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Herb pair of Polygala tenuifolia Willd and Acorus tatarinowii Schott
decoction attenuates seizures and alleviates anxiety in mice:
Evidence for modulating inflammation, alleviating

oxidative stress and mediating GABA pathway
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Abstract: Currently, prolong use of standard anti-epileptics may cause tolerance and ineffective for about 30% of
epileptic patients. Medicinal plants provide an attractive therapeutic effect in preventing and treating seizures in
traditional and folk medicine. In this study, we investigate the antiepileptic effects of PTAT decoction on acute and
chronic seizure models in mice and explore the potential mechanisms. PTAT decoction dose-dependently protected mice
against MES and PTZ induced seizure. Meanwhile, it decreased the seizure severity and reduced seizure-caused anxious
behavior in the PTZ-kindling mice, suggesting a significant antiepileptic activity and anxiolytic/anxiogenic potential.
PTAT decoction dose-dependently increased the levels of GSH and the activity SOD and CAT, while decreased the level
of MDA in the hippocampi of treated mice. Furthermore, a significant decrease in the proinflammatory cytokine levels,
including TNF-a, IL-1p, IL-6 and MCP-1 was found in treated mice compared with the mice in the vehicle + PTZ group.
Moreover, PTAT decoction dose-dependently reversed the alterations induced by PTZ in GABA, GABA-T, L-GAD and
glutamate levels in kindling mice, showing an effect on the modulation of the GABA neurotransmission. Thus, PTAT
decoction has a promising anticonvulsant activity mediated via multiple mechanisms, which might be used as an up-and-
coming phytotherapy strategy in the management of epilepsy and its complications.
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INTRODUCTION

Epilepsy, a chronic brain dysfunction disease that has
many causes, which is characterized by sudden, repeated
and transient dysfunction of the central nervous system
caused by recurrent and unprovoked seizures (Amlerova
et al., 2021; Thijs et al., 2019). At present, over 70
million people in the world suffer from epilepsy, of which
about 90% of the patients come from middle to low-
income countries and there are about 9 million patients
with epilepsy in China, with an increase of 20,0000-
40,0000 patients per year (Thijs et al., 2019; Léscher et
al., 2020). The occurrence and development of epilepsy
have a serious impact on the quality of life and health of
these patients, especially long-term seizures that will lead
to a series of behavioral and emotional disorders,
including anxiety, depression, schizophrenia, autism and
cognitive impairments (Modi et al., 2021). The etiology
and pathogenesis of epilepsy are complex and are
involved in multiple pathophysiological processes, such
as imbalance of neurotransmitters, inflammatory
response, ion channels, receptors, immune system,
oxidative stress, etc. (He et al., 2021). Up to date, there
are limited management options to improve or prevent
disease progression. Clinical methods for the treatment or
control of epilepsy are mainly medicine therapy.
Although there are about 30 anti-epileptic drugs (AEDSs)
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now clinically available, the mainstream AEDs exert only
symptomatic relief and fail to control seizures for 30% of
patients, leading to severe drug-resistant epilepsy (Hoda
et al., 2021). What's more, a majority of the AEDs have
certain side effects and may even aggravate seizures or
provoke neurological disorders (Mishra et al., 2021). For
example, studies have shown that the long-term use of
topiramate and sodium valproate will affect patients'
cognitive function (Strzelczyk and Schubert-Bast, 2022).
Therefore, there is an urgent need to develop more
effective therapeutic agents with low side effects for the
prevention and management of epilepsy.

Medicinal plants with fewer side effects and accessible
effects are largely used in traditional or alternative
medicine for treating epilepsy with a long history (Lin
and Hsieh, 2021). In recent years, the research of
medicinal herbs with antiepileptic potential has attracted
widespread concern and attention. It was found that most
natural drugs possess therapeutic effects on controlling
and improving seizures through multiple pathways
including balance neurotransmitters, regulation of ion
channels, reduction of inflammation and oxidative stress
pathways, etc (He et al., 2021). In China, Compound
Chinese medicine (CCM) plays a synergistic role with
better therapeutic effects that have been used for
thousands of years. Today, in clinical practice in China,
more than 14 CCM, such as Zhenxian tablet,
Dianxianping tablet, Dianxianning tablet, Xianyu capsule
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and Yixian pill, etc. have been approved by the China
Food and Drug Administration for treating multiple
seizures (Chinese Pharmacopoeia Committee, 2020). The
effectiveness of these CCM made from medicinal plants
has must been demonstrated in extensive clinical practice
(Yuan et al., 2019; Zhao et al., 2018; Liu et al., 2018).
Thus, as reasonable and effective therapeutic choices,
medicinal plants and natural medicine have the great
potential to offer viable complementary market-to-market
AEDs.

