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ABSTRACT

Objectives: 5-Fluorouracil (5-FU) is a very potent and effective antineoplastic drug that has been widely used for the management of various
types of cancer. However, the clinical use of 5-FU is often associated with severe toxicities including hepatotoxicity, which limit its therapeutic
use as a potent anticancer agent. The present study aimed to evaluate the hepatoprotective activity of a plant phenolic acid, gentisic acid (GA)
(2,5-dihyroxybenzoic acid), against hepatotoxicity induced by 5-FU administration in Wistar rats.

Materials and Methods: The rats were randomly divided into six groups, with six rats per group. Among these, group | and Il served as normal
control and 5-FU control groups, respectively. The rats in these groups received distilled water (1 mL/kg) for 14 days by oral route. Groups IlI, IV,
V, and VI served as test groups and received GA at doses of 3, 10, 30, and 100 mg/kg body weight, respectively, via oral route for 14 days. From
Day 9 onwards, all the groups, except group |, received intraperitoneal dose of 5-FU (20 mg/kg body weight) for five days up to day 14. At the end
of the study, the rats were sacrificed, blood was withdrawn for biochemical estimations, and hepatic tissues were excised for histopathological
evaluations.

Results: Administration of 5-FU at a dose of 20 mg/kg body weight resulted in a significant increase in the serum levels of hepatic biomarkers,
including aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, direct bilirubin, and total bilirubin. In comparison to these,
5-FU treatment resulted in a reduction in total protein content (TPC). This was accompanied by significant histopathological changes in the hepatic
tissues of the rats, indicating severe hepatotoxicity. Pre- and co-administration of GA with 5-FU at doses of 30 and 100 mg/kg body weight for 14
days resulted in a dose-dependent amelioration of the 5-FU induced alterations in the biochemical and histopathological parameters.

Conclusion: The results of the study highlighted the potential of GA as a hepatoprotective agent for the prevention of 5-FU-induced hepatotoxicity.
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Amag: 5-Florourasil (5-FU), ¢esitli kanser turlerinin tedavisinde yaygin olarak kullanilan gok gigli ve etkili bir antineoplastik ilagtir. Bununla
birlikte, 5-FU'nun klinik kullanimi genellikle, gtiglu bir antikanser ajan olarak terapétik kullanimini sinirlayan hepatotoksisite dahil olmak Gzere ciddi
toksisitelerle iliskilidir. Bu galismada, Wistar siganlarinda 5-FU uygulamasi ile uyarilan hepatotoksisiteye karsi bir bitki fenolik asiti olan gentisik
asidin (GA) (2,5-dihiroksibenzoik asit) hepatoprotektif aktivitesini degerlendirmeyi amagladik.

Gereg ve Yontemler: Siganlar rastgele olarak grup basina alti sican olacak sekilde alti gruba ayrildi. Bunlar arasinda grup | ve ll, sirasiyla normal
kontrol ve 5-FU kontrol gruplari olarak belirlendi. Bu gruplardaki siganlar 14 giin boyunca oral yolla damitilmis su (1 mL/kg) aldi. Gruplar IIl, IV, V ve
Vl test gruplari olarak gérev yapti ve 14 giin boyunca oral yoldan sirasiyla 3, 10, 30 ve 100 mg/kg viicut agirligi dozlarinda GA aldi. Dokuzuncu giinden
itibaren, grup | harig tim gruplar, 14. giine kadar bes giin boyunca 5-FU (20 mg/kg viicut agirlign intraperitoneal doz aldi. Calismanin sonunda,
biyokimyasal analiz igin kanlari alindiktan sonra siganlar sakrifiye edildi ve hepatik dokular histopatolojik degerlendirmeler igin eksize edildi.
Bulgular: 20 mg/kg viicut agirligi dozunda 5-FU uygulamasi aspartat aminotransferaz, alanin aminotransferaz, alkalen fosfataz, bilirubin ve toplam
bilirubin dahil olmak Uzere hepatik biyobelirteglerin serum seviyelerinde 6nemli bir artisa neden olmustur. Bunlarla karsilastirildiginda, 5-FU
tedavisi toplam protein igeriginde bir azalmaya yol agti. Buna, siganlarin hepatik dokularinda siddetli hepatotoksisiteyi gésteren 6nemli histopatolojik
degisiklikler eslik etti. GA'nin 14 giin boyunca 30 ve 100 mg/kg vicut agirligi dozlarinda 5-FU ile énceden ve birlikte uygulanmasi, biyokimyasal ve
histopatolojik parametrelerde 5-FU kaynakli degisikliklerde doza bagli bir iyilesme ile sonuglanmistir.

