.06±0.02 0.06±0.02 0.08±0.03 0.10±0.03 0.00-0.35

Neu % 49.18±7.21 42.4±8.23* 44.36±6.97 44.96±6.30 13.0-58.0
Lym % 47.92±7.52 52.22±8.78* 52.70±7.17 49.52±6.75** 35.0-83.0
Mon % 0.50±0.12 2.30±0.93* 0.86±0.11 2.58±0.72** 0.0-11.0
Eos % 2.00±1.47 2.64±0.69 1.56±0.64 2.28±0.66 0.0-8.0
Bas % 0.42±0.11 0.44±0.15 0.52±0.16 0.66±0.13 0.0-2.5

Table 1. Effects on hematological parameters (mean ± SD) after oral administration of  a single dose of  robenacoxib (4 mg/
kg) to Alpine and Saanen goats (n=5)

WBC: White blood cells, RBC: Red blood cells, HGB: Hemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume, 
MCH: Mean corpuscular hemoglobin, Neu: Neutrophils, Lym: Lymphocytes, Mon: Monocytes, Eos: Eosinophils, Bas: 
Basophils, Neu%: Neutrophils%, Lym%: Lymphocytes%, Mon%: Monocytes%, Eos%: Eosinophils%, Bas%: Basophils%
*: The value determined at 24-h in Alpine goats is significantly different (p<0.05) from 0-h.
**: The value determined at 24-h in Saanen goats is significantly different (p<0.05) from 0-h.

Biochemical  
Parameters

Alpine Saanen Reference 
Range0-h 24-h 0-h 24-h

BUN (mg/dL) 16.26±1.41 20.10±1.69* 15.52±2.40 18.88±3.84 10-28 
CRE (mg/dL) 0.46±0.03 0.44±0.04 0.43±0.06 0.39±0.06 0.3-0.8

TP (g/L) 69.78±2.76 68.34±2.44 72.82±4.57 72.62±5.44 65-75
Alb (g/L) 31.23±1.42 31.52±1.54 31.37±1.84 30.58±1.69 27-45

AST (U/L) 92.60±8.35 82.00±9.27* 78.60±9.63 88.80±14.07 66-230
ALT (U/L) 26.20±2.59 21.60±2.07* 19.00±5.39 19.40±4.51 15-52
GGT (U/L) 42.00±6.52 44.80±7.05* 45.80±9.04 47.80±8.11** 20-56
LDH (U/L) 400.20±48.54 356.60±53.80* 361.20±33.70 413.00±62.93** 0-400
CK (U/L) 184.60±20.19 173.60±41.29 192.80±16.27 217.40±48.60 116-464

Table 2. Effects on biochemical parameters (mean ± SD) after oral administration of  a single dose of  robenacoxib (4 mg/
kg) to Alpine and Saanen goats (n=5)

BUN: Blood urea nitrogen, CRE: Creatinine, TP: Total protein, Alb: Albumin, AST: Aspartate aminotransferase, ALT: 
Alanine aminotransferase, GGT: Gamma glutamyltransferase, LDH: Lactate dehydrogenase, CK: Creatine kinase
*: The value determined at 24-h in Alpine goats is significantly different (p<0.05) from 0-h.
**: The value determined at 24-h in Saanen goats is significantly different (p<0.05) from 0-h.



logical and biochemical parameters after oral administration 
of  robenacoxib in different goat breeds. This study’s results 
demonstrated no significant effects on hematological param-
eters in Alpine and Saanen goats after a 4 mg/kg single oral 
dose of  robenacoxib at 24-h treatment. Similarly, there were 
no significant alterations in biochemical parameters in Alpine 
goats except for a significant increase in LDH enzyme activity 
at 24-h in Saanen goats.

