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ABSTRACT

The objective of this study was to examine the effect of ketoprofen with or without combination with xylazine on the level
of cyclooxygenase-2 in mice. The intraperitoneal (i.p.) dose of ketoprofen and xylazine that caused an analgesic response in
half of the mouse population was 1.26 mg/kg and 6.63 mg/kg, respectively. Serum cyclooxygenase-2 concentration (activity)
in the control mice was 16.94 ng/ml. The ketoprofen-treated group (2.52 mg/kg, i.p.) decreased the cyclooxygenase-2
concentration by 58% (7.16 ng/ml). The combined ketoprofen and xylazine treatment (13.26 mg/kg, i.p.) decreased the
cyclooxygenase-2 by 94% (0.98 ng/ml). The ketoprofen plasma concentration in the combined treatment group was
significantly higher compared to the ketoprofen treatment group. Ketoprofen plasma concentrations measured at 0.25, 0.5,
1, 2, 4, and 24 hours were 19.07, 18.94, 14.66, 6.53, 5.44, and 5.54 ng/ml, respectively. Plasma concentrations of ketoprofen
and xylazine were raised to 28.74, 29.74, 15.32, 13.04, 14.64, and 11.95 pg/ml or by 51%, 56%, 5%, 100%, 169%, and
116%, respectively. Ketoprofen pharmacokinetic variables were increased (AUC,_ (515%), AUMC__ (2389%), MRT (305%),
t,,,(375%), T (100%),and C__ (55%)), while other values were decreased (K, (79%), V_(25%), and C1 (88%)). Our findings
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suggested a synergistic interaction between ketoprofen and xylazine on the level of cyclooxygenase-2 (pharmacodynamic

interaction) which was exerted by modification of the ketoprofen pharmacokinetic properties in mice.
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INTRODUCTION

Ketoprofen belongs to the non-steroidal anti-
inflammatory drugs (NSAIDs) which have anti-
inflammatory, analgesic, and antipyretic properties
by inhibiting both types of cyclooxygenase enzymes.
The cyclooxygenase converts arachidonic acid to
prostaglandin, which is a chemical mediator acting
to produce pain, inflammation, and fever (1, 2, 3, 4).
The use of ketoprofen alone without combination with
other drugs was reported to alleviate inflammation,
pain, and fever (5). Ketoprofen is a protein-bound
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drug (more than 99%) (6, 7) that can have drug-to-
drug interaction by affecting the pharmacodynamic
and pharmacokinetic properties, thus altering the
therapeutic efficacy and toxicity of the medication.
Xylazine has analgesic, sedative, and muscle relaxant
properties by stimulating alpha-2 adrenergic receptors
resulting in decreased secretion of catecholamines
and depression of the nervous tissue (8, 9). These
effects may be beneficial when xylazine is combined
with other drugs such as ketoprofen. The study aimed
to assess the effect of ketoprofen or ketoprofen/
xylazine treatment on the pharmacodynamic
(cyclooxygenase-2 level) and pharmacokinetic
properties of ketoprofen (absorption, distribution,
metabolism, and elimination) in mice.

MATERIAL AND METHODS

Laboratory animals and drugs preparation

Albino Swiss mice of both sex weighing between
20-33 g were placed under a light regime of 10-hour
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light and 14-hour dark cycles at 20 °C. The food and
water were allowed ad libitum. Ketoprofen (10%,
NITA-FARM LLC, Russia) and xylazine (2%,
Interchemie, Netherlands) were diluted in normal
saline up to the desired dose which was applied
intraperitoneally (i.p.) to the mice.

Laboratory animal ethics

The research was approved by the Animal care
and use committee at the College of Veterinary
Medicine/University of Mosul (approval number
UMVET.2021.064).

Assessment of the analgesic Median Effective
Doses (ED,, ) of ketoprofen and xylazine in mice

The analgesic ED,, of ketoprofen or xylazine
was assessed by the up-and-down method (10, 11,
12, 13, 14). Pain was elicited by using of hot plate
apparatus (Panlab, Spain). The hot plate apparatus
was heated at 56 °C. Each mouse was positioned
separately on the hot plate surface and the time of
pain response was measured in seconds. Pain was
acknowledged by recording hind paw dragging,
licking, and jumping behavior (pre-injection).
The treatment included ketoprofen or xylazine
treatment (with the first dose of 4 and 10 mg/kg,
i.p. respectively). Following 30 minutes after the
treatment, the hot plate pain eliciting procedure was
repeated recording the time of pain response (post-
injection). The analgesic effect of the treatment was
acknowledged if the post-injection pain response
time was greater than the pre-injection time. The
mice were permitted to stay on the hot plate surface
for a maximum time of 20 seconds to prevent tissue
damage to the paws (15, 16, 17).

