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ARTICLE

Gallic Acid Ameliorates
Cyclophosphamide-Induced Neurotoxicity in
Wistar Rats Through Free Radical Scavenging

Activity and Improvement in Antioxidant
Defense System

Ademola Adetokunbo Oyagbemi1, Temidayo Olutayo Omobowale2,
Adebowale Bernard Saba1, Ebunoluwa Racheal Olowu1,
Racheal Omolola Dada1, & Akinleye Stephen Akinrinde1

1Faculty of Veterinary Medicine, Department of Veterinary Physiology, Biochemistry
and Pharmacology, University of Ibadan, Ibadan, Nigeria, 2Faculty of Veterinary

Medicine, Department of Veterinary Medicine, University of Ibadan, Ibadan, Nigeria

ABSTRACT. Cyclophosphamide (CPA) is a widely used anticancer chemotherapeu-
tic agent and its toxicity has been associated with its toxic metabolites phosphormide
mustard. Therefore, the ameliorative effect of Gallic acid against neurotoxicity was ex-
amined in this study. Sixty rats were grouped into 10 rats per group. Group 1 received
saline orally. Group 2 received CPA at 100 mg/kg single dose intraperitoneally on day 1.
Groups 3 and 4 were treated with Gallic acid (GA) at 60 and 120 mg/kg body weight only
for 10 days and also received a single dose of CPA (100 mg/kg) intraperitoneally on day
1, respectively. Rats in groups 5 and 6 received GA at 60 and 120 mg/kg body weight only
for 10 days. Groups 3, 4, 5, and 6 received GA orally. The cerebellar and cerebral mal-
ondialdehyde (MDA) contents and hydrogen peroxide generation were significantly (p
< .05) elevated. The cerebellar and cerebral catalase (CAT), superoxide dismutase and
glutathione-S-transferase (GST) activities were significantly (p < .05) reduced in CPA
treated group. The activity of glutathione peroxidase (GPx) was significantly increased
in rats that were treatment with CPA. Also, nitrite content was significantly elevated
in the brain of rats that received the toxic dose of CPA. All these findings suggest that
treatment with GA (60 and 120 mg/kg) ameliorated the neurotoxicity induced by CPA
via reduction of oxidative stress and increase in antioxidant defense system. Combining
all, chemotherapeutic agents with structure/function similar to GA could be of poten-
tial benefit to the pharmaceutical industries as an adjuvant in chemotherapy with little
or no side effects.

KEYWORDS. antioxidant, cyclophosphamide, gallic acid, neurotoxicity, oxidative
stress
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2 Oyagbemi et al.

INTRODUCTION

Cyclophosphamide (CPA) is a widely used anticancer chemotherapeutic agent and
its toxicity has been associated with its toxic metabolites phosphormide mustard
which are responsible for the avalanche of undesirable side effects (Asiri, 2010).
The cardiotoxic effects of CPA have also been reported (Viswanatha Swamy et al.,
2013; Nagi, Al-Shabanah, Hafez, Sayed-Ahmed, 2011). CPA-induced testicular
lipid peroxidation and apoptosis have been documented (Türk, Ceribaşi, Sakin,
Sönmez, & Ateşşahin, 2010).

In addition, the use of CPA as an effective antineoplastic agent is often restricted
because of its wide-ranging adverse side-effects including nausea, vomiting, alope-
cia, hemopoetic suppression, nephrotoxicity, hepatotoxicity, and urotoxicity (blad-
der weight, edema, and hemorrhage as well as increased urinary bladder epithelial
cell apoptosis).

Other side effects of CPA have also been documented including cardiotoxic-
ity, immunotoxicity, mutagenicity, genotoxicity, carcinogenicity, and teratogenic-
ity (Roy, Chakraborty, & Bhattacharya, 2014; Kim et al., 2014; Song et al., 2014;
Chabra, Shokrzadeh, Naghshvar, Salehi, & Ahmadi, 2014; Yuan et al., 2014; Tas-
demir et al., 2013; Saba et al., 2013; Farshid, Tamaddonfard, Ranjbar, 2013; Nithar-
wal, Patel, Karchuli, Ugale, 2013).

