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Abstract: Seizure are basic characteristic of epilepsy; these initiate due to irregular, excessive and synchronous electrical
discharges. We aimed to determine the antiepileptic potential of phyto-flavonoids on the evaluation of the mRNA
expression of TNF-a, IL-6, IL-1 Beta, IL-10, IL-1Ra, IL 4 and NF-kB. We induced chronic epilepsy in rats by
administering sub-convulsive dose of pentylenetetrazole (25 mg/kg/day for 28 days). We observed intensity and
frequency of seizures. Levetiracetam was used as a standard drug and divided all the subjects into 6 groups. All
experimental animals were trained to acclimatize the behaviour tests. Food and water intake, changes in the body weight
and WBC levels were assessed. Using qPCR, we assessed mRNA expression levels of, TNF a, IL-6, IL1 beta, NF-kB,
IL1Ra, IL-4, and IL-10. qPCR confirmed the down regulation of the pro- and up-regulation of the anti-inflammatory
cytokines. Significant reduction in seizure frequency, neutrophil counts and improvement in behaviour were observed
when compared treatment group to control groups. PF exerts their antiepileptic activity by the downregulation of pro-
and upregulation of anti-inflammatory cytokines respectively.

Keywords: Quercetin, catechin, kaempferol, pentylenetetrazole, anti-epileptic flavonoids, levetiracetam.

INTRODUCTION

Epilepsy is characterized by experience of one or more
epileptic seizure having a propensity to spawn more
seizures. These seizures are accompanied by neuro-
pathological, cerebral injury, mental, and social
disturbances (Tiwari et al, 2019). Epilepsy is a
debilitating brain disease, approximately one out of three
epileptic patients are resistant to the existing anti-epileptic
drugs (AED), and none of the modern pharmacological
options are disease modifying (Zhang et al., 2019).
Imbalance  between  excitatory and  inhibitory
neurotransmission prompts epilepsy, major
neurotransmitters involve are; Glycine Amino Butyric
Acid (GABA) and glutamate.

Natural derivatives are gaining importance for the central
nervous ailments including epilepsy. For the treatment of
neurodegenerative disease some flavonoids are used. We
aimed not only to explore the anti-epileptic potential of
understudied PF, but also tried to understand the
underlying mechanisms by using different molecular
techniques. Levetiracetam (LEV) exhibits its antiepileptic
effects via inhibition of excessive synchronized activity
between neurons. LEV employs its therapeutic effect after
binding with the SV2A (Lynch et al., 2019).

Advanced studies confirmed that the inflammatory
processes in the brain contribute to the etiopathogenesis
of seizures and to the establishment of a chronic epilepsy
(Ambrogini et al., 2019). Inflammatory (IL-1B, TNF-a,
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and IL-6) and non-inflammatory cytokines (IL1Ra, IL-10
and IL-4) overexpressed and/or under expressed
respectively, in different areas of brain which are
involved in seizure generation and propagation. Similarly,
NF-kB a transcription factor is up regulated in seizures
(Vezzani et al., 2019). The interactions between cytokines
and neurotransmitters e.g., glutamate and GABA, suggest
the possibility that these interactions neuronal excitability
is cytokine-mediated ameliorate the disease conditions (Li
et al., 2020).

Phytoflavonoids (PF) that include kaempferol, quercetin
and catechins are the constituents of number of plants
which possess anti-epileptic potentials (Moghbelinejad et
al., 2016) (Turan et al., 2019). These PF have potential to
treat certain neurological disorders (Chauhan et al., 2018),
gout (Sharifi-Rad et al, 2018), hepatic carcinomas,
cardiovascular disorders and metabolic disorders. The aim
of this study was to identify the anti-epileptic potential of
the PF and their effects on the different cytokines
associated with epilepsy.