Inhibition of cyclooxygenase-2 concentration in
mice by ketoprofen: effect of xylazine administration

The test included three groups of mice (n=5,
N=15). The control group was injected with
normal saline by i.p. route. The ketoprofen group
was treated with ketoprofen 2.52 mg/kg, i.p. The
combined treatment group was given ketoprofen and
xylazine 2.52 and 13.26 mg/kg, i.p., respectively.
After 30 minutes, blood samples were collected
to obtain serum. Enzyme-linked immunosorbent
assay (ELISA) through an ELISA kit (with catalog
number MBS269104, USA) was used to analyze
the concentration of cyclooxygenase-2 in ng/ml.
The absorbance was measured at 450 nm in
cyclooxygenase-2 standards of 0.156, 0.312, 0.625,
1.25,2.5, 5, and 10 ng/ml. The standards calibration
curve was then applied to get the simple linear
regression (y=0.018 + 0.1202 x with correlation
coefficient R?=0.998) (Fig. 1) used for calibration
of the cyclooxygenase-2 concentration in the serum
samples of mice.

The concentration of cyclooxygenase-2 in the
serum was estimated through incubation of the
serum at 37 °C for 90 minutes followed by washing
and adding of biotinylated antibody solution, and
another incubation for 60 minutes at 37 °C. The
operating samples were washed and incubated with
the enzyme at 37 °C for up to 30 minutes. Following
another washing, the color reagent was added and
incubated at 37 °C for 30 min. As a final step, the
color reagent C was added, and the absorbance
was measured by using a micro-plate reader for 10
minutes at 450 nm (18, 19, 20).
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Figure 1. Standard curve of the cyclooxygenase-2 standards (0.156, 0.312, 0.625, 1.25, 2.5, 5 and 10 ng/ml) at 450 nm
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Detecting the plasma concentration of
ketoprofen: influence of xylazine administration
in mice

The first group of mice was injected with
ketoprofen 2.52 mg/kg, i.p. while the second group
was treated with ketoprofen and xylazine 2.52 and
13.26 mg/kg, i.p., respectively. Plasma ketoprofen
concentration was measured in blood samples from
the ketoprofen and ketoprofen/xylazine treatment
group at 0.25, 0.5, 1, 2, 4, and 24 h. Blood plasma
was obtained by centrifugation (3000 rpm for
15 minutes, Chalice, UK) of heparinized blood
(heparin 1:10 ratio, Braun Medical Inc, USA). The
plasma samples were kept at -18 °C until assessment
for up to 3 days, performed by high-performance
liquid chromatography (HPLC, Shimadzu, Japan)
apparatus containing an ultraviolet detector unit (21).

Preparing multiple ketoprofen standards

The ketoprofen standards were made in 5,
10, 20, 40, 80, and 160 pg/ml concentrations by
diluting ketoprofen with mobile phase (methanol:
water 70:30 volume/volume) and adjusting pH at
3.3 by using phosphoric acid. The solution was
filtered with degassing using a 0.45 pm filter paper
(Millipore, England) (21). Finally, the clear solution
was injected in a 20 pl volume and examined by
using HPLC at a wavelength of 260 nm with a flow
rate of 1 ml/min and a run time fixed for 5 min.

The simple linear regression equation (y=a+bx)
was estimated from the ketoprofen standards
(R?=0.9894) used for the calculation of ketoprofen
concentration in the plasma samples for the two

groups (Fig. 2), where ‘y’ equals the peak area
of the samples detected at 260 nm on the HPLC,
‘a’ was the intercept (183370), ‘b’ was the slope
(42535), and ‘x’ was the ketoprofen concentration
of unknown plasma samples.

Liquid-liquid extraction

The liquid-liquid extraction was applied by
using a simple, approved, and accurate technique
for ketoprofen extraction from the plasma proteins
(21). The technique consisted of liquid-liquid
extraction by adding acetonitrile to the plasma
sample at 1:1 volume/volume. Thereafter, the
mixture was vortexed for up to 10 minutes and
centrifuged (3000 rpm for 10 min.). The resulting
supernatant was filtered with degassing using a
0.45 um filter paper. The sample was injected (20 pl)
and analyzed on HPLC (combined with a UV-
chromatographic detector) at 260 nm with the same
chromatographic conditions described previously.

