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ABSTRACT
Background: Gallic acid (GA) is an endogenous plant phenol known to have antioxidant, free 
radical scavenging ability, anti‑inflammatory, anti‑cancer, and anti‑fungal properties. The aim 
of this study was to assess the protective effect of GA on cyclophosphamide (CPA)‑induced 
hepatotoxicity in male Wistar rats.
Methods: Sixty rats were grouped into six groups of 10 rats per group. Group 1 received distilled 
water. Group 2 received CPA at 200 mg/kg single dose intraperitoneally on day 1. Groups 3 and 
4 received a single dose of CPA (200 mg/kg) intraperitoneally on day 1 and then were treated 
with GA at 60 and 120 mg/kg body weight for 14 days, respectively. Rats in Groups 5 and 6 only 
received GA at 60 and 120 mg/kg body weight for 14 days, respectively. GA was administered 
orally.
Results: CPA induced hepatic damage as indicated by significant elevation (P < 0.05) in aspartate 
aminotransferase, organ weight, and evidence by the histological study. CPA also induced hepatic 
oxidative stress as indicated by significant elevation  (P  < 0.05) in malondialdehyde content, 
hydrogen peroxide (H2O2) generation, nitrite level, and the level of glutathione (GSH) peroxidase 
crashed in the CPA‑treated group. GA enhanced the antioxidant defense system as indicated by 
significant elevation (P < 0.05) in GSH level, catalase activity, and GSH‑S‑transferase activity.
Conclusions: Taken together, the result of this present study shows that GA has a protective effect 
on CPA‑induced hepatotoxicity.
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INTRODUCTION

Cyclophosphamide (CPA) is a cytotoxic alkylating agent 
that has been in clinical use for over  50  years and it is 
effective in the treatment of neoplastic diseases such as 
solid tumors and lymphomas as well as nonneoplastic 
diseases such as rheumatoid arthritis and systemic lupus 
erythematosus.[1] However, the clinical use of CPA has 
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been limited due to its ability to damage normal tissues 
which usually resulted in multiple organ toxicity mainly 
in the heart, testes, and urinary bladder.[2] Hepatotoxicity 
is a major side effect of CPA as it is metabolized 
principally within the hepatocytes by hepatic microsomal 
cytochrome p450 mixed function oxidase system to 
produce its two active metabolite phosphoramide 
mustard and acrolein.[3,4] Phosphoramide is associated 
with its immunosuppressive and antineoplastic effect, 
while acrolein is associated with its toxic effect.[5,6] 
Studies have suggested that oxidative stress is associated 
with its hepatotoxic effect.[7] CPA toxicity results from 
acrolein binding to cellular antioxidant nucleophiles 
such as glutathione (GSH) resulting in the depletion of 
the antioxidant defense system and it also initiates lipid 
peroxidation (LPO).[8]

Gallic acid  (GA) is an endogenous plant polyphenolic 
substance that is abundant in processed beverages 
such as red wines, green teas, grapes, different berries, 
and also a secondary metabolite of the plant.[9‑11] 
Epidemiological studies have revealed that GA possess 
desirable health benefit beyond basic nutrition and 
that its presence in the diet is beneficial to human 
health. GA possesses anti‑inflammatory, anti‑allergic, 
anti‑microbial, and antioxidant property.[12] Studies 
suggest that the binding of the gallate compounds to 
lipid membrane is a principal determining factor for its 
antioxidant property.[13]

Therefore, this study intends to examine the possible 
protective effects of GA on CPA‑ induced hepatotoxicity 
and determine whether this effect was modulated 
through antioxidant mechanisms in the liver.

Therefore, the present study was designed to examine the 
protective effects of GA on CPA‑induced hepatotoxicity.

METHODS

Animal treatment
Sixty adult male rats weighing approximately 
(200–290  g) obtained from the Experimental Animal 
Unit of Faculty of Veterinary Medicine, University of 
Ibadan, Nigeria, were randomly divided into six groups 
of 10 animals per group. The animals were kept in wire 
mesh cages under controlled light cycle (12 h light/12 h 
dark) and fed with commercial rat chow ad libitum and 
liberally supplied with water.