The herb pair of Polygala tenuifolia Willd-Acorus
tatarinowii (PTAT) was first recorded in medical classics
Sheng Ji Zong Lu in 1117. It clearly states that PTAT can
tranquilize the mind and promote intelligence, as well as
eliminate irritability and remove phlegm to dredge the
orifices. Clinically, as one of the most accepted herb pairs
in traditional Chinese medicine (TCM), it is widely used
for treating epilepsy, convulsion, febrile convulsion,
syncope, stroke, dizziness, etc. P. tenuifolia (Yuanzhi)
was the most common herb in TCM and was classified
as a top-grade herb in the Chinese medicine classic Shen
Nong's Material and Medica in 200 AD. It has shown that
Yuanzhi has the functions of dispersing blood stasis,
removing phlegm, relieving depression, calming the mind
and benefiting intelligence (Chinese Pharmacopoeia
Committee, 2020; Bai et al., 2019). A. tatarinowii
(Shichangpu) was also recorded in Shen Nong's Material
and Medica and it has the effects of inducing
resuscitation, removing dampness, benefiting intelligence,
etc (Chinese Pharmacopoeia Committee, 2020; Editorial
Board of Chinese Materia Medica, 1999). PTAT, as a
famous herb pair, was combined and most frequently used
in many traditional Chinese medicines including the
Dianxian Kang capsule, Zhenxian tablet, Xianyu capsule,
etc. for treating epilepsy. Based on the compatibility
theory of TCM, Yuanzhi as a sovereign drugand
Shichangpu as an envoy drug, the combination of the two
herbs have shown synergistic interaction and thus
achieved better curative effects than using them alone.
The clinically recommended dosage of P. tenuifolia and
A. tatarinowii in Chinese pharmacopeia is 6-9 g/60 kg.
The acute toxicity study showed that PTAT is nontoxic
when the dose is up to an oral dose of 1.75 g/kg for mice.

A dramatic synergy and compatibility of two or more
medicinal herbs play a key role in of preventing and
treating a wide range of diseases in the clinical practice of
TCM. Despite a few previously reported studies that have
indicated that major bioactive constituents in both P.
tenuifolia and A. tatarinowii have anticonvulsant effects
(Bai et al., 2019; Liu et al., 2015), the anticonvulsant
potential of this herb pair remains unclear. Therefore, this
study aimed to evaluate the therapeutic effects of PTAT
through seizure severity assessment and various
behavioral tests in acute and chronic epileptic animal
models. Furthermore, the effect of PTAT on the state of

oxidative stress, inflammatory response, as well as
neurotransmitter release in the brain was also evaluated in
the PTZ-induced seizures. The present study provides
pharmacological evidence for the use of PTAT decoction
against epileptic convulsions, which will be beneficial for
the complementary and alternative drug discovery and
development of PTAT in the future.

MATERIALS AND METHODS

Reagents and chemicals

Pentylenetetrazol (PTZ) was purchased from Alfa Aesar,
Shanghai, China. Lot: 10180463, reference drug sodium
valproate (SVA) was purchased from J&K Scientific Ltd.,
Beijing, China. Both PTAT decoction and SVA were
dissolved in saline. Test kits for superoxide dismutase
(SOD), catalase (CAT), malondialdehyde (MDA) and
glutathione (GSH) were obtained from Nanjing Jiancheng
Bioengineering Research Institute Co., Ltd. ELISA Kit
for interleukin-1p (IL-1pB), interleukin-6 (IL-6), tumor
necrosis factor-o. (TNF-a) and Monocyte chemoattractant
protein-1  (MCP-1) purchased from Elabscience
Biotechnology Co., Ltd. The reagents used for the
determination of GABA, glutamate, GABA-transaminase
(GABA-T) and L-glutamate decarboxylase (GAD) were
purchased from Shanghai Yuanxin Biotechnology Co.,
Ltd. PTZ was dissolved in saline. The saline, SVA and
PTAT decoction were administered orally at a dose
volume of 10ml/kg per body weight.

Animals and ethics

SPF adult Kunming mice (Scxk (Guangdong) 2020-0051)
weighing between 24 and 28 g were obtained from the
BesTest Bio-Tech Co., Ltd. They were housed in a
regulated environment (23+2°C; 50+10% humidity, 12h
light/dark cycle) with free access to pellet food and water.
All experiments complied following the guidance of
management regulations of Guangdong Medical
Laboratory Animal Center (Guangdong, China) and were
carried out following the NIH guidelines. All
experimental protocols were approved on 30 July 2020 by
the Animal Care Committee of Zunyi Medical University
(Zhuhai, China) (Permit NO: ZYLS-[2020] No. 2-081).

