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Abstract
The manifestation of acute hepatotoxicity caused by 5-fluorouracil could be characterized by elevations of liver enzymes, hepatic steatosis and fuminant hepatitis. Natural antioxidants have potential as
excellent treatment for diseases and drug-induced toxicities.  This study assessed the potential of resveratrol (RSV) to abrogate the hepatotoxic effect of 5-FU in rats. Forty adult male albino rats (240±20 g) were
randomized and orally supplemented with RSV (10, 20 and 40 mg/kg/day) prior to the administration of
5-FU (20 mg/kg/day) intraperitoneally for 5 days. On day 6, after weighing, the rats were anesthetized,
blood samples were collected and sera extracted. Liver tissues were harvested and weighed. Sera and
liver tissues were evaluated for biochemical parameters. Liver tissues were assessed for histology. Body
weight was significantly (P<0.01) decreased where as liver weight was significantly (P<0.01) increased in
5-FU administered rats in relation to control. Serum and liver lactate dehydrogenase, aminotransferases,
alkaline phosphatase, gamma-glutamyl transferase, total bilirubin, conjugated bilirubin and malondialdehyde levels were significantly (P<0.001) increased in 5FU-administered rats in relation to control. Liver
glutathione peroxidase, catalase, glutathione and superoxide dismutase levels were significantly (P<0.001)
decreased in 5-FU administered rats in relation to control. The liver of 5-FU administered rats showed
necrosis and steatosis. The hepatotoxic effect of 5-FU was abrogated in a dose-related fashion in RSV 10
mg/kg (P<0.05), 20 mg/kg (P<0.01), and 40 mg/kg (P<0.001) supplemented rats in relation to 5-FU. RSV
may be clinically effective against 5-FU-induced hepatotoxicity.
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1. Introduction
5-Fluorouracil (5-FU), a pyrimidine analog is clinically used as treatment for malignancies
such as gastric, pancreatic, neck and breast cancers
(1).   Its antineoplastic effect involves activation
by thymidine phosphorylase to fluorodeoxyuridine which inhibits thymidylate synthase thereby
preventing DNA synthesis leading to cell death.
5-FU is also converted to active 5-fluorouridine
monophosphate (5-FUMP), which inhibits RNA
...........................................................................................................................
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function (2). The therapeutic impact of 5-FU can
be incapacitated by some challenging toxicities
such as myelotoxicity, leukopenia, ocular toxicity, hepatotoxicity and cardiotoxicity which are
life-threatening if left untreated (3). The rising
trend of hepatotoxicity due to 5-FU is becoming
a significant health predicament due to detrimental impact on treatment outcomes. In some cases,
lethal consequences such as death have occurred.
Hepatic steatosis and fuminant hepatitis are common hepatotoxic forms of 5-FU (4). The mechanisms by which 5-FU causes hepatotoxicity are
not well established, but eminent suppression of
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hepatic antioxidant defense mechanisms and degenerative oxidation of hepatic poly unsaturated
fatty acid were reported in animal studies. These
observations proffer suggestive evidence of oxidative stress playing a vital role in 5-FU-induced
hepatotoxicity (5, 6).
Resveratrol (RSV) is a natural polyphenol
phytoalexin found in different species of plants. It
is an effective antioxidant that scavenges free radicals including secondary organic radicals, which
are byproducts of the interaction of biomolecules
with free radicals (7). RSV can initiate and sustain
oxidation-reduction balance in cells by increasing
the expression of endogenous antioxidants. It can
reduce the activities of enzymes that stimulate the
production of free radicals such as xanthine oxidase (7) and can stimulate mitochondrial biogenesis thereby regulating mitochondrial free radical
generation (8). RSV can directly react with peroxynitrite thereby reducing the nitrosylation of
cysteine and tyrosine residues in proteins. It can
inhibit lipid peroxidation (LPO) chain reaction by
abrogating the activities of lipid peroxides produced in membrane. In addition to its antioxidant
activity, it has anti-inflammatory activity, which
includes reduction of cytokines overproduction,
inhibition of neutrophil activity and the regulation of adhesion molecule expression (9). It also
interacts with multiple molecular targets which
regulates immunity by acting directly on central
players of both innate and adaptive immunity, such
as macrophages, lymphocytes, and dendritic cells
(10). Furthermore, preclinical studies reported
possible therapeutic effect of RSV in a number of
disease conditions such as cardiovascular diseases,
diabetes, cancer, and neurodegenerative diseases
(11). RSV has shown activity as antidote in animal
models of toxicities such as hepatotoxicity (12).
This study, therefore examined whether
RSV may protect against a rat model of 5-FU-induced hepatotoxicity.
2. Materials and methods
2.1. Animals, drug, chemicals and treatment
Adult male albino rats (n=40), weighing
240±20 g sourced from the animal facility of the
Faculty of Pharmacy, Niger Delta University, Bayelsa State, Nigeria were used. The rats were kept
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5 per cage at 26 °C with 12 hours light/dark cycle,
with 14 days of acclimatization prior to the experiment. The rats had ad libitum access to diet and
water. The rats were handled according to United
States National Academy of Sciences Guide for
the Care and Use of Laboratory Animals. This
study used RSV (10, 20 and 40 mg/kg) dissolved
in normal saline (13) and 5-FU (20 mg/kg) (14).
The rats were divided into eight (8) groups (A- H)
of 5 rats each.  
•
Group A (Control) was administered with
normal saline (0.2 mL/day) intraperitoneally (i.p)
for 5 days.
•
Groups B-D were orally administered
with RSV (10, 20 and 40 mg/kg/day) for 5 days
respectively.
•
Group E was administered with 5-FU
(20 mg/kg/day i.p) for 5 days.
•
Groups F-H were orally supplemented
with RSV (10, 20 and 40 mg/kg/day) prior to treatment with 5-FU (20 mg/kg/day i.p) for 5 days.  
2.2 Animal sacrifice
On day 6, the rats were euthanized; blood
samples were collected through cardiac puncture
and allowed to clot. Serum fractions were separated from clots by centrifugation at 1200 rmp for
15 minutes and used for biochemical evaluations.
Liver samples were harvested through dissection
and rinsed in cold normal saline and homogenized
in 0.1 M Tris-HCl solution buffered (pH 7.4).
The homogenates were centrifuged at 4000 rmp
for 20 minutes. The supernatants were collected
and assessed for biochemical parameters.  
2.3. Assessment of liver and serum biochemical
markers
Serum and liver total bilirubin (TB), conjugated bilirubin (CB), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT),
alanine aminotransferase (ALT), lactate dehydrogenase (LDH), and alkaline phosphatase (ALP)
levels were analyzed using commercial test kits
according to manufacturer’s protocol.
2.4. Liver tissue oxidative stress marker assay
Malondialdehyde (MDA) was assayed according to Buege and Aust (1978) (15) whereas
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reduced glutathione (GSH) was determined according to Sedlak and Lindsay (1968) (16). Super
oxide dismutase (SOD) was assayed according
to Sun and Zigman (1978) (17) whereas catalase
(CAT) was evaluated as reported by Aebi 1984
(18). Glutathione peroxidase (GPx) was measured
according to Rotruck et al., 1973 (19).
2.5. Histological analysis
The liver samples were fixed in 10%
formalin saline for 24 hours and dehydrated in
ascending grades of ethyl alcohol. Liver samples were embedded in paraffin and sectioned
(3 µm thickness) using a microtome. The liver
sections were stained with Hematoxylin and Eosin and analyzed for histology using a light microscope.
2.6. Statistical analysis
Data was analyzed using one-way analysis of variance (ANOVA) followed by Tukey’s
test. Graph Pad Prism (Version 5.0, Graph Pad
Software Inc., La Jolla, California, U.S.A.) was
used for data analysis. Data are represented as
mean±standard error of mean. p<0.05; p<0.01 and
p<0.001 was used as significance
3. Results
3.1. Effects of on body and liver weights
Body and liver weights were normal
(P>0.05) in RSV administered rats in relation to
control. But 5-FU caused significant (P<0.01) decrease in body weight with significant (P<0.01)