Group  1  (Control) received saline. Group  2 received 
CPA at 200  mg/kg single dose intraperitoneally 
on day 1. Groups  3 and 4 received single dose of 
CPA  (200  mg/kg) intraperitoneally on day 1 and were 
treated with GA at 60 and 120  mg/kg body weight for 
14  days, respectively. Rats in groups  5 and 6 received 

GA at 60 and 120  mg/kg body weight for 14  days, 
respectively. GA was administered orally. Hepatotoxicity 
was induced as described.[14]

Care of animals
All the animals received humane care according to 
the criteria outline in the Guide for the Care and the 
Use of Laboratory Animals prepared by the National 
Academy of Science and published by the National 
Institute of Health. The ethics regulations were followed 
in accordance with national and institutional guidelines 
for the protection of the animals’ welfare during 
experiments.[15]

Chemicals
Potassium hydroxide, reduced GSH, trichloroacetic 
acid, sodium hydroxide, 1, 2‑dichloro‑4‑nitrobenzene 
(1‑chloro‑2, 4‑dinitrobenzene [CDNB]), thiobarbituric 
acid, xylenol orange, and hydrogen peroxide  (H2O2), 
N‑(1‑naphthyl) ethylenediamine dihydrochloride, CPA, 
and 5, 5‑dithiobis‑(2‑nitrobenzene) were purchased from 
Sigma (St. Louis, MO, USA). All other chemicals were 
of analytical grade.

Blood collection and preparation of erythrocyte
About 5 ml of blood was drawn from the retro‑orbital 
venous plexus of the animals into vials without 
anticoagulant before they were sacrificed by cervical 
dislocation. The blood was centrifuged at 3,000  rpm 
for 15 min and the serum was aspirated using a Pasteur 
pipette and then stored at −4°C until the time of use.

Preparation of microsomal fraction from liver 
tissues
After euthanasia of the rats, the liver was removed, 
rinsed in 1.15% KCl, homogenized in aqueous potassium 
phosphate buffer  (0.1 M, pH  7.4), and homogenates 
were centrifuged at 12,000 × g for 15 min to obtain the 
supernatant fraction. The supernatants obtained were 
stored at −4°C until the time of use.

Biochemical assays
The supernatants from the liver tissues were used for 
the following biochemical assays. Superoxide dismutase 
(SOD) was determined by measuring the inhibition of 
auto‑oxidation of epinephrine at pH  10.2 at 30°C as 
described[16] with modification from our laboratory.[17,18] 
Catalase (CAT) activity was determined according to the 
method of Shinha.[19] The reduced GSH was determined 
at 412 nm using the method described by Jollow et al.[20] 
Glutathione‑S‑transferase  (GST) was estimated by the 
method of Habig et  al.[21] using CDNB as substrate. 
Protein concentration was determined by the method 
of Gornal et  al.[22] The malondialdehyde  (MDA) level 
was calculated according to the method of Farombi 
et  al.[23] LPO in units/mg protein or gram tissue 
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was computed with a molar extinction coefficient 
of 1.56  ×  105 M−1 cm−1 according to the method of 
Farombi et  al.[23] Glutathione peroxidase  (GPx) activity 
was measured according to Beutler et  al.[24] Hydrogen 
peroxide generation was determined as described.[25] 
The activities of aspartate aminotransferase  (AST) was 
determined according to Reitman and Frankel[26] and was 
determined using the Randox kit  (Random Laboratories 
Limited, UK).

Histopathology
Small pieces of liver tissues were collected in 10% 
formal saline buffer for proper fixation. These tissues 
were processed and embedded in paraffin wax. Sections 
of 5–6  µm in thickness were made and stained with 
hematoxylin and eosin for histopathological examination.[27]

Statistical analysis
All values are expressed as a mean ± standard deviation. 
The test of significance between two groups was 
estimated using Student’s t‑test. One‑way ANOVA with 
Dunnett’s posttest was also performed using   GraphPad 
Prism version 4.00 (GraphPad Software, Inc., San Diego, 
California, USA.).

RESULTS

Hepatic markers of oxidative stress
The results obtained show that CPA administration 
significantly (P  <  0.05) increased hepatic MDA 
content, H2O2 generation, and nitrite level 
[Figures  1 and 2]. However, posttreatment with GA 
(60 and 120 mg/kg body weight) significantly (P < 0.05) 
reduced the aforementioned markers of oxidative stress.

