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injure neuronal membranes, and stimulation on the release of
the exceeded excitatory or inhibitory neurotransmitters [2].
Thus, many antioxidants, such as alpha-tocopherol, and
condensed tannins, including (-)-epigallocatechin and
(-)-epigallocatechin-3-O-gallate, adenosine and its derivative,
melatonin, uyaku (Lindera Strychnifolia), fermented papaya
preparations, Gastrodia elata BI., and Guilingji, have been
known to scavenge ROS and/or reactive nitrogen species and
therefore can be used as the supplementary therapeutic
components to attenuate seizure activities [3].
Epileptic seizure-mediated excitotoxicity is a primary
contributing mechanism in seizure-activating apoptotic
pathways. Neurons are more vulnerable to free radical
damage than glial cells [4]. Reactive oxygen and nitrogen
species play important roles in the initiation of apoptotic
mechanisms and in mitochondrial permeability transition
during the process of neuronal death [5].
Among thousands and thousands of the Chinese
traditional herbs, Senhyetang (SHT) consisted of nine herbs
has been used for more than two thousand years mainly for
memory strengthening and physiological activities. The
SHT is consisted of Rehmanniae Radix, Corni Fructus,
Polygalae Radix, Poris Cum (PC), Semen Zizyphi Spinosae
(SZS), Semen Biotae Orientalis (SBO), Ginseng Radix,
Acori Graminei Rhizoma, Sinapis Semen. A recent report
has demonstrated that SHT administration may modify the
NMDA receptor-dependent response and therefore affect the
associative learning and memory [6]. The methanol extracts
of Acanthopanacis Cortex (AC) had considerable protective
effects against CT105-induced cell death [7]. However,

Abstract—Traditional Chinese herb medicines such as Poris
Cum (PC), Semen Zizyphi Spinosae (SZS), Semen Biotae
Orientalis (SBO) and Acanthopanacis Cortex (AC) have been
used as functional herbs for calming, promoting sleep and
anti-epilepsy for a long time. The objective of this study is to
evaluate the anti-oxidant effects of the water extracts of these
four herbs on the the cell viability, the ROS production and
apoptosis of C6, a mouse astroglioma cell line, under electrical
impulse injury as epileptic cells. The results showed that
electrical impulse significantly reduced cell viability to 55.4%
of control cells. Pre-treaments of the water extracts of PC,
SZS, SBO and AC significantly increased cell viability of the
electric impulsed-cells up to 79.2, 67.6, 70.6, 75.7% of control
cells, respectively. The water extracts of PC significantly
suppressed ROS production in the electric impulsed-cells as
compared to that in the control electric impulsed-cells. Thus,
the water extracts of PC, SZS, SBO and AC may have the
neuroprotective effects on astrogliocytes by suppressing the
free radical synthesis in treatment of electric impulse.
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I.

INTRODUCTION

Epilepsy is induced by abnormal excitatory postsynaptic
potential. Free radicals is contributing the damage in the
epileptic brain including neuronal injury in cerebral ischemia
and hemorrhage and may be involved in neuronal
degeneration in schizophrenia, aging, and brain diseases [1].
In addition, reactive oxygen species (ROS) are responsible
for the induction for peroxidation of neural lipids, which may
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research on the mechanisms of these herbs is still very
limited. In hence, the objective of this research is to
investigate the anti-oxidant effects of the water extracts of
the SZS, SBO, PC and AC on the cell viability, the ROS
production and apoptosis of C6, a mouse astroglioma cell
line, under electrical impulse injury as epileptic cells.
II.

D. ROS production assay
For evaluation of ROS production, the resultant cells
were treated with 10μM of acetylated 2,7dichlorofluorescein diacetate (DCFH2DA) (Invitrogen Corp.,
Carlsbad, CA, USA), a fluorescent dye, for 30 min at 37°C.
Then, the ROS production within epileptic cells stained with
the DCFH2DA was determined using the flow cytometer
(Coulter Epics Altra Flow Cytometry, Beckman Coulter,
CA).

MATERIALS AND METHODS

A. Water extracts of SZS, SBO, PC and AC
The 300g of each SZS, SBO, PC and AC were boiled
with 1L of steamed water for 2h, cooled down to the room
temperature and then evaporated to dryness under vacuum
(Buchi Rotavapor R-200, BÜCHI Labortechnik AG,
Switzerland) as the water extracts.

