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ABSTRACT

Introduction: The present study was conducted to evaluate the effect of Chlorogenic
Acid (CA) and Diazepam (DZP) on epileptic complication that induced by repetitive
intra-peritoneal injections of Pentylenetetrazle (PTZ) in aged rats.

Methods: Twenty-four month-old male Wistar rats (age > 12 months, 300-350 g) were
divided in 4 experimental groups. Animal in control group (PTZ + Vehicle) received
only PTZ. Animal in treated groups (PTZ + DZP, PTZ + CA10 and PTZ + 25) received
diazepam 2 mg/kg, CA 10 mg/kg, or CA 25 mg/kg. All drugs injection were performed
30 min prior to each PTZ injection. Epilepsy was induced by injection of subconvulsive
dose of PTZ every other day until the rats were completely kindled or epileptic. After
each PTZ injection, animal was monitored for 40 min and epileptic behaviors were
scored. At the end of the study, rats were sacrificed and the brains removed for
evaluation of histological changes and Brain Derived Neurothrophic Factor (BDNF)
gene expression.

Results: CA at dose of 25 mg/kg reduced percent of Generalized Tonic-Clonic Seizure
(GTCS) in aged rats (24%) in compared to control group (50%) (p < 0.05). The
latencies to the start of GTCS were decreased in both dose of CA (p < 0.05). Also, the
percent of survived neurons in rats treated with CA (154%) were significantly higher
relative to that of control animals (100%) (p < 0.05). The mRNA levels of BDNF
significantly increased in CA treated rats (p < 0.05).

Conclusion: Hence, these findings revealed that CA have antiepileptic, neuroprotective
and trophic effects in aged rats. CA can protect aged brain from deteriorative processes

and save neurons during epilepsy in rats.
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Introduction

The incidence of epileptic disorders has a high
frequency in the elderly. With increasing chronologic
age, the significant changes in different brain
structures occurring in epilepsy appear to progress in
an age-related fashion compared to non-epileptic
controls. These structural alternations reveal that
elderly persons with epilepsy represent more sever
cognitive deficiencies (1).

The population of older individuals (ages more
than 65 years) will increase as time passed (1). Aging
as a physiological process causes several persistence
disturbances in the homeostatic mechanisms,
accompanied by deficiency in learning and memory
functions and cognitive decline. Two of the brain
areas damaged by aging processes are the
hippocampus and prefrontal cortex, which causes
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memory and learning disorders (2). During aging,
these areas undergo some cellular and molecular
changes that leads to learning, memory and cognitive
dysfunctions.

There are many proteins as neurotrophic factors that
regulate synaptic function and neuronal growth.
Signaling of these neurotrophic factors are also
severely affected in aging process and brain
degenerative diseases which can be correlated with
cognitive decline. Among these factors, Brain-derived
neurotrophic factor (BDNF) and nerve growth factor
(NGF) are the most important neurotrophic factors in
preventing the degenerative and deteriorative disorders
of brain that coincide with aging (3, 4).

Wide spectrum of antiepileptic drugs (AEDs) can
lead to seizure suppression and are of great clinical
importance because they deteriorate seizure severity
and symptoms (5). However, seizure-induced
neurodegeneration, drug-resistive epileptogenesis and
their serious side effects are the main goals in
treatment of epileptic diseases (6, 7).Therefore,
investigation for complementary, alternative and novel
drug from natural sources is essential to improve
seizure and concurrently protect cognitive dysfunctions
especially in elderly epileptic patients.

Generally, Chlorogenic acid (CA) as a polyphenolic
compound, have the antioxidant, antidepressant, anti-
inflammatory, analgesic and anti-apoptotic activities
(8-10). However, the neuroprotective role of this
natural occurred compounds has previously been
reported (8). Recent studies indicated that phenolic
acids such as chlorogenic acid exert anticholinesterase
and cognition-improving effects and reduction of the
pilocarpine-induced epilepsy (seizures) in mice (11,
12).

Based on these evidences, we conducted this study
to determine the role of chlorogenic acid on brain
structures and neurotrophic factors in aged epileptic
rats.