Hepatic nonenzymic and enzymic antioxidant 
defense system
There was a significant  (P  <  0.05) reduction of 
the hepatic nonenzymic antioxidant  (GSH) in and 
GPx in CPA‑treated rats when compared with the 
control  [Figures  3 and 4]. However, a significant 
(P < 0.05) increase of the hepatic GSH and GPx values 
in rats posttreated with GA when compared with the 
CPA‑treated group was observed. However, the enzymatic 
antioxidant activities of hepatic CAT, SOD, and GST in 
CPA‑treated rats were significantly increased compared to 
the control [Figures 5‑7]. However, significant (P < 0.05) 
reductions in the activities of these enzymes were seen 
in rats posttreated with GA  (60 and 120  mg/kg body 
weight). The increased activities of CAT, SOD, and GST 
in CPA‑treated group reflect an innate adaptive response 
in the body of the rats to overcome the toxic challenge 
of CPA. There was a significant (P < 0.05) reduction in 
hepatic GPx activity in CPA‑treated rats when compared 
with control  [Figure  7]. Moreover, the activity of this 
antioxidant enzyme improved and increased significantly 
in the hepatic tissues of rats posttreated with GA 
(60 and 120 mg/kg body weight), respectively, as shown in 
Figure 7. Furthermore, CPA alone significantly increased 
nitrite content, whereas GA treatment attenuated 
aberration in nitrite content [Figure 8].

Serum marker of hepatic damage
The result obtained shows that CPA significantly 
(P  <  0.05) increased serum alanine aminotransferase 
activity [Figure  9]. However, posttreatment with GA 
(60 and 120 mg/kg body weight) significantly (P < 0.05) 
reduced the activity of this enzyme in the serum.

Figure 1: Effects of CYP on hepatic malondialdehyde and hydrogen 
peroxide  (H2O2) contents. Superscript  (a) indicates significant 
difference between CTR compared with CYP and GA, whereas 
superscript  (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide. 
CTR: Control, GA: Gallic acid

Figure 2: Effects of CYP on hepatic malondialdehyde and hydrogen 
peroxide  (H2O2) contents. Superscript  (a) indicates significant 
difference between CTR compared with CYP and GA, whereas 
superscript  (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide. 
CTR: Control, GA: Gallic acid
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Hepatic weight
Figure  10 shows that there was significant  (P  <  0.05) 
increase in hepatic weight in CPA‑treated rats when 
compared to the control. However, significant (P < 0.05) 
reduction in hepatic weight was seen in the rats 
posttreated with GA  (60 and 120  mg/kg body weight) 
when compared with the CPA‑treated rats.

Histology
Figure 11 shows that CPA‑treated rats have hepatic tissue 
periportal inflammation, hemorrhage, and congestion, 
while those treated with GA shows less lesion.

DISCUSSION

CPA is an alkylating agent that is used in cancer 
chemotherapy and its use has been associated with 
several side effects. The toxic effect of CPA is associated 
with the production of acrolein, one of its metabolite.[28,29] 
Gave evidenced that antioxidants could protect normal 
cells against CPA toxicity. Bhatia et al.[30] and Rouissil and 
Kouidhi et  al.[31] reported that hepatotoxicity observed 
with CPA treatment was associated with the induction 
of oxidative stress due to overproduction of ROS that 
eventually resulted in LPO of the cellular membrane. 

Figure  6: Effects of  CYP on hepatic on catalase and 
glutathione‑S‑transferase activity. Superscript  (a) indicates 
significant difference between CTR compared with CYP and GA, 
whereas superscript (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide. 
CTR: Control, GA: Gallic acid

Figure  3:  Effect of CYP on hepatic reduced glutathione and 
glutathione peroxidase activity. Superscript (a) indicates significant 
difference between CTR compared with CYP and GA whereas 
superscript  (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide, 
CTR: Control, GA: Gallic acid

Figure  4: Effect of CYP on hepatic reduced glutathione and 
glutathione peroxidase activity. Superscript (a) indicates significant 
difference between CTR compared with CYP and GA, whereas 
superscript  (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide, 
CTR: Control, GA: Gallic acid

Figure  5: Effects of  CYP on hepatic on catalase and 
glutathione‑S‑transferase activity. Superscript  (a) indicates 
significant difference between CTR compared with CYP and GA 
whereas superscript (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide. 
CTR: Control, GA: Gallic acid
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In this present study, we showed the protective effect of 
GA on CPA‑induced hepatotoxicity. GA an endogenous 
plant phenol is known to have antioxidant, anti‑cancer, 
anti‑inflammatory, neuroprotective, and free radical 
scavenging activity.[12,32‑38]