E. Apoptosis assay
The apoptosis of the resultant cells were determined
using the commercial Apoptosis Kit (Invitrogen Corp.). In
each well of the resultant cells, 5 μL Alexa Fluor® 488
annexin V and 1 μL 5 μM SYTOX® Green working solution
were added and incubated at room temperature for 15 min.
After the incubation period, 400 μL 1X annexin-binding
buffer was mixed and then the fluorescence-staining
apoptotic cells were immediately analyzed by using the flow
cytometry (Coulter Epics Altra Flow Cytometry).

B. In vitro treatment of C6
C6 cells, obtained from the American Type Culture
Collection (Rockville, MD, U.S.A.), were grown in
minimum essential medium (MEM) supplemented with 10%
(v/v) heat-inactivated fetal bovine serum (Gibco® BRL,
Grand Island, NY) at 37 °C, 5% CO2 in fully humidified air,
and sub-cultured twice a week (Fig. 1).

III.

RESULTS

After the treatment of electrical impulse, the survival rate
of the epileptic cell was significantly reduced to 58.3±
12.2% as compared to that of the normal cells. However, the
pre-treatment of water extracts of PC, SZS, SBO and AC for
24 h, the cell viabilities of C6 cells were significantly
increased to 79.2±12.5%, 67.6±9.3%, 70.6±9.5% and
75.7±9.1%, respectively (Fig. 2).
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Figure 1. The photograph of the cultured C6 cells (bar=50μm).
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C6 cells (1×10 cells/100μL/well) seeded in a 96-well
plate was pre-treated with 1μL of water extracts of SZS,
SBO, PC and AC (10μg/μL) for 24 h and then treated with
or without electrical impulses (5mV/50 pulses) using a
electroporator (BTX ECM830, BTX Bioscience company,
USA). Then, the cell viability, the ROS production and
apoptosis of the resultant cells were detected as following
procedures.
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Figure 2. The effects of water extracts of PC, SZS, SBO and AC on cell
viability of the C6 cells with electrical stimulation.

C. Cell viability assay
The cell viability was estimated using the commercially
available methylthiazoletetrazolium (MTT) kit (Sigma
Chemical Co., St. Louis, MO, USA). The resultant cells
were treated with 50μL of MTT reagent at 37 °C, 5% CO2
for 1h. After the supernatant was evacuated, 100μL of
dimethyl sulfoxide (DMSO) was added to solve the
formazan reduction product of MTT and then the absorbance
was read at the 595nm using an ELISA reader in this
colorimetric assay.

The treatment of electrical impulse increased the ROS
production within epileptic cells up to 67.6 ± 0.9% as
compared to that of the normal controls. The water extracts
of PC, SZS, SBO and AC significantly reduce the ROS
production to 33.5±10.1%, 23.1±9.3%, 31.9±2.7% and
28.3±8.1% within epileptic cells, respectively (Fig. 3).
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disease [7]. However, the mechanism and the mode of
action of these natural products are not well understood.
In the occurrence of epileptic seizures, excitatory amino
acid receptor activation by glutamate or N-methyl-Daspartic acid (NMDA) has been known to accompany
generation of ROS, e.g., superoxide anion radical, hydrogen
peroxide, and hydroxyl radical [3]. These ROS may exert
injurious effects in the brain.
There are many well known radical-scavenging
antioxidants, such as vitamin E (tocopherol), vitamin C,
carotenoids and glutathione. In addition, many natural
phenolic antioxidants have been found in plants, including
vegetables, teas, and Chinese herbal medicines. Ita has been
reported that pre-treatment with a free radical scavenger or
antioxidant may prevent the development of epileptic
activity in rat brain by decreasing the formation of peroxides
at the injury sites of brain tissues [8]. The results of the
present study also approve that the water extracts of PC, SZS,
SBO and AC may have the neuroprotective effects on
astrogliocytes by suppressing the free radical synthesis in
treatment of electric impulse; these results not only
demonstrate new neuroprotective components from plant
extracts but also interpret part of the mechanism of their
protection effects.
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Figure 3. The effects of water extracts of PC, SZS, SBO and AC on ROS
production of the C6 cells with electrical stimulation.

The electrical stimulation induces 15.0±3.1% of cell
apoptosis of C6 (Fig. 4). The water extracts of PC, SZS,
SBO and AC significantly reduced the percentages of
apoptotic cells to 11.7±1.2%, 8.8±2.7%, 11.3±0.4% and
7.1±1.1%, respectively (Fig. 5).
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Figure 5. The effects of water extracts of PC, SZS, SBO and AC on apoptosis of the C6 cells treated with electrical stimulation.
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