MATERIALS AND METHODS

Experimental animals

The male rats weighing (180-220g) obtained from animal
house, University of Lahore. Rats were kept in clean,
polycarbonate cages under standard lab conditions
(Temperature 25+3° C, Humidity 55+5%). We kept the
animals in 12 h light and dark cycle with free access to
the standard diet and water. The study was approved by
Institutional Research Ethical Committee (IREC) and
allotted a number IREC-19-112.
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We divided the rats into six groups (6 rats in each group).
Normal (Group A), diseased (Group B, PTZ 25mg/kg
i.p.), standard drug (Group C, LEV 2lmg/kg p.o.),
kaempferol (Group D, 100 mg/kg p.o.), querecetin (Group
E, 100mg/kg p.o.) and catechin (Group F, 100mg/kg p.o.)
treated groups. The most effective doses of the PF were
used in the study (Akinmoladun ef al., 2018) (Santangelo
et al., 2019). The duration of treatment was 14 days after
the induction of epilepsy.

Chemicals

Chemicals of analytical grade were used for research
purpose including, LEV (China), Quercetin (China),
Kaempferol (China), Catechin (Sigma Aldrich) and PTZ
(Sigma Aldrich), Trizol,

Disease induction

To induce chronic epilepsy, sub-convulsive dose of PTZ
(25 mg/kg) was injected i.p. in rats for 28 days (Bagheri
et al., 2019). Recorded the maximum response for each
animal. Only those animals were included in study that
showed seizures in three consecutive episodes, and were
categorized as kindled rats. Those animals were included
in the study that shows appropriate intensity and number
of seizures. Each animal housed in an individual plastic
cage during the study period. First day after disease
induction was considered as Day 0, and so on till day 14.

Food Intake

Provided pre-weighed food to each animal in the hopper
of the cage and monitored cumulative food intake (g)
daily. After every 24 h, we removed rats briefly from their
cages and weighed each rat, and the amount of food
remaining, including any on the bottom of the cages or
any that had spilled cage. Intake was calculated as the
weight (in grams) of food provided less that recovered
(Imaoka et al., 2019).

Water Intake

Made available each animal with pre-measured water.
Cumulative water intake (ml) calculated every day.
Carefully closed all the water bottles tightly so that water
could not spill out into cage. The water intake was
calculated by subtracting pre-volume with the current
volume (Yoo et al., 2017).

Change in the body weight

Noted the percentage change in body weight at days 0, 7
and 14 by using following formula:

Body weight after treatment / body weight before
treatment x 100 as reported earlier (Bloch-Shilderman et
al., 2018)

White blood cells (WBCs) number
WBC count, neutrophils, eosinophils, lymphocytes, were
calculated by haematology analyser (Liu et al., 2016).

mRNA expression of pro and anti-inflammatory
cytokines via qPCR

After the 14 days of treatment, sacrificed the animals and
we took blood by cardiac puncture. The blood was stored
in -70° C prior to the isolation of mRNA. GAPDH was
used as a house-keeping gene (El-Missiry et al., 2019).

RNA Extraction

RNA was collected and obtained from blood using TRIzol
method. Blood (200pL) and TRIzol reagent (600uL) was
vigorously vortexes and homogenised in an Eppendroff
by vortex mixer. It was incubated for 5 mins (Sun et al.,
2019). Instilled ice-cold chloroform (200uL) in each tube
and then vortex it for 15-30 seconds. Mixture was set
aside at room temperature for 2mins. Centrifuged these
samples at 12000 RPM for 15 mins at 4°C. The obtained
mixture was divided in three phases. The uppermost
transparent layer containing RNA. Prudently separate it.
Separated layer carefully transferred in the new-labelled
Eppendroff. Added equal amount of isopropanol in it,
kept these tubes at room temperature for 10 mins. Then,
centrifuged samples for ten mins at 12000 RPM at 4°C.
Noted that RNA pellet was precipitated at the bottom of
the Eppendorf. In order to wash the RNA pellet, add 75%
ethanol (1 ml in each tube) and centrifuged it for brief
period. Withdrawn surplus ethanol, and let RNA pellets
air-dried. Re-suspend the RNA pellet in 20 pL of RNAase
free water. RNA was stored at -80°C in tubes. Nanodrop
spectrophotometric (2000/C Thermo Fisher Scientific)
was used to quantify the total RNA. A 260/280 ratio was
calculated. Only those samples were proceeded that have
the ratio near to 2.0 (Landolt et al., 2016).

