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Introduction

Glutamate is a type of excitatory neurotransmitter 

in the central nervous system and has an important 

role in the triggering of several functional and 

structural changes of neurons
1)
. On the other hand, 

excessive activation of glutamate receptors induces 

neuron neurodegeneration, a process called excitot- 

oxicity, which is known to be an important injury 

mechanism in several ischemic brain diseases, e.g., 
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dementia, epilepsy, and several neurodegenerative 

diseases
2-4)

. For example, synaptic glutamate is 

released during brain ischemia, and extracellular 

glutamate concentrations induce excessive intracell- 

ular Ca
2+
, which consequently activates Ca

2+
 depe- 

ndent proteases, lipases, and other modulators, and 

produces free radicals that kill neurons
3-6)

.

Sophorae Subprostratae Radix (SSR) induces 

detumescence, and relieves sore throats, and has 

been used as an oriental herbal medicine to treat 

seborrheic dermatitis, toxic heat, carbuncle in the 

throat, and lung cancer. It contains matrine, sopho- 

carpine, and triterpenoid saponin
7-9)

 and has anticar- 

cinogenic, anti-inflammatory, and antiulcer effects
10-13)

. 

In addition, SSR is effective at treating neurological 

symptoms
14)
, and it has been reported that matrine 

reduces the brain edema that develops after brain 

ischemia by suppressing protein kinase C
15)
. Furth- 

ermore, SSR has been reported to reduce areas and 

volumes of brain injury during the early stage of 

brain ischemia caused by middle cerebral artery 

occlusion, to suppress neuron injury at the cerebral 

cortex, and to suppress neuron atrophy
16)
.

Accordingly, the authors conducted the following 

experiment to elucidate the action mechanism of 

SSR. PC12 cells and organotypic hippocampal slice 

cultures were treated with the glutamate receptor 

agonist of N-methyl-D-aspartate (NMDA), 2-amino- 

3-hydroxy-5-methyl-4- isoxazole propionic acid (AMPA) 

or kainic acid (KA) to induce excitotoxicity, and 

changes in cell survival rates, degrees of neuron 

death, and changes in neuron numbers showing a 

positive terminal deoxynucleotidyl transferase-medi- 

ated dUTP nick-end labeling (TUNEL) reaction 

were observed to determine the effect of SSR on 

neuron excitotoxicity by monitoring changes in neu- 

ritis by microtubule associated protein-2 (MAP-2) 

staining. 

Materials and Methods

1. Preparation of the medication 

SSR was purchased from the Department of 

Oriental Medicine, Oriental Hospital, Kyung Hee 

University Medical Center, ground and placed in a 

5 L round-bottomed flask. A methanol/water mix 

(600 g; 70:30% v/v) was then added, and left for 5 

days. The extract was filtered and vacuum evaporated 

using a rotary evaporator to remove the methanol 

completely, and the residue was freeze dried to 

yield 75.0 g of the methanolic extract of SSR, 

which was used in the following experiments. 

2. Experiment on PC12 cell excitotoxicity

1) Cell culture and induction of excitotoxicity
17-19)

PC12 cells were placed in a 24-well plate at 

1×10
6
 cells per well in 500 and incubated at 3

7 in a CO2 incubator using a standard protocol. 

When cell growth reached the desired level, cells 

were washed with phosphate buffered saline (PBS), 

and culture medium was replenished with serum- 

free tissue culture medium. Excitotoxicity was indu- 

ced by treating PC12 cells with the glutamate 

receptor agonists NMDA, AMPA, or KA at 10 μM, 

3 μM or 8 μM, respectively. 

2) Drug treatment and cell survival rate measurements

PC12 cells were treated with methanol extracts 

of SSR in at 0.5, 5 or 50 /ml for 1 hour and then 

incubated for 24 hours at 37 in a CO2 incubator. 

They were treated with 3-(4,5-dimethyl- thiazol-2-yl) 

-2,5-diphenyltetrazolium bromide (MTT, 0.5 / ) 

and incubated for 2 hours. Culture media were then 

removed and 200 of dimethyl sulfoxide was added 

and mixed. Absorbances were measured at 540 nm 

using an ELISA reader
20)
. 