Preparation of the PTAT decoction

The decoction pieces of P. tenuifolia and A. tatarinowii
were purchased from Beijing Tong Ren Tang Chinese
Medicine Co., Ltd. Accurately weigh a sample containing
10g of P. tenuifolia and 10g of A. tatarinowii to decoction
vessel and preparation of PTAT decoction as follows: add
12 times water for the first time, soak for 30 min and
decoct for 120 min; add 6 times water for the second time,
decoct for 60 minutes (Xu and Wu, 2018). The filtrate is
combined and then the mixture is concentrated under a
rotary evaporator to obtain a dry solid residue. On the day
of the experiment in this study, less concentrated
solutions (200, 100 and 50mg/kg) were diluted with
normal saline, respectively.
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Experimental design

In the acute seizures test, PTAT decoction was given
every day for a period of 7 days. On the seventh day, 30
minutes after the end of drug administration, the MES
experiment and PTZ (85mg/kg)-induced mice seizures
test were carried out. In the chronic mice model of
epilepsy, seizures were induced in the mice by
subcutaneous injection of 35mg/kg PTZ in alternative
days for a period of 14 days. Treatments were
administered orally every day for a period of 29 days.
Oncesub-convulsive injections of PTZ, the mice were
placed individually and observed continually for 30 min
and the behavioral seizure activity was measured the
adapted Racine scale following as 0, no seizures response;
1, jerks of short duration; 2, unilateral or bilateral limb
clonus; 3, clonic forelimb seizures lasting more than 3 s;
4, tonic-clonic seizures; 5, death. The experimental design
is shown in fig. 1.

MES test in the mice

MES test was performed as described by He et al. (2018).
Sixty mice were randomly divided into five groups, 12 in
each group. Mice in the control group were given orally
0.9% NaCl solution only. Mice in the positive control
group received SVA (100mg/kg, p.o.). Mice in the test
groups received PTAT decoction by oral gavage at a dose
of 50, 100 and 200mg/kg, respectively. All treatments
lasted for 7 days and 30 min, 1h, 2h and 4h after
administration on the seventh day before the stimulus
(giving an electrical stimulus 64 Hz, 50 mA for 0.25 s).
The mice were considered protected when no tonic hind-
limb extension was displayed in mice.

PTZ-induced tonic-clonic seizures in mice

PTZ-induced mice seizures test was performed as
described by He et al. (2018). Sixty mice were randomly
divided into five groups of 12 mice each and treated as
described above. After 60 min of the vehicle, positive
drugs and PTAT decoction treatment, PTZ (85mg/kg) was
administered subcutaneouslyto induce seizures. After
each PTZ injection, each mouse was placed in a separate
box to record the latency time of the 1% seizures and
observe several mice with generalized seizures (seizures
last no less than 5s), clonic seizures and death induced by
PTZ for a period of 20 min.

PTZ-induced status-epilepticus in mice

Mice were randomly divided into six groups of twelve
mice each as follows: Group | (hormal group) and Group
Il (control group) receiving normal saline (10ml/kg, p.o.);
Group I (positive control) receiving SVA (100mg/kg,
p.o.). Groups IV, V and VI received PTAT decoction (50,
100 and 200mg/kg, p.o., respectively). In PTZ-kindled
test, 60 min after the different treatments, mice in all
groups, except for those of the group received
subcutaneous injections with a total of 14 injections of
sub convulsive dose of PTZ (35mg/kg) on alternate days
over 29 days.

Kindling procedure and behavioral seizures monitoring
After each PTZ injection, each mouse was observed for a
duration of 30 minutes for recording latency to first
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myoclonic jerks and evaluating the severity of the seizure
according to Racine stages with minor modifications as
described earlier (Van Erum, Van Dam and De Deyn,
2019; Li et al., 2021). The cumulative kindling score was
plotted against the duration of treatment.

Functional tests

Forty-eight hours after the challenge with PTZ on the 30™
day, a set of assays including an elevated plus-maze
(EPM) test and open field test (OPT) were undertaken on
each experimental group to assess cognition impairment
and exploratory behavior induced by PTZ kindling in
mice. These tests were all carried out using Shanghai XR
Instruments under temperature and humidity-controlled
conditions. The test apparatus, once used, was cleaned
and disinfected using 70 % ethanol to remove olfactory
Cues.