Primer designing

The primers of the understudied cytokines were designed
by the following steps (Uttra ef al., 2018, Shabbir et al.,
2016). Ensemble Genome browser was referred to find
out gene sequences of studied genes. Select the mRNA
sequences. Physical characteristics of all primers were
checked wusing online primer 3 plus. Annealing
temperatures of all primers were kept at 55-60°C. GC
content of primers was selected between 50-55%.
Confirm the absence of Hairpin formation and self-
annealing. Lastly, we conducted nucleotide blast to check
the specificity. Following primers were designed and
tabulated in table 1

cDNA synthesis

cDNA synthesis kit (Thermo Scientific, America) was
used to synthesize cDNA by using reverse transcription
technique according to the manufacturer guid[elines.

Working solution of primers

Stock solution of primers was prepared by mixing 25 nm
primers in 250pL nuclease free water. Resultant
concentration of stock solutions was 100 uM. In order to
make 10 uM working solution 15 pL of stock solution
was further diluted with nuclease free water (135 pL).

2372

Pak. J. Pharm. Sci., Vol.33, No.5(Suppl), September 2020, pp.2371-2377



Table 1: Primers are tabulated in the table
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Molecule Forward Primer Reverse primer
Interleukin 1 Beta CCACTACAAAATCTGGGCGATGCA | CAGAAGAAGAGGATGTCACTCCTCG
TNF-a CCTCTTCTCATTCCTGCTCGT TGAGATCCATGCCATTGGCC
NF-«B AGCTGAGCATGAAGGTGGATG CAAGGAAGAGGATGTGGGGTT
IL 6 CCCACCAAGAACGATAGTCA CTCCGACTTGTGAAGTGGTA
1L-4 ACCGAGAACCCCAGACTTGT GGATGTAACGACAGCCCTCT
IL-10 TCTAGGCCTGTACGGAAGTGTTACT | AGCAGTGCTGAGCTGTGCAT
IL1Ra GGCCTTTCTCAGAGCGGATGAAGG | TCACCCATGGCTTCAGAGGCAGCC
GAPDH CTTGCCGTGGGTAGAGTCAT TCTCTGCTCCTCCCTGTTCT

All the primers were optimized prior it use for final reaction (Bars-Cortina et al., 2019)

Table 1: Expression levels of pro and anti-inflammatory cytokines in blood

Groups WBC (10°/ L) | Neutrophils (%) Lymphocytes (%) Monocytes (%) Eosinophil (%)
A 12420 75+3 20+5 3+1 3+1
B 19+2.0 90+5 5+2 3+1 3+1
C 14+0.8" 80 + 3 10+3 5+1 5+ 1
D 13+0.5 82 +3 12+3 6+1 6+ 1
E 13+ 1% 85+3 10+5 5+1 5+ 1
F 13+04 83 +3 12+3 5+1 5+1

Polymerase chain reaction (PCR)

Take cDNA (2uL) of each sample in each PCR tube, then
add forward primer (1uL) and reverse primer (1puL) than
add PCR Master Mix (SYBR Green) (6uL) and nuclease
free water (3 uL). We placed PCR tubes in thermal cycler.
For denaturation, 95°C temperature was set for 10
seconds. For annealing, we adjust the temperature at 58-
62° C for 20 seconds and extension was performed at 72°
C for 30 seconds. 35 cycles were adjusted as per the
manufacturer guidelines.

STATISTICAL ANALYSIS

The result was analyzed by using Graph Pad Prism
Version 7. Assigned groups as independent variables and
neurological tests’ parameters of behavioural modelling
were consider as dependent variables. Both one way and
two-way Analysis of variance (ANOVA) test was applied
with Tukey range test and Newman-Keuls to measure the
level of significance among groups accordingly. The level
of significance, p< 0.05 was considered as significant.

RESULTS

Change in the body weight

In neuropsychological and degenerative diseases, the
body weight of the victim varies. However, we have
noticed a significant (P<0.0001) reduction in the body
weight of the diseased rats. Moreover, after the treatment
with PF and LEV for 14 days, there was a gradual
increase in body weight. PF treated groups showed
significant improvement in their body weights at day 7 vs
day 14 (P<0.0001). However, kaempferol treated group

showed better results than the standard treatment groups
as shown in fig. 1.
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Fig. 1: Body weight (1) Food intake (2) Water intake (3).
Day 0: Diseased rats were non-significant in all the groups
confirming disease induction. Day 7 and 14 treatment in both
Standard treated (LEV) and others PF significantly enhanced the
body weight, food and water intake. Data were expressed as