3. Experiment on excitotoxicity in organotypic 

hippocampal slice cultures

1) Hippocampal slice cultures 

The hippocampus tissues used were obtained from 

7-day-old Sprague-Dawley rats (Samtako, Seoul, 

Korea). The following procedures were used for 

sample preparation. Immediately after decapitation, 
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scalp and cranium were rapidly removed using an 

eye scissors to extract the cerebrum. With an extracted 

cerebrum immersed in anatomic media solution 

(MEM 500 ml + 25 mM HEPES + 4 mM L-gluta- 

mine, pH 7.4), left and right hemispheres were 

carefully separated under a surgical microscope and 

right and left hippocampal hemispheres was extracted. 

An extracted hippocampus was carefully placed on 

a McIlwain tissue chopper and tissue sections (350 

) were prepared. Three hippocampus sections 

were placed on culture insert (Millipore, USA), and 

inserted into 6-well culture dish containing 1 ml of 

culture media, and incubated for 10 days at 36 in 

a 5% CO2 humidified incubator
21,22)

. 

Tissue culture medium was prepared using 50% 

MEM (containing 1g of glucose per 500 ml), 25% 

Hanks’balanced salt solution (HBSS), 20 nM HEPES, 

6 g/L glucose, 1 mM L-glutamine, and 25% horse 

serum, filtered through a bottle top filter. pH was 

then adjusted to 7.25~7.30, and 50 mg/ml of strep- 

tomycin-penicillin added. The tissue culture medium 

was exchanged every 3 days during tissue culture. 

2) Induction of excitotoxicity and treatment with 

medication
22,23)

To induce excitotoxicity in hippocampus tissue, 

NMDA, AMPA and KA were treated at 10 μM, 3 

μM, and 8 μM, respectively, for 24 hours. Methanol 

extract of SSR was then added at 0.5, 5 or 50 

/ml to each stage of culture media from 45 minutes 

before inducing excitotoxicity until 24 hours after 

excitotoxicity induction.

3) Propidium iodide staining and measurements 

of neuron death
24,25)

Hippocampal tissues were transferred into new 

6-well plates containing 5 mg/ml of propidium iodide 

(PI) added to culture media, and preconditioned for 

2 hours. Tissue culture was done by adding PI to 

each stage of culture media that was previously 

described above. Prior to SSR treatment and before 

inducing excitotoxicity, normal hippocampal tissue 

PI-stained images wereobtained by fluorescence 

microscopy (Axiovert S100, Zeiss). PI-stained images 

(A) were obtained 24 hours after inducing excitoto- 

xicity. Tissues were treated with high concentrations 

of glutamate and PI-stained images of injured 

hippocampal tissues were obtained (B). PI-stained 

images were transferred to a computer image analyzer 

and red stained PI absorbance (optical density, OD) 

in the CA1 and DG regions were measured using 

NIH ImageJ software (Ver. 1.32). PI absorbance ratios 

of A/B were calculated to quantify neuron death. 

4) TUNEL staining and positive neuron counts 

NMDA, AMPA or KA were added to hippocampus 

slices, and then slices were fixed for 10 minutes 

with 1% paraformaldehyde containing PBS (pH 7.4), 

washed twice for 5 minutes, and refixed in ethanol- 

acetate solution at -20 for 20 minutes. The proc- 

edure of TUNEL staining involved the following:
26,27)

 

slices were conditioned in 3% H2O2 in PBS for 5 

minutes, treated with working strength TdT enzyme 

(70% reaction buffer + 30% TdT enzyme) at 37

for 2 hours, with stop/wash buffer for 15 minutes, 

with anti-digoxigenin peroxidase conjugatefor 1 hour, 

and with peroxidase substrate for 10 minutes (DAB 

dilution buffer + DAB substrate). Counter staining 

was practiced by treating sections with 0.5% methyl 

green for 5 minutes and washing with 100% n-but- 

anol. Using NIH ImageJ software loaded into the 

computer image analyzer, CA1 and DG areas were 

measured, and neuron numbers showing TUNEL 

staining positivity were measured in these areas and 

expressed as counts per 10,000 
2
. 

5) MAP-2 staining and observation
28,29)

After inducing excitotoxicity in hippocampal slices 

using NMDA, slices were fixed for 10 minutes with 

1% PFA containing PBS buffer (pH 7.4), washed 

twice for 5 minutes, and refixed at 20 for 20 

minutes with ethanol-acetate solution. The MAP-2 

staining procedure used was as follows. Hippocampus 

slices were washed 3 times with 0.05 M PBS, 

reacted with 1% H2O2 for 10 minutes, washed, and 

reacted for 1 hour with a blocking solution that was 
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prepared by mixing 10% normal horse serum (Vect- 

astain) and bovine serum albumin (Sigma) in PBS. 

