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ABSTRACT

Objective: The objective of the study was to evaluate the protective effect of gallic acid on cisplatin-induced memory impairment (MI) in the rat model.

Methods: Five groups of Wistar albino rats (n=6) were employed and the duration of the study was 22 days, excluding the pre-treatment period.
Animals were pretreated with gallic acid for a period of 5 days and continued daily (200 mg/kg) for 22 days. The cisplatin (3 mg/kg) was given once in
a week for 3 consecutive weeks to induce MI, whereas donepezil was used as standard. The evaluation was done by a change in body weight, memory
activity by Morris water maze (MWM), locomotor activity by actophotometer, antioxidant activity by thiobarbituric acid reactive substance (TBARS),
glutathione (GSH), and estimation of acetylcholinesterase (AChE) activity in brain homogenate.

Results: Administration of cisplatin has induced MI by increasing in escape latency time, decrease in time spent in the target quadrant in the
MWM task and it was reversed by gallic acid treatment. Decreased locomotor activity by cisplatin was also increased by gallic acid when tested by
actophotometer. Cisplatin administration has induced oxidative stress by increasing TBARS and decreasing GSH levels. Gallic acid due to its proven
antioxidant activity reversed the effects of cisplatin. The AChE level was significantly increased in the control group, whereas treatment groups have
shown a decrease in AChE level.

Conclusion: Gallic acid may serve as a primary agent to treat the cognitive impairment and oxidative stress associated memory dysfunctions. However,

more extensive studies are needed before utilization in the clinical trial.
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INTRODUCTION

Around 24 million people are suffering from Alzheimer’s disease (AD)
across the globe [1]. Cognition is the term noted with a decrease in the
memory function by undergoing several pathophysiological conditions
such as oxidative stress, mitochondrial dysfunction, lipid peroxidation,
and cell apoptosis. These alterations in the body will lead to the
generation of free radicals and due to decreased antioxidant levels;
these cause cognitive impairment [2,3]. In a recent survey conducted
by the World Health Organization, it has been reported that 1.2 billion
aged geriatric population will be suffering from AD, living in low- and
middle-income countries by the year 2025 [4].

Several class of drugs which have been used in the market till
date; however, early diagnosis and withdrawal are essential in
prevention drug-induced dementia and delirium [5]. The “Green”
movement in Western society has changed attitudes in the general
population who now conceive naturally derived substances and
extracts as being inherently safer and more desirable than
synthetic chemical products, with the net effect of the increase in sales
of herbal preparations. About 80% of people in developing
countries rely on phytomedicine for primary health care for men
and livestock [6]. Cisplatin has peak toxic index, including renal,
neuropathy being dose limits, one of the currently well-known
chemotherapeutic drugs in use. Some literature supports the
memory impairment (MI) ability of cisplatin in experimental animal
models [7].
One of the highly used antioxidants in plant products is gallic acid,
which comes under the class of polyphenols and acts as a secondary
metabolite. Tea, which has many traditional values in culture and
has many pharmacological effects through receptor relaxation, also

contains the polyphenolic substances and major content resides
with gallic acid [8]. Biologically, contains antitumor activity and
has been analyzed with chemo-protective action in cell line
studies [8,9]. The possible neuroprotective effect of gallic acid is
against the neurotoxicity by enhancing the NMDA receptor sensitivity.
This complete pathway is activated due to the glutamate excitotoxicity
and leads to cerebral ischemia which further leads to excessive calcium
intake and meanwhile causing an increase in intracellular calcium levels
by calcium accumulation-induced neuronal apoptosis [10,11]. Its
usefulness in MI induced by cisplatin is not yet reported, so the
present study is undertaken with that objective to test it in the
experimental animal model.

METHODS

Animals

All experimental animals (Wistar male rats) were procured from
Biogen Ltd., Bengaluru, and animals were approved by IAEC of ]SS
College of Pharmacy, Mysuru (Proposal no. 294/2018). Animals were
acclimatized for the laboratory condition for at least 1 week before the
start of the experiment.

