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S U M M A R Y  
 
Background/Aim. Ketorolac is a potent non-steroidal anti-inflammatory drug (NSAID) that can inhibit 
cyclooxygenase activity and prostaglandin synthesis, thereby reducing pain and inflammation. The aim of 
this study was to investigate the hepatorenal toxicity of ketorolac administration in adult male rats. 
Methods. Twenty-four adult male Wistar rats were randomly assigned to three groups (n = 8 per group): a 
control group receiving normal saline (1 mL/kg), a low-dose ketorolac group (10 mg/kg), and a high-dose 
ketorolac group (20 mg/kg). The animals were maintained under standard housing conditions for three 
weeks after the last treatment. Blood samples were collected under anesthesia, and serum levels of alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), and creatinine (Cr) 
were measured using commercial kits and a BT 1000 Biotectica analyzer. 
Results. Compared to the control group, the low-dose ketorolac group did not show a significant increase 
in ALT and AST levels, but the high-dose ketorolac group exhibited a significant elevation in these 
hepatic enzymes (P < 0.05). Both the low-dose and high-dose ketorolac groups demonstrated a significant 
increase in BUN and Cr levels compared to the control group, with the high-dose group showing a more 
pronounced elevation in these renal parameters (p < 0.05). 
Conclusion. The findings of this study suggest that high-dose ketorolac administration can induce 
hepatotoxic and nephrotoxic effects, as evidenced by the increased levels of liver and kidney function 
markers in adult male rats. These results highlight the importance of careful monitoring and dose 
optimization when using ketorolac in clinical settings. 
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I N T R O D U C T I O N  
 

Ketorolac is a powerful non-steroidal anti-
inflammatory medication that is extensively utilized 
for the treatment of moderate to severe pain (1, 2). 
As an inhibitor of cyclooxygenase (COX) enzymes, 
ketorolac blocks the synthesis of pro-inflammatory 
prostaglandins, thereby reducing pain and inflam-
mation (3-4). While the analgesic and anti-inflam-
matory properties of ketorolac make it a valuable 
therapeutic option, non-steroidal anti-inflammatory 
drugs (NSAIDs) in general are known to carry risks 
of adverse effects, particularly involving the 
gastrointestinal, cardiovascular, and renal systems 
(5-7). The hepatotoxic and nephrotoxic potential of 
ketorolac has been a topic of concern in clinical 
practice. Several case reports and observational 
studies have documented instances of ketorolac-
induced liver injury and acute kidney injury, often in 
the setting of prolonged administration or pre-
existing comorbidities (8-11). However, the precise 
dose-dependent nature of ketorolac's hepatorenal 
toxicity has not been extensively characterized in 
controlled preclinical investigations. 

Animal models, such as the adult male rat, 
provide a valuable platform to systematically 
evaluate the toxicological profile of pharmaceutical 
agents under standardized experimental conditions 
(12, 13). By employing this approach, researchers can 
elucidate the threshold doses at which ketorolac may 
exert detrimental effects on the liver and kidneys, 
thereby informing safer clinical use of this non-
steroidal anti-inflammatory drug (NSAID). The 
present study aimed to investigate the dose-de-
pendent hepatorenal toxicity of ketorolac admin-
istration in an adult male rat model. 

 
METHODS 
 
Study design and animal grouping 
 
This was a controlled preclinical study that 

examined the dose-dependent hepatic and renal 
toxicity of ketorolac in an adult male rat model. The 
study included 24 adult male Wistar rats weighing 
200-250 grams. The animals were randomly assigned 
to three groups (n = 8 per group), using a computer-
generated randomization scheme. The control group 
(C) received 1 mL/kg of normal saline; the low-dose 
ketorolac group (LDK) received 10 mg/kg of keto-

rolac, whereas high-dose ketorolac group (HDK) re-
ceived 20 mg/kg of ketorolac. 

