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ABSTRACT

Objective: This work aimed to investigate the anti-epileptic effects of
valepotriate isolated from Valeriana jatamansi Jones and studied its
possible mechanisms. Methods: The anti-epileptic effects of valepotriate
were studied using maximal electroshock-induced seizure (MES),
pentylenetetrazole (PTZ)-induced epilepsy, and pentobarbital sodium-induced
sleeping modelin mice.The possible anti-epileptic mechanisms of valepotriate
were investigated by analyzing the expressions of GABA,, GABA,, glutamic
acid decarboxylase (GAD65), Bcl-2, and caspase-3 in the brain using Western
blot assay. Results: The results indicated that valepotriate showed significant
anti-epileptic activity against MES- and PTZ-induced epilepsy at doses of
5, 10, and 20 mg/kg, and ED,, values for MES- and PTZ-induced epilepsy
were 784 and 7.19 mg/kg, respectively. Furthermore, valepotriate (10 and
20 mg/kg) can significantly prolong sleeping time and shorten the latency
time on the pentobarbital sodium-induced sleeping time test. Furthermore,
valepotriate (5, 10, and 20 mg/kg) could significantly up-regulate the
expression of GABA,, GAD65, and Bcl-2 and down-regulate the expression
of caspase-3, but had no significant effect on the expression of GABA,.
Conclusion: The results indicated that valepotriate had anti-epileptic activity
and the mechanisms might be associated with regulation of GABA and
inhibition of neuronal apoptosis.
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SUMMARY

* Anti-epileptic effect of valepotriate was investigated for the 15 time

* Valepotriate showed notable anti-epileptic activity

e Valepotriate can significantly increase the expression of GABA,, glutamic acid
decarboxylase 65, and Bcl-2 and reduce the expression of caspase-3.

INTRODUCTION

Epilepsy is a chronic brain disease related to central nervous system
dysfunction because of the abnormal discharge of neurons in the brain.
It is clear that epilepsy cannot be cured completely. In addition, epilepsy
patients need a lot of their family members to take care of them because
epilepsy is a sudden and repetitive disease and can hinder their athletic
ability, sense, behavior, autonomic nerve, etc.! When people suffered
from epilepsy, anti-epileptic drug (AED) is a common measure to inhibit
the abnormal discharge of neurons or prevent the abnormal discharge of
neurons from diffusing.”” Even so, there are many people with epilepsy
all over the world, and over 30% people with epilepsy are still out of
control.?’! Furthermore, these currently used AEDs could result in some
serious side effects. Therefore, more new strategy or drugs with effective
and less adverse effects are desperately needed.*!

Traditional Chinese medicines (TCMs) were effective complementary
and alternative medicines and played a huge role in the treatment
of epilepsy.”! In addition, a lot of researches reported that TCMs
can alleviate epilepsy, such as Acorus gramineus,"" Gastrodia
elata, !\ Uncaria rhynchophylla,"¥  Glycyrrhiza glaba"¥ Panax
ginseng,"™ and Curcuma longa."” To evaluate the anti-epileptic

512

Published: 19-07-2017

— —— ] Bcl-2

— > ——— — < caspase-3|

— < [(-actin
control 5 10 20
Valepotriate (mgfkg)

Comrel  Posiin 5 10 2

— v e GADGS
A W
i 7 . - v e e 4 (-actin
Pe .
£ comrol 5 10 20
Ea S
o Valepotriate (mgfkg)
Comol Posive 5 10 =
Valepotriate (mghke)
. — ——— e < GABA-A
5 .
i - - s == 4 GABA-B
£
1
! ———— e e o [(-actin

control 5 10 20
Valepotriate (mg/kg)

Valepotiate (mgke)

Access this article online
Website: www.phcog.com

Correspondence:

Dr. Jian-Min Zhang,

Department of Neurosurgery,

Second Affiliated Hospital, School of Medicine,
Zhejiang University, No. 88 Jiefang Road, Hangzhou
310009, PR. China.