Sonug: Galismanin sonuglari, GA'nin 5-FU ile indiiklenen hepatotoksisitenin énlenmesi igin bir hepatoprotektif ajan olarak potansiyelini vurgulad.
Anahtar kelimeler: 5-Florourasil, gentisik asit, 2,5-dihiroksibenzoik asit, hepatotoksisite, bitki fenolikleri, hepatoprotektif, kanser kemoterapisi
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INTRODUCTION

Cancer is one of the leading causes of death worldwide. It
accounted for ~10 million deaths in the year 2020. Chemotherapy
is a standard cancer therapy that is used either alone or in
combination with surgery or radiation therapy (neoadjuvant and
adjuvant therapy). Despite its success in killing cancer cells,
chemotherapy-induced hepatotoxicity and impairment of liver
function limit its application. The adverse clinical complications
associated with chemotherapy often require dose reduction
or withdrawal of chemotherapeutic agents, thereby limiting
their therapeutic potential as effective antineoplastic agents.
Thus, the negative aspects associated with the administration
of chemotherapeutic drugs limit their clinical application,
regardless of their contribution in the improvement of patient
survival rate.?

5-Fluorouracil (5-FU) is a fluorinated pyrimidine analog,
which is widely used in the management of various types
of cancer, including stomach, breast, head and neck,
colorectal, and genitourinary cancers.® It is used either alone
or in combination with other drugs. 5-FU generally acts via
incorporation into both DNA and RNA. The administration
5-FUresults inthe incorporation of deoxyuridine triphosphate
and fluorodeoxyuridine triphosphate molecules into DNA
via replacement of reduced thymidine triphosphate (TTP).4
Incorporation of fluorodeoxyuridylate and deoxyuridylate in
DNA is accompanied by initiation of excision-repair process,
which results in the breakage of DNA strand owing to the
absence of TTP. This is generally mediated via blockade of
the enzyme activity of thymidylate synthase. The insertion
of 5-FU into RNA severely affects the functioning as well
as processing of RNA, which further results in severe
toxicities.> 5-FU chemotherapy has been reported to
exhibit severe systemic toxicities, including hepatotoxicity,
in clinical practice.® Generally, 5-FU is eliminated from
the body via hepatic metabolism. Dihydropyrimidine
dehydrogenase enzyme found in the liver is the key enzyme
that catalyzes the rate-limiting step in 5-FU catabolism. Toxic
intermediates produced during the metabolism of 5-FU are
majorly responsible for liver injury.” Various in vitro and in
vivo studies have demonstrated that administration of 5-FU
is accompanied by induction of oxidative stress in the liver,
which consequently results in the structural and functional
disruption of hepatocytes. Thus, devising strategies
to reduce 5-FU associated hepatotoxicity might prove
beneficial for improving the overall clinical outcomes of this
chemotherapeutic agent.8°

Since the primordial era, plants have been successfully used as
therapeutic agents to cure various ailments. Currently, sincere
efforts are being invested to harness the therapeutic potential
of the phytoconstituents, having antiapoptotic, antioxidant,
and antiinflammatory properties, to reduce the cancer
chemotherapy-induced drug toxicities.™? Several preclinical
studies have reported beneficial effects of daily consumption
of fruits and vegetables, particularly in decreasing the risk of
neoplasm. This effect is majorly contributed by the presence
of various essential nutrients, predominantly phenolics,

in fruits and vegetables!®* Phenolic acids are the most
extensively distributed secondary metabolites in the plant
kingdom and about 10,000 structures of plant phenolics are
known. These compounds have been widely investigated and
several preclinical studies have established their importance
for human well-being 41

