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Effects of Gwibitang on Glutamate-induced Apoptosis in C6 Glial Cells

Ik-Hyun Kang, In Lee, Sang-hyok Han", Byung-Soon Moon"”

Department of Circulatory internal medicine and Professional Graduate School!
of Qriental Medicine, Wonkwang University

Objectives : The water extract of Gwibitang (GBT) has been traditionally used for treatment of psychologic disease and
brain damage in Oriental Medicine. This study was designed to investigate the effect of GBT on the glutamate-induced
toxicity of rat C6 glial cells.

Methods : The cultured cells were pretreated with GBT and exposed to glutamate. The cell damage was assessed by using
MTT assay and Hoechst, JC-1 staining.

Results : GBT had protective effects in glutamate-induced cytotoxicity, which was revealed as apoptosis characterized by
chromatic condensation and the loss of mitochondrial membrane potential in C6 glial cells. However, GBT and glutamate had
no effect in the activation of caspase family cysteine proteases including caspase-3, -8 and -9 proteasesin C6 glial cells. GBT
significantly recovered the depletion of GSH and inhibited the generation of H.O: by glutamate in C6 glhial cells. In addition,
both GBT and antioxidants such as GSH and NAC protected the glutamate-induced cytotoxicity in C6 glial cells, indicating
that GBT possibly has antioxidative effect. Moreover, GBT also inhibited the glutamate-induced degradation of IkBa in C6
glial cells. This result suggest that GBT has some inhibitory effects on the transcriptional activation of NF- .B.

Conclusions : GBT has protective effects in glutamate-induced cytotoxicity via an antioxidative mechanism. (J Korean
Oriental Med 2001,22(4):45-57)
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Prescription of Gwibitang
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[ £ EEE R HR(Q)
5% Radix Angelicae gigantis(Angelica gigas Nakai) 3.750
iR Y Arillus Longanae(Euphoria longan Steud) 3.750
H (= Semen Zizyphi spinosae(Zizyphus spinosa Hu)  3.750
& Radix Polygalae(Polvgala tatarinowi Regely  3.750
E3 Radix Ginseng(Panax schinseng Ness) 3.750
& Radix Astragali(Astragalus Membranaceus Bunge)3.750
it Rhizoma Atractylodis macrocephala(Arractylodus
macrocephala Koidz) 3.750
Poria(Poria cocos Wolf) 3.750
55 Radix Saussurea(Saussurea lappa Clarke) 1.875
¥ Radix Glveyrrhizae(Glycyrrhizae uralensis Fisch) 1.125
¥ Rhizoma Zingiberis(Zingiber officinale Rosc)  6.500
K E  Frucus Zizyohi jujubae(Zizyphus jujubae Mill)  3.000

HE o S I mm>m%ﬁm
S
2

Total amount 42.500

DMEM(dulbecco’s modified eagle’s medium),
glucose-free DMEM, FBS(fetal bovine serum), &+l #|
2 uypsin 52 A Ev|o] B3 J¥S GIBCO
BRL Co.(Grand Island, NY, US.A)Z X 3139
ouj uok8-7)(24 well plate®} 10cm dish)+= Falcon
Co.(Becton Dickinson, San Jose, CA, U.S.A)ol|A] 7
ato] AREBIATh A B & AT FE] o] g3t
slide chamber¥= Nunc Co.(Germany) 2. 58] F¢] &l
A8} th MTT (methylthizol-2-y1-2, 5-diphenyl,
tetrazolium Hoechst 33258,
BCA(bicinchoninic acid), glutamate, GSH(reduced
glutathione), NAC(N- acetyl-L-cysteine), SDS(sodium
dodesyl sulfate), DMSO(Dimethyl sulfoxide),
scopoletin(7-hydroxy-6-methoxy-2-H-1- benzopyran-2-
one), HRP(horse radish peroxide)= Sigma(St. Louis,
Missouri, US.A)Z 2 & FYsPx, IC-1&
Molecular probes(U.S.AVZ H¥ Fdsot.
AMC(7-amino-4- coumarin)-DEVD(asparatic acid-
glutamic acid-valine- asparatic acid), caspase 82] 7|2
9] Z-IETD-AFC, caspase 92} 7)<l Ac-LEHD-AFC
=& Calbiochem Co.(San Diego, CA, US.A)Z HE

olslgl o, IkBeo) thEr 34| & Santa Cruz(Santa

bromide),



Cruz, CA,US.A)E HE F

2. 2

1) A 24

AL g 4bs B 170gS 3,000m B4
Zepaad FHF 1,500m 9 7 ¥ v, 1208

)

At de AYAE ABA R ABE T
5,000rpm o 2 30%7F YAl Ee]3laL rotary vacuum
evaporatoro]] ¥o] 7ty vy AR &
A ARt 25g& A9l A& = eppendorf tube
o] 100mg/mlE DMSOR HojA Wi REEHA
AFE-Aloll = DMEMe| 84 3tef AHE-stSITt.