E-mail: jmzhanghz@163.com

DOI : 10.4103/0973-1296.211027

Quick Response Code:

effect of drugs, generally macroscopic pharmacological experiments,
such as maximal electroshock-induced seizure (MES) model,!'?)
pentylenetetrazole (PTZ)-induced epilepsy model,'” and pentobarbital
sodium-induced sleeping time model,™® were widely applied
from macroscopic responding in animals. If these macroscopic
pharmacological experiments show that drugs have a good
anti-epileptic effect, further research should focus on anti-epileptic
mechanism by microcosmic experiments, such as observing the change
of neurotransmitter and receptor in the brain.!'** These results can
provide a scientific basis for the development of drugs.
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Valeriana jatamansi Jones (Valerianaceae) was the frequently used TCMs
as anxiolytic, sedative, and hypnotic drug.?"*® According to the existing
pharmacologic action, it indicated that V. jatamansi could inhibit the
excitability of nerve in the brain. The purpose of this paper was mainly
to focus on investigating the anti-epileptic activity of valepotriate and
explore the potential mechanism.

MATERIALS AND METHODS
Plant material

The roots of V. jatamansi were purchased from Chinese herbal medicine
market located in Baoding city, Hebei, and plant material was identified
by the Second Affiliated Hospital of Zhejiang University’s Pharmacy
Department, Hangzhou, China. A voucher specimen (voucher
no. 201185/ZJUSM) was stored in the School of Medicine, Zhejiang
University, for future reference.

Animals

All experiments involving animals in this research accorded with the
National Institute of Health Guide for the Care and Use of Laboratory
Animals and were favored by the Second Affiliated Hospital of
Zhejiang University, Zhejiang University (protocol ZJUSMEA2012).
In the experiment, a series of measures were carried out to relieve
the suffering of animals and reduce the amount of animals. Male
ICR mice (20 + 2 g) and Sprague Dawley (SD) rats (200 + 20 g) were
purchased from Shanghai laboratory animal center (Shanghai, China).
Animals were bred with adjustable humidness (60-65%) and constant
room temperature (25 + 1°C). Animals had free access to food and
water (n = 10).

Drugs and chemicals

The analytical reagents ethanol, ethyl acetate (EtOAc), petroleum
ether, and ethyl ether and HPLC grade acetonitrile were purchased
from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Silica
gel (300-400 mesh) was obtained from Qingdao Haiyang Chemical
Co., Ltd (Qingdao, China). Phenytoin sodium, diazepam, PTZ, and
pentobarbital sodium were purchased from Sigma (St. Louis, MO)
and Aladdin Reagent Inc., (Shanghai, China). GABA » GABA,, Bcl-2,
and caspase-3 monoclonal antibodies were purchased from Abcam
Co., Ltd (Cambridge, UK). Goat anti-rabbit/ thorseradish peroxidase-
conjugated antibodies was purchased from Shanghai Hao Yang
Biotechnology Co., Ltd (Shanghai, China).

Preparation of valepotriate

Thedried powders of the roots of V. jatamansi (40 kg) were extracted 5 times
and refluxed with 90% ethanol. The ethanol extract was concentrated and
partitioned with EtOAc. Then, the EtOAc-soluble extract was further
separated by column chromatography on silica gel (300-400 mesh),
which was eluted with ethyl ether-EtOAc (30:1, 15:1, 10:1, 6:1, 2:1, 1:1).
Then, six sub-fractions were obtained (I-VI), and subsequently, the
valepotriate (purity >90%) was isolated from the IV by repeated silica
gel (300-400 mesh) column chromatography. The identification of the
purity of valepotriate was performed on Bruker Avance DRX-500 nuclear
magnetic resonance (NMR) spectrometer (Bruker, Germany) and
SHIMADZU LC-20AT (Shimadzu, Japan). The chromatographic column
was Ultimate AQ C,, (250 mm x 4.6 mm, 5 im), the mobile phase was
acetonitrile-water (70:30), and the detection wavelength was 254 nm.

Protocols

The anti-epileptic effect of valepotriate was evaluated by MES- and
PTZ-induced epilepsy mice model, and pentobarbital sodium-induced

Pharmacognosy Magazine, Volume 13, Issue 51, July-September 2017

sleeping model in mice. Further, a PTZ-induced chronic epileptic rat
model was established, and the anti-epileptic mechanism of valepotriate
was investigated by Western blot, which was used to test the expression
of GABA » GABA, glutamic acid decarboxylase (GAD 65), Bcl-2,
and caspase-3 in SD rats’ brains. The positive control dosage was in
accordance with clinical dosage. The valepotriate dosages were 5, 10, and
20 mg/kg, and administered by intraperitoneal injection (ip).