The gastrointestinal tract, kidney, liver, and inhibition of  
blood clotting are the main targets of  NSAID toxicity (War-
ner et al., 1999; Flower, 2003). Robenacoxib acts by inhibiting 
COX-2 specifically, which is responsible for prostaglandin syn-
thesis, which is an essential component of  pain. The selective 
COX-2 NSAID displayed several adverse effects regarding 
the integrity of  hepatocellular damage, renal impairment, and 
raising WBC, with varying effects on different leukocyte sub-
types (Wright, 2002). No important changes were determined 
in the hematological parameters after 24-h robenacoxib treat-
ment in both goat breeds in this study. Furthermore, observed 
changes in hematological parameters for robenacoxib-treated 
Alpine goats were determined within their normal range. The 
decreases in RBC, HCT, and increases in MCH and Mon in 
both Alpine and Saanen goats were within the reference val-
ues, and similar results were obtained from celecoxib-treated 
healthy adults (Leese et al., 2000). Tabrizi et al. (2006) reported 
that celecoxib did not have significant effects on hematological 
results including WBC, RBC, and platelet counts, as well as the 
levels of  PCV, HGB, MCV, MCH, and MCHC in dogs. Simi-
lar to these findings, meloxicam and ketoprofen did not alter 
the hematological parameters of  healthy ponies (Pozzobon et 
al., 2009). Villegas et al. (2002) reported that piroxicam and 
meloxicam did not significantly affect hematological parame-
ters in rats. 

Some enzymes, proteins, and nucleic acids in the blood 
associated with specific tissue damage can be used to detect 
most drug-related adverse effects and, in some cases, to de-
termine the prognosis (Tang and Lu, 2010; Özdemir and Traş, 
2018). Measured in living beings, CRE and BUN are used to 
define kidney damage, AST, ALT, Alb, GGT, LDH, and TP 
are used to define liver damage, and CK is used to define heart 
damage (Gowda et al., 2009; Kim and Moon, 2012). Recently, 
it was reported that there was no evidence of  robenacoxib tox-
icity in the liver or kidneys of  cats or dogs. According to this 
research, in cats and dogs treated with robenacoxib subcutane-
ously and orally, alkaline phosphatase, ALT, AST, GGT, CRE, 
and BUN were not affected when compared to baseline levels 
or controls (Toutain et al., 2017; Heit et al., 2020). Previous-
ly, the critical role of  COX-2 in maintaining kidney function 
was demonstrated by Gertz et al. (2002) and Whelton et al. 
(2000). Therefore, the adverse renal effects of  COXIBs may 
be similar to those of  non-selective COX inhibitors. In cases 
of  acute kidney injury caused by NSAIDs, serum CRE and 
BUN values increase (Harris, 2006). There was no difference 
in serum CRE level between 0-h and 24-h in both goat breeds, 
while a statistically significant increased BUN value was found 
in Alpine goats at 24-h compared to 0-h within the reference 
range in the current study. Furthermore, lower values for AST 
and ALT can be detected in renal failure cases compared to the 

normal population (Ersoy, 2012). Similar to this finding, AST 
and ALT enzyme activities statistically decreased at 24-h after 
robenacoxib administration in Alpine goats compared to 0-h 
in the present study. The possible relevance of  elevated serum 
GGT activity with the development of  chronic kidney disease 
is known, but the literature on this subject is controversial and 
very limited in number (Noborisaka et al., 2013). In this study, 
a statistically increase in GGT activity at 24-h compared to 
0-h was detected in both Alpine and Saanen goats. Firocox-
ib, one of  the coxibs, had been administered orally at a dose 
of  5 mg/kg to healthy dogs, an increase in GGT activity had 
been determined within the reference range, but the research-
ers did not find it related to firocoxib (Steagall et al., 2007). 
In Saanen goats, an increase in LDH level over the reference 
range was observed at the 24-h. Laboratory abnormalities such 
as increased LDH is apparent in thrombotic microangiopathy. 
Thrombotic microangiopathy associated with pharmaceutical 
agents is usually caused by disorders of  the hemolytic uremic 
syndrome (Shirali and Perazella, 2015). Low LDH is a rare 
condition and in this study, the decrease in LDH at 24-h in 
Alpine goats could not be related to robenacoxib treatment in 
the current study.

In this study, it was determined that robenacoxib adminis-
tered orally at a dose of  4 mg/kg to different goat breeds did 
not cause any change in hematological and biochemical pa-
rameters except LDH enzyme activity in Saanen goats. These 
results show that oral robenacoxib administration does not 
cause any pathological changes in hematological and serum 
biochemical parameters in goats and appears to have been well 
tolerated by goats.   