Gallic acid (3, 4, 5-trihydroxybenzoic acid) has been found as one of the most im-
portant polyphenolic compounds in plants (Eslami, Pasanphan, Wagner, Buettner,
2010). Gallic acid and its derivatives have been considered as the natural recipe
present in polyphenolic compounds in blackberry, raspberry, mango, areca nut,
bearberry, and walnut (Tachibana, Koga, Fujimura, & Yamada, 2004). Further-
more, Li et al. (2005) also reported antiviral, antifungal, anticancer, and antioxidant
as some of the biological activities of Gallic acid. Gallic acid and other polyphenolic
compounds with two or more phenolic hydroxyl groups in their chemical structure
have been shown to have antioxidant effects (Lu, Nie, Belton, Tang, Zhao, 2006).
The cardio-, nephro-, radioprotective, and anti-inflammatory effects of Gallic acid
has been documented (Nair & Nair, 2013; Umadevi, Gopi, & Vellaichamy, 2013;
Priscilla & Prince, 2009). However, since neurotoxicity is one of the side effects
of CPA in cancer therapy, the use of antioxidant before or during treatment with
CPA may be beneficial. Hence, this study was conducted to investigate the neuro-
protective effect of Gallic acid and possible mechanism of action.

MATERIALS AND METHODS

Animal Treatment

Sixty adult male rats weighing approximately (100–145 g) obtained from the Exper-
imental Animal Unit of the Faculty of Veterinary Medicine, University of Ibadan,
Nigeria, were randomly divided into 6 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 received saline orally. Group 2 received CPA at 100 mg/kg single dose
intraperitoneally on day 1. Groups 3 and 4 were treated with Gallic acid (GA) at
60 and 120 mg/kg body weight for 10 days and also received a single dose of CPA

D
ow

nl
oa

de
d 

by
 [

A
ki

nl
ey

e 
A

ki
nr

in
de

] 
at

 1
4:

07
 3

0 
D

ec
em

be
r 

20
15

 

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY



Gallic Acid Ameliorates CPA-Induced Neurotoxicity 3

(100 mg/kg) intraperitoneally on day 1. Rats in groups 5 and 6 received GA only at
60 and 120 mg/kg body weight for 10 days respectively.

Care of Animals

All of 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 Institutes of Health. The ethics
regulations were followed in accordance with national and institutional guidelines
for the protection of the animals’ welfare during experiments (PHS, 1996).

Chemicals

Potassium hydroxide, reduced glutathione (GSH), Trichloroacetic acid, sodium hy-
droxide, 1, 2-dichloro-4-nitrobenzene (CDNB), thiobarbituric acid (TBA), xylenol
orange, and hydrogen peroxide (H2O2), N-(1-naphthyl) ethylenediamine dihy-
drochloride, cyclophosphamide, 5, 5-Dithiobis-(2-nitrobenzoic acid) (DTNB) were
purchased from Sigma (St Louis, MO, USA). All other chemicals were of analytical
grade.

Preparation of Microsomal Fraction from Brain Tissues

Rats were fasted overnight and sacrificed by cervical dislocation. The brain was
removed, cerebrum and cerebellum were separated, rinsed in 1.15% KCl and
homogenized in potassium phosphate buffer (0.1 M, pH 7.4), and homogenates
were centrifuged at 10,000 g for 20 min to obtain the postmitochondrial fraction
(PMF). The supernatants obtained were stored at −4◦C until the time of use.

Cerebral and Cerebellar Biochemical Assays

The supernatants from the brain tissues were used for the following biochemical as-
says. Superoxide dismutase (SOD) was determined by measuring the inhibition of
auto-oxidation of epinephrine at pH 7.2 at 30◦C as described by Misra & Fridovich
(1972) with slight modification from our laboratory (Schemes 1 & 2) (Oyagbemi
et al., 2015). Briefly, 100 mg of epinephrine was dissolved in 100 ml distilled water
and acidified with 0.5 ml concentrated hydrochloric acid. This preparation prevents

SCHEME 1: Structure of Gallic acid
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4 Oyagbemi et al.