 
Animal housing and care 
 
The experimental animals were housed in a 

regulated environment within the animal research 
facility, which was maintained at a temperature of 24 
± 2 degrees Celsius and operated on a 12-hour 
light/dark cycle. The rats had ad libitum access to 
typical rodent diet and drinking water for the full 
length of the study. 

 
Drug administration and sample collection 
 
The assigned treatments were administered 

daily via oral gavage for three weeks. One week after 
the last dose, the animals were anesthetized, and 
blood samples were collected via cardiac puncture 
using sterile syringes. The blood samples were per-
mitted to coagulate, after which they were centri-
fuged at 1500 revolutions per minute for 10 minutes 
to separate the serum component. The serum 
samples were then stored at a temperature of -20 de-
grees Celsius until subsequent analysis could be 
performed. 

 
Biochemical analyses 
 
Serum levels of the following parameters were 

measured using commercial kits (Pars Azmoun, 
Iran) and a BT 1000 Biotectica auto-analyzer: AST, 
ALT, BUN, Cr.  

 
Ethical considerations 
 
The study was approved by the Ethics Com-

mittee of the university (IR.SHMU.REC.1397.113). 
The guidelines for the Care and Use of Laboratory 
Animals were followed. Only male animals were 
used in the study to eliminate potential confounding 
factors related to pregnancy. 

 
Statistical analysis 
 
Normality of the continuous variables was as-

sessed using the Shapiro-Wilk test. One-way 
ANOVA compared mean liver and kidney function 
parameters across the three groups, with post-hoc 
LSD analysis identifying significant differences. P-
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values less than 0.05 were considered statistically 
significant. 

 
RESULTS 

 
The mean weight of rats in the C group was 

212.37 ± 11.01 g, in the LDK group it was 212.12 ± 
3.79 g, and in the HDK group it was 214.5 ± 3.96 g, 
with no statistically significant difference among the 
three groups (p = 0.63). 

 
Liver function markers 
 
The AST and ALT levels are presented in 

Figure 1. One-way ANOVA revealed a statistically 

significant difference in mean AST (F (2.21) = 15.72, p 
< 0.001) and ALT (F (2.21) = 18.84, p < 0.001) levels 
across the three groups. Post-hoc analysis using the 
LSD test showed that the mean ALT level in the C 
group was 24.12 U/L, 39.16 U/L in the LDK group, 
and 78.25 U/L in the HDK group. Compared to the C 
group, the ALT level in the HDK group was 
significantly higher (p < 0.001). Similarly, the mean 
AST level in the C group was 28.32 U/L, 44.23 U/L in 
the LDK group, and 93.55 U/L in the HDK group. 
Compared to C group, the AST level was signifi-
cantly elevated in the HDK group (p < 0.001). There 
were no statistically significant differences in AST or 
ALT levels between the LDK and C groups.  

 
 

 
 

Figure 1. Serum AST and ALT levels in the three groups 
 
 
Kidney function markers 
 
The serum levels of BUN and Cr are shown in 

Figure 2. One-way ANOVA demonstrated signifi-
cant differences in mean BUN (F (2.21) = 22.41, p < 
0.001) and Cr (F (2.21) = 19.76, p < 0.001) across the 
three groups. Post-hoc analysis using the LSD test 
revealed that the mean BUN level in the C group 
was 16.14 mg/dL, 41.15 mg/dL in the LDK group, 
and 79.36 mg/dL in the HDK group. Both the LDK 
group and the HDK group had significantly higher 

BUN levels compared to the C group (p < 0.001). 
Additionally, the BUN levels were observed to be 
significantly elevated in the HDK treatment group in 
comparison to the LDK group (p = 0.002). The mean 
Cr level in the C group was 0.21 mg/dL, 0.42 mg/dL 
in the LDK group, and 0.96 mg/dL in the HDK 
group. Both the LDK group and the HDK group had 
significantly higher Cr levels compared to the C 
group (p < 0.001). Additionally, the HDK group 
exhibited significantly higher Cr levels compared to 
the LDK group (p = 0.005). 
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Figure 2. Serum BUN and creatinine levels in the three groups 
 