2) C6 glial 4| 3£2] vl F

812 AARMEL C6 glial ATE - A EF
H(KNCC, Al gdigtm)o s &% ol 10% FBS7}
¥3E DMEM A Eujokl o 2 5% COz, 95% th7)
27] 2 37¢ A FEe 7 oA 10cm A Euf] Fgthol] By
okslith 2447 2222 uypsi/EDTAS AH4-3}
o Aldul e st on, WjgFd-& WA g §- log phase
d e AEE AHE-E AT

HATAEE S

A ZABZEZE MTT assay” 2 o] &35t C6 glial
AEZE 24wells Al Zujokgto] 1x10%cells/ml¥] B3
3lo] 24A) 7 vl okshe] K2hA17) 11, glutamate £} 74
9 gAEA & AA 83 & MTT(0.5mg/m)$} 3
AlZE dESAIZiTE Atolgl e Al el ofs] MTTZHE]
AAE Bkl 224 formazane DMSOZ £3) 8}
o] 540nm g0 A B33 T A (THERMO max,
USA)R FI3EE 24 0}031:} 243} formazan A}
A A=e RN Axe F3 vlmsie WES
(P)2 EABFATH

4) 3 A

Axge g g7 dAvlds
At WA 4% formaldehyde $N 02 M EE T3 A
70 oh&, PBSE 291 A28} 3 Hoechst 33258 10y
Mz 5430 103 943 & thAl PBS2 42 3of
sy o, G4 338 do)Z (Nikon Eclipse TE
300, Japan)2 ©) 83t 10x109) &= ARAES &

o gato] st
Il

A d 9} 39 ¢ Hhge] Glutamateo) 92 C6 glial Cell®) Apoptosisdll vlX= 48 475)

FetAh

SynEZcglol 44

nEZcgole] do g9l ol 53 P& HAE D
A JC-1(1M) S AHEste] AEE FAetich ol
3} glutamateS 2|3k M Eo| vk
7} PBSE A& &4l o, C6 glial
M)E A sta A2 F A 1083
£, PBSE 3 AlHg § 44 3% @njder 10
x409] W& 2 AZ-& ZFTh

6) GSH contents 27

C6 glial ]| = 6cm Al EH) FFhol] 2 X 10°cells/mM

Zé}"% A ZujF7 oA} 24412 W eFaled Qb B}
A7) T AN} glutamate S A 2] FgiTh Al E uj kel
< AAZ T 271 10% trichloroacetic acid(TCA)
E 40044 B35t 102 ¥H-3-AIZTH TCA| 2l&)
£2H BYE ol 44 B $ AHAE M
NaOHE AH8ste] 24 pHE 2748tk 33 504
o] 250442) 5,5 -dithionitrobenzoic acid(0.IM phosphate
buffer, pH7.4 @ 5mM EDTA 0.96mg/ml)<} 25044 9]

NAPDH(0.59mg/ml)9} 45044 2]  glutathione

reductase(SUMNE H7kstn AL 10~15% ¥-2-
A7) g, BEBEAE o]l 4120molA GSH
contents & =7 sFATh

7Y H0: A =4

C6 glial A|FZ 6cm A Eu]oFghol] 2x10%ells/ml
A B3 G 4AT IFBAD T A" AL
stk Al A B Az A AL Fol 96 wells
A ZuFgtell Zhzb 100w EF38t 0.2~0.4pM
HRP2} 1~24M scopoleting A -2olA 108 WHSA]
At A E H00 98 A scopoletin®] 83
S 277 v vt fluorometer(Molecular Devices
Co., Sunnyvale, CA)Z 405/510nm&] 7oA =3
sto] thaetol ofgh gt Hlwste] ME-S(R)E E
ekt

8) Caspase family cysteine protease 24 = &%)