increase in liver weight when compared to control (Table 1). 5-FU increased relative and absolute liver weights by 56.9% and 137.3% respectively. However, supplementation with RSV 10
mg/kg (P<0.05), 20 mg/kg (P<0.01) and 40 mg/
kg (P<0.01) restored body and liver weights in a
dose-related fashion when compared to 5-FU (Table 1).
3.2. Effects on serum and liver tissue biochemical
markers
The serum and liver levels of ALT, AST,
LDH, GGT, LDH, CB and TB were normal
(P>0.05) in RSV administered rats when compared to control (Tables 2 and 3). In contrast, the
aforementioned markers were increased significantly (P<0.001) in 5-FU administered rats in relation to control (Tables 2 and 3). However, ALT,
AST, LDH, GGT, LDH, CB and TB levels were
decreased in a dose-related fashion in rats supplemented with RSV 10 mg/kg (p<0.05), 20mg/kg
(p<0.01) and 40mg/kg (p<0.001) when compared
to 5-FU administered rats (Tables 2 and 3).
3.3. Effects on liver oxidative stress markers and
histology
Liver antioxidants (CAT, SOD, GSH, and
GPX) and MDA levels were normal (p>0.05) in
RSV administered rats in relation to control (Table 4). In contrast, liver antioxidants were significantly (P<0.001) decreased whereas MDA levels
were significantly (P<0.001) increased in 5-FU
administered rats in relation to control (Table 4).