In this present study, administration of CPA resulted 
in significant elevation of MDA level, H2O2 generation, 
nitrite level, and significant reduction in the level of 
GSH, all these are indications of induction of oxidative 
stress by CPA. Studies have shown that oxygen‑derived 
free radical plays an important role in the pathogenesis of 
injury to various tissues.[39]

One of the consequences of hepatic injury induced by CPA 
is the leaching out of markers of liver damage  (alanine 
transaminase, AST, and alkaline phosphatase) from the 
hepatocyte resulting in increased enzyme activity in the 
systemic circulation.[40] This present study shows that 
CPA treatment resulted in hepatic injury seen from 
significantly increased activity of AST in the serum and 
also a significant increase in liver weight in CPA‑treated 
group. Studies have shown that increased serum enzyme 
activity is a reflection of cellular damage and alteration 
of functional membrane integrity.[41] The present 
study also confirms the previous work that reported a 

Figure  10: Effect of CYP on aminotransferase  (aspartate 
aminotransferase) and liver weight. Superscript  (a) indicates 
significant difference between CTR compared with CYP and GA, 
whereas superscript (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide, 
CTR: Control and GA: Gallic acid

Figure 7:  Effect of CYP on hepatic superoxide dismutase activity and 
nitrite serum nitrite content. Superscript (a) indicates significant 
difference between CTR compared with CYP and GA, whereas 
superscript  (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide, 
CTR: Control, GA: Gallic acid

Figure 8: Effect of CYP on hepatic superoxide dismutase activity and 
nitrite serum nitrite content. Superscript (a) indicates significant 
difference between CTR compared with CYP and GA, whereas 
superscript  (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide, 
CTR: Control, GA: Gallic acid

Figure  9:   Effect of CYP on aminotransferase  (aspartate 
aminotransferase) and liver weight. Superscript  (a) indicates 
significant difference between CTR compared with CYP and GA, 
whereas superscript (b) indicates significant difference between CPY 
when compared with GA. P < 0.05 indicates significant difference 
and mean standard deviation (n = 10). CYP: Cyclophosphamide, 
CTR: Control, GA: Gallic acid
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significant increase in serum AST following induction 
of hepatotoxicity induced by CPA.[42,43] It has been[37,44] 
reported that low dose of CPA at 200  mg/kg body 
weight following intravenous administration can induce 
hepatotoxicity. Similarly, hepatoprotective effect of 
medicinal plants against CPA‑induced toxicity has been 
documented.[7,42]

In this present study, administration of CPA resulted 
in significant elevation of MDA level, H2O2 generation, 
nitrite level, and significant reduction in the level 
of GSH, all these are an indication of induction of 
oxidative stress and nitrosative stress generated by 
the administration of CPA. Studies have shown that 
oxygen‑derived free radicals play an important role in the 
pathogenesis of injury to various tissues.[39] However, GA 
treatment was able to mitigate hepatic damage associated 
with CPA treatment and this is attributed to its potent 
anti‑inflammatory and antioxidant activity being able 
to protect the cellular membrane integrity and prevent 
inflammation.

MDA is one of the end products of LPO and its level 
within a tissue indicates the level of LPO. LPO is a 
major marker of oxidative stress, altered membrane 
structure, and enzyme inactivation.[45] From this study, 
the level of hepatic MDA was significantly increased in 
rats treated with CPA alone resulted in hepatic oxidative 
stress. However, treatment with GA resulted in significant 
reduction in hepatic MDA and this can be associated 
with its antioxidant potential and free radical scavenging 
activity. H2O2 is a reactive oxygen species and its level 
within the tissue can be used as a marker of oxidative 
stress. This present study revealed a high concentration 
of H2O2 in CPA‑treated rats suggesting the induction of 

oxidative stress by CPA, whereas GA‑treated rats showed 
significant reduction in H2O2 level, MDA content, and 
improvement in GSH levels, indicating antioxidant 
capacity of GA.