EPM test

EPM test was performed as per previously described by
Mishra et al. (2021). The maze (Shanghai xinruan
Information Technology Co., Ltd, XR-XG201) consists of
a plus-shaped platform 50cm above the floor with two
open (35 cm long x5 cm wide) arms, a central square (5
cm longx5 wide) and two closed (35cm long x 5cm wide
x15 cm height) arms. In this study, the pretesting of the
EPT test was performed after PTZ-kindling test at 30"
days. The retention trial was performed similarly on the
31t day. In the acquisition session, each mouse was
placed in the central area of the maze and monitored for
10 min and the times and residence time of mice entering
the open arm within 10 min were recorded by software
monitored during the test.

Open field test

OPT was performed to evaluate the free locomotion and
exploratory behavior of the mice as per previously
described by Kavaye Kandeda et al. (2021). The opening
box inner with the floor divided into 9 equal quadrants
(Shanghai, XR-XZ301) is 50 cm in diameter and 40 cm in
height. In this study, the pretesting of OPT was performed
after PTZ- kindling test at 32nd days. Retention trial was
performed similarly on the 33rd day. In the acquisition
session, the mice were placed in the opening box inner
and the video analysis system was used to record the total
distance and movement time of mice entries into the
central area within 5 min.

Biochemical assays

24 h after functional tests, mice were sacrificed and their
brains were removed quickly and cleaned with ice-cold
buffer. The hippocampus was separated and stored at -
80°C for further measurement of the levels of oxidative
stress markers, pro-inflammatory factors and GABA
metabolism in the hippocampus. Before the biochemical
test, the hippocampi were weighted. 10% (w/v)
homogenates prepared with 0.1 M phosphate buffer (ice-
cold, pH 7.4) were centrifuged by refrigerated centrifuge
according to different protocols and the supernatants were
collected and used to measure the determination of the
level or activity of indicators selected in the study.
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Determination of oxidative stress status in the
hippocampus

Quantitative assessment of SOD, CAT, MDA and GSH
was carried out using commercially available assays kit
purchased from Nanjing Jiancheng Bioengineering
Research Institute Co., Ltd, including SOD assay kit
(WST-1 method), CAT) assay kit (Ultraviolet), MDA
content detection kit (TBA method) and GSH assay kit
(Spectrophotometric method). The protein content of each
sample was measured using the BCA method
(Elabscience). The measurement procedures were carried
out in strict accordance with the instructions of the Kkit.
SOD and CAT activity were calculated as U/mg protein.
MDA and GSH levels were calculated as nmol/g tissue
and pmol/mg tissue.

Determination of pro-inflammatory factors in the
hippocampus

Quantitative assessment of TNF-a, IL-1p, IL-6 and MCP-
1 was carried out using a commercially available ELISA
kit (Elabscience Biotechnology Co., Ltd). The protein
content of each sample was measured using BCA method
(Elabscience). The measurement procedures were carried
out following the manufacturer’s protocols. TNF-a, IL-
1B, IL-6 and MCP-1 levels were calculated as pg/mg
protein.

Determination of GABA metabolism in the hippocampus
Quantitative assessment of GABA-AT, GAD, GABA and
glutamate was carried out using a commercially available
assay kit purchased from Shanghai  Yuanxin
Biotechnology Co., Ltd. The protein content of each
sample was measured using the BCA method
(Elabscience). The measurement procedures were carried
out in strict accordance with the instructions of the Kkit.
GABA-AT and GAD activity was calculated as U/mg
protein. GABA and glutamate levels were expressed as
ng/mg of tissue.

STATISTICAL ANALYSIS

Data in this study were represented as mean + SD. One-
way analysis of variance (ANOVA) followed by the
Bonferroni post hoc test was performed to analyze the
data. The chi-square test was used for ratio statistics.
Values of p<0.05 were considered statistically significant.
The statistical analyses were conducted using Prism 5
software.

RESULTS

Antiepileptic effect of PTAT decoction in mice

MES test

As shown in fig. 2, PTAT decoction dose and time-
dependently protected against mice hind-limb tonic
extension (HLTE) in the MES model. It was showed that
PTAT decoction at 50, 100 and 200mg/kg protected mice
from HLTE to 50%, 58.33% and 83.33% respectively

compared to the control group in 1 hour after the last
administration, while SVA at 100mg/kg used as the
positive drug also showed 66.67 % protection in MES
test. Especially, PTAT decoction at 100 and 200mg/kg
protected mice from HLTE to 16.67% and 25.00%
respectively compared to the control group in 4 hours
after the last administration, showing an enduring effect
on the prevention seizures. It indicated that both the active
components and their metabolites in PTAT decoction
contributed to its antiepileptic activity.