Table 1. Effects of resveratrol on body and liver weights of 5-fluorouracil-treated albino rats
Treatment (mg/kg)
Control
RSV 10
RSV 20
RSV 40
5-FU
RSV 10+5-FU
RSV 20+5-FU

FBW (g)
250.7±16.0
245.9±14.9
250.0±13.8
246.5±17.7
150.4±13.4#
170.6±12.7
230.9±15.5*

ALW(g)
5.55±0.34
5.57±0.45
5.50±0.27
5.47±0.56
8.71±0.47#
8.35±0.52
6.99±0.68*

RLW (%)
2.44±0.08
2.27±0.06
2.20±0.07
2.22±0.02
5.79±0.34#
4.89±0.27*
3.03±0.14**

RSV 40+5-FU

250.1±17.2**

5.71±0.11**

2.28±0.30**

Data as mean ± SEM, n=5, RSV: Resveratrol, 5-FU: 5-ّّFّluorouracil, FBW: Final body weight ALW: Absolute liver weight,
RLW: Relative liver weight, #P<0.01 when compared to control, *P<0.05 when compared to 5-FU, **P<0.01 when compared
to 5-FU
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Table 2. Effect of resveratrol on serum biochemical parameters of 5-flurouracil administered rats
Treatments
(mg/kg)

AST(U/L)

ALT(U/L)

ALP(U/L)

GGT(U/L)

CB(g/dL)

TB(g/dL)

LDH(U/L)

Control

22.1±2.82

25.9±2.52

25.4±2.55

0.27±0.03

2.56±0.10

4.72±0.09

27.6±2.19

RSV 10

23.7±2.53

24.7± 2.50

25.0±2.78

0.26±0.01

2.53±0.07

4.64±0.36

27.0±2.88

RSV 20

21.4±2.48

24.8±2.62

23.7±2.05

0.24±0.07

2.49±0.07

4.56±0.37

26.6±2.97

RSV 40

22.3±2.54

23.5±3.68

24.3±2.15

0.23±0.02

2.48±0.07

4.50±0.06

26.0±2.92

5-FU 20

71.2±5.40a

75.1±6.74a

70.3±6.62a

1.00±0.09a

8.51±0.15a

11.97±0.76 a

87.2±6.92a

RSV 10+5-FU 20

50.4±3.97b

54.0±5.15 b

50.7±4.34b

0.40±0.06b

6.10±0.12b

9.90±0.51b

61.2±5.37b

RSV20+5-FU 20

40.0±3.54c

37.2±3.35c

39.1±2.53

0.61±0.08c

4.05±0.34 c

6.93±0.14 c

40.2±3.12c

RSV40+5-FU 20

23.1±2.93

26.2±2.03d

27.9±2.56d

0.30±0.01d

2.60±0.47d

4.80±0.32d

29.3±2.28d

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma glutamyltransferase, TB: Total bilirubin, CB: Conjugated bilirubin, LDH: Lactate dehydrogenase, 5-FU: 5-Fluorouracil RSV: Resveratrol, n= 5, Data expressed as Mean ± SEM. a P<0.001 when compared to control. b P<0.05 when
compared to 5-FU. c P<0.01 when compared to 5-FU.  d P<0.001 when compared to 5-FU

However, liver antioxidants were significantly increased whereas MDA levels were significantly
decreased in a dose-related fashion in RSV 10
mg/kg (p<0.05), 20mg/kg (p<0.01) and 40mg/kg
(p<0.001) supplemented rats when compared to
5-FU (Table 4). The liver of control rat showed
normal hepatocytes (Figure A). The liver of 5-FU
administered rats showed hepatocyte necrosis
(Figure B) and micro vascular steatosis (Figure
C). The liver of rats supplemented with RSV (10
mg/kg) showed severe hepatocyte distortion (Figure D) whereas the liver of rats supplemented with
RSV (20mg/kg) (Figure E) and RSV (40 mg/kg)
(Figure F) showed mild hepatocyte distortions.