C6 glial A/ EE 4CoNA 308 388 (1% Triton
X-100, 0.32M sucrose, SmM ethylene diamine
tetraacetic acid(EDTA), 1mM phenylmethylsulfonyl
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fluoride(PMSF), 1ug/ml aprotinin, 1ug/ml leupeptin,
2mM dithiothreitol( DTT), 10mM Tris/HCI, pH8.0) 2. =
S sle] 14,000pme 2 158 QA RS &a o]
m olojzl AFA S bicinchroninic acid(BCA) £ o]
308 wgAA BRBEAZ o] gato] 540nmel
Hakstdch A @ate] Bojz 100uge] Al Eohaf ol
caspase assay buffer (100 mM HEPES, 10% sucrose,
0.1% chaps, ImM PMSF, 1 ug/ml aprotinin, 1 ug/ml
leupeptin, 2mM DTT, pH7.5)9)) 8|4 g]o] B EAE
7123} 37°0oA 308 ¥+2A71 £ fluorometer 2 7+
zte] caspase A EE &7 89t} Caspase 3-like
proteaseo] &3 AMC-DEVDY Ao %32
excitation wavelength (380nm)/emission wavelength
(460nm)ol| A caspase-82] 71291 Z-IETD-AFC%}
caspase-99] 2|3+ Ac-LEHD-AFC9 ¢t 3
405/510nmo)| A &3 315

9) Western blotting analysis

wlokd C6 glial Mol A EE M3 & AEE
Z A%t} 1}-88(50mM HEPES, pH7.4, 150mM
NaCl, 1% deoxy-cholate, ImM EDTA, 1 mM PMSF, 1
weg/ml aprotinin, 2mM Na;VOs, 1004M phenylarsine
oxide) 2 2 4°colA hste] vhilzkx] 2 BCA &9
o osted Heko =z Aakste] 28]l sample buffer
(5mM EDTA, 4% SDS(sodium dodesy! sulfate), 20%
glycerol, 200mM Tris, pH6.8, 0.06% bromophenol
blue)Z 410] 100°CoA 38 F<t o] Tl a4y
£ § %83 10% SDS-PAGE(sodium dodesyl sulfate-
polyacrylamide gel electrophoresis)Z A| &) &}tk A
71 o] T gele] @A & nitrocellulose
membrane 2 2 0.8mA/re] A7) & Aol FHA o) F
)71 3 blocking buffer(5% skim milk) = “&-&olA 1
AZE wgAlA H|EolAHl At AAAZT
IkBao] th3t aHx1E TBSo| 1:1,0002.2 343t
nitrocellulose membranes} Ab-&-ol| A 2A17F ¥H-8-A1
t}. o] 28k A ¢ anti-rabbit IgG conjugated HRP(TBS
2 1:30002.% 34, Amersham, England)@} /2]
A 1A)17F ¥+2A17# ECL kiAmersham, England)E
AH&-ato] ECL filmel] ZH3A1A @733t
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C6 glial 4| Eoll A| 2 E 2|3 b A ZE EH3}
o] 10mM HEPES, 1.5mM MgCl12, 10mM KCl,
0.5mM DTT, 0.2mM PMSF, 10ug/ml aprotinin, 20xM
pepstatin A, 0.1 mM antipain°] So13l& HAFS &
glg-A 7 dgolr 108 BFAZ F 1% Nonidet P-
400 A7) D Ao okl AZYATE v
230 pellel] 1:1 #5-8) A%} BE o] HolA] &
w2k g okeh NF- B(S -CCG GTT AAC AGA
GGG GGC TTT CCG AG-3)+= Rediprime kit
(Amersham, England) & A} &-sle] 944 E TA)8)
Atk Sue] ST B9 dno] FAH NF-B
probel= A oA 30837t HE2A]Z] F 0.5XTBE ¢
8ol ot A 4% polyacrylamide gel 2 7] 4% Al
Ak o] gel& B F Xeray Eofl =28 F =
olsl NF+BS B =2 B3k

1) BAA 2

EAE AT 33 o] FHAQ 43 AHEA
EAAEE student’s t-testo]] Falo] ]3] o,
p-value7} ] 0.005¢] 542} 73

A3kt
NERE
1. Glutamateoi| 2|t C6 glial MZMEE2| B3}
C6 glial A Xl glutamate 15SmM-S A 2] g+ 12A]3F
o]ZHE A TAZEL ok 90%E it Fold
9= W3lE Jeh)7) ARstEa Alzte] 733t
g} AEgo] F43 Fise Aoz UEWT

(Table 1).

w3 GlutamateE 5mM 52 A @3 2o Al
FAELL o 2% A4 e WstE vl
AR FErt Z713kel uhel AZAEEo] &
25] 9 tH(Table 2).