Nitrite, a metabolite of nitric oxide  (NO) can be used 
to assess the overall formation of NO in  vivo. NO is a 
short‑lived and highly reactive free radical.[46] Our study 
shows a significant increase in hepatic nitrite level in 
CPA‑treated rats. Moreover, treatment of experimental 
animals with GA significantly reduced hepatic nitrite 
level suggesting a protective role of the compound 
against nitrosative stress induced by CPA and its ultimate 
metabolites.

In this study, we also noticed the ability of CPA to 
alter the antioxidant defense system and detoxification 
status. Reduced GSH is a nonenzymatic antioxidant 
which functions as a direct free radical scavenger 
and a co‑substrate for GPx. GSH plays an important 
role in protecting the cell against oxidative injury by 
scavenging free radicals and ROS and its involvement 
in the catalytic cycle of some antioxidant enzymes 
such as GPx, GSH reductase, and CAT are also very 
important.[47] There was a significant depletion of 
GSH following CPA treatment in this study and 
this reduction may be due to binding of CPA and its 
metabolites to GSH.[48] The depletion of GSH results in 
lowered cellular defense against free radical leading to 
cellular injury and cell death.[49] This study shows that 
GA prevented CPA hepatotoxicity. This may be due to 
its ability to prevent depletion of GSH; thus, preventing 
oxidative stress. Increased GSH level seen in GA‑treated 
group may be due to its ability to enhance the activity 
of GSH synthesizing enzymes.

Figure 11: Photomicrograph (a) shows no visible lesions, whereas rat treated with cyclophosphamide as indicated in photomicrograph 
(b) shows hepatic tissue periportal inflammation, hemorrhage, and congestion. Photomicrograph (c) of the hepatic tissue shows slight 
inflammation of the portal tract. Photomicrograph (d) shows the hepatic tissue with moderate inflammation of the portal triad and 
portal vein. Photomicrograph  (e) of the hepatic tissue shows mild focal and periportal inflammation. No significant lesion seen in 
photomicrograph (f). Representative H and E, liver sections (×100 objectives)
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GPx is an antioxidant enzyme that breaks down H2O2 
to water. Depletion of this enzyme is an indication of 
oxidative stress. In this study, there was depletion of 
this antioxidant enzyme (GPx) in rats administered with 
CPA and this contributed to the oxidative stress known 
to be associated with CPA administration. However, rats 
treated with GA showed significant increase activity 
of these enzymes comparable to those of control 
reflecting the antioxidant property of this compound 
and suggesting its ability to restore the activity of the 
antioxidant enzyme.

SOD, CAT, and GST are antioxidant enzymes that play 
a very important role in preventing the induction of 
oxidative stress. SOD is involved in the dismutation of 
superoxide anion to H2O2 and O2, this harmful H2O2 is 
further broken down to water by CAT.[50] GST, a family of 
cytosolic enzymes has an important role in detoxification 
of xenobiotics, drugs, and carcinogens and thus protects 
the cells against redox cycling and oxidative stress. 
Therefore, the activities of these antioxidant enzymes 
confer a vital protection against oxidative stress. This 
study revealed that there was a significant increase in 
the activity of these enzymes in CPA‑treated rats. This 
increase should not lead to a misconception that there 
was no oxidative stress or hepatic damage but rather this 
increased enzyme activity may be due to the upregulation 
of the mRNA that codes for these enzymes in an attempt 
to overcome the toxic challenge induced following CPA 
treatment.

The hepatotoxic effect of CPA treatment was further 
ascertained by the assessment of histological alteration 
of the liver. Histological assessment of the hepatic tissue 
in CPA‑treated rats showed periportal inflammation, 
hemorrhage, and congestion; these pathological changes 
may be associated with the ability of CPA to induce 
the generation of free radical and to deplete the 
antioxidant defense system. However, those treated with 
GA only showed hepatic tissue with mild to moderate 
inflammation further reflecting the anti‑inflammatory 
activity of GA.

CONCLUSIONS

From the present study, CPA treatment resulted in 
oxidative stress and also disrupts the antioxidant defense 
system within the liver, and GA treatment reverses the 
oxidative stress by enhancing the antioxidant defense 
system and preventing LPO. We, therefore, speculate 
that the inherent antioxidant property of this compound 
is responsible for its hepatoprotective effect against 
CPA‑induced toxicity. We also suggest that to minimize 
the several side effects of CPA during chemotherapy, food 
supplement containing GA can be used as an adjunct to 
chemotherapy.
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