Assessing the ketoprofen pharmacokinetic
variables and its influence with xylazine
administration in mice

A non-compartmental model was used to
acquire the pharmacokinetic variables for both
groups by using a PK Solver program plug-in Excel
(22). The pharmacokinetic variables included an
area under the curve (AUC ) (ug.h/ml), area under
the moment curve (AUMC, ) (ug.h*ml), mean
residence time (MRT) (AUMC/AUC) (h), half-
life (t, /zﬁ) (h), maximum time (T,__) (h), maximum
concentration (C_ ) (ug), elimination rate constant

max-

y = 183370 + 42535x
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Figure 2. Calibration curve of ketoprofen's standards (5, 10, 20, 40, 80 and 160 pg/ml) with their peak area signified

as a linear regression with correlation coefficient
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(K,) (0.693/t, /ZB) (h), volume of distribution (V)
[dose. AUMC/(AUC)*] (L/kg), and total clearance
(C) (dose/AUC) (L/h/kg).

Statistics

The statistical analysis of parametric data was
performed by one-way analysis of variance for
multiple mean comparison. The means of the two
groups of mice were analyzed by the unpaired
student T-test (23). The significance level was
p<0.05.

RESULTS

Analgesic ED

The dose of ketoprofen administered i.p. for
mice that caused an analgesic response in half of the
mice population was 1.26 mg/kg and for xylazine
was at 6.63 mg/kg (Table 1).

0. JOT ketoprofen and xylazine

Inhibition of cyclooxygenase-2 concentration in
mice by ketoprofen: effect of xylazine administration

The cyclooxygenase-2 concentration (activity)
inthe control group was 16.94 ng/ml. The ketoprofen
treatment group had 58% lower cyclooxygenase
activity (7.16 ng/ml) compared to the control.
The ketoprofen/xylazine group had 94% lower
cyclooxygenase activity (0.98 ng/ml) (Table 2).

Plasma concentration of ketoprofen in mice:
influence of xylazine treatment

Ketoprofen plasma concentrations in the
ketoprofen treatment group at 0.25, 0.5, 1, 2, 4,
and 24 hours were 19.07, 18.94, 14.66, 6.53, 5.44,
and 5.54 pg/ml, respectively (Table 3). Ketoprofen
plasma concentration in the ketoprofen/xylazine
treatment group was significantly higher at the same
time intervals (except for the 1-hour samples): 28.74,
29.74, 15.32, 13.04, 14.64, and 11.95 pg/ml or by 51,
56, 5, 100, 169 and 116% higher compared to the
ketoprofen treatment group, respectively (Table 3).

Pharmacokinetic criteria of ketoprofen in mice:
influence of xylazine treatment

The ketoprofen treatment group had the following
pharmacokinetic values: AUC,_ 289.33 pg.h/ml,
AUMC, _, 8609.10 pg.h*ml, MRT 2976 h, t, ., 17.70 h,
T, 025h,C_ 1907 pg), K, 0.03%0", V_0.20 L/kg,
and CI 0.008 L/h/kg. In the ketoprofen/xylazine
treatment group, AUC_, AUMC, ,MRT,t, p T .
and C__ were higher (1779.86, 214305.80, 120.41,
84.10, 0.50 and 29.61, respectively) by 515, 2389,
305, 375, 100, and 55%, respectively. K, V_, and
Cl were lower (0.008, 0.15, and 0.001, respectively)
by 79, 25, and 88%, respectively compared to the

ketoprofen group (Table 4).

Table 1. Analgesic ED, _for ketoprofen and xylazine in mice

Variables Ketoprofen Xylazine
ED_=xf+(kxd) 1.26 mg/kg, i.p. 6.63 mg/kg, i.p.
The first dose 4 mg/kg 10 mg/kg
The latest dose (xf) 2 mg/kg 4 mg/kg
Table value (k) -0.741 0.878

+ Dosage (d) 1 mg/kg 3 mg/kg
Range of the dosages 4-1=3 mg/kg 10-4=6 mg/kg
Overall mice used 7 (XXX0XO0X) 5 (XOXX0)

X symbol means analgesia while O indicate no analgesia

Table 2. Cyclooxygenase-2 concentration in mice and its inhibition by ketoprofen: Effect of xylazine administration

Groups Cyclooxygenase-2 concentration (ng/ml) % inhibition”
Control 16.9443.05

Ketoprofen 7.16+0.26 58
Ketoprofen and xylazine 0.98+0.18"¢ 94

Numbers characterized as mean + Std.E for 5 mice/group

Groups of mice were injected with ketoprofen (2.52 mg/kg, i.p.) alone or with xylazine (13.26 mg/kg, i.p.)