Methods
Animals

Twenty-four month-old male Wistar rats were used
in the present study. They were maintained at 25 + 2 °C
with 12 h dark/light cycle and 40-70% humidity. The
animals had free access to food and water. The rats
were fed with a standard rat chow diet. Experiments
were carried out after a week of acclimatization.

Chemicals

Pentylenetetrazole (PTZ) was purchased from
Sigma-Aldrich (UK) and dissolved in sterile saline
0.9% on a weight/volume basis on the day of use. CA
obtained from Tocris Bioscience (Bristol, UK) and
dissolved in0.1% dimethyl sulfoxide (DMSO) in
various concentrations that are described in the next
section.

Induction and evaluation of PTZ kindling

The rats were randomly divided into 4 experimental
groups with 6 animals in each. Rats in control group

(PTZ + Veh) received 0.2 ml of 0.1% DMSO as
vehicle 30 minutes before PTZ injection at the dose of
35mg/kg. Animal in treated groups (PTZ + DZP,
PTZ + CA10 and PTZ + 25) received diazepam 2
mg/kg, CA 10 mg/kg, or CA 25 mg/kg respectively
30 minutes prior to 35 mg/kg PTZ (i.p.).

Subsequent to PTZ injections, animals were
monitored for 40 minutes and epileptic behaviors were
scored as follows: 0; no behavioral changes. 1; facial
movements, ear and whisker twitching. 2; myoclonic
convulsions without rearing. 3; myoclonic convulsions
with unilateral forelimb clonus. 4; myoclonic
convulsions with rearing. 5; loss of posture and
generalized clonic-tonic seizures (13).

Histological survey

At the end of experiment, the brain of rats was
removed fixed in neutral buffer formalin, processed
and paraffin embedded as per the standard protocol.
Tissue samples of all rats were sectioned coronally in
Sum thickness. Tissue staining with Hematoxyl-Eosin
(H&E) was then performed. The live and normal
neuronal cells were defined as round-shaped,
cytoplasmic membrane-intact cells, without any
nuclear condensation or distorted aspects. The normal
neuronal cells in the hippocampal areas were seen at
high magnification using light microscope (Zeiss,
Germany) (14).

Quantitative Real Time - PCR

Tissue mRNA levels of BDNF were determined
using quantitative real-Time polymerase chain
reaction. RNA of each tissue sample of brain was
extracted using RNA extraction kit (Cinna pure TMKit,
Iran) according to the kit instruction. Efficiency and
quality of RNA extraction were determined using
260/280 ratios of optical density from each sample
(microplate reader, Epoch, England). Single strand
cDNA was synthesized from 1lpg of the extracted
mRNA using the RevertAid™ First Strand cDNA
Synthesis kit and random hexanucleotide primers
(Thermofischer, USA). qRT-PCR was performed by
using master mix containing SYBR green DNA dye
(Amplicon, Denmark). The qPCR reaction contained
12.5 pl of the Master Mix, 10.5 ul of purified water, 1
pl of 10 pM primer set, and 1 pl of cDNA template.
All values were normalized to RP13, a housekeeping
gene with minimal variability. Primer sequences,
annealing temperatures, and product sizes are
presented in Table 1. Each gene was amplified for 40
cycles and AACt method was applied to compare the
relative gene expression.

Ethical considerations

All procedures were carried out according to the
guidelines of Animal Ethics Committee of the Shahid
Sadoughi University of Medical Sciences (Local
ethical code: IR.SSU.MEDICINE.REC.1395.41).

Data analysis

GraphPad Prism software (version 8) was utilized for
the statistical data analysis, and the obtained data were
expressed in Mean * standard error of the mean
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(SEM). One-way analysis of variance (ANOVA) and
Tukey's posthoc test was used to find significant
differences between all experimental groups. p <0.05 is
considered statistically significant in all experiments.

Result
Anti-seizure effects

CA at doses of 25 mg/kg but not at dose of 10 mg/kg
could significantly decrease the percent of generalized
tonic-clonic seizures in PTZ-treated rats relative to
control group (p < 0.05). Also, rats received both doses
of 10 or 25 mg/kg exhibited lower GTCS latencies
relative to control group (p < 0.05). Diazepam had a
decreasing effect on the percent of GTCS and its
latencies in PTZ treated rats when compared to those
of control groups (p < 0.05). Anti-seizure effects of CA
shown in figure 1.