Gentisic acid (GA) is a phenolic compound that has been
shown to exert beneficial effects on human health. Various
pharmacological activities have been reported for GA including
analgesic, antiarthritic, antiinflammatory, antimutagenic,
anticancer, antirheumatic, and antispasmodic activities. In
addition to these, it is also known to exert antiparkinsonian,
antifungal, iron chelation, and siderophoric effects. Evidences
are available for its antihyperlipidemic activity, protective
activity against cyclophosphamide-induced genotoxicity, and
inhibitory activity against fibroblast growth factor. Besides
these, antioxidant effects of GA have been reported in both
in vivo and in vitro studies.®? In a previous study, GA has
been shown to ameliorate cyclophosphamide-induced
hepatotoxicity in vivo. The results of the study showed that
both pre- and co-treatment with GA at doses of 50 and 100 mg/
kg body weight ameliorated the cyclophosphamide-induced
increase in malondialdehyde levels. This was accompanied by
normalization of the levels of all oxidative stress biomarkers,
including glutathione peroxidase, glutathione reductase,
glutathione, catalase, and quinone reductase. GA administration
also resulted in a reduction in DNA fragmentation and
formation of micronuclei. Additionally, pre- and co-treatment
with GA ameliorated the cyclophosphamide-induced increase
in the hepatic biomarkers, such as alanine aminotransferase
(ALT), lactate dehydrogenase, and aspartate aminotransferase
(AST).?? Currently, no reports are available for the protective
effects of GA against the hepatotoxicity induced by anticancer
agents including 5-FU.

The present study aimed to evaluate the protective activity of
GA against 5-FU-induced hepatotoxicity. The study involved
quantitative estimation of the enzymes, involved in hepatic
function, in the serum. Histopathological investigations were
carried out to evaluate the ultrastructural alterations in the
hepatic tissue arising due to 5-FU treatment.

MATERIALS AND METHODS

Chemicals and kits

GA was procured from Sigma-Aldrich Chemicals, USA.
5-FU (fiveflurd) was purchased from GlaxoSmithKline
Pharmaceuticals Ltd. Mumbai, Maharashtra, Analytical grade
solvents and chemicals used in the study were obtained from
Oswal Chemicals, New neeta Chemicals and Loba Chemie
Pvt. Ltd., Pune, Maharashtra, India. Diagnostic kits used for
biochemical analysis were procured from Biolab Diagnostics
Pvt. Ltd., Kiran Enterprises, Pune, India.

Animals
For in vivo experiments, 8-12 weeks old adult Wistar rats
(200-250 g) from either sex were used. These rats were
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purchased from the National Institute of Biosciences,
Pune, Maharashtra. Upon arrival, the rats were caged in
groups of 5-6 rats in standard polypropylene cages having
a wire mesh lid. The rats were maintained under standard
environmental conditions, at a temperature of 25°C+2°C with
45%-55% relative humidity and 12/12 h light/dark cycle, in
the institutional animal house facility. The animals had free
access to standard pelleted chow (Nutrivet Life Sciences,
Pune, India) and water during the entire course of the study.
The animals were acclimatized upto 04 days prior to the
experimental procedures. All experimental procedures were
performed during the day time, between 12:00 and 16:00
h. The animals were transferred from the animal house
facility to the experimental laboratory one hour prior to the
experiments.

Ethical clearance

All the experimental procedures included in the study were
carried out in compliance with the Institutional Animal Ethical
Committee (IAEC) Guidelines given as per the Committee for
the Purpose of Control and Supervision of Experiments on
Animals, New Delhi, India (Section-15 of the Prevention of
Cruelty to Animals Act, 1960; Ministry of environment and
forest, Government of India). The experimental protocols were
approved by IAEC of Modern College of Pharmacy, Yamunanagar
Nigdi, Pune-411044 (proposal no: MCP/IAEC/004/2017; date:
07/11/2017).