Tissue slices were then rewashed and treated with 

primary antibody, anti-MAP-2 antibody (Sigma), which 

was diluted with PBS and Triton X-100 (1:200 

dilution), and allowed to stand at 4 overnight. 

Sections were then washed with PBS, treated for 1 

hour with avidin-biotin immunoperoxidase (ABC 

Vectastain Kit), and then with diaminobenzidine 

(Sigma). Sections were then attached to poly-L-lysine 

coated slides, dried for 2 hours, dehydrated, and 

then sealed. Changes in neurite in CA1 were observed 

under an optical microscope in the CA1 region, but 

neurite numbers were not quantified. 

4. Statistical analysis

Analyses were performed using SPSS
®
 for Windows 

(version 10.0, SPSS, Inc., Chicago). One-way ANOVA 

was used to compare expression levels at different 

SSR extract concentrations. Scheffe’s test was per- 

formed as a post hoc test. P values of <0.05 were 

considered significant

Results

1. Effect of SSR extract on PC12 cell survival 

When the survival rate of normal cells under no- 

rmal conditions was set as 100%, NMDA treated 

cells had a mean survival rate of 83.4 ± 7.8%, and 

cells treated with 0.5 /ml of SSR extract had a 

survival rate of 73.0 ± 7.8%, with 5 /ml SSR 

extract a survival of 81.5 ± 7.9%, and 50 /ml 

SSR extract a survival of 70.9 ± 6.4%, respectively. 

However, treatment with SSR extract did not signif- 

icantly affect survival. AMPA reduced survival to 

57.1 ± 4.3%, and cells 0.5 /ml SSR extract a 

survival of 60.6 ± 6.6%, 5 /ml SSR extract 68.3 

± 4.3%, and 50 /ml SSR extract 71.2 ± 3.2%, 

respectively. Thus, SSR extract at 5 and 50 /ml 

significantly suppressed the cell death induced by 

AMPA (P<0.05). Similarly, treatment with KA red- 

uced cell survival to 58.4 ±5.0%, but the treatment 

with SSR extract at 0.5 /ml increased cell survival 

to 63.0 ± 5.3%, 5 /ml of SSR extract to 65.3 ± 

4.8%, and 50 /ml of SSR extract to 69.2 ± 5.5%, 

respectively, which showed that SSR extract did not 

have a significant effect on KA induced excitotoxicity 

in PC12 cells (Table 1). 

2. Effect of the methanolic extract of SSR on 

neuron death by NMDA-induced excitotoxicity 

in organotypic hippocampal slice cultures

In the hippocampal slice cultures, neuron survival 

as determined by PI-absorbance ratios in normally 

cultured cells was limited in the CA1, CA3 and DG 

region (97.5 ± 0.7%, 98.2 ± 0.5% and 97.8 ±0.7%, 

respectively). In the NMDA treated group, cell 

survival rates in the CA1, CA3 and DG regions 

were 66.7 ± 5.4%, 37.9 ± 5.2% and 46.7 ± 4.7%, 

respectively. Cells treated with NMDA and 0.5

Glutamate Receptor 

Agonists
Normal  Control SSR(0.5) SSR(5) SSR(50)

NMDA 100.0 83.4 ± 7.8 73.0 ± 7.8 81.5 ± 7.9 70.9 ± 6.4

AMPA 100.0 57.1 ± 4.3 60.6 ± 6.6 68.3 ± 4.3
*

71.2 ± 3.2
*

KA 100.0 58.4 ± 5.0 63.0 ± 5.3 65.3 ± 4.8 69.2 ± 5.5

Data are presented as means ± standard error.

Normal: PC12 cells cultured under normal condition.

Control: PC12 cells cultured with glutamate receptor agonists (NMDA, 10 μM; AMPA, 3 μM; KA, 8 μM).