CONCLUSION

The results obtained from this study are the first data that 
the effects of  oral administered robenacoxib on hematologi-
cal and serum biochemical parameters in Alpine and Saanen 
goats.  It was showed that statistical differences of  hematolog-
ical and biochemical parameters were within the normal limits 
in Alpine and Saanen goats except for LDH enzyme activity in 
Saanen goats. Moreover, while no differences were observed 
in hematological parameters according to goat breeds, when 
biochemical parameters are evaluated, it can be said that Al-
pine breed is exposed to adverse drug effects compared to 
Saanen breed. Administration of  robenacoxib did not cause 
any adverse effects on hematological parameters or serum bio-
chemisty in both goat breeds and it was suggested that it may 
be used as an alternative to existing NSAIDs. Furthermore, 
there is a need to investigate the effects of  robenacoxib in 
high doses, long-term use, and disease conditions, especially 
on the kidney. 

DECLARATIONS

Ethics Approval
All protocols in animals were approved by the Ethics Commit-
tee of  the Cukurova University, Health Sciences Experimental 
Application and Research Center.
Conflict of  Interest
The authors declare that they have no known competing fi-

The effect of oral administration...

MAE Vet Fak Derg, 8(3): 206-211, 2023
209



nancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.
Consent for Publication
Not applicable.

Author contribution
Idea, concept and design: ZOK
Data collection and analysis: ZOK, PPB 
Drafting of  the manuscript: ZOK, PPB
Critical review: ZOK 
Data Availability
The data that support the findings of  this study are available 
from the corresponding author upon reasonable request. 
Acknowledgements
Not applicable.

REFERENCES 

Amin, H. M., El-Feki, M. A., Abdalla, A. A., Youssef, M. A. 
(2017). Hematological and biochemical effects of  meloxicam 
in male albino rats. Current Science International, 6(1), 23-33. 

Anderson, D. E., & Muir, W. W. (2005). Pain management 
in ruminants. The Veterinary Clinics of  North America. Food 
Animal Practice, 21(1), 19–31. https://doi.org/10.1016/j.
cvfa.2004.12.008

Azab, M. E., & Abdel-Maksoud, H. A. (1999). Changes in 
some hematological and biochemical parameters during pre-
partum and postpartum periods in female Baladi goats. Small 
Ruminant Research, 34(1), 77-85. https://doi.org/10.1016/
S0921-4488(99)00049-8

Clark, T. P. (2006).  The clinical pharmacology of  cycloox-
ygenase 2–selective and dual inhibitors. Veterinary Clinics of  
North America: Small Animal, 36(5), 1061–1085. https://doi.
org/10.1016/j.cvsm.2006.07.001

Durna Çorum, D., & Yıldız, R. (2020). Koyunlarda karpro-
fenin çoklu doz uygulamalarının hematolojik ve biyokimyasal 
parametreler üzerine etkisi. Eurasian Journal of  Veterinary 
Sciences, 36(3), 166-171. https://doi.org/10.15312/Eurasian-
JVetSci.2020.274 

Ersoy, O. (2012). Karaciğer enzim yüksekliğinin değerlendi-
rilmesi. Ankara Medical Journal, 12(3), 129-135.

European Medicines Agency. (2008). Onsior: Europe-
an Public Assessment Report, Scientific discussion. https://
www.ema.europa.eu/en/documents/scientific-discussion/
onsior-epar-scientific-discussion_en.pdf  

Fadel, C., Łebkowska-Wieruszewska, B., Zizzadoro, C., Lis-
owski, A., Poapolathep, A., Giorgi, M. (2023). Pharmacokinet-
ics of  robenacoxib following single intravenous, subcutaneous 
and oral administrations in Baladi goats (Capra hircus). Jour nal 
of  Veterinary Pharmacology and Therapeutics, 46(6), 385-392. 
https://doi.org/10.1111/jvp.13396

Flower, R. J. (2003). The development of  COX2 inhibitors. 
Nature Reviews. Drug Discovery, 2(3), 179–191. https://doi.
org/10.1038/nrd1034 

Gall, C. (1996). Goat breeds of  the world. Technical Centre 
for Agricultural and Rural Cooperation. Wageningen, Nether-
lands, pg: 5-8, 10-11.  