Preparation of drug solutions

GA stock solutions, at concentrations of 3, 10, 30, and 100
mg/mL, were prepared by dissolving desired amount of GA in
distilled water. For 5-FU, a stock solution of 20 mg/mL was
prepared by dissolving required amount of 5-FU in distilled
water. The selection of stock solutions was made according to
the required dose of administration.

Experimental design

The rats were randomly divided into six groups, with six
rats per group. Group | and Il served as normal control and
5-FU control groups, respectively. The rats in these two
groups received distilled water (1 mL/kg body weight) orally
for 14 days. Groups lll, IV, V, and VI served as test groups
and received oral doses of GA at concentrations of 3, 10,
30, and 100 mg/kg body weight, respectively, for 14 days.
From Day 9 onwards, all groups, except group |, received
intraperitoneal dose of 5-FU (20 mg/kg body weight) for five
days up to day 14.

At the end of the experiment, the rats were sacrificed by
cervical dislocation. Blood samples were obtained by cardiac
puncture and collected in serum separation tubes. The serum
was obtained from the collected samples by centrifugation at
3000 rpm at 20°C for 20 min. Post centrifugation, the serum
was carefully transferred into Eppendorf tubes and stored at
-20°C. These sera samples were used for the assessment of
hepatic biomarkers. Following this, the livers were excised,
washed using ice-cold saline solution, dried, and stored at
-80°C to -20°C until used for further analysis.?

Estimation of hepatic biomarkers

The levels of alkaline phosphatase (ALP), AST, ALT, total
bilirubin (TB), direct bilirubin (DB), and total protein content
(TPC) in the collected serum samples were estimated using
standard biochemical estimation kits. These assays involved
spectrophotometric measurements that were performed
using a utlraviolet (UV)-2600 UV-visible spectrophotometer
(Shimadzu Corporation).

Histopathological studies

For fixation, the whole intact liver specimens were treated with
formalin (10%, v/v) for 24 hours. Following this, the samples
were embedded in paraffin. A rotary microtome (Biocraft) was
used to obtain representative coronal slices (5 pm thickness)
of organs. Further, these coronal slices were stained with
hematoxylin for 8 min, followed by staining with eosin for 3
min Luna.*® Permanent slides were prepared using these thin
sections. These slides were visualized under a lens with 45x
magnification power using a digital trinocular microscope
(Olympus CX-21-TR), available at the institutional imaging
facility. The photomicrographs were captured with the help of
Magnuspro eyepiece camera software.

Statistical analysis

The results were expressed as mean + standard error of mean.
For comparison between the groups, One-Way ANOVA was
performed, followed by Tukey’'s Kramer Multiple Comparison
test using Instat Graph Pad software (version 3).

RESULTS

Estimation of hepatic biomarkers

In the present study, the levels of serum hepatic biomarkers,
including ALP, AST, ALT, TB, DB, and TPC, were estimated using
biochemical assays. As shown in Figure 1, 2, the administration
of 5-FU resulted in a significant (p<0.001) increase in the serum
levels of ALP, AST, ALT, TB, and DB levels; however, a significant
reduction in TPC levels was observed in the 5-FU control group
as compared to the normal control group. In comparison to this,
pre- and co-treatment with GA at the doses of 30 and 100 mg/
kg body weight resulted in a dose-dependent amelioration of the
alterations in the hepatic biomarkers, with statistical significance
of p<0.01 and 0.001, respectively (Figure 1, 2).

Histopathological studies of hepatic tissue

Histopathological investigation of the hepatic tissues for
the normal control group showed the presence of normal
hepatocytes and central vein. In comparison to this, liver
specimen for 5-FU control group rats were characterized by
marked reactive changes, suggestive of hydropic degeneration
(HD) of the hepatocytes and focal necrosis at the central vein
zone along with the disruption of the hepatic central vein
(HCV). The pre- and co-treatment with GA resulted in a dose-
dependent amelioration of these histopathological alterations.
As shown in Figure 3, GA administration at doses of 30 and 100
mg/kg body weight showed moderate and marked improvement,
respectively, in the histopathological alterations of the liver
tissues.
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AST ALT ALP

Parameters

# Normal Control & GA (10) +5-FU
M 5-FU Control M GA (30) +5-FU
M GA(3)+5-FU Wl GA(100) +5-FU

Figure 1. Effect of GA on serum levels of AST, ALT and ALP in 5-FU-
induced hepatotoxicity in rats. Results were expressed as mean + SEM
(n=6). Comparison between the groups was carried out using One-Way
ANOVA, followed by Tukey's Kramer Multiple Comparison test.