SSR(0.5): PC12 cells cultured with glutamate receptor agonists and 0.5 μg/ml of SSR extract.
SSR(5): PC12 cells cultured with glutamate receptor agonists and 5 μg/ml of SSR extract.
SSR(50): PC12 cells cultured with glutamate receptor agonists and 50 μg/ml of SSR extract.
*: statistically significant compared to the control. (*; P<0.05)

Table 1.

(832)
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/ml of SSR extract had survivals in CA1, CA3 and 

DG of 61.3 ± 5.2%, 38.2 ± 5.2% and 41.5 ±5.4%, 

respectively. However, these results were not signif- 

icantly different from those obtained in the NMDA 

group. When NMDA and 5 /ml of methanol extract 

of SSR were treated, we observed survivals in CA1, 

CA3 and DG of 49.0 ± 5.2%, 34.6 ± 4.0% and 

34.5 ± 4.1%, respectively. Significant cell death 

suppression was observed in CA1 and DG (P<0.05, 

respectively). Cells treated with 50 /ml of SSR 

extract had survivals in CA1, CA3 and DG of 45.4 

±4.9%, 26.3 ± 3.9% and 31.3 ± 2.5%, respectively. 

SSR extract was found to have significant survival 

benefit in CA1, CA3, and DG (P<0.01 or P<0.05) 

(Fig. 1 and Fig. 2). 

3. Effect of SSR extract on cell death induced 

by AMPA in the hippocampus 

Neuron death survivals as determined by measur- 

ing PI-absorbance ratios in normally cultured group 

in CA1, CA3 and DG were almost 100%, i.e., 98.0 

± 0.8%, 98.7 ± 0.8% and 97.8 ± 0.7%, respectively. 

AMPA reduced cell survival in CA1, CA3 and DG 

to 50.1 ± 3.1%, 33.4 ± 2.8%, and 43.4 ± 3.2%, 

respectively. Slices treated with AMPA and 0.5

/ml of SSR extract had cell survivals in CA1, CA3, 

and DG region of 43.0 ± 5.4%, 31.5 ± 4.1% and 

41.5 ± 3.6%, respectively. These results were not 

significantly different than after AMPA-only treatm- 

ent. When AMPA and 5 /ml of SSR extract were 

treated, cells survivals in CA1, CA3 and DG region 

were 37.3 ± 4.3%, 29.5 ± 4.7% and 35.0 ±5.1%, 

respectively. SSR extract had a significant prote- 

80

70

60

50

40

30

20

10

0

%
 o

f P
I u

p
ta

k
e

CA1 CA3 DG

Normal

NMDA

NMDA+SSR(0.5)

NMDA+SSR(5)

NMDA+SSR(50)

Fig. 2.

μ

NMDA+SSR(0.5)NMDA+SSR(0.5)NMDA+SSR(0.5)NMDA+SSR(0.5) AMPA+SSR(0.5)AMPA+SSR(0.5)AMPA+SSR(0.5)AMPA+SSR(0.5) KA+SSR(0.5)KA+SSR(0.5)KA+SSR(0.5)KA+SSR(0.5)

NMDA+SSR(5)NMDA+SSR(5)NMDA+SSR(5)NMDA+SSR(5) AMPA+SSR(5)AMPA+SSR(5)AMPA+SSR(5)AMPA+SSR(5) KA+SSR(5)KA+SSR(5)KA+SSR(5)KA+SSR(5)

NMDA+SSR(50)NMDA+SSR(50)NMDA+SSR(50)NMDA+SSR(50) AMPA+SSR(50)AMPA+SSR(50)AMPA+SSR(50)AMPA+SSR(50) KA+SSR(50)KA+SSR(50)KA+SSR(50)KA+SSR(50)

NMDANMDANMDANMDA AMPAAMPAAMPAAMPA KAKAKAKA

Fig. 1.

(833)



The Journal of Korean Oriental Medicine 2008;29(5)

34

ctive effect only in CA1 (P<0.05). Slices treated 

with AMPA and 50 /ml SSR extract had survivals 

in CA1, CA3, and DG of 37.0 ± 5.7%, 29.0 ± 5.3% 

and 34.2 ± 3.7%, respectively. Thus, SSR extract was 

found to have a significant protective effect on 

AMPA-induced excitotoxicity in CA1 and DG (P< 

0.05, respectively) (Fig. 1 and Fig. 3). 