PTZ-induced tonic-clonic seizures

In the acute PTZ-induced seizures model, the
subcutaneous injection of 85mg/kg PTZ induced tonic
seizures, clonic seizures and mortality in 100 % of the
mice. As shown in fig. 3A and 3B, PTAT decoction at 50,
100 and 200mg/kg reduced the incidence of tonic seizures
and mortality significantly and dose-dependently in PTZ
tests. In addition, PTAT decoction has dose-dependent
effects on the latency time of the 1% seizures. It has been
observed that PTAT decoction at 200mg/kg prolonged the
latency of seizures to 216.93 s from 114.85 s (PTZ treated
group), while in 50 and 100mg/kg tested groups the
latency time of the 1% seizures was prolonged to 138.3s
and 203.65s respectively in comparison to the PTZ treated
group. Similarly, SVA (100mg/kg) which was used as
positive drug prolonged the latency of seizures in the PTZ
test. However, both PTAT decoction and SVA failed to
control clonic seizures, although they reduced mortality in
mice caused by PTZ to varying degrees.

Effect of PTAT decoction on behavioral seizures in
PTZ-kindling mice

As shown in fig.4 A, sub convulsive doses (35mg/kg) of
repetitive PTZ notably and shorten the latency to the first
myoclonic seizures in the last PTZ injection in 28" days.
While, effects of 29-day PTAT decoction treatment with
doses of 50, 100 and 200mg/kg prolonged onset latency
of seizures to 118.81, 155.34 and 184.39 s from 83.88 s
(PTZ treated group), respectively, Similarly, SVA
(100mg/kg) which was used as reference drug also
increased the latency to first myoclonic jerk as compared
to the PTZ treated group (p<0.001). In addition, as shown
in fig.4 B, the consecutive injection of PTZ (35mg/kg)
induced a gradual increase in the seizure severity
evaluated according to Racine’s scale. The 29-day PTAT
decoction treatment dramatically hindered the kindling
process and alleviated seizure severity. The protection
offered to the mice in the PTAT decoction group
(100mg/kg) was comparable to that in the SVA group at
the same dose compared to the PTZ-pretreated group. In
particular, the final mean seizure score in the high-dose of
PTAT decoction group was 2.61+0.12 at a dose of
200mg/kg, while in the model group of mice, it was
3.44+0.13. Pre-treatment with PTAT decoction attenuated
seizures with dose-dependently manner PTZ induced
kindling in mice, showing that PTAT decoction has a
potential anti-epileptogenic effect.
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Effect of PTAT decoction on anxious behavior in mice
on EPM test

As shown in fig. 5A, the mean percentage of time spent in
the open arm of the EMP in the non-kindled group was
66.8+8.2, while in the PTZ-kindled group, it was reduced
to 18.0+4.4 (p<0.001). The concurrent administration of
PTZ and PTAT decoction (50, 100 and 200mg/kg)
dramatically increased the time spent on the open arm as
compared to the PTZ-treated group, showing PTAT
decoction improved cognition impairment caused by PTZ.
Similarly, repeated oral administration of PTAT
decoction at doses of 100 and 200mg/kg increased the
time spent and entries into the open arm, but the effects
were not significant at test doses of 50mg/kg (p>0.05)
(fig.5B). Furthermore, treatment with VPA (100mg/kg)
did not significantly increase the percentage of time spent
and entries into the open arm in the EPM test in
comparison to that of mice in the PTZ-kindled group.

Effect of PTAT decoction on anxious behavior in mice
on OPT

The effects of PTAT decoction on the free locomotion of
mice in the OPT are presented in fig. 5C and fig. 5D.
The study found that PTZ injections significantly
decreased the time spent and movement distance in the
central zone in OFT, showing that PTZ inhibited the
exploratory behavior and free locomotion in mice as
compared with that of mice in the normal group. While
PTAT decoction dose-dependently attenuated the PTZ
kindling-induced decline in exploration and free
locomotion. PTAT decoction increased time spent and
movement distance in the central zone with an increase of
95.5 and 44.2% at the highest dose of 200mg/kg,
respectively. The PTAT decoction-treated mice in the
doses of 50 (p<0.05) and 100mg/kg (p<0.01) showed
significantly decreased immobility time and increased
innate exploratory behavior compared with the saline+
PTZ kindled group. Similarly, animals treated with SVA
also enhanced free locomotion in OPT, showing that the
anxiety-like behavior was relieved.

