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ABSTRACT

Objectives: Aspirin, also known as acetylsalicylic acid, is a non-steroidal anti-inflammatory drug medication.
Aspirin has been shown to have a wide range of pharmacological effects, such as antipyretic, antiplatelet and
analgesic effects. Although there is little known about how aspirin causes hepatotoxicity at the cellular level, this
does happen and there is a need to look into some hepatoprotective remedies. The aim of this study was to assess
how quercetin (QE) affects aspirin-induced hepatotoxicity in Wistar rats.

Materials and Methods: Thirty-five male adult Wistar rats divided into seven experimental groups were used in
this study. These groups received different treatments: Some were given varying concentrations of QE (30 mg/kg
and 60 mg/kg), while others received aspirin (50 mg/kg). In addition, there were control groups that did not receive
either aspirin or QE, with normal saline and corn oil being administered instead. The administration of treatments
lasted for 30 days, after which the experiment was concluded, and the rats” livers were removed for histological
examination. Simultaneously, blood serum samples were collected for the biochemical analysis of liver enzyme
markers. The level of significance was set at 0.05, and the data collected was analysed using the Statistical Package for
the Social Sciences version 29.

Results: It was found that aspirin increased the level of liver enzyme markers in the serum after 30 days of
administration resulting from damage to the liver cells, this effect was most significant at an aspirin concentration
of 50 mg/kg and QE at a concentration of 60 mg/kg was most effective in exhibiting hepatoprotective potentials.

Conclusion: The results suggest that aspirin 50 mg/kg could be hepatotoxic due to the lessening of antioxidant
effects, and QE has a modulating effect on aspirin-induced toxicity.
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INTRODUCTION

Hepatotoxicity is the term used to describe damage to the liver or impairment of liver function
resulting from exposure to xenobiotics, which include medications, food additives, alcohol,
chlorinated solvents, peroxidised fatty acids and even certain medicinal plants.!! Medication-
induced liver damage, or hepatotoxicity, has been linked to several liver ailments.”! There are
about 900 known substances that can harm the liver, including poisons, medications and herbs.
Twenty to forty per cent of cases of different types of liver failure are related to drugs.™™*

Employing non-steroidal anti-inflammatory drugs such as aspirin in the management of
inflammatory conditions or as a preventive measure against various diseases stands out as one of
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the most efficacious approaches.”! About 50 million individuals
routinely use low-dose aspirin to avoid cardiovascular
problems, according to recent research.” Analgesic, antipyretic
and anti-inflammatory properties are originally associated with
aspirin, and low-dose aspirin is also often used to prevent
cardiovascular disease.™

Aspirin works by inhibiting cyclooxygenase, the rate-limiting
enzyme that prevents arachidonic acid from being converted
to prostaglandin and thromboxanes.”! To prevent abuse,
medical professionals emphasise the dose-related nature of
aspirin-induced hepatotoxicity and link it to its metabolite,
salicylic acid. However, since many people tend to ignore this
warning, there is a possibility of abuse.!*!

One important flavonoid that is widely present in fruits, leafy
and pod vegetables, and red wine is quercetin (QE), which
is also an essential part of the human diet.”) In addition to
its direct hydrogen atom donation and Michael acceptor
function in quenching of reactive oxygen species (ROS), QE
also directly interacts with intracellular signalling cascades
linked to antioxidant function, activating the endogenous
antioxidative defence system./*!

Research suggests that QE may have hepatoprotective
effects by promoting HO-1 expression, and according to
Zargar and Wani,”! QE has antioxidant qualities that help
prevent some illnesses, such as cirrhosis, brain damage, liver
fibrosis, cardiovascular problems, atherosclerosis and biliary
obstruction."” QE has garnered attention lately due to its
exceptional array of health advantages, positioning it as a
crucial ingredient in the creation of innovative and effective
multifunctional foods and medications.™!"" Numerous biological
benefits of QE have been shown, including hepatoprotective,
renoprotective, antioxidative, anti-inflammatory, antiapoptotic,
neuroprotective and cardioprotective properties.” In light
of this, the purpose of our research is to ascertain if QE
has a modulatory or restorative impact on aspirin-induced
hepatotoxicity in male Wistar rats.