Study protocol

Five groups of Wistar albino rats were employed in this study, each
group consists of six animals. Animals were pretreated with gallic acid
for 5 days, to attain the neuroprotection, which is a key objective of the
study. After 5 days of pre-treatment with gallic acid, the treatment was
continued for 22 days. Cisplatin was given once in a week at a dose of
3 mg/kg for 3 consecutive weeks. The evaluation was done by a change in
body weight, MI activity by Morris water maze (MWM) task, locomotor
activity by actophotometer, antioxidant, and acetylcholinesterase
(AChE) estimation in brain homogenate (Table 1).
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Table 1: Details of the study protocol for the evaluation of the protective effect of gallic acid on cisplatin [12]-induced MI in rats

Groups Treatment, dose, duration, and induction of MI

Evaluation

Normal Oral 0.5% sodium CMC (vehicle) (1 ml/kg) for 22 days

Control Cisplatin (3 mg/kg) (12) by i.p. on 7, 14", and 21 days and
oral vehicle (1 ml/kg) daily for 22 days

Standard Cisplatin (3 mg/kg) by i.p. on 7, 14", and 21% days and oral
donepezil (5 mg/kg) daily for 22 days

Gallicacid  Cisplatin (3 mg/kg) by i.p. on 7%, 14" and 21**days and oral
gallic acid (200 mg/kg) daily for 22 days

Behavioral parameters
Bodyweight [13]

MWM [14-16]
Actophotometer [17-19]

Biochemical parameters
Thiobarbituric acid reactive substance (LPO) [20,21]
Reduced GSH [22] Acetyl cholinesterase’s estimation [23]

MWM: Morris water maze, MI: Memory impairment, GSH: Glutathione

Table 2: Evaluation of the protective effect of gallic acid on cisplatin-induced MI in rats (bodyweight changes)

Groups Day 0 Day 7 Day 14 Day 21
Normal 203.33+0.817 206.33+0.958 224+1.039 229.6+£1.054
Control 208.33x0.873 215+0.939 225+0.980 221.5+0.929
Standard 196.5+0.8174 208.1+£0.858 259+0.9166 205.1+x0.871
Gallic acid 204.5+0.827 222.1£0.940 233.8+0.979 240.5+0.9832

Data were expressed as Mean+SEM, n=6, two-way ANOVA followed by Bonferroni post-test. *Significant when compared to normal group (p<0.01), *significant when
compared to the control group (p<0.01), *significant when compared to the standard group (p<0.01).MI: Memory impairment

Table 3: Evaluation of the protective effect of gallic acid on cisplatin-induced MI in rats on MWM task (latency time in s)

Groups Day 0 Day 4 Day 7 Day 14 Day 21

Normal 51.33+0.446 14.66+0.511 13.66+0.406 6.88+0.27 7.66%0.293
Control 56.33+£0.498 10.66+0.410* 27.5%0.419* 39.5+0.350* 46.83+0.403*
Standard 55.5+0.418 11.16+0.390* 19.5+0.421* 16+0.320* 15.16+0.304*
Gallic acid 55.66+0.764 11.16+0.504* 16.66+0.364*# 15.83+0.403*# 14.33+0.4060*#*

Data were expressed as Mean+SEM, n=6, two-way ANOVA followed by Bonferroni post-test. *Significant when compared to normal group (p<0.01), *significant when
compared to the control group (p<0.01), *significant when compared to the standard group (p<0.01). MI: Memory impairment, MWM: Morris water maze

Table 4: Evaluation of the protective effect of gallic acid on
cisplatin-induced MI in rats on MWM task (time spent in the
target quadrant in s)

Groups Day 7 Day 14 Day 21

Normal 31.33+0.3605  31.83+0.371951 30.50+£0.270286

Control 14.66+0.33787 13.16+0.308937*  8.333+0.337452*
Standard  25.33+0.4480  27.50+0.433062** 28.50+0.256196*"
Gallicacid 23.83+0.4327  26.83+£0.409581* 29.50+0.276575*"

Data were expressed as Mean+SEM, n=6, two-way ANOVA followed by
Bonferroni post-test. *Significant when compared to normal group (p<0.01).
#Significant when compared to the control group p<0.01). MI: Memory
impairment, MWM: Morris water maze

RESULTS

Bodyweight changes

There were no significant changes observed in body weight changes
among all the groups and this shows that cisplatin has no effects on
body weight changes (Table 2).