 
DISCUSSION 
 
The present study provides important insights 

into the hepatorenal toxicity of ketorolac, a com-
monly prescribed NSAID, in an adult male rat 
model. The results demonstrate that HDK admin-
istration significantly impairs both liver and kidney 
function, while LDK primarily affects renal para-
meters. A significant increase in serum AST and ALT 
levels observed in the HDK group compared to the 
C group is a clear indicator of hepatocellular injury. 
Liver enzymes such as AST and ALT are released 
into the bloodstream upon damage or dysfunction of 
hepatocytes, the primary functional cells of the liver 
(14-16). The observed elevation in these biomarkers 
suggests that HDK exposure can lead to disruption 
of the structural and functional integrity of hepatic 
tissue, potentially through mechanisms involving 
oxidative stress, mitochondrial dysfunction, and 
inflammatory responses (17-20). The lack of signifi-
cant changes in liver enzymes between the control 
group and the LDK group implies that the lower 
dose of the drug may not be sufficient to induce 
overt hepatic toxicity in this animal model. This 
finding is consistent with the known dose-depen-
dent nature of NSAID-induced liver injury, where 
higher doses are more likely to trigger hepatocellular 
damage (21-28). The observed differential effects on 
liver function between the low and high-dose groups 

highlight the importance of considering the ap-
propriate dosage when evaluating the safety and 
tolerability of ketorolac in both preclinical and 
clinical settings. 

Regarding the assessment of renal function, 
the present study demonstrated that both LDK and 
HDK groups exhibited significantly elevated levels 
of BUN and creatinine, two well-established bio-
markers of kidney injury and dysfunction. More-
over, the HDK group exhibited even greater in-
creases in BUN and creatinine compared to the LDK 
group, indicating a dose-dependent nephrotoxic ef-
fect of the drug. The observed elevations in BUN and 
creatinine levels are consistent with the known 
nephrotoxic potential of NSAIDs, including keto-
rolac (29-36). The underlying mechanisms by which 
ketorolac can impair renal function are multifaceted 
and involve disruptions in the homeostasis of renal 
blood flow, glomerular filtration, and prostaglandin 
synthesis (37-39). Specifically, ketorolac's inhibition 
of cyclooxygenase (COX) enzymes, which play a 
critical role in the regulation of renal hemodynamics 
and electrolyte balance, can lead to vasoconstriction, 
reduced glomerular filtration rate, and impaired 
urine output, ultimately resulting in the accumu-
lation of waste products such as BUN and creatinine 
(40-42). 

The dose-dependent nature of the renal effects 
observed in this study suggests that the degree of 
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ketorolac-induced nephrotoxicity is closely related to 
the administered dose. This finding is particularly 
important, as it highlights the need for careful do-
sage selection and monitoring when prescribing 
ketorolac, especially in patients with pre-existing 
renal impairment or those at higher risk of de-
veloping NSAID-associated kidney injury. The un-
derlying mechanisms responsible for the hepatorenal 
toxicity of ketorolac are not entirely clear, and se-
veral potential biological pathways have been hypo-
thesized to explain this observed phenomenon. One 
key mechanism involves the induction of oxidative 
stress and inflammatory responses by ketorolac, 
which can lead to cellular damage and dysfunction 
in both the liver and kidneys (42, 43). Ketorolac's 
inhibition of prostaglandin synthesis may also play a 
role, as prostaglandins are crucial mediators of renal 
blood flow, glomerular filtration, and tubular func-
tion (44). Additionally, ketorolac and its metabolites 
may directly interact with cellular components, such 
as mitochondria, and disrupt essential metabolic 
pathways, contributing to the observed hepatic and 
renal toxicity (43). The interplay between these 
various mechanisms, including oxidative stress, in-
flammation, and metabolic disturbances, likely con-
tributes to the overall hepatorenal toxicity profile of 
ketorolac. 