GTCS incidence (%)

PTZ +Veh PTZ +DIP PTZ +CA10 PTZ +CA25

Histological changes

H&E staining showed that repetitive convulsion
cause to neuronal loss which is evident in Figure 2. A
significant improvement in the neuronal densities in
the CA1 region was observed in DZP or CA treated
group in comparison to the control group. Also, as seen
in figure 2, treatment of convulsive rats with DZP or
CA at dose of 25 mg/kg lead to increase the density of
neurons in the hippocampus of PTZ treated rats in
compared to that of control rats.

Molecular findings

In order to evaluate the relative expression of BDNF
in hippocampus of control and treated convulsive
animals, the level of these neurotrophic factors was
determined by semi-quantitative RT-PCR. Real-time
PCR analysis exhibited that relative expressions of
BDNF were increase in the hippocampus of DZP or
CA at doses of 10 and 25 mg/kg injected rats (Fig. 3).
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Figure 1. The anti-seizure effects of different doses of CA in compared to control rats. GTCS: generalized tonic clonic
seizure, *p < 0.05 and **p < 0.01when compared to PTZ + Veh
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Figure 2. Histological changes and morphometrics of different doses of CA in compared to control rats. GTCS:
generalized tonic clonic seizure, *p < 0.05 and **p < 0.01when compared to PTZ + Veh
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Figure 3. Relative expression of BDNF mRNA in different groups treated with CA in compared to control rats.
GTCS: generalized tonic clonic seizure, *p < 0.05 when compared to PTZ + Veh

Discussion

In the present study, we have examined whether the
treatment with CA or DZP can attenuate
neurodegeneration in hippocampus observed during
seizures induced by PTZ in aged rats. Pretreatment of
polyphenolic compounds can powerfully prevent the
hippocampal neurodegeneration caused by destructive
free radical species which is evident in the results (15).
The distributions of the bioactive antioxidant
compounds are not well understood, but then their
bioavailability is a topic of considerable debate. CA is a
common polyphenols found in a wide variety of food
and beverages frequently consumed by humans such as
olive oil, spices, wine, coffee, apples, cherries, plums,
berries, and apricots (16). A broad literature searches on
CA revealed that it exhibits many pharmacological
effects including cardioprotective effects, lipid
hyperoxidation inhibitory activity, anti-tumor and
antioxidant activities (17, 18). In addition there are
mounting evidences that regular dietary uptake of CA
could fabricate a wide range of health benefits and
reduce the risk of developing neurodegenerative
diseases, which is evident from our results (19, 20).
Oxidative stress during epilepsy induced by pilocarpine
was also supported by studies showing beneficial effects
of antioxidant compounds during seizure (21).

Epilepsy has been proposed to be associated with an
imbalance in the excitatory (glutamate) and inhibitory
amino acids (GABA) that play a crucial role in cognitive
processes and neurodegeneration. Decreased GABA and
neurotrophic factors such as BDNF level or increased
glutamate can be lead to increased anxiety, aggression
and reduced social reactive responses (22). In many of
the experimental and human epileptic studies a decrease
in the BDNF was reported (23, 24). The present study
exhibited decreased level of BDNF in non-CA treated
epileptic rats. Treatment with CA as well as standard
drug diazepam significantly increased the level of
BDNF in aged rats.

Conclusion

Our result in this study suggested that polyphenolic
compound CA show antiepileptic and neuroprotective
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effects in aged rat epileptic model. CA can lead to
attenuate epileptic behaviors and prevent the decreases
in BDNF and NGF which occur during repetitive
epilepsy. These findings disclose the protective role of
CA as a dietary polyphenolics compound as useful
neuroprotectiveagents in epileptic complications.

Study limitations

This study was performed in only aged Wistar rats
and its findings cannot be extended to all species. Also,
the lack of dose response study for obtaining the wide
range of chlorogenic effects was a limitation of study.
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