Acute toxicity studies

Mice were divided into 7 groups randomly (n = 10), and mice in
groups of 1-6 were administered 5, 10, 20, 40, 80, and 120 mg/kg of
valepotriate (ip), respectively. In addition, the 7* group received 1%
DMSO (20 mL/kg, ip). The mortality rates and abnormal neurobehaviors
of the mice (including ataxia, motor coordination, efc) within 24 h were
observed and recorded.

In our present study, neither death nor any abnormal neurobehaviors
were observed, and the 50% lethal dose was not obtained due to lack of
observable toxicity of all the testing dosages.

Maximal electroshock-induced seizure model in mice

The MES experiment was carried out according to the existing
method?” with minor modification and the evaluation index was
Hind Limb Tonic Extension (HLTE).?>?¢! ICR mice were pretreated
with phenytoin sodium (20 mg/kg, ip), valepotriate (5, 10 and
20 mg/kg, ip), and 1% DMSO (20 mL/kg, ip, control). After 30 min,
the alternating current stimulus (50 mA, 50 Hz, 1 s duration) was used
to stimulate mice. The HLTE action of the animal was observed within
10 s after electrical stimulation. If valepotriate had anti-epileptic
activity, the HLTE rate of animals would be significantly lower than
the control group.

Pentylenetetrazole-induced epilepsy model in mice

The PTZ-induced epilepsy assay was performed according to
previously reported method,”” which was suitably modified and
the evaluation index was HLTE.?** ICR mice were pretreated with
diazepam (4 mg/kg, ip), valepotriate (5, 10 and 20 mg/kg, ip), and 1%
DMSO (20 mL/kg, ip, control). After 30 min, ICR mice in each group
were treated by PTZ (90 mg/kg, ip). Animals were observed within
30 min. If valepotriate had anti-epileptic activity, the HLTE rate of
animals would be significantly lower than the control group.

Pentobarbital sodium-induced sleeping time model
in mice

The pentobarbital sodium-induced sleeping time assay was performed
according to the previous method,””! which was suitably modified. ICR
mice were pretreated with diazepam (4 mg/kg, ip), valepotriate (5, 10 and
20 mg/kg, ip), and 1% DMSO (20 mL/kg, ip, control). After 30 min, ICR
mice in each group were treated by pentobarbital sodium (50 mg/kg, ip).
In this assay, the “righting reflex,” the animals recover normal position
autonomously when they were in abnormal position was an important
index. The latency time was from intraperitoneal injection of pentobarbital
sodium to the loss of the righting reflex, and the sleeping time was from
the loss of the righting reflex to the recovery of the righting reflex.

Measurement of GABA,, GABA,, glutamic acid
decarboxylase 65, Bcl-2, and caspase-3 expressions

According to the existing literature,®’ a PTZ-induced chronic
epileptic rat model was established for futhre Western blot assay.
Briefly, 40 SD rats were divided into four groups: Control group (1%
DMSO, control) and three treatment groups (valepotriate, 5, 10,
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20 mg/kg, ip). All SD rats of PTZ-induced chronic epileptic model
was prepared by administering PTZ (32 mg/kg, ip) once per day in
the morning for 28 days. “Intense jumping, shouting, and jerking”
was the assessment criteria for the PTZ-induced chronic epileptic
mouse model. SD rat with PTZ-induced chronic epilepsy were
pretreated with valepotriate (5, 10, 20 mg/kg/d, ip) and 1% DMSO
(20 mL/kg/d, ip) for 3 weeks. Afterward, SD rats were sacrificed
after anesthesia. Whole and total brain of every group were collected
to extract total protein. Equal amounts of protein (35 png) were
separated by SDS-PAGE, blotted on polyvinylidene difluoride (PVDF)
membrane. Further, PVDF membranes with target protein were
probed with anti-GABA,, GABA,, GAD65, Bcl-2, and caspase-3
rabbit polyclonal IgG and where after with goat anti-rabbit/HRP, and
detected with chemiluminescence. Antibody directed against -actin
was used to measure protein loading.