2. BEE0| MEMZE0| o|x|l= EF
Glutamateol] 2]&] <k 50%2 AU A ZAPE
go] gpime g AAZ Aole A I E
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Table 1. Glutamate Induced the Death of C6 Glial Cells in a
Time-dependent Manner

Time (hr) Viability (%)
0 100413
6 100+3.1
12 91+2.1%
18 T5E2.1%
24 50+3.0%
30 28+1.5%

* p<0.005 by student’s t-test, compared to control group

Table 2. Glutamate Induced the Death of C6 Glial Cells in a
Dose-dependent Manner

Glutamate (mM) Viability (%)

0 100+ 1.0
5 82+2.5%
10 69 +25%*
15 50 +£13%
20 25+15*

Cells were treated with various concentrations of glutamate for 24 hr. *
p<0.005 by student’s t-test, compared to control group

100 T‘ s
< 80 f
R
£ 60 i
=
= 40 §
20 H
0 b I "
Glutamate - + + + +

GBT(ug/ml) 6 0 50 100 200

Fig. 1. Gwibitang(GBT) protected C6 glial cells from
glutamate toxicity in a dose-dependent manner.

Cells were treated with various concentration of

Gwibitang for Ihr and followed by the addition of 15mM
glutamate for 24hr. * p<0.005, ** p<0.001 vs. only
glutamate-treated group

LojEa o7 Z7hE A rhFig. 1).

3. Hi#50! Helsty wislol ojX|j= I

Glutamateol] 2]3] + =8 C6 glial A| LA A &
4z e AZF EA e 2%S YeERA
THFig. 2a) glutamate 2 22l 3t 7 - = A £} &

# 2%S JERQ O (Fig. 2¢), S50 2 X‘]ﬂﬂ
& Bfole ole g x| FEo] JAlEo] A

: B Glutamateo) 213 C6 glial Cell®) Apoptosisel 9lA& 43  (477)

Fig. 2. Gwibitang(GBT) inhibited the glutamate-induced
nuclear condensation of C6 glial cellsa, b: control
cells, ¢, d: glutamate-treated cells, e, f: Gwibitang-
pretreated cells with glutamate.

2o Axe] B At dA B BgE U
ERA ATHFig. 2e).

TE3F Hoechst 33258 2 & G412 o] -3+ #ato A
= A% TN e Bl Eoln T2 e g
259 2 ™ (Fig. 2b), glutamate 2. 2] 8] gt 7 3ol =
AE DAL Jejera 549 sl dMite] &3
@Atol AAEU Y ARAE L FHEHA §kon
(Fig. 2d), 502 A elgh 4 -$olle olegh ¢
AAbe] g-F@do] A = A h(Fig. 21).

4. %50 nlE2E2lote] #istol| ojx|= g%

Glutamatee]] 913} #=8 C6 glial A| EAL)A 3
g AES A% mEEE o} o F9l2 BEE o]
on IC-19) H4A A2 AN BT A
(Fig. 3a), glutamate & 2] 8+ AT & n|EE=
ol7} & wreko g wWol o] %3} om MzZo] HAO
2 ASEAchFig 3b). 22 B AA2lsn
glutamateZ 28t AT FANE nfEZc2]ole]
A7} BRAEG fArH LrehRA 2= A
Aol 7H3Al B2 A eHFig. 3o).
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Fig. 3. Gwibitang(GBT) inhibited the glutamate induced
mitochondrial membrane potential of C6 glial celisa:
controf cells, b: glutamate-treated cells, c: Gwibitang-
pretreated cells with glutamate.

5. §i2:50| caspase-3, 8, 9 B4stof alX= ¥

glutamateZ 2] sta Alzto] ZF sl caspase
3-like protease G410 M7} Qolow, @SS A
g3t Ao vpEs A & caspase 3-like protease
2R folg Harh vgux gk £,
caspase-39] A EAZA caspase-39] g8 FE
8k 4= gl 7)A] proteaseS! caspase-83} caspase-92]
g4 ASos o W3t dehtA] £t
(Fig. 4).