4. Effect of SSR extract on PC12 cell death 
induced by the KA in organotypic hippoc- 
ampal slice cultures

Cell survivals determined by PI-absorbance ratios 

in normally cultured slices in CA1, CA3 and DG 

were hardly affected, i.e., 97.8 ± 0.5%, 98.3 ±0.8% 

and 97.8 ± 0.3%, respectively. However, survivals 

of cells treated with KA in CA1, CA3 and DG 

were significantly reduced to 28.4 ± 2.5%, 43.3 ± 

3.4% and 35.1 ±3.0%, respectively. Cells treated 

with KA and 0.5 /ml of SSR extract had survivals 

in CA1, CA3 and DG of 28.0 ± 3.9%, 36.5 ± 3.0% 

and 31.5 ± 4.7%, respectively. These results were 
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not significantly different from those treated with 

KA alone. When KA and 5 /ml of SSR extract 

were treated, cells survivals in CA1, CA3 and DG 

were 25.6 ± 2.6%, 32.8 ± 5.2% and 28.6 ± 4.2%, 

respectively. These results were not significantly 

different from that of the KA group. When cells 

were treated with KA and 50 /ml of SSR extract 

mean cell survival rates in CA1, CA3 and DG 

reduction to 22.1 ± 3.1%, 30.0 ± 4.7% and 29.2 

±1.8%, respectively. These results show that SSR 

extract had a significant protective effect on the 

excitotoxicity induced by KA group in CA3 alone 

(P<0.05) (Fig. 1 and Fig. 4).

5. Effect of SSR extract on TUNEL-positivity 
nerve counts after NMDA challenge in hip- 
pocampal slice cultures

Neuron counts for TUNEL-positivity after NMDA 

treatment showed 50.1 ± 4.4, 27.9 ± 3.0 and 39.6 ± 

2.7 per 10,000 
2
 in the CA1, CA3 and DG, 

respectively. Slices treated with NMDA and 50 

/ml of SSR extract showed significant neuron count 

reductions to 33.7 ± 3.5, 24.7 ± 2.7 and 31.7 ± 2.4 

per 10,000 
2
 in CA1, CA3 and DG, respectively. 

Significantly lower neuron TUNEL-positive count 

were observed in CA1 and DG in SSR-treated 

groups than in the NMDA group (P<0.01 and P<0.05, 

respectively) (Table 2, Fig. 5).

6. Effect of SSR extract on TUNEL-positive 
neuron counts induced by AMPA hippoca- 
mpal slice cultures

TUNEL-positive neuron counts induced by AMPA 

in hippocampal slice cultures were 36.7 ± 4.0, 26.7 

± 3.6 and 33.4 ± 3.6 per 10,000 
2
 in CA1, CA3, 

and DG, respectively. Slices treated with AMPA 

and 50 /ml of SSR extract showed significant cell 

reductions to 27.5 ± 2.9, 26.2 ± 4.2 and 24.5 ± 3.2 

per 10,000 
2
 in CA1, CA3 and DG, respectively. 

A significant reduction in TUNEL-positive neuron 

count in CA1 and DG was observed in SSR treated 

slices (P<0.05, respectively) (Table 2, Fig. 5).

7. Effect of SSR extract on TUNEL positive 
neuron counts induced by KA-induced 
excitotoxicity in hippocampal slice cultures

The numbers of TUNEL-positive cells induced 

by KA in hippocampal slices were 24.4 ± 3.1, 41.7 

± 3.3 and 31.7 ± 4.0 per 10,000 
2
 in CA1, CA3, 

and DG, respectively. Slices treated with KA and 

50 /ml of SSR extract showed significant neuron 

count reductions to 22.0 ± 3.1, 33.3 ± 4.0 and 27.5 

Groups
Regions in Hippocampus

CA1 CA3 DG

NMDA 50.1 ± 4.4 27.9 ± 3.0 39.6 ± 2.7

NMDA+SSR(50) 33.7 ± 3.5
**

24.7 ± 2.7 31.7 ± 2.4
*

AMPA 36.7 ± 4.0 26.7 ± 3.6 33.4 ± 3.6

AMPA+SSR(50) 27.5 ± 2.9
*

26.2 ± 4.2 24.5 ± 3.2
*

KA 24.4 ± 3.1 41.7 ± 3.3 31.7 ± 4.0

KA+SSR(50) 22.0 ± 3.1 33.3 ± 4.0 27.5 ± 3.3

Data are presented means ± standard error.