SCHEME 2: Structure of cyclophosphamide

oxidation of epinephrine and is stable for 4 weeks. 10 μL of cerebral or cerebellar
PMF was added to 2.5 ml 0.05M carbonate buffer (pH 10.2) followed by the ad-
dition of 300 μL of 0.3 mM adrenaline. The increase in absorbance at 480 nm was
monitored every 30 seconds for 150 seconds. 1 unit of SOD activity was given as the
amount of SOD necessary to cause 50% inhibition of the oxidation of adrenaline to
adrenochrome during 1 minute. The Catalase (CAT) activity was determined ac-
cording to the method of Shinha (1972). Reduced GSH was determined at 412 nm
using the method described by Jollow, Mitchell, Zampaglione, Gillette (1974).
Glutathione-S-transferase (GST) was estimated by the method of Habig, Pabst, Ja-
coby (1974) using 1-chloro-2, 4-dinitrobenzene (CDNB) as substrate. Protein con-
centration was determined by the method of Lowry, Rosebrough, Farr, Randall
(1951). The malondialdehyde (MDA) level was calculated according to the method
of Farombi, Tahnteng, Agboola, Nwankwo, Emerole (2000). Lipid peroxidation in
units/mg protein or gram tissue was computed with a molar extinction coefficient of
1.56 × 105 M−1cm−1. Glutathione peroxidase activity (GPx) was measured accord-
ing to Buetler, Duron, & Kelly (1963). Hydrogen peroxide (H2O2) generation was
determined as described (Woff, 1994). Nitrite content was determined according
to the method of Olaleye, Adaramoye, Erigbali, & Adeniyi (2007).

Statistical Analysis

All values are expressed as mean ± standard deviation (SD). The test of signifi-
cance between two groups was estimated by Student’s t test. One-way analysis of
variance (ANOVA) with Dunnett’s posttest was also performed using GraphPad
Prism version 4.00.

RESULTS

Cerebral Markers of Oxidative Stress

The results obtained show that CPA treated only rats significantly (p < .05) in-
creased cerebral malondialdehyde (MDA) content and H2O2 generation (Figures
1 & 2). However, treatment of rats in groups 3 and 4 with GA (60 & 120 mg/kg
body weight) significantly (p < 0.05) reduced aforementioned markers of oxida-
tive stress.
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Gallic Acid Ameliorates CPA-Induced Neurotoxicity 5

FIGURE 1. The effect of GA on malondialdehyde content of cerebrum. Values are pre-
sented as mean ± standard deviation. Superscripts (a) indicates significant difference (p <

.05) when compared with control (Grp I), whereas superscripts (b) indicates significant dif-
ference (p < 0.05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA
treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA
only) & Grp VI (120 mg/kg GA only).

Cerebral Nonenzymic and Enzymic Antioxidant Defense System

The cerebral nonenzymic antioxidant (GSH) was markedly increased in CPA
treated only rats when compared to the control (Figure 3). In the same vein, the
cerebral GSH content in rats treated with GA was not significantly different from
the CPA-treated rats and the control. The enzymic antioxidant activities of cere-
bral CAT, SOD, and GST in CPA-treated rats were significantly reduced compared
to the control (Figures 4, 5 & 6). Moreover, the activities of these antioxidant de-
fense systems improved and increased significantly in the cerebral tissues of rats

FIGURE 2. The effect of GA on cerebral hydrogen peroxide (H2O2) generation. Values are
presented as mean ± standard deviation. Superscripts (a) indicates significant difference
(p < .05) when compared with control (Grp I), whereas superscripts (b) indicates significant
difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II
(CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg
GA only) & Grp VI (120 mg/kg GA only).
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6 Oyagbemi et al.

FIGURE 3. The effect of GA on cerebral reduced glutathione (GSH) content. Values are
presented as mean ± standard deviation. Superscripts (a) indicates significant difference
(p < .05) when compared with control (Grp I), whereas superscripts (b) indicates significant
difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II
(CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg
GA only) & Grp VI (120 mg/kg GA only).

treated with GA (60 & 120 mg/kg body weight), respectively, as shown in figures
4, 5 & 6. Interestingly, the cerebral activity of GPx of rats treated with CPA alone
was significantly increased compared to the rats treated with GA and the control
(Figure 7). The increase in the activity of GPx in rats treated with CPA points to
the innate adaptive response to overcome the toxic challenge of CPA.