Effects of PTAT decoction on oxidative stress markers

The effect of the PTAT decoction on some oxidative
stress markers is presented in fig.6. As shown in fig.6A,
the SOD activity in the hippocampus in the PTZ group
was significantly lower than the normal control group.
PTAT decoction pretreatment dose-dependently induced
an increasing activity of SOD with activity increased by
57.5, 106.7 and 105.0% at 50, 100 and 200mg/kg
compared to the PTZ kindled group. Similarly, a
significant reduction in CAT activity was found in the
PTZ kindled group (p<0.01). Pre-treatment with PTAT
decoction seemed to cause a significant increase in this
enzyme activity (fig.6B). fig. 6C demonstrated that MDA
levels were significantly increased in PTZ kindling mice
compared to that of the normal control group (p<0.001).
Pretreatment with PTAT decoction significantly reversed
the increase of MDA levels in each treated group when
compared with saline+PTZ- kindled group in the
hippocampus of the mice. However, SVA did not
significantly change the level of MDA (p>0.05). As
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shown in fig.6D, PTZ-induced kindling in the control
group resulted in a decrease in the GSH levels compared
to the normal group (p<0.01). After PTAT decoction and
SVA pretreatment, the GSH level was effectively
increased compared to PTZ kindling group. Therefore,
PTZ kindling resulted in the overproduction of reactive
oxygen species and caused oxidative stress, while PTAT
decoction reduced oxidative damage in epileptic mice,
showing an antioxidant mechanism.

Effects of PTAT decoction on pro-inflammatory markers
The effect of the PTAT decoction on the level of TNF-a,
IL-1B, IL-6 and MCP-1 in the hippocampus is presented
in fig.7. The data showed that the TNF-a, IL-1p, IL-6 and
MCP-1 level significantly increased in PTZ kindling
group with an increase of 92.5, 227.0, 72.8 and 92.3% as
compared to the normal group, respectively.
Administration of PTAT decoction remarkably decreased
TNF-a, IL-1p, IL-6 and MCP-1 levels at doses of 100 and
200mg/kg. While TNF-o was found to be decreased
remarkably in the PTAT decoction 50mg/kg group. SVA
at a dose of 100mg/kg decreased only the IL-1B level, by
69.4% when compared to PTZ kindling group.

Effect of PTAT decoction on GABA metabolism

The effect of PTAT decoction on the level of GABA and
GAD, as well as the activity of GABA-T and GAD in the
hippocampal tissue of the kindled mice are shown in
fig.8. PTZ-induced kindling group resulted in an increase
in the activity of GABA-T, while resulted in a decline in
GAD activity compared to the normal group (fig. 8A and
8C). The PTAT decoction decreased GABA-T activity at
all test doses compared to the PTZ kindling group. In
addition, PTAT decoction at doses of 100 and 200mg/kg
increased GAD activity by 69.1 and 78.1%, respectively.
Similarly, it was found that glutamate levels were
significantly increased, while GABA levels were
significantly decreased in the hippocampal of the PTZ-
induced kindling mice as compared with the normal group
(P<0.001). Interestingly, GABA levels were found to be
increased significantly in PTAT decoction (100 and
200mg/kg) with an increase of 83.6 and 94.8% (fig.8B),
whereas the levels of glutamate were significantly
decreased in all the PTAT decoction-treated groups (50,
100 and 200mg/kg) with a decline of 13.2, 25.5 and
34.3% (fig.8D) as compared with PTZ kindling group.

DISCUSSION

Based on atraditional clinical practice regarding the
effectiveness and therapeutic value of PTAT decoction on
epilepsy, the present study aimed to assess the
antiepileptic effect of PTAT decoction on MES, PTZ-
induced acute seizure model, as well as the PTZ-kindling
model of epilepsy and clarify possible action mechanisms.
The MES model is recognized as a classic and commonly
used experimental model for antiepileptic drug screening
and it is also often used to screen effective candidate
drugs for generalized tonic-clonic seizures (Fisseha,
Hammeso and Nureye, 2022).
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Fig. 1: Graph depicting the experimental protocol of this study. Behavioral seizure evaluation was initiated immediately
after the MES or PTZ injection for mice in acute experiments. The anxiety-like behavior evaluation for post-kindling
mice was initiated 24 h after the last PTZ injection. Mice used in the chronic experiment were then killed for
biochemical analysis after completing all the rat behavioral tests.
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It is well known that the MES model enhances the influx
of Na* and increased the level of glutamate at the synaptic
terminals (Khattak et al., 2021). In the present study,
PTAT decoction protected 50% of mice against HLTE
induced by MES at 50mg/kg 1 hour after administration,
showing time- and dose-dependent anti-epileptic activity.
It also indicates that this protective effect may be due to
the chemical components contained in the PTAT
decoction, which prevent seizures by inhibiting sodium
channels and/or attenuating glutamate neurotransmission
in the brain. In addition, the effects of the PTAT
decoction were comparable to those of SVA, a
widely used antiepileptic drug that has proven broad-
spectrum of antiepileptic activity observed in humans
(Nevitt, Marson and Tudur Smith, 2018). As no known
adverse reactions have been discovered from its
traditional application, PTAT decoction may be available
in the form of a natural phytotherapy remedy for seizures.