NMDA: organotypic hippocampal slices cultured with 10 μM of NMDA.

NMDA+SSR(50): organotypic hippocampal slices cultured with NMDA and 50 μg/ml SSR extract.

AMPA: hippocampal slices cultured with 3 μM of AMPA.

AMPA+SSR(50): hippocampal slices cultured with AMPA and 50 μg/ml of SSR extract.
KA: hippocampal slices cultured with 8 μM of KA.

KA+SSR(50): hippocampal slices cultured with KA and 50 μg/ml of SSR extract.
*: statistical significance compared to NMDA treatment. (*, P<0.05; **, P<0.01)

Table 2.

(835)
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± 3.3 per 10,000 
2
 in CA1, CA3 and DG, respec- 

tively. No significant reduction of neuron count that 

showed TUNEL-positivity was observed compared 

to the AMPA group (Table 2, Fig. 5).

8. Effect of SSR extract on neurites damage 

induced by NMDA hippocampal slices

Under normal culture conditions, the neurites of 

pyramidal neurons stained by MAP-2 inCA1 revealed 

a complex dense structure. However, in slices treated 

with NMDA nearly all neurites of pyramidal neurons 

appeared shrunken or degenerated. In slices treated 

with NMDA and 5 or 50 /ml of SSR extract rev- 

ealed to show significant reduction of neurites of 

pyramidal neuron in CA1 region compared to the 

NMDA group, and wholesome pyramidal neurons 

could be observed (Fig. 6).

Discussion

In a previous study
16)
, SSR was found to signific- 

antly reduce brain ischemia injured areas and volu- 

mes caused by middle cerebral artery occlusion, to 

significantly reduce neuron injury in the cerebral 
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cortex, and to significantly suppress the effect of 

neuron atrophy. In the present study, we undertook 

to further investigate the mechanism underlying the 

effect of SSR extract on brain ischemia. 

Neurotransmitters facilitate signal transmission at 

synapses in the mammal brain, and glutamate plays 

an important role in the normal neuron function and 

development
1)
. However, epilepsy, brain damage, and 

brain ischemia may induce excessive amounts of 

glutamate in the medium around neurons. Furthermore, 

localized edema is also induced, which contributes 

to neurite degeneration and neuron death
2,4)
. This 

effect of glutamate involves three types of ionotrophic 

receptors located at neuronal membranes, which act 

at NMDA (N-methyl-D-aspartate), AMPA (2-amino- 

3-hydroxy-5- methyl-4-isoxazole propionic acid), or 

KA (kainic acid) receptors. The excitotoxicities of 

glutamate and of the glutamate receptor agonists 

NMDA, AMPA, and KA have been well established 

by many in vivo and in vitro studies, and it is well 

known that excessive glutamate receptor activity is 

the most important mechanistic contributor to neur- 

odegenerative disease and environment induction
3,5,30,31)

. 

In the present study, the glutamate receptor agonists 

NMDA, AMPA, and KA were separately administered 

to PC12 cells and to hippocampal slices, and these 

effect of SSR extract on the excitotoxic effects of 

theseagents were examined to determine whether 

SSR extract directly affects glutamate receptors. 

PC12 cells (a neural progenitor cell-line differentiated 

from neural crest cells) were treated with NMDA, 

AMPA, or KA to induce excitotoxicity and the 

methanol extract of SSR was treated at 0.5, 5 and 

50 /ml to observe its effect on cell survival. It 

was found that the methanol extract of SSR did not 

have a significant effect on NMDA- or KA-induced 

excitotoxicity, but that it had a significant protective 

effect at 5 or 50 /ml on AMPA-induced excitot- 

oxicity. This result indicates that the neuroprotective 

effect of SSR extract involves blocking AMPA 

receptors.