4. Discusion
5-FU is one of the primary options for
cancer treatment, but treatment outcomes and survival rate can be jeopardized by the occurrence of
hepatotoxicity which has limited treatment options
(20). Preclinical studies have shown that natural
antioxidants have potential as excellent treatment
for diseases, such as diabetes, hypertension, cancer and drug-induced toxicities (21). This study
examined the protective effect of RSV against a
rat model of 5-FU-induced hepatotoxicity. Perturbation in organ weight may occur with the advent of drug-induced toxicity (22). In the current

Table 3. Effects of resveratrol on liver tissue biochemical parameters of 5-fluorouracil administered albino rats
Treatment (mg/kg)
Control
RSV 10
RSV 20
RSV 40
5-FU 20
RSV 10+5-FU20
RSV 20+5-FU20

AST(U/L)
225.8±14.4
219.9±12.6
218.4±12.5
213.3±11.7
847.5±18.7 a
584.6±14.6 b
364.2±14.3 c

ALT(U/L)
223.0±12.37
221.3±11.4
219.7±14.8
215.3±12.7
872.0±16.3 a
570.4±13.6 b
384.7±14.8 c

ALP(U/L)
221.8±16.4
220.6±14.2
213.8±12.4
215.3±14.9
730.8±14.2 a
548.8±17.9 b
380.16±3.3 c

GGT(U/L)
26.9±3.49
24.0±2.68
23.2±2.80
24.3±3.92
83.5±7.06 a
54.9±4.42 b
36.2±3.86c

LDH(U/L)
216.4±13.4
214.0±15.1
208.3±14.7
210.1±13.4
868.5±15.8 a
532.4±15.0 b
342.3±16.7 c

RSV40+5-FU20
246.8±12.3 d
235.0±12.5 d
230.0±13.9 d
27.1±3.48
233.6±15.9 d
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamyltransferase, LDH: Lactate dehydrogenase, 5-FU: 5-Fluorouracil and RSV: Resveratrol. n=5, Data expressed
as Mean ± SEM. a P<0.001 when compared to control. b P<0.05 when compared to 5-FU. c P<0.01 when compared
to 5-FU. d P<0.001 when compared to 5-FU.
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Figure 1. Normal hepatocyte (H) was observed in the control liver (Figure A). Hepatocyte necrosis (N) (Figure B)
and micro vascular steatosis (S) (Figure C) were observed in 5-FU administered rats. Severe hepatocyte distortion
(M) was observed in RSV (10 mg/kg) supplemented rats (Figure D). Mild hepatocyte distortion (P) was observed
in RSV (20 mg/kg) supplemented rats (Figure D). Mild hepatocyte distortion (G) was observed in RSV (40 mg/kg)
supplemented rats (Figure F). H and E×100

study, body and liver weights were normal in RSV
administered rats. In contrast, decrease in body
weight with increase in liver weight were observed
in 5-FU administered rats. The observed increase
in liver weight is in agreement with earlier reports (14). This could be attributed to the induction of inflammation by 5-FU which is one of its
speculated hepatotoxic mechanisms (23). On the

other hand, supplementation with RSV restored
body and liver weights in a dose-related fashion.
The restored liver weight may be attributed to the
anti-inflammatory activity of RSV. Hepatic membrane damage leads to increased serum levels of
biochemical markers such as ALT, AST, and LDH,
GGT, LDH, CB and TB. The aforementioned biochemical markers are employed regularly to ascer-

Table 4. Effect of resveratrol on liver oxidative stress markers of 5-fluorouracil administered rats.
Treatment
(mg/kg)
Control
RSV 10
RSV 20
RSV 40
5-FU 20
RSV 10+5-FU 20
RSV 20+5-FU 20

SOD
CAT
GSH
MDA
GPx
(U/mg protein) (U/mg protein) (µmole/mg protein) (nmole/mgprotein) (U/mg protein)
41.3±2.21
59.1±3.72
17.0±1.80
0.27±0.01
18.6 ± 1.04
42.1±3.80
59.3±3.31
18.0±1.46
0.25±0.01
18.7 ±1.80
43.1±4.76
60.4±6.49
18.3±1.38
0.24±0.01
19.0 ±1.85
45.4±3.74
63.8±5.89
19.7±1.84
0.21±0.01
20.9 ±1.87
12.3±1.41a
19.1±1.58 a
4.71±0.10 a
0.99±0.03 a
5.56 ±0.08 a
19.5±0.41 b
30.4±2.71 b
7.73±0.05 b
0.54±0.01 b
7.73 ±0.04b
26.9±2.73 c
41.7±4.62 c
10.5±0.22 c
0.33±0.01 c
11.1 ±0.19 c

