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Rhabdomyolysis is associated with extensive muscle injury accompanied by the secondary renal fail-
ure due to myoglobin deposition in the kidney. It has been shown that administration of acetamino-
phen in a rat model of rhabdomyolysis was effective in improving renal function and decreased renal
damage. In this study, the effects of flunixin meglumine administration in a rat model of rhabdo-
myolysis were investigated. Four groups of rats (8 rats in each group) were employed in this study.
Group 1 served as control, the glycerol (Gly) group was given 50% glycerol (7 mL/kg, i.m.), saline-
NSAID group received saline injection in place of glycerol and flunixin meglumine daily (2 mg/kg,
i.p.), and Gly-NSAID group was given glycerol and flunixin meglumine. Ninety-six hours after glyc-
erol injection, blood samples (2-3 mL) were collected by heart puncture. Serum concentrations of
creatinine, blood urea nitrogen (BUN) creatine kinase (CK), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), lactate dehydrogenase (LDH) and alkaline phosphatase (ALP) were
measured in serum samples. Gly and Gly-NSAID groups had higher serum concentrations of
creatinine, BUN, ALT, AST and CK than the control and saline-NSAID groups (P<0.05). The Gly-
NSAID group had higher serum creatinine and BUN levels than the Gly group (P=0.022 and P=0.04,
respectively). It seemed that flunixin meglumine administration decreased the muscle injury, how-
ever, it increased the renal damage and hence administration of flunixin meglumine in rhabdomyoly-
sis cases needs more consideration.
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INTRODUCTION

Rhabdomyolysis is associated with exten-
sive muscle injury accompanied by the
release of myoglobin into the circulation
and secondary renal failure due to my-
oglobin deposition in the kidney. It occurs
in human and animals such as horses. The
causes of rhabdomyolysis are various:
trauma, malignant hyperthermia, seizures,

muscle ischaemia, drug overdose, intense
exercise, heat stroke, metabolic disorders
and genetic disorders. In humans, it is
estimated that renal failure occurs in 30%
of rhabdomyolysis cases and rhabdo-
myolysis has been implicated as the cause
of 7% of acute renal failure cases (Moore
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et al., 1998; Boutaud et al, 2010; Bou-
taud & Roberts, 2011).

A rat model of rhabdomyolysis, using
intramuscular injection of glycerol, has
been used in different studies as a popular
model for renal damage formation follo-
wing rhabdomyolysis (Zurovsky, 1993).
Tubular obstruction and necrosis due to
direct heme protein-induced cytotoxicity,
and renal vasoconstriction have been in-
troduced as the main pathophysiologic
mechanisms of rhabdomyolysis-associated
renal damagese (Boutaud et al, 2010).
Deposition of the released Mb in the kid-
ney causes lipid peroxidation, which play
an important role in the rhabdomyolysis-
associated renal tubular cells injuries
(Boutaud & Roberts, 2011). Lipid peroxi-
dation also produces very potent renal
vasoconstrictors, which have been pro-
posed as the main cause of renal vasocon-
striction during myoglobinuria (Moore et
al., 1998).

It has been shown that administration
of acetaminophen, a nonsteroidal anti-
inflammatory drug (NSAID), in a rat
model of rhabdomyolysis was effective in
improving renal function and decreased
renal damage (Boutaud et al., 2010). He-
patic necrosis and renal damage occur
following acetaminophen overdose in both
human and laboratory animals and it is
believed that the use of the same drugs
that are more potent than acetaminophen
and have less hepatic and renal toxicity
can provide a new approach in more ef-
fective treatment of rhabdomyolysis and
prevention of renal damages (Tripathy &
Grammas, 2009; Boutaud et al., 2010).
Flunixin meglumine is a very potent
NSAID with analgesic, anti-inflammatory
and antipyretic activities, which is ap-
proved for use in veterinary medicine.
There is no clinical case report of flunixin
meglumine overdoses (Plumb, 2002) indi-
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cating that it may be a safe drug. On the
other hand, renal crest necrosis has been
reported as an adverse effect of NSAIDs
administration, as its occurrence increases
in patients predisposed to renal damage
(MacAllister et al., 1993; Stokes & Bart-
ges, 2006;).