Gertz, B. J., Krupa, D., Bolognese, J. A., Sperling, R. S., 
Reicin, A. (2002). A comparison of  adverse renovascular ex-
periences among osteoarthritis patients treated with rofecoxib 
and com parator non-selective non-steroidal anti-inflammatory 
agents. Current Medical Research and Opinion, 18(2), 82-91. 
https://doi.org/10.1185/030079902125000354

Gowda, S., Desai, P. B., Hull, V. V., Math, A. A. K., Vernekar, 
S. N., Kulkarni, S. S. (2009). A review on laboratory liver func-
tion tests. The Pan African Medical Journal, 3, 17. 

Gray, P.R., & McDonell, W.N. (1986). Anaesthesia in goats 
and sheep. Part I. Local analgesia. Compendium on Continu-
ing Education for the Practising Veterinarian, 8, S33-S39.

Gunaydin, C., & Sirri Bilge, S. (2018). Effects of  nonste-
roidal anti-inflammatory drugs at the molecular level. The 
Eurasian Journal of  Medicine, 50(2), 116-121. https://doi.
org/10.5152/eurasianjmed.2018.0010

Harris, R. C. (2006). COX-2 and the kidney. Journal of  
Cardiovascular Pharmacology, 47(1), S37-S42. https://doi.
org/10.1097/00005344-200605001-00007 

Heit, M. C. , Stallons, L. J. , Seewald, W. , Thompson, C. M., 
Toutain, C. E. , King, S. B. , Helbig, R. (2020). Safety evaluation 
of  the interchangeable use of  robenacoxib in commercially-a-
vailable tablets and solution for injection in cats. BMC Vete-
rinary Research, 16, 355. https://doi.org/10.1186/s12917-
020-02553-7 

Kim, S. Y., & Moon, A. (2012). Drug-induced nephrotox-
icity and its biomarkers. Biomolecules & Therapeutics, 20(3), 
268-272. https://doi.org/10.4062/biomolther.2012.20.3.268 

 Leese, P. T., Hubbard, R. C., Karim, A., Isakson, P. C., 
Yu, S. S., Geis, G. S. (2000). Effects of  celecoxib, a nov-
el cycloo xygenase-2 inhibitor, on platelet function in 
healthy adults: A randomized, controlled trial. The Jour-
nal of  Clinical Pharmacology, 40(2), 124-132. https://doi.
org/10.1177/00912700022008766 

 Morita, I., Schindler, M., Reiger, M. K., Otto, J. C., Hori, 
T., De Witt, D.L., Smith, W. L. (1995). Different intracellular 
locations for prostaglandin endoperoxide H synthase-1 and 2. 
The Journal of  Biological Chemistry, 270(18), 10902- 10908. 
https://doi.org/10.1074/jbc.270.18.10902

 Noborisaka, Y., Ishizaki M., Yamazaki M., Honda R., Ya-
mada, Y. (2013). Elevated serum gamma-glutamyltransferase 
(GGT) activity and the development of  chronic kidney disease 
(CKD) in cigarette smokers. Nephro-urology Monthly, 5(5), 
967-973. https://doi.org/10.5812/numonthly.13652 

Owumi, S. E., & Dim, U. J. (2019). Biochemical alter-

Ozdemir Kutahya, Piner Benli

MAE Vet Fak Derg, 8(3): 206-211, 2023
210



ations in diclofenac-treated rats: Effect of  selenium on ox-
idative stress, inflammation, and hematological changes. 
Toxicology Research and Application, 3, 1-10. https://doi.
org/10.1177/2397847319874359

Özdemir, Z., & Traş, B. (2018). Organlarda ilaç yan etkile-
rinin değerlendirilmesi. Türkiye Klinikleri Veteriner Bilimleri 
Farmakoloji ve Toksikoloji (Veteriner Farmakovijilans), 45-52.

Pozzobon, R., Brass, K. E,. Rubin, M. I. B., De La Corte, F. 
D., Paniz, C., Soccal, R. M., Azevedo, M. S., Milanello, E. R., 
Silva, G. B. (2009). Meloxicam and ketoprofen did not alter 
coagulation and haematological parameters of  healthy ponies. 
Proceedings of  the 11th International Congress of  World 
Equine Veterinary Association, Guarujá, SP, Brazil.