***p<0.001 as compared to normal control, ##p<0.01, ###p<0.001 as
compared to 5-FU induced control group, SEM: Standard error of mean, GA:
Gentisic acid, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
ALP: Alkaline phosphatase, 5-FU: 5-Fluorouracil

mg/dl
O—=NWPHhOUION®O

DB B TPC

Parameters

8 Normal Control § GA (10) +5-FU
M 5-FU Control M GA (30) +5-FU
i GA(3) +5-FU i GA(100) +5-FU

Figure 2. Effect of GA on serum levels of DB, TB, and TPC in 5-FU-induced
hepatotoxicity in rats. Results were expressed as mean + SEM (n=6).
Comparison between the groups was performed using One-Way ANOVA,
followed by Tukey's Kramer Multiple Comparison test.

***p<0.001 as compared to normal control, #*#p<0.01, ###p<0.001 as
compared to 5-FU-induced control, GA: Gentisic acid, DB: Direct bilirubin, TB:
Total bilirubin, TPC: Total protein content, 5-FU: 5-Fluorouracil, SEM: Standard
error of mean

Figure 3. Histopathological investigations for effect of GA on 5-FU-induced hepatotoxicity representative photomicrographs (H & E stain) for liver sections
of: (A) Normal control rats showing normal liver architecture with normal hepatic central vein (HCV) and hepatocytes; (B) 5-FU control rats showing marked
reactive changes, suggestive of hydropic degeneration (HD) of the hepatocytes as well as focal necrosis (FN) at central vein zone with the disruption of the
HCV; (C) GA (3 mg/kg body weight) + 5-FU and (D) GA (10 mg/kg body weight) + 5-FU group rats showing reactive changes similar to 5-FU control with no
improvement; (E) GA (30 mg/kg body weight) + 5-FU rats showing a moderate reduction in the reactive changes caused by 5-FU; (F) GA (100 mg/kg body
weight) + 5-FU showing marked amelioration of histological alterations caused by 5-FU. Photographs were taken under 45x magnification power using a
trinocular microscope (Olympus CX-21-TR) with Magnuspro eyepiece camera software

GA: Gentisic acid, 5-FU: 5-Fluorouracil, H & E: Hematoxylin and eosin
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DISCUSSION

The liver is the central organ involved in the detoxification and
clearance of waste products. Frequent administration of high
doses of chemotherapeutic agents for cancer treatment has
been shown to be associated with hepatotoxicity.® 5-FU is an
important drug that has been widely used for cancer treatment.
Since 5-FU is mainly metabolized in the liver, its administration
is often associated with hepatotoxicity. The toxic metabolites
produced by 5-FU tend to initiate hepatic injury resulting in
severe hepatotoxicity, which limits the chemotherapeutic utility
of 5-FU as an efficacious anticancer agent. 5-FU induced
hepatotoxicity generally involves increase in apoptosis,
oxidative stress, and inflammatory reactions.?’ In the present
study; the levels of different hepatic biomarkers were evaluated
to confirm 5-FU-induced hepatotoxicity.