MATERIALS AND METHODS
Study design

The study was conducted on 35 adult male rats (weighing
200-230 g) over 30 days. The animals were housed in
stainless steel wire cages suspended from the ceiling and
kept in a temperature-controlled environment (23-25°C)
and humidity (40-60%). The animals were randomly
divided into seven (7) groups of 5 rats [Table 1]. Each
group of rats was allowed adequate access to water (ad
libitum) and standard rat chow for 4 weeks with 2 weeks
of acclimatisation. Aspirin (acetylsalicylic acid) and QE
(flavonoid) tablets/drugs were obtained from a registered
pharmacy. Aspirin was dissolved in normal saline, while
QE was dissolved in corn oil. QE is a flavonoid compound
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that is poorly soluble in water. Dissolving it in an oil-based
solvent, such as corn oil, improves its solubility, making it
easier to administer and ensuring better absorption in the
body, while aspirin is soluble in normal saline, which is
also a solvent known for its biocompatibility with the body.
Both solutions were stored at +4°C to prevent repeated
preparation. The dose was administered orogastrically
to each rat based on body weight for 30 days. Ethical
approval for this experiment was obtained from the Ethics
and Research Committee of the Department of Anatomy,
College of Medicine, Ekiti State University, Ado-EKkiti (File
no: ERCANA/2023/12/001) before the study commenced.
The National Institute of Health Guidelines for the Care and
Use of Laboratory Animals were followed in all procedures
and techniques in this investigation.!'”

Sample collection and preparation

Rats were weighed using a calibrated Leica model weighing
scale after the period of acclimatisation (2 weeks), which
was before the treatment period and then at intervals of
10 days post-treatment. At the end of the feeding period, the
animals were allowed to fast overnight, anaesthetised with
chloroform and 5 ml of whole blood sample was obtained
from the Wistar rats through cardiac puncture positioned
in dorsal recumbency and dispensed into plain tubes.
Serum was obtained from whole blood by centrifuging
at 2000 rpm for 10 min using a bucket centrifuge. Serum
was collected separately for each sample with the help
of a micropipette and stored at -20°C until analysis for
liver biochemical markers. The rat was dissected, and
the liver was harvested, this was fixed immediately in 5%
formaldehyde.™

Biochemical analysis

Aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) were estimated using
RANDOX Kit (RANDOX online store SKU: AS3804, SKU:
AL1205, SKU: AP8002) according to the method used in
previous studies. 1%

Tissue processing

Histological processes were carried out using a tissue
processor following the standard histological processing
schedule. A rotary microtome was utilised to cut the tissues,
which were then stained with haematoxylin and eosin
(H&E). The liver was cleaned after being fixed in a formalin
solution and diced. Subsequently, the tissue underwent
paraffin sectioning, and a tissue block was created. The block
was then cut into 5 um thickness using a rotary microtome
and stained with H&E. Finally; the slides were observed
using a light microscope.!”
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Data analysis

The collected results were statistically assessed using the
Statistical Package for the Social Sciences version 29. Data
were subjected to a one-way analysis of variance, and
differences were considered statistically significant at P < 0.05,
and a post hoc Tukey test was performed to determine the
difference amongst the seven groups.

RESULTS

Table 2 shows that the administration of 30 mg/kg QE
and corn oil to Wistar rats did not result in a statistically
significant elevation in ALT, ALP, and AST activities
compared to the control group. However, the administration
of 50 mg/kg of aspirin orally significantly elevated ALT levels
in the serum compared with the control group.

DISCUSSION

The findings of our research demonstrated that severe
histological changes in hepatic tissue corroborated hepatic
injury [Figure 1] and deviations from normal values of hepatic
enzymes in serum [Table 2] caused by oral administration or
exposure to aspirin, particularly at a dose of 50 mg/kg. Due
to the fact that xenobiotic metabolism is one of the liver’s
primary functions, it is exceptionally susceptible to injury

Table 1: Experimental design groups.

S.No. Treatment groups Dosage

L. Normal saline control  9.30 mL/kg body weight

2 Corn oil control 9.30 mL/kg body weight

3 Quercetin only 30 mg/kg body weight

4 Quercetin only 60 mg/kg body weight

5 Aspirin only 50 mg/kg body weight

6 Quercetin+Aspirin 30 mg/kg+50 mg/kg body weight
7 Quercetin+Aspirin 60 mg/kg+50 mg/kg body weight

from toxic xenobiotics."! Serum concentrations of hepatic
enzymes serve as biomarkers to evaluate the health and
function of the liver. These enzymes are alternatively referred
to as liver function markers.