This study has several limitations that should 
be acknowledged. First, the investigation was li-
mited to two specific doses of ketorolac (10 mg/kg 
and 20 mg/kg), which may not fully capture the 
complete dose-response relationship. Including 
additional intermediate and lower doses could pro-
vide a more comprehensive understanding of the 
threshold for hepatorenal toxicity. Second, while bio-
chemical markers of liver and kidney function were 
assessed, no histopathological analyses were con-
ducted to confirm cellular-level changes or identify 
specific patterns of tissue injury. Such data could 
provide deeper mechanistic insights into the toxic 
effects of ketorolac. Finally, this preclinical study 
was conducted in a controlled laboratory environ-

ment, which may not fully replicate the complex 
clinical scenarios encountered in human patients, 
particularly those with comorbidities or concurrent 
medication use. 

 
CONCLUSION 
 
In conclusion, the present study provides 

compelling evidence that HDK administration can 
induce significant hepatotoxicity, as evidenced by 
the elevated serum levels of liver enzymes AST and 
ALT. Furthermore, both LDK and HDK groups 
exhibited dose-dependent renal toxicity, as indicated 
by the increased BUN and creatinine levels. These 
findings underscore the importance of carefully con-
sidering the potential hepatorenal side effects as-
sociated with ketorolac therapy and the need for ap-
propriate dosage adjustments and close monitoring 
in clinical settings, especially in patients with pre-
existing liver or kidney disorders. Future studies ex-
ploring the underlying molecular mechanisms and 
exploring potential protective strategies may help 
elucidate the complex pathways involved in keto-
rolac-induced hepatorenal toxicity.  
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S A Ž E T A K  
 

 
Uvod/Cilj. Ketorolak je potentni nesteroidni antiinflamatorni lek (engl. nonsteroidal anti-inflammatory drug 
‒ NSAID) koji može inhibirati aktivnost ciklooksigenaze i sintezu prostaglandina, čime smanjuje bol i 
upalu. Cilj ove studije bio je da istraži hepatorenalnu toksičnost primene ketorolaka kod odraslih pacova 
muškog pola. 
Metode. Dvadeset i četiri odrasla pacova muškog pola soja Wistar nasumično su podeljena u tri grupe (n = 8 
po grupi): kontrolnu grupu koja je primala fiziološki rastvor (1 mL/kg), grupu koja je dobijala nisku dozu 
ketorolaka (10 mg/kg) i grupu koja je dobijala visoku dozu ketorolaka (20 mg/kg). Životinje su čuvane pod 
standardnim uslovima tri nedelje nakon poslednjeg tretmana. Uzorci krvi su uzeti dok su pacovi bili pod 
anestezijom, a nivoi alanin aminotransferaze (ALT), aspartat aminotransferaze (AST), uree u krvi (engl. blood 
urea nitrogen ‒ BUN) i kreatinina (Cr) mereni su komercijalnim kompletima i analizatorom BT 1000 
Biotectica. 
Rezultati. U poređenju sa kontrolnom grupom, grupa koja je primala nisku dozu ketorolaka nije pokazala 
značajan porast nivoa ALT-a i AST-a, dok je grupa koja je primala visoku dozu ketorolaka pokazala značajan 
porast ovih hepatičnih enzima (p < 0,05). I u grupi sa niskom dozom i u grupi sa visokom dozom ketorolaka 
zabeležen je značajan porast nivoa BUN-a i Cr-a u poređenju sa kontrolnom grupom. U grupi koja je 
dobijala visoku dozu ketorolaka porast ovih renalnih parametara bio je izraženiji (p < 0,05). 
Zaključak. Rezultati ove studije ukazali su na to da primena visoke doze ketorolaka može imati 
hepatotoksične i nefrotoksične efekte; to je potvrdilo zabeleženo povećanje nivoa markera funkcije jetre i 
bubrega kod odraslih pacova muškog pola. Ovakvi rezultati ističu važnost pažljivog praćenja i optimizacije 
doza prilikom primene ketorolaka u kliničkim uslovima. 
 
Ključne reči: ketorolak, hepatorenalna toksičnost, bubrezi, jetra, pacov 
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