Administration of flunixin meglumine
has been recommended in horse rhabdo-
myolysis to decrease pain and inflamma-
tion (Valberg, 2002) and there are some
reports of its administration in horse cases
of rhabdomyolysis (Harris, 1991; Spon-
seller, 2005; Estill & Valentine, 2007).
However, there is no previous study about
the evaluation of the effects of flunixin
meglumine in rhabdomyolysis cases. This
study was undertaken to investigate the
effects of flunixin meglumine administra-
tion in a rat model of rhabdomyolysis.

MATERIALS AND METHODS

Thirty two male Sprague—Dawley rats
(180200 g) were obtained from the Razi
Serum Research Institute, Shiraz, Iran.
The animals were acclimatized to the ani-
mal room conditions 14 days before the
beginning of the experiment. The rats we-
re kept under constant conditions of tem-
perature (25-27 °C), relative humidity
(20-30%), and a 12 h light/dark cycle.
There was free access to food (standard
laboratory rodent pellet diet, Razi, Iran)
and water. The experiment was performed
according to the suggested European ethi-
cal guidelines for the care and use of labo-
ratory animals in experimental investiga-
tions.

The animals were randomly divided
into 4 groups (8 rats for each group) as
follows: control, saline-NSAID, Gly and
Gly-NSAID. Experimental rhabdomyoly-
sis in the Gly and Gly-NSAID groups was
induced by a single intramuscular injec-
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tion of 50% glycerol (7 mL/kg) divided
into both lower hind limbs (Homsi ef al.,
2010). The control and saline-NSAID
groups received saline injection in place
of glycerol. The saline-NSAID and Gly-
NSAID groups also received flunixin me-
glumine (Flunex®, Razak, Iran) daily by
intraperitoneal injection (2 mg/kg) con-
comitant with glycerol and on subsequent
days.

Ninety-six hours after glycerol injec-
tion, the animals were sacrificed using
ether anaesthesia. Blood samples (2-3
mL) were collected by heart puncture. The
blood serum was separated after centrifu-
gation at 750 g for 10 min and stored at
—18 °C until analysis.

Serum biochemical analysis was done
for measuring creatinine concentrations
with the modified Jaffe method, blood
urea nitrogen (BUN) by diacetyl mono-
xime method (Burtis & Ashwood, 1994),
aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) activities
by the modified method of Reitman &
Frankel, lactate dehydrogenase (LDH)
activity by the Sigma colorimetric (Ca-
baud Wroblewski) method, creatine
kinase (CK) by the Sigma colorimetric
method (modified by Hughes) and alka-
line phosphatase (ALP) activity by the
modified method of Bowers & McComb
(Thrall et al., 2004). All the enzyme ac-
tivities were measured at 37 °C and the
results have been presented in U/L (Burtis
& Ashwood, 1994).

Statistical analysis was performed us-
ing SPSS12 (Illinois, Chicago). One-way
analysis of variance (ANOVA) tests with
a post hoc Bonferroni test were used for
comparison of the measured factors be-
tween different groups. Differences were
considered significant at P<0.05.
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RESULTS

Appearance of myoglobinuria and post
mortem evaluation of glycerol injection
sites confirmed the induction of rhabdo-
myolysis in the Gly and Gly-NSAID
groups. Table 1 shows the results of the
measured serum factors in the control and
treatment groups. No significant diffe-
rence in the serum concentration of LDH
was found between the different groups.
Serum BUN in the Gly and Gly-NSAID
groups was significantly higher than in the
control group (P=0.004 and P=0.0006, res-
pectively). These groups also have higher
serum BUN than the saline-NSAID group
(P=0.01 and P=0.009, respectively). Simi-
larly, the Gly and Gly-NSAID groups had
higher creatinine concentrations than the
control group (P=0.004 and P=0.0006, res-
pectively) and than the saline-NSAID
group (P=0.006 and P=0.008, respecti-
vely). The Gly-NSAID group had higher
serum creatinine (P=0.022) and BUN
(P=0.04) than the Gly group.

Evaluation of serum ALT revealed
that the Gly group had higher activities
than both control and saline-NSAID
groups (P=0.006 and P=0.019, respec-
tively). The Gly-NSAID group had sig-
nificantly higher serum ALT than these
groups (P=0.04 and P=0.05, respectively).
The Gly group also had higher serum AST
than the control and saline-NSAID groups
(P=0.011 and P=0.014, respectively), and
serum AST in the Gly-NSAID was signi-
ficantly higher than these groups (P=0.02
and P=0.025, respectively).