“ Differ significantly in relative to the control mice group at p<0.05

* Differ significantly in relative to ketoprofen (2.52 mg/kg, i.p.) mice group at p<0.05
* % inhibition in cyclooxygenase-2 concentration =control-treated/controlx100
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Table 3. The concentration of plasma in pg/ml of ketoprofen alone and with xylazine through different

measured times

. Groups Influence of xylazine
Time (Hour) Ketoprofen Ketoprofen and xylazine administration (%)
0.25 19.07+1.44 28.74+3.67 51
0.5 18.94+1.47 29.61+3.18" 56
1 14.66+1.21 15.32+0.58 5
2 6.53+0.59 13.04+1.23" 100
4 5.44+1.36 14.64+0.88" 169
24 5.54+1.02 11.95+1.59" 116

Numbers categorized as mean + Std.E (5 mice/time)

"Differ significantly in comparison to the ketoprofen group at p<0.05
Ketoprofen was given at 2.52 mg/kg, i.p. with or without xylazine at 13.26 mg/kg, i.p.
“ % influence of xylazine administration=ketoprofen and xylazine-ketoprofen alone/ketoprofen alonex100

Table 4. The pharmacokinetic variables of ketoprofen with or without xylazine in mice

Groups .
Variables - Influence of xylazine (%)
Ketoprofen Ketoprofen and xylazine
AUC, _ (ngxh/ml) 289.33 1779.86 515 (+)
AUMC,_ (ngxh*/ml) 8609.10 214305.80 2389 (+)
MRT (h) 29.76 120.41 305 (+)
£, () 17.70 84.10 375 (+)
T, . () 0.25 0.50 100 (+)
C... (ng) 19.07 29.61 55 (+)
K, (h™) 0.039 0.008 79 (-)
V. (L/kg) 0.20 0.15 25(-)
Cl (L /h/kg) 0.008 0.001 88 (-)

Ketoprofen was given at 2.52 mg/kg, i.p. with or without xylazine at 13.26 mg/kg, i.p.
Variables gained from non compartment model of pharmacokinetic measurement by using the PKSolver program built-in

Microsoft office Excel

* % influence of xylazine=ketoprofen and xylazine-ketoprofen alone/ketoprofen alonex100

DISCUSSION

The current study aimed to assess the
ketoprofen or ketoprofen/xylazine treatment effect
on the pharmacodynamic (cyclooxygenase-2
plasma level) and pharmacokinetic properties of
ketoprofen in mice. The analgesic ED_, for the
ketoprofen and xylazine was in compliance with
previous studies in mice (17, 24). Ketoprofen
is an NSAID drug having multiple therapeutic
benefits in human besides veterinary medicine
due to its variety of pharmacological effects as an
analgesic, antipyretic, and anti-inflammatory drug
(5). These effects are achieved by inhibition of the
cyclooxygenase-2 isoform and by stimulating the
release of prostaglandin E, (1, 2, 3, 4). The current
study confirmed the effect of cyclooxygenase-2
inhibition. Ketoprofen is considered a drug with
high protein content (>99%) (6, 7) which may lead

to drug-drug interaction and may influence the
pharmacodynamic and pharmacokinetic properties
of the combining drugs such as xylazine. This
may alter the therapeutic efficacy of the treatment
drugs. This effect is exerted by pharmacokinetic
interaction on the binding sites of the plasma
proteins (interaction at the level of volume of
distribution), thus the drug concentration reaching
the target site of action (cyclooxygenase-2) is
increased. This effect was confirmed in the current
study by the significantly lower cyclooxygenase-2
level in the ketoprofen/xylazine group compared to
the xylazine treatment group. Ketoprofen is largely
metabolized in the liver cells by the cytochrome
P, (phase I) and by glucuronidation (phase II)
(25, 26). Additionally, ketoprofen and xylazine
pharmacokinetic properties may be affected on the
level of absorption and excretion as demonstrated
in the current study.
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CONCLUSION

Our findings suggested a synergistic effect
between ketoprofen and xylazine on the lowering
of cyclooxygenase-2 level in pain-stimulated
mice (pharmacodynamic interaction). Ketoprofen
pharmacokinetic and pharmacologic properties
were potentiated in combination with xylazine.