Escape latency time (ELT) in mwm task

There was an increase in ELT in a control group of animals gradually as
the dose of cisplatin increases. Hence, it showed that disease has been
induced in the animals. Meanwhile, ELT was decreased in the gallic
acid-treated group when compared to the control group (69%) and it
was significant and comparable to the standard drug (Table 3).

Time spent in target quadrant (TSTQ) in mwm task

There was a significantly decreased TSTQ in the control group when
compared to the normal group, which indicates the MI induced by
cisplatin. Standard, as well as gallic acid, reversed the TSTQ to normal
at the end of the study progressively and the activity was found to be
significant (Table 4).

Locomotor activity

The locomotor activity is shown in Table 5, which was determined to
test the effect of the drug on motor activity. Cisplatin administration
has decreased the locomotor activity significantly when compared with
that of the normal group of animals. Gallic acid treatment reversed the
effect of cisplatin significantly and the same as that of standard.

Antioxidant enzymes (TBARs/lipid peroxidation)

LPO was significantly increased in the control group when compared
with the normal group, which supports the oxidative stress induced
by cisplatin, may be responsible for cognitive impairment. Treatment
with gallic acid and standard reversed the increased LPO levels which
were significant when compared with the control group animals
(Table 6).

Antioxidant enzymes (reduced glutathione [GSH])

The same was observed in GSH activity also, it was significantly
decreased in the control group when compared with the normal group.
Administration of gallic acid has shown a reversal of GSH level as that
of the standard and it was significant when compared to the control
group (Table 6).

AChE activity

The AChE level was significantly increased in the control group when
compared with the normal group and it indicates the less amount
of acetylcholine (may be responsible for MI). The AChE levels were
decreased in the test group in comparison with the control group and it
was found to be significant (Table 7).

DISCUSSION

The loss of memory in a short period is categorized in Alzheimer’s like
disease or cognitive impairments. In the present study, cisplatin has
been used as a disease-inducing drug, as it has a high potent action on
brain cells and has several pathophysiological actions which, in turn,
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Table 5: Evaluation of the protective effect of gallic acid on cisplatin-induced MI in rats on locomotor activity using actophotometer
(locomotor activity in s)

Groups Day 0 Day 7 Day 14 Day 21
Normal 423.00£1.39 410.00£1.58 369.00+1.88 372.16+1.81
Control 325.00+1.47 325.30+1.47* 304.00+1.67* 236.00+1.10*
Standard 357.83+1.37 342.83+1.59*# 310.00+1.61*# 319.16+1.57*#
Gallic acid 370.00+1.75 355.00+1.88*# 391.00+2.31*# 296.66+2.17*#

Data were expressed as MEAN+SEM, n=6, two-way ANOVA followed by Bonferroni post-test.*Significant when compared to normal group (p<0.01), #significant when
compared to the control group (p<0.01), +significant when compared to the standard group (p<0.01). MI: Memory impairment

Table 6: Evaluation of the protective effect of gallic acid on
cisplatin-induced MI in rats on endogenous antioxidant

enzymes
Groups TBAR’s (nmole/MDA GSH (uM/mg of a
per mg of protein) brain protein)
Normal 1.55+0.09 75.21+0.31
Control 6.45+0.14* 24.80+0.32*
Standard 4.52+0.11*# 69.21+0.44%
Treatment 3.64+0.11*# 61.75+0.36%*

Data were expressed as Mean+SEM, n=6, two-way ANOVA followed by
Bonferroni post-test. *Significant when compared to normal group (p<0.01),
“significant when compared to the control group (p<0.01). MI: Memory
impairment, GSH: Glutathione