Pak. J. Pharm. Sci., Vol.33, No.5(Suppl), September 2020, pp.2371-2377

2373



Evaluation of cytokines expression in the phytoflavonoids treated epileptic rats

mean + S.EM. for 6 rats in each group. ANOVA, confirmed
significant improvement in the body weight, food and water
intake behaviour at day 14 among the groups and also between
two time point. *P<0.01 **P<0.05, ***P<0.0005, ****
P<0.0001 (Newman-Keuls Multiple comparison Post-test Day 0
vs Day 7 * and Day 0 vs Day 14")
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Fig. 2: Relative expression levels of pro-inflammatory
cytokines Graphical representation of mean + SD relative
expression levels of TNF-a (I) IL-6, (II) IL1p, (IIT) NF-xB (IV).
The treatment of PF significantly supresses the m RNA
expression of the cytokines. The data was analysed by one-way
ANOVA followed by the Tuckey’s posthoc test. Comparison of
Group A vs B, C, D, E & F denoted by (#) while Group B vs C,
D, E and F is denoted (*). *P<0.05. **P<0.01, ***P<0.005,
**%*¥P<(0.0001

Food intake

Food consumption behaviours have extensively
highlighted that cognitive systems interact with the
metabolic system in driving food intake. Food intake was
significantly (P<0.0001) reduced in diseased groups.
However, after the treatment of 14 days with PF and LEV
groups showed better food intake. On comparison among
the groups day 7 vs day 14 also showed significant
(P<0.0001) improvement in the food intake, there was
significant improvement in all the PF treated group
however kaempferol treated group showed better result as
compared to the standard treated groups as shown in as
shown in fig. 2.

Water intake

Water intake was significantly (P<0.0001) reduced in
diseased groups. However, after treatment of 14 days with
PF and LEV water intake improved. There was less
significant (P<0.01) increase in the water intake among
the normal control and diseased groups. On comparison
among the groups at day 7 vs day 14 also showed
significant (P<0.0001) improvement in the water intake,
among all the PF treated group kaempferol displayed
better result even better than standard treated groups as
shown in fig 3.
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Fig. 3: Relative expression levels of anti-inflammatory
cytokines.

Mean + SD relative expression levels of IL-1Ra (I) IL-4, (II) IL-
10 (III). The treatment of PF significantly enhances the mRNA
expression of the cytokines. The data was analysed by one-way
ANOVA followed by the Tuckey’s posthoc test. Comparison of
Group A vs B, C, D, E & F denoted by (#) while Group B vs C,
D, E and F is denoted (*). *P<0.05. ** P<0.01, *** P<0.005,
**%* P<0.0001

Levels of WBCs

The results showed the rise in the WBC levels in the
diseased group B. After the treatment of 14 days with PF,
there is significant improvement in the WBC levels
(group C, D, E and F) as shown in table 2. Due to the
infiltration of neutrophils at the site of inflammation their
levels will be augmented Group A (Normal saline
treated), Group B (PTZ 25 mg/kg), Group C (LEV 21
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mg/kg), Group D (Kaempferol 21mg/kg), Group E
(Quercetin  100mg/kg) and Group F (Catechin 100
mg/kg). Statistical analysis was done through one-way
analysis of variance (ANOVA) trailed by Tuckey’s post
hoc test for WBC. The results are considered significant *
if p<0.005, **p<0.05, ***p<0.05. Results were compared
in a column with the respective diseased groups (table 2).

Pro-inflammatory cytokines

In the disecased groups B expression levels of pro
inflammatory cytokines TNF-a, IL-6, and IL 1 Beta
significantly up regulated as compared normal group A.
The treatment with Lev and PF Group (C, D, E and F)
caused significant reduction in expression levels.
Similarly, comparing with group A non-significant
differences were observed in the Group C, D, E and F.

Anti-inflammatory cytokines

IL-10, IL1Ra and IL-4 levels were found significantly
down regulated in diseased group B as compared to
normal group A (44.49+6.39). These reduced levels were
restored after treatment with LEV and PF. By comparing
normal group, A with treated groups (C, D, E and F). IL-
10 was non- significant however in case of cytokine IL 1
Ra (P<0.05) significance was observed likewise in IL- 4
group C, E and F were non-significant while in group D
(P<0.05) significance was observed.