Cerebral Nitrite Content

In addition, the cerebral nitrite content was significantly increased in CPA treated
only rats compared to the control (Figure 8). However, rats treated with GA
(60 mg/kg body weight) significantly brought down the nitrite content compared
to the CPA-treated rat and the values obtained were comparable to the control
(Figure 8).

FIGURE 4. The effect of GA on cerebral catalase (CAT) activity. Values are presented as
mean ± standard deviation. Superscripts (a) indicates significant difference (p < .05) when
compared with control (Grp I), whereas superscripts (b) indicates significant difference (p
< .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA treated
only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA only)
& Grp VI (120 mg/kg GA only).
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Gallic Acid Ameliorates CPA-Induced Neurotoxicity 7

FIGURE 5. The effect of GA on cerebral superoxide dismutase (SOD) activity. Values are
presented as mean ± standard deviation. Superscripts (a) indicates significant difference
(p < .05) when compared with control (Grp I), whereas superscripts (b) indicates significant
difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II
(CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg
GA only) & Grp VI (120 mg/kg GA only).

Cerebellar Markers of Oxidative Stress

Our findings show that the cerebellar malondialdehyde (MDA) contents and H2O2

generation increased significantly (p < .05) in CPA treated only rats when com-
pared to the control (Figures 9 & 10). However, pre-treatment with GA (60 &
120 mg/kg body weight) significantly (p < .05) reduced the cerebellar TBARS
and H2O2 contents. The cerebral nonenzymic antioxidant (GSH) was markedly in-
creased in CPA treated only rats when compared to the rats pre-treated with GA
and the control (Figure 11).

Cerebral Nonenzymic and Enzymic Antioxidant Defense System

From this study, the increase in the cerebellar GSH content was not significantly
different from the control values and better than that of the CPA-treated only

FIGURE 6. The effect of GA on cerebral glutathione-S-transferase (GST) activity. Values
are presented as mean ± standard deviation. Superscripts (a) indicates significant differ-
ence (p < .05) when compared with control (Grp I), whereas superscripts (b) indicates
significant difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Con-
trol), Grp II (CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA),
Grp V (60 mg/kg GA only) & Grp VI (120 mg/kg GA only).
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8 Oyagbemi et al.

FIGURE 7. The effect of GA on cerebral glutathione peroxidase (GPx) activity. Values are
presented as mean ± standard deviation. Superscripts (a) indicates significant difference
(p < .05) when compared with control (Grp I), whereas superscripts (b) indicates significant
difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II
(CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg
GA only) & Grp VI (120 mg/kg GA only).

rats (Figure 11). The activities of the cerebellar enzymic antioxidant system (CAT,
SOD and GST) in CPA-treated rats were significantly reduced compared to the
rats in control group and those treated with GA, respectively (Figures 12, 13 & 14).
Furthermore, the activities of these antioxidant enzymes increased significantly in
the cerebellar tissues of rats treated with GA (60 & 120 mg/kg body weight), re-
spectively, as indicated in Figures 12, 13 and 14. Our data show that activity of GPx
in the cerebellum of rats treated with CPA only significantly increased (p < 0.05)
compared to the rats treated with GA and the control (Figure 15). The result is
similar to what was obtained in the cerebrum.

Cerebellar Nitrite Content

Also, the cerebellar nitrite content was significantly increased in rats treated with
CPA compared to the control (Figure 16). However, rats treated with GA (60 &

FIGURE 8. The effect of GA on cerebral nitrite content. Values are presented as mean ±
standard deviation. Superscripts (a) indicates significant difference (p < .05) when com-
pared with control (Grp I), whereas superscripts (b) indicates significant difference (p < .05)
when compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA treated only),
Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA only) & Grp
VI (120 mg/kg GA only).
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Gallic Acid Ameliorates CPA-Induced Neurotoxicity 9

FIGURE 9. The effect of GA on malondialdehyde content of cerebellum. Values are pre-
sented as mean ± standard deviation. Superscripts (a) indicates significant difference (p <

.05) when compared with control (Grp I), whereas superscripts (b) indicates significant dif-
ference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA
treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA
only) & Grp VI (120 mg/kg GA only).