CONFLICT OF INTEREST

The authors declared that they have no potential
conflict of interest.

ACKNOWLEDGEMENTS

This research was supported by the College of
Veterinary Medicine, University of Mosul.

AUTHORS’ CONTRIBUTION

YIM the
interpretation of the results, and writing of the
manuscript. KAK and MHI conducted the laboratory
work and they corrected the manuscript.

conducted validation,  analyses,

REFERENCES

1. Botting, R.M. (2006). Inhibitors of cyclooxygenases:
mechanisms, selectivity and wuses. J Physiol
Pharmacol. 57, 113-124.
https://pubmed.ncbi.nlm.nih.gov/17218763/

2. Meek, I.L., Mart, A.F.J., van der, L. Vonkeman, H.E.
(2010). Non-steroidal anti-inflammatory drugs: an
overview of cardiovascular risks. Pharmaceut. 3,
2146-2162.
https://doi.org/10.3390/ph3072146

3. Zarghi, A., Arfaei, S. (2011). Selective COX-2
inhibitors: a review of their structure-activity
relationships. Iran J Pharm Res. 10, 655-683.
https://pubmed.ncbi.nlm.nih.gov/24250402/

4. Waller, D.G., Sampson, A.P. (2018). Medical
pharmacology and therapeutics. Netherlands:
Elsevier

https://www.elsevier.com/books/medical-pharma-
cology-and-therapeutics/waller/978-0-7020-7167-6

5. Lockwood, PW., Johnson, J.C., Katz, T.L. (2003).
Clinical efficacy of flunixin, carprofen and
ketoprofen as adjuncts to the antibacterial treatment
of bovine respiratory disease. Vet Rec. 152, 392-394.
https://doi.org/10.1136/vr.152.13.392

32

10.

11.

12.

15.

Lascelles, B.D.X., Court, M.H., Hardie, E.M.,
Robertson, S.A. (2007). Nonsteroidal anti-
inflammatory drugs in cats: a review. Vet Anaesth
Analg. 34, 228-250.
https://doi.org/10.1111/j.1467-2995.2006.00322.x

Naidoo, V., Wolter, K., Cromarty, D., Diekmann, M.,
Duncan, N., Meharg, A.A., Taggart, M.A., Venter, L.,
Cuthbert, R. (2010). Toxicity of non-steroidal anti-
inflammatory drugs to Gyps vultures: a new threat
from ketoprofen. Biol Lett. 6, 339-341.
https://doi.org/10.1098/rsb1.2009.0818

Boothe, D.M. (2008). Small
pharmacology. Philadelphia: Saunders Elsevier
https://www.elsevier.com/books/small-ani-
mal-clinical-pharmacology-and-therapeutics/
boothe/978-0-7216-0555-5

animal clinical

Erickson, R.L., Blevins, C.E., Souza, D.C., Marx, J.O.
(2019). Alfaxalone-xylazine anesthesia in laboratory
mice (Mus musculus). ] Am Assoc Lab Anim Sci.
58, 30-39.

https://doi.org/10.30802/AALAS-JAALAS-18-000010

Dixon, W.J. (1980). Efficient analysis of
experimental observations. Annu Rev Pharmacol
Toxicol. 20, 441-462.

https://doi.org/10.1146/annurev.pa.20.040180.002301

Mousa, Y.J. (2019). Analgesic, antipyretic and anti-
inflammatory efficacy of ketorolac in the chicks.
Ind J Anim Sci. 89, 1086-1090.
http://epubs.icar.org.in/ejournal/index.php/IJAnS/ar-
ticle/view/95003

Mousa, Y.J., Al-Zubaidy, M.H.I., Amin, S.M.
(2021). Age-related anesthetic effect of ketamine in
the chickens. Iraqi J Vet Sci. 35, 501-506.
https://doi.org/10.33899/ijvs.2020.127100.1458

. Mousa, Y.J., Mahmood, M.B. (2022). Effect of

meloxicam coadministration on the anaesthetic
potency of thiopental sodium in a chick model. Vet
Stanica. 53, 155-163.
https://doi.org/10.46419/vs.53.2.5