DISCUSSION

Diseased rats observed generalized seizures. This is due
to excessive neuronal firing. Oxidative stress is a
foremost mechanism in several neurological disorders
(Pearson-Smith et al., 2017). The mechanism of action of
LEV is unlike that of conventionally used AEDs (Yu et
al., 2018). LEV and its congeners have the binding
affinity for the brain based SV2A receptors, and retain the
anti-seizure potential (Stout ez al, 2019). LEV also
reduces  cerebral inflammation (Itoh et al, 2016).
Flavonoids may cause the facilitation of the GABAergic
and glutamatergic neurotransmission. Flavonoids are the
antioxidants; these can all cross the blood brain barrier
(Nassiri-Asl et al., 2016).

Epilepsy exerts a significant influence on eating
behaviours, including food consumption and metabolism
which influences the regulation of body weight. The
precise mechanisms relating to food intake and body
weight have not been subject to extensive research.
Several research studies have determined numerous
perspectives, highlighting such factors as changes in
energy requirements, impeded homeostatic regulation and
the influence of certain treatments on the hippocampal
neurons and effects on GIT (Yaghouby et al., 2019). In
the diseased rats, there was significant reduction in the
food intake. While in the treated rats, the food intake was
increased. High dietary fat intake relieves the epileptic
symptoms. Lipids have been seemed to have modifying

Hammad Ahmed and Mahtab Ahmad Khan

and neuro-protective properties, by diminishing the
oxidative stress and delaying neuronal apoptosis
(D'Andrea-Meira et al., 2019). Both reduction in the food
intake and the pathogenesis of the epilepsy causes the
significantly reduces the body weight of the epileptic rats.
However, treatment with the PF like the LEV there was
significant improvement in the body weight along with
the other observed parameters.

The major signalling process of TNF-a follows the NF-
kB and microtubule associated protein kinase (MAPK)
pathways, that leads to cellular killing (Zaidi et al., 2020).
It is secreted by neurons, activated microglia and
astrocytes (Tang et al., 2020). Pathological activation of
TNF-a characterized by significantly diminish the BBB
steadiness by changing the cellular morphology,
expression of protein, and serine protease production.
(Bennett ef al., 2019). IL-1B induces expression of IL-1
downstream target genes. During epileptic episodes IL-1p
level augmented. This cytokine is primarily produced in
microglia, astrocytes and neurons (Zhu et al., 2019).
Increased levels of IL-6 are associated with epilepsy in
the peripheral circulation system. In diseased
circumstances, IL-6 generates in huge extents by neuronal
neurons, microglia, and especially astrocytes (Casella et
al., 2018). In the epileptic animal models, neurological
scarcities amended the amplified IL-4 levels while the
early phases of epilepsy. Henceforth, IL-4 can uphold
microglial and macrophage differentiation. IL-4 known to
participates as defensive role in initiating seizures (Ul-
Haq et al., 2016). IL-10 controls the inflammation due to
the cerebral injury. Furthermore, it can block NF-xB
activity and reduce pro-inflammatory cytokine production
by inflammatory cells. The blood levels of IL-10 increase
after hippocampal damage (Liu ef al., 2019).

The immune-components are involved cerebral
inflammation, pathogenesis of epilepsy and seizure-
induced cerebral injury (Browning et al., 2016). Pro-
inflammatory and anti-inflammatory cytokines are highly
expressed in the hippocampus. In the epileptic rats’
hippocampal foci were formed because of PTZ induced
epilepsy. The hippocampal lesions cause the up regulation
and down regulation of pro-inflammatory cytokines and
anti-inflammatory cytokines expression respectively. Pro-
inflammatory cytokines stimulate the chronic release of
excitable neurotransmitters, inhibit the uptake of these
neurotransmitters (de Albuquerque Oliveira et al., 2016).
The LEV and PF down and up regulate the pro-

inflammatory and anti-inflammatory cytokines
respectively.
CONCLUSION

Based on current observation, we can conclude that, these
PF can significantly attenuate the chronic PTZ induced
seizures. Moreover, PF exerts their anti-epileptic potential
by modulating the pro-and anti-inflammatory cytokines.
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