Statistical analysis

All data were expressed as mean * SD, and analyzed on SPSS 22.0 (SPSS
Inc.,USA). The Students ¢-test and one-way ANOVA were used to analyze
the differences between two groups and among 3 or more groups separately.
The differences were recognized as statistically significant when P < 0.05.

RESULTS

Qualitative identification of valepotriate

The '"H NMR and *C NMR of yellow oil obtained from V. jatamansi were
as follows: '"H NMR (600 MHz, CDCL,): 6.71 (1H, s, H-3), 5.92 (1H, d,
J=10.3,H-1),5.85(1H, m, H-7),5.43 (1H, d, ] = 2.9, H-6),4.51,4.72 (2H,
d,J=13.2,H-11),3.53 (1H, dd, ] =9.3,2.8, H-9),2.86,3.11 (2H, d, ] = 4.7,
H-10), 2.08-2.24 (6H, m, H-17, 18, 23, 24), 2.13 (3H, s, H-14), 1.12 (3H,
s, H-26), 1.02 (3H, s, H-25), 0.99 (3H, s, H-20), 0.89 (3H, s, H-19); *C
NMR (150 MHz, CDCL): 173.9 (C-13), 171.7 (C-22),169.8 (C-16),
151.5 (C-3), 145.7 (C-5),119.5 (C-6), 111.6 (C-4), 92.7 (C-1), 82.2 (C-7),
65.3 (C-8), 62.0 (C-11), 49.3 (C-10), 42.5 (C-17), 41.3 (C-9, C-23),
262 (C-18), 25.7 (C-24), 23.1 (C-19, C-20), 22.5 (C-25, C-26),
20.2 (C-14). According to the "H NMR and *C NMR data compared with
the reference,”! this compound was identified as valepotriate [Figure 1].

Results of maximal electroshock-induced seizure
and pentylenetetrazole-induced epilepsy assays

As can be seen from Tables 1 and 2, compared with control group,
valepotriate at the doses of 5, 10, and 20 mg/kg significantly inhibited the
convulsions induced by both MES and PTZ compared with the control
mice (P < 0.05) with a dose-dependent manner, and the ED, values for
MES- and PTZ-induced epilepsy were 7.84 and 7.19 mg/kg, respectively.

HaC
M CH3
HaC 0

Figure 1: Chemical structure of valepotriate
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In addition, the valepotriate (5, 10, and 20 mg/kg) can also decrease
the mortalities of mice suffered from MES and PTZ compared with the
control mice (P < 0.05), with a dose-dependent manner.

Results of pentobarbital sodium-induced sleeping
time assay

From our results presented in Figure 2, valepotriate at doses of 5, 10, and
20 mg/kg can significantly prolong the sleeping time (P < 0.05, P < 0.05,
and P < 0.01, respectively).

Table 1: Effects of valepotriate on maximal electroshock-induced seizures in mice

Dose  Convulsions Inhibition (%) Death Mortality
(mg/kg) (n) (n) (%)

Control - 15 0 5 33.33
Phenytoin 20 0 100** 0 0
sodium
Valepotriate 5 10 33.33% 1 6.67**

10 6 60** 0 0

20 3 80** 0 0

ED, =7.84 mg/kg
*P<0.05, **P<0.01, compared with control group. ED: Effective dose

Table 2: Effects of valepotriate on pentylenetetrazole-induced seizures in mice

Dose  Convulsions Inhibition (%) Death Mortality
(mg/kg) (n) (n) (%)
Control 15 0 15 100
Diazepam 4 0 100** 0 0
Valepotriate 5 9 40* 12 80*
10 6 60** 8 53.3*
20 4 73.3%* 3 20%*

ED, =7.19 mg/kg

*P<0.05, **P<0.01, compared with control group. ED: Effective dose
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Figure 2: Effects of valepotriate and diazepam on pentobarbital
sodium-induced sleeping time model in mice (n = 10). Positive and control
groups were diazepam (4 mg/kg) and 1% DMSO. *P < 0.05, **P < 0.01,
compared with control group
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In addition, the latency time could be also shortened by valepotriate at the
doses of 10 and 20 mg/kg compared with control group (P < 0.05, P < 0.01).