Measurement of serum CK showed
that the Gly and Gly-NSAID groups had
higher serum concentration than the con-
trol and saline-NSAID groups (P=0.018
and P=0.014, respectively).
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Table 1. The serum concentrations (mean+SEM; n=8) of blood urea nitrogen (BUN), creatinine,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
creatine phosphokinase (CK) and lactate dehydrogenase (LDH) in control and treated rats

Grou Creatinine BUN LDH CK ALP ALT AST
p (umolL) (mmolL) (UL)  (UL) (UL) (UL)  (UL)
_ 63.65= 833% 2069+ 170t  728: 1025+  330.8-
Control (saline) 3.54° 037"  563.8° 184" 69.4° 202 433
, 65.42+ 9.05+  3833% 168+ 679+ 952+ 2982+
Saline+NSAID 3.54° 0.53° 602.5° 15.6°  541°  11.2° 22.6°
101.66+ 1746+ 4015+ 1629+ 521+  317.6= 6512+
Glycerol 8.84° 3.7 309.6°  140.1° 315 604°  60.79°
17327+ 36.80+ 3318+ 1500+ 601+  290.8+  569.4+
Glycerol#NSAID 55 e 6.3¢ 7284  108.6° 65.1°  59.6°  76.64°

e Different letters show significant differences (P<0.05).

DISCUSSION

Although administration of flunixin me-
glumine has been recommended in treat-
ment of rhabdomyolysis affected horses
(Valberg, 2002), to the best of our know-
ledge, there is no previous study regarding
the probable adverse effects of flunixin
meglumine administration in these cases.
Recent studies have revealed the causative
role of myoglobin-mediated oxidative
injury in renal pathogenesis during rhab-
domyolysis. The release of free iron from
the myoglobin and myoglobin redox-
cycling induced lipid peroxidation has
been proposed as the probable mecha-
nisms (Moore et al, 1998; Boutaud &
Roberts, 2011). On the other hand, it has
been shown that renal lipid peroxidation
during myoglobinuria produces very po-
tent renal vasoconstrictors that has been
proposed as the main cause for the intense
renal vasoconstriction that occurs in my-
oglobinuria (Moore ef al., 1998).

In vitro and in vivo studies have
shown that acetaminophen decreases the
rhabdomyolysis induced lipid peroxi-

182

dation and renal histopathologic damage,
and improves the renal function in ex-
perimental rhabdomyolysis (Boutaud et
al., 2010). Flunixin meglumine is a very
potent blocker of the cyclooxygenase
acitivity and restricts the production of
inflammatory molecules, which are re-
sponsible for a part of the renal patho-
genesis during rhabdomyolysis (Soma et
al., 1992; Galbraith & McKellar, 1996).
Renal toxicosis and renal crest necro-
sis are the adverse effects of NSAIDs ad-
ministration, which are more common in
patients with concurrent renal disease or
patients with conditions predisposing
them to renal damage (Stokes & Bartges,
2006). The diminished synthesis of pro-
tective prostaglandins and reduction in
their protective effects on renal function
in the presence of systemic vasoconstric-
tors has been introduced as the cause of
the NSAID-associated renal damage
(Levenson et al., 1982). Our results sho-
wed that rhabdomyolysis caused the ex-
pected rise in serum creatinine and BUN.
Serum creatinine and BUN had no signifi-
cant difference between the control and
the saline-NSAID groups, which showed
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that administration of flunixin meglumine
in healthy animals did not affect renal
function. However, comparisons of
creatinine and BUN between the Gly-
NSAID and Gly groups revealed that con-
current administration of flunixin meglu-
mine clearly exacerbate the renal function.
However, Boutaud ef al. (2010) reported
that acetaminophen treatment significantly
attenuated the creatinine rise in the rat
model of rhabdomyolysis, which is in dis-
crepancy to our findings regarding the
flunixin meglumine administration. It
seems that the additional effects of aceta-
minophen rather than flunixin meglumine
in blocking the redox cycling of myoglo-
bin and preventing the myoglobin-induced
lipid peroxidation cause its different re-
ported effects in rhabdomyolysis cases.
Aggressive fluid therapy to restore renal
perfusion is the basic treatment for pre-
vention of rhabdomyolysis renal failure
(Bagshaw et al., 2010). It is possible that
concurrent administration of flunixin me-
glumine and aggressive fluid therapy have
a different therapeutic result.