120 mg/kg body weight) significantly reduced the nitrite content compared to the
CPA treated rats.

Cerebral and Cerebellar Weight

Figures 17 & 18 show that the cerebral and cerebellar weight did not differ signifi-
cantly (p > .05) from the CPA-treated rats and the control. Also, the cerebral and
cerebellar weight of rats treated with GA or those that received GA alone did not
differ significantly (p > .05) from the CPA treated rats.

FIGURE 10. The effect of GA on cerebellar hydrogen peroxide (H2O2) generation. Values
are presented as mean ± standard deviation. Superscripts (a) indicates significant differ-
ence (p < .05) when compared with control (Grp I), whereas superscripts (b) indicates
significant difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Con-
trol), Grp II (CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA),
Grp V (60 mg/kg GA only) & Grp VI (120 mg/kg GA only).
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10 Oyagbemi et al.

FIGURE 11. The effect of GA on cerebellar-reduced glutathione (GSH) content. Values are
presented as mean ± standard deviation. Superscripts (a) indicates significant difference
(p < .05) when compared with control (Grp I), whereas superscripts (b) indicates significant
difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II
(CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg
GA only) & Grp VI (120 mg/kg GA only).

DISCUSSION

Data obtained from our findings showed that CPA induced excessive production
of MDA and H2O2 generation both in cerebrum and the cerebellum of rats treated
with CPA alone. From this study, treatment with GA was able to ameliorate and
quench free radicals generated by CPA. This study has demonstrated that GA has
a chemopreventive effect on the neurotoxicity induced by CPA through free radi-
cal scavenging activity and improvement of the antioxidant defense system. Oboh,
Akomolafe, & Adetuyi (2010a); Oboh and Ogunruku (2010b) confirmed that CPA

FIGURE 12. The effect of GA on cerebellar catalase (CAT) activity. Values are presented as
mean ± standard deviation. Superscripts (a) indicates significant difference (p < .05) when
compared with control (Grp I), whereas superscripts (b) indicates significant difference (p
< .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA treated
only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA only)
& Grp VI (120 mg/kg GA only).
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Gallic Acid Ameliorates CPA-Induced Neurotoxicity 11

FIGURE 13. The effect of GA on cerebral superoxide dismutase (SOD) activity. Values are
presented as mean ± standard deviation. Superscripts (a) indicates significant difference
(p < .05) when compared with control (Grp I), whereas superscripts (b) indicates significant
difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Control), Grp II
(CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg
GA only) & Grp VI (120 mg/kg GA only).

induced-oxidative stress and neurotoxicity in the rat and the protective role of
phytochemicals.

Lipid peroxidation is a common result of oxidative stress in tissues and is ex-
pressed as the level of TBARS. Furthermore, the oxidation process of polyunsat-
urated fatty acid is measured in the form of TBARS formation as an index of lipid
peroxidation (Pamplona, 2011; Bae, Oh, Rhee, & Yoo, 2011). According to this
study, treatment with CPA resulted in the significant elevation of markers of ox-
idative stress.

ROS are produced continuously as natural by-products of the normal
metabolism of oxygen and can cause oxidative damage to biomolecules result-
ing in loss of protein function, deoxyribonucleic acid (DNA) cleavage, or lipid

FIGURE 14. The effect of GA on cerebellar glutathione-S-transferase (GST) activity. Val-
ues are presented as mean ± standard deviation. Superscripts (a) indicates significant
difference (p < .05) when compared with control (Grp I), whereas superscripts (b) indicates
significant difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Con-
trol), Grp II (CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA),
Grp V (60 mg/kg GA only) & Grp VI (120 mg/kg GA only).
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12 Oyagbemi et al.