Table 7: Evaluation of the protective effect of gallic acid on
cisplatin-induced MI in rats (acetylcholinesterase activity in
brain homogenate)

Groups AChE (pmoles)
Normal 66.911+0.312
Control 106.333+0.417*
Standard 76.005+0.344#
Treatment 73.346+0.420%#

Data were expressed as Mean+SEM, n=6, two-way ANOVA followed by
Bonferroni post-test. *Significant when compared to normal group (p<0.01),
#significant when compared to the control group (p<0.01). MI: Memory
impairment. AChE: Acetylcholinesterase

cause theapoptosis/programmed cell death, mitochondrial dysfunction,
excitotoxicity, and reactive oxygen species (ROS) generation. If
excitotoxicity plays a key role in neurological disorders, the possibility
of glutamate blockade agents/glutamate antagonist to decrease the
excitotoxicity caused by glutamate activation [23]. In the experimental
protocol, animals were pretreated with gallic acid for a period of 5 days,
to attain the neuroprotection, which is a key objective of the study.
After 5 days of pre-treatment with gallic acid, the treatment drug was
given daily once (200 mg/kg) with accurate timings to maintain the
bioavailability of the drug. The induction drug, cisplatin, was given once
in a week with a dose of 3 mg/kg for 3 consecutive weeks. The animals
were subjected to acquisition trials and assessments, wherein there was
an evident decrease in the ELT in the control group when compared to
the normal group that means the cognitive impairment was induced in
the animals on 7', 14™, and 21* days of the treatment period. Before the
biochemical estimation, animals were subjected to behavior parameters
to analyze drug activity. Actophotometer was done to analyze the motor
coordination of the animal, as cisplatin affects the motor functions, it is
digital activity capturing device and is mostly used for central nervous
system (CNS) acting drugs for evaluating the locomotor action in small
animals. The index for CNS depression in the animal was evaluated
by their decreased scores, where locomotor activity in the control
group has shown a significant decrease when compared to the normal
group. Body weight indicates the health of the animal, and in this
study, as cisplatin has a high affinity to a central system in the body
and affects the body weight, the evaluation was done through recorded
average values calculated, and statistical analysis should be done for

w.n

p” values. The body weight has decreased moderately when compared

between normal and control groups. Biochemical estimations play a
significant role in research, collection of tissue and homogenate sample
can be used for biochemical estimations. In detail, AChEs are the
enzymes that are responsible for breaking Ach into acetyl and choline.
Wherein, thiobarbituric acid reactive substance/ lipid peroxidation
also refers to the oxidative process in the brain cells and increases the
ROS and increases cell apoptosis through several pathophysiological
pathways [24-26]. Meanwhile, GSH, reduced GSH which has the
primary function to alleviate the antioxidant process in the body, shows
the oxidative index and analyzes the antioxidant levels, as oxidative
stress the primary step for mitochondrial dysfunction and an increase
of ROS, which further leads to cell death or neuronal cell death [27,28].
Gallic acid shows a promising role in reducing the oxidative process
as it has potent antioxidant properties. In this study, gallic acid acts
through antioxidant and inflammatory pathways, hence promoting its
neuroprotective effect in animal models. Hence, it may be concluded
that gallic acid may serve as a primary agent to treat cognitive
impairment and oxidative stress associated memory dysfunctions.
However, more extensive studies are needed before utilization in a
clinical trial. Further, it should be studied in the aspects of effectiveness
with a suitable explanation of molecular mechanisms in rodents as well
as non-rodent species.

CONCLUSION

The study was designed to understand the possible role of gallic acid in
cisplatin-induced MI in the rat model. The result of the present study
reveals the protective effect of gallic acid on MI induced by cisplatin.
Hence, it may be concluded that gallic acid may serve as a primary agent
to treat cognitive impairment and oxidative stress associated memory
dysfunctions. However, more extensive studies are needed in rodent as
well as non-rodent species to understand its molecular mechanism of
action.
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