Results of Western blot assay

To explore the possible mechanisms of anti-epileptic effects of
valepotriate, Western blot assay was performed. In the results of our
present investigation, valepotriate can significantly up-regulate the
expressions of GABA ,, an important inhibitory receptor, at the doses of
5, 10, and 20 mg/kg compared with the control rats (P < 0.01), with an
obvious dose-dependent manner. However, no obvious difference was
observed in the expressions of GABA, (P > 0.05) [Figure 3].

Similarly, after treatment with valepotriate (5, 10 and 20 mg/kg), the GAD65
expressions were significantly up-regulated (P < 0.01) compared with the
control rats, with a dose-dependent manner during 5-20 mg/kg [Figure 4].

Result of Western blot assay of apoptosis-related
proteins

As shown in Figure 5, compared with control group, valepotriate at
the doses of 5, 10, and 20 mg/kg can significantly up-regulate the
expressions of Bcl-2 in brain (P < 0.01), whereas down-regulate the
expression of caspase-3 (P < 0.01) compared with the control rats, with a
dose-dependent manner.

DISCUSSION

In our study, the anti-epileptic activity of valepotriate was investigated
for the first time. Our present results demonstrated that valepotriate
isolated from the V. jatamansi possessed notable anti-epileptic
activity via up-regulating the expressions of inhibitory receptor and
down-regulating apoptosis-related proteins.

MES and PTZ can be used to simulate the abnormal discharge of
neurons in the brain.'®”) The MES assay is considered to be similar to
generalized tonic-clonic seizures, and the PTZ test is recognized as a valid
model for human generalized myoclonic and also absence seizures.?!
Therefore, the two animal models are commonly used to screen the
potential AEDs via determining the inhibitory rates of convulsion and
mortality. Pentobarbital sodium-induced sleeping time model was used
to inhibit the normal nervous excitation in the brain by pentobarbital
sodium."® The sleeping time and latency time were used to evaluate the
anti-epileptic effect of candidate drugs.

GABA, protein was an ionotropic receptor and related to the chloridion.
When the GABA, protein had high expression affected by drug, the
exoteric frequency of chloridion channel would be indirectly increased,
leading to hyperpolarization of nerve cell. GABA, protein was a
metabotropic receptor and related to calcium ion in nerve endings and
potassium ion in soma or dendrite. GABA, protein can inhibit calcium
ion channel to reduce the neurotransmitter release and open potassium
ion channel to generate late inhibitory postsynaptic potential (late
IPSP) for inhibiting the generation of action potential. The GAD is the
rate-limiting enzyme for the synthesis of GABA, and GAD is reported
to be closely related to the epilepsy incidence.”™” GAD 65, an isoform of
GAD, can continuously suppress the sensitivity of epilepsy and improve
the neuropathologic changes.

Epilepsy commonly results in hippocampal neuron apoptosis, which is a
main pathological manifestation.***? Bcl-2 protein can inhibit neuronal
apoptosis, related to many stimulus and damage, and significantly
inhibit the increase of free radical and peroxide, and then prolong the
cell survival.®* Caspase-3 protein was a key enzyme, which can induce
neuronal apoptosis.*! Therefore, neuron apoptosis can be suppressed
by up-regulating the Bcl-2 proteins and down-regulating the caspase-3
proteins.
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Figure 3: Effects of valepotriate on the expression of GABA, and GABA,
proteins in the brain of chronic epileptic rats (n = 10). Control group was
1% DMSO. **P < 0.01, compared with control group
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Figure 4: Effects of valepotriate on the expression of glutamic acid
decarboxylase65 protein in the brain of chronic epileptic rats (n = 10).
Control group was 1% DMSO. **P < 0.01, compared with control group
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Figure 5: Effects of valepotriate on the expression of Bcl-2 and caspase-3
proteins in the brain of chronic epileptic rats (n = 10). Control group was
1% DMSO. **P < 0.01, compared with control group

In conclusion, valepotriate can significantly protect epileptic mice
induced by MES and PTZ, and prolong pentobarbital sodium-induced
sleeping time. Furthermore, valepotriate significantly up-regulated
the expressions of GABA,, GAD 65, and Bcl-2 proteins, whereas
down-regulated the expression of caspase-3 protein. These results
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indicated that valepotriate possess the evident of anti-epileptic activity
and its mechanisms may be associated with up-regulation of inhibitory
receptors and inhibition of neuronal apoptosis.
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