PTZ is an antagonist of the GABA receptor and has been
commonly used to construct acute seizures model for
rapid screening anticonvulsant agents. In addition, it is

thought that repeated injection of sub-convulsant doses of
PTZ produced convulsive behavior
simulation of clinically resistant epilepsy by regulating
GABAergic neurotransmission and thereby interacting
with glutamate-aggravated seizures (Kavaye Kandeda et
al., 2021; Seo et al., 2020). In the current study, we
construct an acute seizure model to evaluate the
anticonvulsant activity of PTAT decoction. It was found
that PTAT decoction treatment for 7 consecutive days
dose-dependently delays the onset of tonic-clonic seizures
induced by PTZ (85mg/kg). Meanwhile, PTAT decoction
also produced an obvious reduction in the percentage of
generalized seizures and death in acute seizure models in
mice. Furthermore, in the PTZ-kindling seizure model in
mice, the chronic administration of PTZ (35mg/kg)
increased prominently the seizure score. While PTAT
decoction increased the latency of the 1% seizures and
decreased convulsive seizures score and intensity.
Especially, the protection conferred by PTAT decoction at
a dose 100mg/kg was comparable to that offered by SVA
at the same dose, a clinically commonly used antiepileptic
drug in humans. Moreover, PTAT decoction at 200mg/kg
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decreased seizure intensity and the mice in this group
rarely occurred generalized seizures. The results of these
data demonstrated that PTAT decoction has a promising
anti-seizure activity, which could explain and support its
traditional use against seizures in traditional medicine
practice. Of course, these delightful results also encourage
us to conduct more in-depth research.

About 30%-40% of epilepsy patients have cognitive
impairment and other neurological disorders. Recurrent
seizures can lead to a decrease in attention, memory,
planning and judgment (Allendorfer and Arida, 2018). In
addition, chronic seizures are commonly accompanied by
depression, anxiety and psychosis (Gruenbaum et al.,
2021; Singh and Goel, 2021; Michelin et al., 2022).
Experimental findings showed that the repeated
administration of sub convulsant doses of PTZ increased
behavioral alteration and anxiety-like behavior in mice
(Jaiswal and Kumar, 2022; Rehman et al., 2022). Hence,
there is a need to identify PTAT decoction with curative
and beneficial effects on behavioral changes in PTZ
kindling mice. In the present study, the EPM and OPT
were undertaken to evaluate how the behavioral
alterations developed. The results of the EPM and OPT
indicated that pretreatment with PTAT decoction enabled
long-term functional recovery. However, SVA had no
significant effects on the exploration and behavioral
alterations. Thus, it fully demonstrated traditional Chinese
medicine has quite the characteristics of relieving the
primary and secondary symptoms of epilepsy at the same
time.

There is a growing body of evidence showed that
neuronal hyperexcitability and oxidative damage caused
by excessive generation of free radicals might closely be
related to the occurrence and development of epilepsy
(Geronzi, Lotti and Grosso, 2018; Singh et al., 2022).
Studies have also certificated that targeting oxidative
stress giving drugs more targeted for a limited time
window starting early after injury efficiently improved
long-term disease outcomes in a rat model of acquired
epilepsy (Pauletti et al., 2019). Besides, animal studies
have indicated that inhibiting the production of reactive
0Xygen species or reactive nitrogen species improved the
survival rate and cognitive defects after status epileptics
and reduced neuronal damage in chronic epilepsy
(Vezzani, Balosso and Ravizza, 2019). It has also been
found that the functions of superoxide dismutase and
glutathione peroxidase in human progressive myoclonic
epilepsy have changed. This is a serious form, which is
related to progressive neurological deterioration and
seizures, but that are refractory to most drugs (Vezzani,
Balosso and Ravizza, 2019; Rehmanet al., 2022).
Therefore, drugs with significant antioxidant activity will
have important clinical value for the management of
epilepsy. Our experimental findings suggested
administration of PTAT decoction significantly raised
CAT and SOD activities, increased GSH level and

decreased MDA level inthe hippocampus of PTZ
kindling mice, showing that PTAT decoction has an
amelioration impact on oxidative stress injury. Therefore,
PTAT decoction with multi-component has multi-target
and multi-pathway effects in controlling seizures and
improving symptoms, which is characteristic of a multi-
level and integrated treatment for epilepsy. This is also
the advantage of PTAT decoction different from the
commonly used clinical drug SVA.