FIGURE 15. The effect of GA on cerebellar glutathione peroxidase (GPx) activity. Values
are presented as mean ± standard deviation. Superscripts (a) indicates significant differ-
ence (p < .05) when compared with control (Grp I), whereas superscripts (b) indicates
significant difference (p < .05) when compared with CPA treated only (Grp II). Grp I (Con-
trol), Grp II (CPA treated only), Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA),
Grp V (60 mg/kg GA only) & Grp VI (120 mg/kg GA only).

peroxidation which culminates in oxidative stress with resultant cell injury or death
(Gopalakrishnan, Nash, Velayutham, Villamena, 2012; Dikalov, 2011). It reported
that overproduction of reactive oxygen species (ROS) can result in oxidative stress,
a pathophysiological process that can damage cell structures and induce cancer,
cardiovascular disease, atherosclerosis, hypertension, diabetes mellitus, neurode-
generative diseases, rheumatoid arthritis, and ageing (Shyu, Chang, Yeh, Sheu, &
Chou, 2014). Reduction in lipid peroxidation in the pancreatic tissue of rat intoxi-
cated with streptozotocin or decreased malondialdehyde levels of the liver, brain,
and kidney of the aged mice that were administered with GA has been reported, re-
spectively (Li et al., 2005; Punithavathi, Prince PSM, Kumar, & Selvakumari, 2011).

FIGURE 16. The effect of GA on cerebellar nitrite content. Values are presented as mean
± standard deviation. Superscripts (a) indicates significant difference (p < .05) when com-
pared with control (Grp I), whereas superscripts (b) indicates significant difference (p < .05)
when compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA treated only),
Grp III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA only) & Grp
VI (120 mg/kg GA only).
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Gallic Acid Ameliorates CPA-Induced Neurotoxicity 13

FIGURE 17. The effect of GA on cerebellar weight. Values are presented as mean ± stan-
dard deviation. Superscripts (a) indicates significant difference (p < .05) when compared
with control (Grp I), whereas superscripts (b) indicates significant difference (p < .05) when
compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA treated only), Grp
III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA only) & Grp VI
(120 mg/kg GA only).

In the present study, we found that GA ameliorated CPA-induced oxidative
stress in the rat brain (cerebrum and cerebellum). Neuroprotective activities of GA
against 6-hydrodopamine auto-oxidation induced apoptosis in human SH-SY5Y
cells, and amyloid beta protein induced toxicity in cultured rat cortical neurons
have been reported. The ability of GA to quench free radical production from the
toxic metabolite of CPA demonstrated its awesome antioxidant capacity (Lu et al.,
2006; Ban et al., 2008).

The depletion of intracellular nonenzymic antioxidant defense system (GSH) by
CPA treatment also contributed significantly to the induction of oxidative stress

FIGURE 18. The effect of GA on cerebral weight. Values are presented as mean ± standard
deviation. Superscripts (a) indicates significant difference (p < .05) when compared with
control (Grp I), whereas superscripts (b) indicates significant difference (p < .05) when
compared with CPA treated only (Grp II). Grp I (Control), Grp II (CPA treated only), Grp
III (CPA+ 60 mg/k GA), Grp IV (CPA+120 mg/kg GA), Grp V (60 mg/kg GA only) & Grp VI
(120 mg/kg GA only).
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14 Oyagbemi et al.

and excessive accumulation of lipid peroxidation products both in the cerebrum
and the cerebellum. GA treatment inhibited depletion of GSH by CPA in both re-
gions of the brain. We could, therefore, speculate that GA might be involved in the
improvement of the GSH recycling system during oxidative stress. Gallic acid has
been shown to prevent memory deficits and oxidative stress induced by intracere-
broventricular injection of streptozotocin in rats via its antioxidant capacity (Man-
souri et al., 2013). Hence, physiological functions of both cerebrum and cerebellum
that might have been disrupted and or impaired in this study were preserved with
the treatment of GA. It has been demonstrated that treatment with GA led to an in-
crease in GSH levels and a reduction in oxidized glutathione (Kim, 2007). However,
it is well known that the GSH/oxidized glutathione (GSSG) ratio enhancement by
GA is enhanced with the addition of the hydroxyl groups (Requejo, Hurd, Costa,
& Murphy, 2010). Since GSH is a major naturally-occurring brain antioxidant and
sulfhydryl groups are found associated with proteins and as components of small
molecules that participate in the tissue antioxidant redox pool (Requejo et al., 2010
& Hansen, Roth, Winther, 2009; Halliwell & Gutteridge, 2007), we, therefore, pro-
pose that the brain antioxidant defense system was compromised in rats treated
with CPA.