Another beneficial effect of NSAIDs
administration in rhabdomyolysis cases
may be a decrease in muscle injury, and
for this reason some authors have recom-
mended the administration of flunixin
meglumine in rhabdomyolysis affected
horses to decrease muscular pain and in-
flammation (Valberg, 2002). According to
our results, flunixin meglumine causes a
numerical decrease in serum CK and AST
in the Gly-NSAID group in comparison to
the Gly group and it seems that flunixin
meglumine decreased the muscle injury.
In the experiment of Boutaud er al
(2010), although the decrease in muscle
injury by acetaminophen was not exami-
ned by measurement of CK levels, it is
believed that the same levels of myoglo-
bin deposited in the kidney suggested that
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muscle injury was not significantly af-
fected by acetaminophen. In contrast, it is
generally believed that acetaminophen has
no anti-inflammatory effect (Rahusen et
al., 2004), which may be the cause of the
observed difference between flunixin me-
glumine and acetaminophen.

ALT and AST activities in liver, car-
diac and skeletal muscle are greater than
in other organs (Hoffmann & Solter,
2008). Increased serum concentrations of
these enzymes in the Gly group were pos-
sibly due to the muscle injury and the ob-
served decrease in their serum concentra-
tions in Gly-NSAID treated rats may con-
firm the muscle injury decrement.

Although more sophisticated work is
required on a larger number of animals
from different species before the impor-
tance of these findings can be assessed,
the results of the current study revealed
that flunixin meglumine administration in
rhabdomyolysis cases may decrease the
muscle injury. However, administration of
NSAIDs, except acetaminophen, may in-
creases the renal damage and needs fur-
ther consideration.

ACKNOWLEDGMENTS

The authors would like to thank the Research
Council of Shiraz University and School of
Veterinary Medicine, Shiraz University for
financial and technical support of this study
(Grant No. 71-GR-VT-5).

REFERENCES

Bagshaw, S. M., R. Bellomo, P. Devarajan, C.
Johnson, C. J. Karvellas, D. J. Kutsio-
giannis, R. Mehta, N. Pannu, A. Roma-
novsky & G. Sheinfeld, 2010. Review arti-
cle: Acute kidney injury in critical illness.
Canadian Journal of Anesthesia, 57, 985—
998.

183



Effects of flunixin meglumine on kidney function and muscle injury in experimental rat ...

Boutaud, O., K. P. Moore, B. J. Reeder, D.
Harry, A. J. Howie, S. Wang, C. K.
Carney, T. S. Masterson, T. Amin, D. W.
Wright, M. T. Wilson, J. A. Oates & L. J.
Roberts, 2010. Acetaminophen inhibits
hemoprotein-catalyzed lipid peroxidation
and attenuates rhabdomyolysis-induced
renal failure. Proceedings of the National
Academy of Sciences of the United States
of America, 107, 2699-2704.

Boutaud, O. & L. J. Roberts, 2011. Mecha-
nism-based therapeutic approaches to rhab-
domyolysis-induced renal failure. Free
Radical Biology and Medicine, 51, 1062—
1067.

Burtis, C. A. & E. R. Ashwood, 1994. Tietz
Textbook of Clinical Chemistry, 2™ edn,
W. B. Saunders, Philadelphia, pp. 561—
834; 1002-1093.

Estill, C. T. & B. A. Valentine, 2007. Severe
rhabdomyolysis due to polysaccharide sto-
rage myopathy in an Arabian mare. Equine
Veterinary Education, 19, 139—142.

Galbraith, E. A. & Q. A. McKellar, 1996.
Protein binding and in vitro serum throm-
boxane B2 inhibition by flunixin meglu-
mine and meclofenamic acid in dog, goat
and horse blood. Research in Veterinary
Science, 61, 78-81.

Harris, P. A., 1991. The equine rhabdomyoly-
sis syndrome in the United Kingdom: Epi-
demiological and clinical descriptive in-
formation. British Veterinary Journal,
147, 373-384.