Neuroinflammatory pathways are known to contribute to
the development and progression of seizures and epilepsy
(Vezzani, Balosso and Ravizza, 2019). There is a growing
body of clinical and experimental studies certificated that
brain inflammation might be a cause or a consequence of
seizures (Alvi et al., 2021). For example, the level of pro-
inflammatory factors such as TNF-a, IL-1B, IL-6 and
MCP-1 are increased in the brains of the PTZ-kindling
model of epilepsy in mice and rats (Kavaye Kandeda et
al., 2021; Alvi et al., 2021). It was found that PTZ
kindling mice resulted in a significantly increased level of
this pro-inflammatory factor, which is consistent with the
previous literature report. In addition, we found that
PTAT decoction decreased the level of each of these
cytokines in PTZ-kindling mice’s hippocampus. This also
provides a basis for PTAT decoction which is commonly
used toreduce swelling in traditional applications.
Additionally, these properties could demonstrate that
PTAT decoction inhibited the activation of resident glial
cells and also showed a protective effect against PTZ-
induced hippocampal neuron damage. However, future
studies must be carried out to explore the
inflammatory signaling pathway and associated neuron-
inflammatory cascades related to the antiepileptic and
neuroprotection activity of the PTAT decoction.

It is well established that PTZ kindling interfered with
GABAergic  neurotransmitters and  glutamatergic
neurotransmission by alteration in the level of GABA,
glutamate, DA, NE, 5-HT and their metabolites in the
brain of mice (Koshal and Kumar, 2016). In agreement
with the previously reported findings, our study found
that PTZ treatment induced a decrease in the levels of
GABA and an increase in the levels of glutamate. While
pretreated PTAT decoction dose-dependently reversed
PTZ-caused changes in GABA and glutamate in mice
hippocampal,  suggesting  the  involvement  of
neurotransmission. GABA is the main inhibitory
neurotransmitter in the body and GABA-T is the rate-
limiting enzyme that metabolizes and regulates GABA
(Al-Obaidi, Elmezayen and Yelek¢i, 2021). Our data
indicated that the PTZ kindling showed a significant
increase in GABA-T activity. However, the mice that
were pretreated with PTAT decoction inhibited the
activity of this enzyme, suggesting GABA generation
recovery. GAD is a key enzyme that converts glutamate
into the inhibitory neurotransmitter GABA in the brain
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(Dade et al., 2020). It was observed a decrease in GAD
activity in the hippocampus of PTZ kindling mice. While
PTAT decoction treatment dose-dependently reversed
PTZ-induced decline in GAD activity, which could be an
explanation for the increased GABA level and decreased
glutamate concentration observed in the study.
Our research shows that PTAT decoction has the effect of
promoting the synthesis of main inhibitory
neurotransmitters and increased degradation of the
excitatory neurotransmitter. This effect might be mediated
by its abundant bioactive phytochemicals and
interaction between these compounds. These previous
studies found that a-asarone isolated from A. tatarinowii
possesses the potential to modulate GABA catabolism by
inhibiting GABA-T activity, increasing GABA synthesis
through up-regulating the expression of GAD67 (Miao et
al.,, 2011; Yuan et al., 2019) though further studies of
specific components that are responsible for modulating
neurotransmitters from PTAT decoction are needed. In
the future, if we can explore and make good use of these
potential active ingredients to the greatest extent, it will
help to further clarify their antiepileptic material basis,
developing scientific quality evaluation as well as
revealing the mechanism of action at the molecular level
action mechanism for PTAT decoction.

CONCLUSION

PTAT decoction protected mice against MES and PTZ-
induced acute seizures. It also ameliorated seizure
severity, suppressed the development of kindling and
relieved anxiolytic-like behavior in PTZ-kindled mice,
showing prominently anticonvulsant properties. These
effects seem to be associated with and mediated by
mitigating oxidative stress, attenuating inflammation and
regulating the neurotransmitters in PTZ-kindled mice.
The findings in the current study both validated and
illuminated ethnopharmacological application of PTAT
decoction in the clinical of traditional Chinese medicine
in the treatment of epilepsy in China. Therefore, PTAT
decoction could be used as a valuable phytotherapy
therapy in the management of seizures and related
diseases. However, further studies should be conducted to
explore in-depth topics of material basis, quality
evaluation and systematic clinical evaluation for PTAT
decoction.
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