In this study, CPA treatment significantly inhibited SOD, CAT, and GST in the
cerebral and cerebellar tissues. The inhibition of this first line of defense against
free radical generation and oxidative stress was reversed by treatment with GA in
a dose-dependent manner. This therefore confirms the chemopreventive and neu-
roprotective effect of GA. The use of GA as a natural antioxidant has been exten-
sively worked on and reviewed elsewhere (Singh, Singh, & Bhatti, 2014; Abarikwu,
Akiri, Durojaiye, & Alabi, 2014; Nabavi et al., 2013a; Nabavi et al., 2013b). CAT
is a ferric heme protein that catalyses the decomposition of hydrogen peroxide to
water and oxygen. It has been suggested that CAT activity may be decreased sec-
ondarily to CAT saturation during the breakdown of free radicals and hydrogen
peroxide or the inhibition of CAT by these free radicals (Eraslan, Saygi, Essı̀z, Ak-
soy, Gul, & Macit, 2007). SOD removes the anion superoxide by accelerating the
rate of its dismutation to hydrogen peroxide, which is a ROS to nontoxic prod-
uct (Halliwell, 2001). Hence, elevated SOD/CAT ratio may result in an increase
of H2O2 concentration or increased rate of H2O2 production and may lead to lipid
and protein oxidation, resulting in increased neuronal damage (Halliwell, 2001).

Antioxidant activity of GA is shown to depend on the phenolic hydroxyl groups
of the molecule present in it (Lu et al., 2006). The aforementioned aberration ob-
served in antioxidant enzyme activities of CAT, SOD & GST, TBARS, and GSH
levels in both regions of the brain were normalized with GA (60 & 120 mg/kg body
weight) compared to CPA-treated rats. The presence of a hydroxyl group on the
GA molecule may be responsible for the antioxidant activity of GA derivatives and
may, therefore, explain the protective mechanism against CPA-induced oxidative
stress and neurotoxicity. The cerebrum is responsible for memory and the cere-
bellum for balance, motor control, attention, language, emotional functions, etc.
Hence, GA as a potent antioxidant holds promise as a novel drug molecule against
neurodegenerative disease. In addition, induction of ROS and oxidative stress has
been associated with neurodegenerative disease (Mansouri et al., 2013). We also
observed a significant increase of nitrite concentrations in cerebral and cerebellar

D
ow

nl
oa

de
d 

by
 [

A
ki

nl
ey

e 
A

ki
nr

in
de

] 
at

 1
4:

07
 3

0 
D

ec
em

be
r 

20
15

 

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY



Gallic Acid Ameliorates CPA-Induced Neurotoxicity 15

regions of the brain indicating that reactive nitrogen species (RNS) were elicited in
the rats treated with CPA. The RNS generated was quenched by GA treatment by
significantly reducing nitrite contents in GA-treated rats compared to CPA alone.
Therefore, both ROS and RNS production in the brain was quenched by GA in
this study.

It is interesting to note that GPx activity increased significantly in CPA-treated
rats. The increase in the activity of this antioxidant enzyme should not be miss-
interpreted for the absence of toxicity and organ damage. We speculated that
mRNA that codes for the GPx might be upregulated in an attempt to avert the
toxicity induced by CPA treatment. We, therefore, speculate that these regions of
the brain might show some level of adaptation to toxic damage and hence avert
neuronal degeneration.

CONCLUSION

Taken together, we demonstrate for the first time that CPA administration con-
tributes to the induction of oxidative stress in rat brain both in the cerebrum and
the cerebellum and that treatment with GA reversed the oxidative status by in-
creasing the antioxidant defense system and reducing lipid peroxidation. There-
fore, the study suggests that GA could be used as a potential phytochemical that
could mitigate neurodegenerating disease and the neurotoxicity associated with
chemotherapeutic agent CPA. In addition, food supplements with inclusion of GA
might be lending a helping hand in the fight against the avalanche of side ef-
fects that accompany the use of CPA. Combining all, chemotherapeutic agents
with structure/function similarities to GA could be of potential benefit to the
pharmaceutical industries as an adjuvant in chemotherapy with little or no side
effects.
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