The utilisation of liver function markers is critical for the
detection and surveillance of liver diseases and injury. In
general, increased concentrations of hepatic enzymes in the
serum are indicative of severe injury to the cell membranes
and structural integrity of the liver.! Assays for serum
concentrations of AST, ALT and ALP were performed to
diagnose cholestasis and/or liver damage.

Because ALT is predominately detected in the liver, it serves
as a more precise indicator for identifying liver abnormalities.
ALP and AST are additional enzymes utilised in the evaluation
of hepatotoxicity. Liver impairment is accompanied by
elevated concentrations of AST in additional organs, including
the brain, heart, musculature and kidneys."™ In addition,
elevated serum ALP levels are considered an indicator of
hepatotoxicity.!

Hepatic enzymes are secreted into the circulation subsequent
to cellular membrane impairment and demise of liver
cells. Consequently, after 30 days of oral administration of
50 mg/kg aspirin, a significant increase in its concentration
within the hepatic tissue is observed, resulting in
hepatotoxicity and cell death. This discovery is consistent
with prior research that has demonstrated hepatotoxicity
caused by aspirin during both subchronic and chronic
exposure. [

The findings of our study demonstrated that the
administration of 50 mg/kg of aspirin orally significantly
elevated ALT levels in the serum [Table 2] in comparison
with the control group (P < 0.05). The results presented here
are consistent with prior research conducted on hepatic
injury induced by aspirin.”'® Proposed that oxidative stress
may be one of the mechanisms by which aspirin induces
liver injury.’” Consistent with prior research, which has

Table 2: Effect of aspirin and quercetin on liver marker enzyme activities on male albino Wistar rats.

Experimental groups Parameters (U/L)
AST ALT ALP

A: Normal saline control 6.13+0.74 9.75+1.48 2.25+0.56
B: Corn oil control 6.50+1.12 9.88+1.75 2.25%1.15
C: Quercetin control 30 mg/kg 6.50+1.12 9.88+2.41 2.38+0.96
D: Quercetin control 60 mg/kg 4.75+1.47¢ 7.75+1.48¢ 2.25+1.09
E: Aspirin control 50 mg/kg 7.00£1.58 13.37£2.72 4.00+0.79"
F: Quercetin 30 mg/kg+aspirin 50 mg/kg 5.75%1.09 10.00+1.584 3.38+0.96
G: Quercetin 60 mg/kg+aspirin 50 mg/kg 5.25+0.83 9.00+1.58¢ 3.00+0.79

Values are expressed as meanz+standard deviation, *Significant difference at P<0.05 when corn oil and quercetin group (30 mg/kg, 60 mg/kg) are compared with
aspirin-induced Group, "Significant difference at P<0.05 when aspirin-induced (50 mg/kg) group is compared with control group, “Significant difference at P<0.05
when quercetin group (60 mg/kg) is compared with the control group, “Significant difference at P<0.05 when quercetin 30 mg/kg or 60 mg/kg-+aspirin 50 mg/kg is
compared with aspirin-induced group. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase
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Figure 1: (a) The control group exhibits normal architecture of liver tissue. It shows normal and
distinct liver cell (hepatocyte). (b) Showing histological section of the hepatocyte of rat fed with
observed in rat fed with corn oil. (c) Showing histological section of the hepatocyte of rat fed
with quercetin 30 mg/kg when compared with the control. (d) Showing histological section of the
hepatocyte of rat fed with liver pre-treated with quercetin 60 mg/kg. All liver sections were stained
with haematoxylin and eosin. (¢) Showing mild vacuolar degeneration and shrunken portal area
of the rat liver tissue pre-treated with aspirin 50 mg/kg (Group E). (f) Showing mild degeneration
of the Wistar rat hepatocyte after co-treatment of aspirin 50 mg/kg + quercetin 30 mg/kg when
compared with control. (g) Showing hepatocyte rat after co-treatment of aspirin 50 mg/kg + quercetin
60 mg/kg when compared with control. All liver section was stained with the haematoxylin and eosin
(H: Hepatocyte, PV: Portal vein: BD: Bile duct, HA: Hepatic artery, PT: Portal triad).

demonstrated oxidative stress in hepatic tissue as a result of  defence system subsequent to exposure, these results align
excessive ROS production and disruption of the antioxidant  with this notion.
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In addition, Table 2 demonstrated that the administration of
30 mg/kg QE and corn oil to Wistar rats did not result in a
statistically significant elevation in ALT, ALP, and AST activities
compared to the control group. Compared to the control group,
Wistar rats that were given 60 mg/kg of QE exhibited non-
significant increases in ALT, AST, and ALP levels. Consistent
with previous research by Rahmani et al.,l'! these results suggest
that QE and corn oil do not cause liver damage.