6. w20 GSH contents®] =0l nixjs T
GlutamateZ 213 F Aol w
GSH contents7} 7+A3}17] Al&beta] 12A417ke] 7 7}8}
2} GSHE} fevelo] AN Fol} v)s) oF 40%2 Za
dglont, 7 o]% 2 Ao g £EL fASAY
(Table 3). Z12]Y WigiGS Axelg 7 -5= GSH
levelo] Bxo] mat §94 UA F7HE Ak Table
4). =3, YA &tslA¢l GSHeE NACE FA
218 T glutamated A3 A4 24417 ol F AT
pEgol o4 A SrtERen, FkiEE 3A
28 e o 0% MEYEEE JehiUn

(Table 5).
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Fig. 4. Gwibitang(GBT) did not affect in the activation of

caspase 3-iks, 8, 9 protease in glutamate-treated C6
gliat cells
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H, 0, production
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Fig. 5. Glutamate induced the generation of hydrogen
peroxide(H:Qz) in C6 glial cells




Table 3. Glutamate Decreased the Intraceflular Contents of
GSH of C6 Glial Cells in a Time-dependent

Manner
Time (hr) GSH contents(% of control)
0 100125
3 86+3.0
6 8834
9 70+3.6
12 40+29
15 35+5.0
18 34443
21 32428
24 33+£53
27 34+43
30 33+£50

Intracellular GSH levels were expressed as the percentage of control cells.

Table 4. Gwibitang(GBT) Recovered the Glutamate-
induced Reduction of GSH Contents in a Dose-
dependent Manner

Glutamate(15mM)  GSH contents(% of control)

GBT(ug/ml)
0 - 100+2.0
0 + 33+34
50 + 36426
100 + 50-£4.0%*
200 + 624 1.6%*

Intracellular GSH levels were expressed as the percentage of control cells.
** p<0.001 by student’s t-test, compared to only glutamate-treated group.

Table 5. Antioxidants, GSH and NAC protected C6 glial
cells from glutamate-induced toxicity

: Bl G

Drugs Glutamate(15 mM) Viability (%)
. - 100+3.0
. + 50429
GBT + 90+3.5%*
GSH + 97 +2.5%
NAC + 95+4.1%*

Cells were pretreated with antioxidants for 1hr and followed by the addition
of 15mM glutamate for 24hr. Then, cells were washed with PBS and the
viability was measured by MTT assay. Results represented as the mean(%)
+5.D. of three experiments. ** p<0.001 by student’s t-test, compared to
only glutamate-treated group.

7. BR#50] H0:29] Myol| o|xl= G

C6 glial A Lol glutamateS A 2|8tz A|7ko] Az}
gholl whe} 2ol wla <k 2-3u) H o] H:0.7} A
AE o, 2441 7E o] Fof = T Ahdle Ao
UrelthFig. 5).

Zevt FEGS 1A13 A A 2lel T glutamate S A

lutamated] 3t C6 glial Cell®] Apoptosisdl #lx= 4 (479

2|3k A o)A H:0:9] o] thxTd) vlg)] 743}
Ron E3) FE 100ug/ml 5 E5E HO0:9] 44
o] fAd JA FAH I THEFG. 6).

8. Bi#50| NF-B HAIZAMQIXle| #4of o|X[& A
5

Glutamate 15mM-S *]2]3+ & NF.BE 60%o°] 73
et E4S vehlr] A1k en(Fig. 7), T
NF-Be] U] o5& A xFolA Axlste oz
ol IkB7} NF-Be] 2433} Ajzta} dx)€ 60% o] F
FE] AJzre] A gt wtet #-2l 5| AthFig. 8). 12
U G CR AAMES Atde vRYEHeR
glutamateo]] o1&t IkBetwialol Ea)ry} x| st
(Fig. 9).

5
©
s5°
=2
5383
U .
o ©
a= s
S 2
T3
a5 :
Q i
Glutamate + +
GBT(ug/ml) 50 100 200

Fig. 6. Gwibitang(GBT) decreased the generation of
hydrogen peroxide (H:O:) by glutamate in C6 glial
cells
* p<0.005 vs. only glutamate-treated group

Time (min)
0 15 30 45 60

?»3 <«— NF-KB complex

bend B

Fig. 7. Glutamate induced the transcriptional activation of
NF-B in C6 glial cells
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Fig. 8. Glutamate induced the degradation of tkBa in C6 glial
cells

Fig. 9. Gwibitang(GBT) recovered the degradation of kBa in
glutamate-treated C6 glial cells
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