Hoffmann, W. E. & P. F. Solter, 2008. Diag-
nostic enzymology of domestic animals.
In: Clinical Biochemistry of Domestic
Animals, 6™ edn, eds Kaneko, J. J., J. W.
Harvey & M. L. Bruss, Academic Press
Inc., New York. USA, pp. 351-378.

Homsi, E., S. M. de Brito & P. Janino, 2010.
Silymarin exacerbates p53-mediated tubu-
lar apoptosis in glycerol-induced acute
kidney injury in rats. Renal Failure, 32,
623-632.

Levenson, D. J., C. E. Simmons & B. M.
Brenner, 1982. Arachidonic acid meta-
bolism, prostaglandins and the kidney.

184

American Journal of Medicine, 72, 354—
374.

Mac Allister, C.G., S. J. Morgan, A. T. Borne
& R. A. Pollet, 1993. Comparison of ad-
verse effects of phenylbutazone, flunixin
meglumine and ketoprofen in horses.
Journal of the American Veterinary Medi-
cal Association, 202, 71-77.

Moore, K. P., S. G. Holt, R. P. Patel, D. A.
Svistunenko, W. E. Zackert, D. Goodier,
B. J. Reeder, M. Clozel, R. Anand, C.E.
Cooper, J. D. Morrow, M. T. Wilson, V.
Darley-Usmar & L. J. Roberts, 1998. A
causative role for redox cycling of myo-
globin and its inhibition by alkalinization
in the pathogenesis and treatment of rhab-
domyolysis-induced renal failure. Journal
of Biological Chemistry, 273, 31731-
31737.

Plumb, D. C., 2002. Veterinary Drug Hand-
book, 3™ edn, PharmaVet, White Bear
Lake, pp. 355-357, ISBN 0813823536.

Rahusen, F. T., P. S. Weinhold & L. C. Alme-
kinders, 2004. Nonsteroidal anti-inflam-
matory drugs and acetaminophen in the
treatment of an acute muscle injury. Ame-
rican Journal of Sports Medicine, 32,
1856—1859.

Soma, L. R., C. E. Uboh, J. Rudy & J. Fegely,
1992. Plasma concentrations of flunixin in
the horse: Its relationship to thromboxane
B2 production. Journal of Veterinary Phar-
macology and Therapeutics, 15, 292-300.

Sponseller, B. T., S. J. Valberg, B. S. Tennent-
Brown, J. H. Foreman, P. Kumar & J. F.
Timoney, 2005. Severe acute rhabdo-
myolysis associated with Streptococcus
equi infection in four horses. Journal of
the American Veterinary Medical Associa-
tion, 227, 1800-1807.

Stokes, J. E. & J. Bartges, 2006. Causes of
acute renal failure. Compendium on Con-
tinuing Education for the Practicing Vet-
erinarian , 28, 387-396.

Thrall, M., A. D. Baker, E. Lassen, D. T.
Campbell, D. Denicola, M. Fettman, R.
Alan & G. Weiser, 2004. Veterinary Hae-
matology and Clinical Chemistry, ed M. A.

BJVM, 16, No 3



Thrall, Lippincott, Williams and Wilkins,
Philadelphia, pp. 355-377.

Tripathy, D. & P. Grammas, 2009. Aceta-
minophen protects brain endothelial cells
against oxidative stress. Microvascular
Research, 77, 289-296.

Valberg, S. J., 2002. A review of the diagnosis
and treatment of rhabdomyolysis in foals.
American Association of Equine Practitio-
ners, Proceedings, Orlando, Florida,
US4, 48, 117-121.

Zurovsky, Y., 1993. Models of glycerol-
induced acute renal failure in rats. Journal
of Basic Clinical Physiology and Pharma-
cology, 4,213-228.

BIVM, 16, No 3

J. Tajik, S. Nazifi, M. Shakibaeinia & M. Bahadori

Paper received 22.04.2013; accepted for
publication 21.06.2013

Correspondence:

Dr. S. Nazifi

Professor of Veterinary Clinical Pathology
Department of Clinical Studies,

School of Veterinary Medicine,

Shiraz University, P.O. Box: 1731-71345,
Shiraz, Iran

Tel: +98-711-2286940

Fax: +98-711-2286950

E-mail: nazifi@shirazu.ac.ir

185