The hippocampus is the part of the brain that 

reacts most sensitively to ischemic injuries and that 

is most vulnerable to neuronal damage. Since the 

hippocampus tissue culture protocol reflects the in 

vivo condition, it has many advantages over in vitro 

experiments
21,22)

. Furthermore, this technique allows 

substances like NMDA, AMPA and KA to be 

treated at different concentrations to induce excito- 

toxicity, and allowed us to treat sections with SSR 

extract to observe neuron death and changes in 

TUNEL positive neuron counts. In terms of the 

induction of excitotoxicity, NMDA, AMPA, and 

KA have different efficacies. Therefore, NMDA, 

AMPA, and KA treatments were made at concen- 

trations that cause 50% neuron death in organotypic 

hippocampal slice cultures over 24 hours. Accor- 

dingly, NMDA was treated at 10 μM, AMPA at 3 

μM, and KA at 8 μM. Neuron deaths were deter- 

mined by measuring PI-absorbance ratios using the 

PI fluorescence staining method. Because cell mem- 

branes are damaged during the cell death process, 

PI penetrates cells, attaches to DNA in nuclei, and 

produces fluorescence
24,25)

. In addition, the terminal 

deoxynucleotidyl transferase-mediated dUTP nick-end 

labeling (TUNEL) method is a frequently used hist- 

ological method to determine natural cell death
26,27)

. 

This method relies on DNA cleavage in nuclei 

which occurs during the course of natural cellular 

death.

In terms of the excitotoxic effect of NMDA in 

hippocampal slice cultures, 5 and 50 /ml of SSR 

extract were found to significantly suppress neuron 

death in CA1, CA3, and DG. In addition, SSR also 

significantly suppressed TUNEL positive neuron 

counts in CA1 and DG. These results explain the 

suppressive effect of SSR extract on the neuron 

death caused by NMDA. Furthermore, these results 

indicate that the neuroprotective effect of SSR 

extract is achieved by a mechanism that blocks 

NMDA receptors. On the other hand, this result 

contradicts the finding that SSR extract did not 

have a significant effect on NMDA-induced excitot- 

oxicity in PC12 cells, which we attribute to different 

experimental procedures. This result appears to be 

attributable to the characteristics of PC12 cells, in 
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view of the fact that it has been reported that 

NMDA receptor blockers do not significantly suppress 

PC12 cell death, and that NMDA treatment alone 

does not properly induce excitotoxicity
32,33)

.

In the case of AMPA treatment to hippocampal 

slices, 50 /ml of SSR extract was found to signif- 

icantly suppress neuron death in CA1 and DG, and 

to significantly reduce TUNEL-positive neuron nu- 

mbers. These findings demonstrate that SSR extract 

has a suppressive effect on neuron death caused by 

AMPA, which indicates that the neuroprotective 

effect of SSR extract is dependent on an AMPA 

receptor blockade. In addition, SSR extract produced 

similar results in PC12 cells and in hippocampal 

slice cultures. 

In terms of the excitotoxic effect of KA on slice 

cultures, SSR extract at 50 /ml significantly sup- 

pressed neuron death only in CA3. However, SSR 

extract failed to reduce TUNEL-positive neuron 

counts in the other hippocampal regions at any con- 

centration. This is probably due to the characteris- 

tics of KA, which selectively damages pyramidal 

neurons in CA3, unlike NMDA or AMPA
23,34,35)

. 

In cases of brain ischemia or brain injury, neuron 

neurites shrink or degenerate, which causes signal 

transmission problems in synapses even if neuron 

death has not occurred. On the other hand, neurite 

shrinkage and degeneration have been reported to 

occur prior to neuron death
28,29)

, and both in vivo 

and in vitro experiments have shown that glutamate, 

NMDA, and AMPA cause neurite shrinkage and 

degeneration
36,37)

. Therefore, in the present study, 

SSR extract was treated at 5 and 50 /ml after 

inducing excitotoxicity in hippocampal slices using 

NMDA. Furthermore, neurites were selectively imm- 

unostained using MAP-2 to observe neurite change 

in pyramidal neurons. As a result, pyramidal neur- 

ons stained with MAP-2 in normal hippocampal 

slice cultures revealed complex and dense neurite 

staining in CA1 region, and changes in neurites 

induced by NMDA in slices showed that nearly all 

neurites were atrophied or degenerated. In addition, 

SSR extract at 5 and 50 /ml significantly reduced 

neurite atrophy and degeneration induced by NMDA.

Summarizing the results of the present study, 

SSR extract was found to significantly suppress the 

neuron death, neurite atrophy and degeneration caused 

by glutamate-induced excitotoxicity. This effect of 

SSR extract and its neuroprotective effects on neur- 

ons after ischemia are considered to be mechanisms 

that involve antagonistic responses to NMDA and 

AMPA receptors, which are responsible for glutamate- 

induced excitotoxicity in neurons. 
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