. Mousa, Y.J. (2021). Effect of nefopam in normal

chickens and its relationship to hydrogen peroxide-
induced oxidative stress. Iraqi J Vet Sci. 35, 7-12.
https://doi.org/10.33899/ijvs.2021.127013.1433

Le Bars, D., Gozarriu, M., Gadden, S.W. (2001).
Animal models of nociception. Pharmacol Rev. 53,
597-652.
https://pubmed.ncbi.nlm.nih.gov/11734620/

. Acharya, S.D., Ullal, S.D., Padiyar, S., Rao, Y.D.,

Upadhyaya, K., Pillai, D., Raj, V. (2011). Analgesic
effect of extracts of Alpiniagalanga rhizome in
mice. J Chin Integ Med. 9, 100-104.
https://doi.org/10.3736/jcim20110116



Interaction of ketoprofen and xylazine in mice

17.

18.

19.

20.

21.

22.

Shaban, Kh.A., Ibrahim, M.H., Faris, G.A. (2020).
Evaluation of the antinociceptive effect of xylazine
and it’s interaction with metoclopramide in the acute
pain model in mice. Iraqi J Vet Sci. 34, 383-388.
https://doi.org/10.33899/ijvs.2019.126070.1226

O’Banion, M.K. (1999). Cyclooxygenase-2:
molecular biology, pharmacology, and neurobiology.
Crit Rev Neurobiol. 13, 45-82.
https://doi.org/10.1615/critrevneurobiol.v13.i11.30

Dong, L., Vecchio, A.J., Sharma, N.P., Jurban, B.J.,
Malkowski, M.G., Smith, W.L. (2011). Human
cyclooxygenase-2 is a sequence homodimer that
functions as a conformational heterodimer. J Biol
Chem. 27, 19035-19046.
https://doi.org/10.1074/jbc.M111.231969

Kurumbail, R.G., Kiefer, J.R., Marnett, L.J. (2001).
Cyclooxygenase enzymes: catalysis and inhibition.
Curr Opin Struct Biol. 11, 752-60.
https://doi.org/10.1016/s0959-440x(01)00277-9

Zafar, F., Shoaib, M.H., Naz, A., Yousuf, R.1., Ali, H.
(2013). Determination of ketoprofen in human plasma
by RP-HPLC. Am J Analy Chem. 4, 252-257.
https://doi.org/10.4236/ajac.2013.45031

Zhang, Y., Huo, M., Zhou, J., Xie, S. (2010).
PKSolver: An add-in program for pharmacokinetic
and pharmacodynamic data analysis in Microsoft
Excel. Comput Meth Prog Biomed. 99, 306-314.
https://doi.org/10.1016/j.cmpb.2010.01.007

23.

24.

25.

26.

Katz, M.H. (2011). Multivariable analysis: a practical
guide for clinicians and public health researchers.
New York: Cambridge University Press
https://assets.cambridge.org/97805217/60980/front-
matter/9780521760980_frontmatter.pdf

Girard, P., Verniers, D., Coppé, M.C., Pansart, Y.,
Gillardin, J.M. (2008). Nefopam and ketoprofen
synergy in rodent models of antinociception. Europ
J Pharmacol. 584, 263-271.
https://doi.org/10.1016/.ejphar.2008.02.012

Levoin,N.,Blondeau, C., Guillaume, C., Grandcolas, L.,
Chretien, F., Jouzeau, J.Y., Benoit, E., Chapleur, Y.,
Netter, P., Lapicque, F. (2004). Elucidation of the
mechanism of inhibition of cyclooxygenases by
acyl-coenzyme A and acylglucuronic conjugates of
ketoprofen. Biochem Pharmacol. 68, 1957-1969.
https://doi.org/10.1016/j.bcp.2004.07.015

Foye, W.O., Lemke, T.L., Williams, D.A.
(2008). Foye’s principles of medical chemistry.
Philadelphia: Lippincott Williams and Wilkins
https://www.worldcat.org/title/foyes-principles-of-me-
dicinal-chemistry/oclc/145942325

Please cite this article as: Khalil K.A., Mousa Y.J., Alzubaidy M.H. Pharmacokinetic criteria of ketoprofen and
its cyclooxygenase-2 inhibition in mice: influence of xylazine administration. Mac Vet Rev 2023; 46 (1): 27-33.

https://doi.org/10.2478/macvetrev-2022-0031

33