Generally, serum transaminases such as AST, ALT, and ALP are
used as important indicators of hepatic damage.®> Among these,
ALT is an important cytosolic enzyme that is more specific for
the liver. AST is generally located in the hepatic mitochondria.
The obstruction or inflammation of the biliary tract has been
shown to result in an increase in ALP activity in plasma.®
Increased levels of ALP in the blood are majorly contributed
by leakage of these transaminases from the hepatocytes into
the circulation, indicating liver damage or dysfunction.®? In the
present study, administration of 5-FU resulted in a significant
increase in the levels of hepatic biomarkers, including ALP,
AST, ALT, DB, and TB, as compared to the normal control
group. Besides this, 5-FU treated group showed decrease in
TPC. All these results suggested that 5-FU administration was
associated with severe hepatotoxicity. These results were in
agreement with the previous studies.? In the treatment groups
of the present study, pre- and co-treatment with GA resulted
in the reversal of transaminase levels to normal. These results
suggested hepatoprotective activity of GA, which was probably
mediated by the reduction of hepatic injury and inflammation.
Total and DB levels are generally used as indicators for the
normal functioning of the liver. An increase in total and DB
levels has been found to be associated with hepatic disorders,
indicating severe hepatic damage leading to jaundice.® In the
present study, GA administration resulted in the reduction
in the elevated levels of bilirubin that were induced by 5-FU
treatment. Thus, all these results indicated the hepatoprotective
potential of GA, highlighting its usefulness in ameliorating the
side effects arising from the use of 5-FU therapy for various
hepatic disorders.

TPC in serum provides an estimate for the total number of
proteins present in the body fluids. Since the liver is involved
in the synthesis of various proteins in the body, low protein
content is used as an important marker for hepatic damage
and dysfunction in various hepatic disorders.®® In the present
study, pre- and co-treatment with GA resulted in an overall
improvement in the TPC post 5-FU administration. These
results further established the hepatoprotective activity of GA
mediated by the reduction of hepatic damage and dysfunction.
Thus, all these observations highlighted the potential of GA as
a protective agent to ameliorate 5-FU-induced hepatotoxicity.>

Histophathological examination is one of the most important
investigation that is required to establish the protective
role of drugs against vital organ toxicities.®® In order to
confirm the results obtained for the biochemical estimations,
histopathological studies were also performed for the hepatic
tissue excised from the rats at the end of the study. In the
present study, significant histopathological changes were
observed in the hepatic tissues of the 5-FU control group
as compared to the normal control group. These changes
provided visual evidences for the hepatotoxicity induced by
5-FU administration. These results were in agreement with the
alterations reported for hepatic biomarkers in the biochemical
assay. Treatment with 5-FU resulted in HD and necrosis of the
hepatocytes with the HCV disruption. Similar histopathological
alterations have been reported in several previous studies.”
5-FU-induced  hepatoxicity —generally involves hepatic
inflammation, apoptosis, and oxidative stress. GA has been
previously reported to possess antiinflammatory and antioxidant
properties, which might be responsible for this hepatoprotective
effect of GA against 5-FU-induced hepatotoxicity. In a
previous study, GA was shown to exert hepatoprotective
effect against cyclophosphamide-induced hepatotoxicity.
This hepatoprotective activity involved restoration of hepatic
antioxidant levels and reduction of micronuclei formation and
DNA fragmentation.?® A similar mechanism might also be
responsible for GA mediated amelioration of 5-FU-induced
hepatotoxicity. A better understanding regarding the underlying
mechanism involved in the hepatoprotective activity of GA
would ensure true utilization of this protective agent.

CONCLUSION

In the present study, administration of 5-FU exhibited severe
hepatotoxicity which was confirmed by severe alterations in
both biochemical and histopathological parameters. Further,
pre- and co-treatment with GA resulted in the attenuation of
5-FU-induced hepatotoxicity. GA administration ameliorated
5-FU-induced hepatic alterations in a significant and dose-
dependent manner. The chemoprotective potential of GA might
be attributed to its antiinflammatory and antioxidant properties.
All these results provided strong evidence to support the
hypothesis that pre- and co-administration of GA could
overcome 5-FU chemotherapy-induced toxicities. Thus, the
use of GA might prove beneficial for the well-being of cancer
patients, both during and after the chemotherapy. In addition
to this, it might also enhance the overall life expectancy of the
cancer patients. In order to utilize the true potential of GA as a
protective agent, future studies must unravel the mechanism of
action of GA and optimize the correct dose for human use. The
conclusions drawn from the present study can be efficiently
utilized to design suitable clinical studies to evaluate GA
efficacy and safety in humans.
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