We also examined the potential protective effect of QE
against aspirin-induced hepatotoxicity in the present study.
Co-administering 60 mg/kg of QE and 50 mg/kg of aspirin
prevented aspirin-induced liver toxicity, and ALT, ALP and
AST activities did not increase significantly in comparison to
the control group, as indicated by our findings. This indicates
that, according to histological evaluations, it was effective in
preventing liver injury in comparison to the control group.
These results were consistent with those of Rahmani et al.™!
and Ghazanfari et al.?

The pathogenesis of aspirin toxicity is significantly
influenced by inflammation, which is partially facilitated
by endogenous and migrating leukocytes.!"® Inhibiting ROS
by scavenging them and reducing neutrophil accumulation
in the liver is a potential mechanism by which QE achieves
the asserted result and histological effect. Prior research
has demonstrated that the administration of antioxidant
agents mitigated hepatocyte damage and averted leukocyte
accumulation in liver tissue, which is consistent with the
current findings. 22!

Hepatic enzyme levels were nearly normal in animals that
were administered aspirin in conjunction with QE. Hence,
this indicates that the hepatoprotective properties of QE
against the toxicity induced by aspirin are primarily facilitated
by its antioxidant attributes.! QE possesses hepatoprotective
and antioxidant properties and is classified as a flavonoid.
Numerous fruits and vegetables contain flavonoids, which
are a genus of flavonols with numerous pharmacological and
therapeutic properties, including antibacterial, antinociceptive
(pain relieving), anxiolytic, antidepressant, anti-allergic, anti-
proliferative and antioxidant effects. In addition, it effectively
combats hypertension, diabetes, diabetic neuropathy, platelet
aggregation and thrombus formation.

The histology of liver sections from rats in both the control
and QE 30 mg/kg groups appeared normal, as shown in
Figure 1. The arrangement of hepatocytes, blood vessels
and sinusoids appeared to be in the expected configuration.
Biliary ducts were also observed to be in good health, with no
indications of cholestasis. No pathological alterations were
observed in the liver tissue. Compared to the control group,
the 60 mg/kg group treated with corn oil and QE had a radial
distribution of hepatocytes around central veins [Figure 1].
This finding is consistent with the research conducted by
Rafeeq et al. ") and Rahmani et al.

In  comparison to the control  group, the
aspirin + QE 60 mg/kg group [Figure 1] exhibited only a
minor perturbation of hepatocytes. This suggests that high
concentrations of QE may protect against complete disruption
of hepatocytes. This aligns with the findings of Ghazanfari
et al.? By scavenging oxygen radicals, protecting against lipid
peroxidation, inhibiting calcium channel activity and chelating
metal ions, QE prevents oxidant damage and cell mortality.*
As a result, it is hypothesised that QE protected the hepatocytes
of animals that were co-administered with aspirin and QE
from oxidative damage and mortality by scavenging excessively
produced ROS caused by aspirin oral exposure.

Mild vacuolar degeneration, massive hepatocyte damage,
necrosis and inflammatory cell infiltration were observed in
the histological section of the rats in the aspirin 50 mg/kg group
and the aspirin 50 mg/kg + QE 30 mg/kg group [Figure 1].
In addition, the tissue section revealed congestion and
disruption in the portal vein region. This finding aligns with
prior investigations concerning liver impairment induced by
aspirin." This further suggests that a minimal quantity of
QE is insufficiently potent to mitigate or restrict the impact
of liver toxicity induced by aspirin. This is consistent with the
findings of Rahmani et al.,'"! who stated that a high dose of QE
is required to ameliorate liver damage efficiently. This may be
attributed to the diminished concentration of antioxidants and
the high abundance of free radicals produced by apoptosis and
inflammation, given that hepatotoxicity induced by aspirin is a
progressive effect that can take days or weeks to manifest.

CONCLUSION

Prolonged administration of aspirin at a dosage of
50 mg/kg may result in hepatic complications and alterations
in the histological structure of the liver; therefore, this dosage
should be reserved for short-term use only. QE demonstrated
effective modulatory and hepatoprotective effects against
aspirin-induced hepatotoxicity. QE may be regarded as a
prospective nutraceutical product that could serve to mitigate
hepatotoxicity in individuals who are acutely exposed to
excessive dosages or abuse of aspirin.
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