RSV 40+5-FU 20
39.6±3.93d
57.7±5.68 d
15.3±1.84 d
0.21±0.01 d
16.1 ±1.61 d
SOD : Superoxide dismutase, CAT: Catalase, GSH: Glutathione,MDA: Malondialdehyde, GPx: Glutathione peroxidase, 5-FU: 5-Fluorouracil RSV: Resveratrol, n= 5, Data expressed as Mean ± SEM. a P<0.001 when compared
to control. b P<0.05 when compared to 5-FU. c P<0.01 when compared to 5-FU. dP<0.001 when compared to 5-FU
Trends in Pharmaceutical Sciences 2020: 6(4): 263-270.
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tain the well being of the liver.  In the current study,
serum and liver ALT, AST, LDH, GGT, LDH, CB
and TB levels were normal in RSV administered
rats. In contrast, the aforementioned parameters
were elevated in 5-FU-administered rats. The observation in 5-FU administered rats is consistent
with earlier report (24). However, the serum and
liver levels of ALT, AST, and LDH, GGT, LDH,
CB and TB were restored in a dose-related fashion in RSV supplemented rats. Antioxidants are
essential defensive mechanisms that prevent the
induction of oxidative stress by ROS.  In the fight
against oxidative stress, antioxidants can be overwhelmed and depleted by excess and uncontrollable ROS production (25). In the current study,
the administration of RSV had no effects on hepatic antioxidants (CAT, SOD, GSH and GPx). On
the other hand, the administration of 5-FU led to
hepatic antioxidant depletion marked by decreased
CAT, SOD, GSH and GPx levels. The observation
in 5-FU administered rats is consistent with previous finding (26).  However, RSV supplementation
increased hepatic antioxidant levels in a dose-dependent fashion.
LPO, an oxidative deterioration of polyunsaturated fatty acid is a consequence of ROS
-induced reaction, which has been implicated in
pathogenic processes associated with some disease
conditions. The involvement of LPO in pathologic processes can be established by the measurements of its by-products such as MDA, and 4-hydroxynonenal. The current study assayed MDA as
an index for hepatic LPO (27). MDA levels were
normal in rats administered with RSV. In contrast,
MDA level was increased in 5-FU administered
rats. This observation is a sign of hepatic LPO,
which is in resonance with earlier reports (28).
However, RSV supplementation produced
marked reductions in MDA levels in a dose-dependent fashion. Pathologic changes that occur in
5-FU-induced hepatotoxicity could be characterized by alterations in liver histology such as hepatocyte necrosis and steastosis (28, 29). This study
observed hepatocyte necrosis and steatosis in 5-FU
administered rats. However, RSV supplementation ameliorates the aforementioned histological
changes. The precise mechanism of 5-FU-induced
hepatotoxicity is not well understood. However,
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this study observed decreased antioxidants and
increased MDA levels in 5-FU-administered rats
which suggest that oxidative stress and LPO are
possible mechanisms of 5-FU-induced hepatotoxicity. Similarly, some studies have correlated
5-FU-induced hepatotoxicity with oxidative stress
(29, 30). Oxidative stress can damage the integrity of biomolecules including lipids, proteins and
DNA (31). LPO can influence membrane fluidity
as well as the integrity of biomolecules associated with membrane (membrane bound proteins
or cholesterol). Highly oxidizable lipids can attack surrounding proteins causing the formation
of excess protein carbonyls and other adducts in
cells (32). Adducts formed in cells, can deposit in
clumps and inactivate normal cellular function.
RSV might have prevented 5-FU-induced hepatotoxicity through its antioxidant and antiinflammatory activities. RSV is an effective scavenger of
ROS and reactive nitrogen species (RNS) as well
as other secondary organic radicals produced during the reaction of biomolecules with ROS and
RNS (33). It can increase the expression of some
endogenous antioxidant enzymes that maintain
oxidation-reduction balance in cells (34, 35).
It can also reduce the activities of enzymes
which play dominant roles in ROS production,
such as xanthine oxidase (36).  RSV’s strong ability to scavenge free radicals is related to presence
of three hydroxyl groups in positions 3, 4’ and 5, as
well as the presence of aromatic rings and a double
bond in its molecule (7). In this study, RSV might
have inhibited LPO by removing lipid peroxides
and other radicals produced in hepatic membranes
(37).  
5. Conclusion
This study suggests that RSV may have
clinical benefit in 5-FU-induced hepatotoxicity.  
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