Shirali, A., Perazella, M. A. (2015). Drug-induced nephrop-
athies. In: N.N. Turner, N. Lameire, D. J. Goldsmith, C. G. 
Winearls, J. Himmelfarb, G. Remuzzi (Ed.). Oxford Textbook 
of  Clinical Nephrology (pp. 2893). Oxford University Press. 

Smith, J. S., Schleining, J., Plummer, P. (2021). Pain man-
agement in small ruminants and camelids: Analgesic agents. 
Veterinary Clinics of  North America: Food Animal Practice, 
37, 1–16.

Steagall, P. V. M., Mantovani, F. B., Ferreira, T. H., Salcedo, 
S., Moutinho, F. Q., Luna, S. P. L. (2007). Evaluation of  the 
adverse effects of  oral firocoxib in healthy dogs. Journal of  
Veterinary Pharmacology and Therapeutics, 30(3), 218-223. 
https://doi.org/10.1111/j.1365-2885.2007.00842.x

Tabrizi A. S., Kamrani A., Kazerani, H. (2006). Effects of  
celecoxib on gastric mucosa, hemogram and bleeding time in 
dog. Proceedings of  the 31st World Small Animal Veterinary 
Association World Congress Proceedings. Parague, Czech Re-
bublic.

Tang, W., & Lu, A. Y. H. (2010). Metabolic bioactiva-
tion and drug-related adverse effects: current status and fu-
ture directions from a pharmaceutical research perspective. 
Drug Metabolism Reviews, 42(2), 225-249. https://doi.
org/10.3109/03602530903401658 

Thrall, M. A. (2004). Veterinary hematology and clinical 
chemistry. Williams and Wilkins, Philadelphia, 277-289.

Tibbo, M., Jibril, Y., Woldemeskel, M., Dawo, F., Aragaw, 
K., Rege, J. E. O. (2004). Factors affecting hematological pro-
files in three Ethiopian indigenous goat breeds. Journal of  Ap-
plied Research in Veterinary Medicine, 2(4), 297-309. https://
doi.org/10.1007/s00580-004-0525-3

Toutain, C. E., Heit, M. C., King, S. B., Helbig, R. (2017). 
Safety evaluation of  the interchangeable use of  robenacoxib 
(Onsior™) tablets and solution for injection in dogs. BMC Ve-
terinary Research, 13, 359. https://doi.org/10.1186/s12917-
017-1269-z 

Traş, B., Yazar, E., Elmas, M. (2021). Veteriner ilaç rehberi: 
Ağrı kesici, ateş düşürücü ve yangı giderici ilaçlar. Nobel Tıp 
Kitabevleri, Atlas Kitabevi, sf: 334.

Villegas, I., Alarcón de la Lastra, C., Martín, M. J., Motil-
va, V.,  La Casa García, C. (2002). Gastric damage induced 
by subchronic administration of  preferential cyclooxygenase-1 
and cyclooxygenase-2 inhibitors in rats. Pharmacology, 66(2), 
68–75. https://doi.org/10.1159/000065628 

Warner, T. D., Giuliano, F., Vojnovic, I., Bukasa, A., Mitc-
hell, J. A.,  Vane, J. R. (1999). Nonsteroid drug selectivities for 
cyclo-oxygenase-1 rather than cyclo-oxygenase-2 are associa-
ted with human gastrointestinal toxicity: A full in vitro analy-
sis. Proceedings of  the National Academy of  Sciences of  the 
United States of  America, USA, 96(13), 7563-7568. https://
doi.org/10.1073/pnas.96.13.7563 

Whelton, A., Schulman, G., Wallemark, C., Drower, E. J., 
Isakson, P. C., Verburg, K. M., Geis, G. S. (2000). Effects of  
celecoxib and naproxen on renal function in the elderly. Ar-
chives of  Internal Medicine, 160(10), 1465-1470. https://doi.
org/10.1001/archinte.160.10.1465

Wright, J. M. (2002). The double-edged sword of  COX-
2 selective NSAIDs. Canadian Medical Association Jour nal, 
167(10), 1131–1137.

The effect of oral administration...

MAE Vet Fak Derg, 8(3): 206-211, 2023
211


