chetetuif obsta| x| ®31E 3520104 9%)
Korean J. Orient.Int. Med. 2010:31(3)586-599

AETFEel Glutamateo] €& C6 A7 2ZA) 9
Apoptosis®] P]x]& 3

Effect of Yukgunja-fang on Glutamate-induced Apoptosis in C6 Glial Cells
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ABSTRACT
Objective : The water extract of Yukeunja-tane(YGJT) has been traditionally used in treatment of ¢/ deficiency and phlegm

in Oriental medicine. However, little is known about the mechanism by which YGJT protects neuronal cells from injury damages
Therefore, this study was designed to evaluate the protective effects of YGJT on C6 glial cells by glutamate-induced cell death.

Methods : The present study describes glutamate, which is known as an excitatory neurotransmitter, related with oxidative
damages, and YGJT, which shows protective effects against glutamate-induced C6 glial cell death. One of the main mediators
of glutamate-induced cytotoxicity was known on the generation of reactive oxygen species(ROS) via activation of NADPH
oxidase (NOX). The protective effects of antioxidant(NAC) and NOX inhibitor(apocynin) on the glutamate-induced C6 glial
cells were determined by a MTT reduction assay.

Result : YGJT inhibited glutamate-induced ROS generation via inhibition of NOX expression on glutamate-stimulated C6
glial cells. Furthermore, YGJT attenuated glutamate-induced caspase activation. These results suggest that YGJT could be a

new potential candidate against glutamate-induced oxidative stress and cell death.
Conclusion : These findings indicate that in C6 glial cells, ROS plays an important role of glutamate-induced cell death

and that YGJT may prevent cell death from glutamate-induced cell death by inhibiting the ROS generation.

Key words : Yukgunja-tang, C6 glial cell, Glutamate, Apoptosis.
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Table 1. Prescription of Yukgun/a-tang

ZHEI4 - MEA - TYAY - SHOJA - AY0] - MME

FER (6 AATAL AN ARTFHE
zwam £ AZAEE) W3k AL Yeha
Wsh 9 AL W AE 0 BHALF
A 9 B A B Ase FAse §

9% A3E A1 s vl
JEERTT
]
D o A

B AR AR ARTFRY AE (i%h
el S17Astel Agsle, opil e
AEPALAA TUE F A AHgsiole.
W, g 4] gt Bk ot 2o Table 1),

Herbal name Scientific name Dosage(g)
FH(ER) Rhizoma Pinelliae (Pinellia ternata (Thunb.) Breit) 6.0
H it Rhizoma Atractylodis Macrocephalael Atractylodes macrocephala Koidz) 6.0
N Radix Ginseng(Panax ginseng C. A. Mey) 4.0
PR K Pericarpium Citri Reticulatael Citrus unshiu Markovich) 4.0
HE Rhizoma Zingiberis(Zingiber officinale Rosc) 4.0
FAfRE Poria(Poria cocos (Schw.) Wolf) 4.0
x E Frutus zizipht jujubae( Zizyphus jujuba var. inermis Rehder) 4.0
KHHE Radix Glycyrrhizae(Glycyrrhiza uralensis Fisch) 2.0
Total amount 34.0
2) A EF dimethylthiazol-2-yl]-2.5-diphe-nyltetra zolium bromide

MA) C6 AA XM EFE= ATCC (American Type
Cell Culture) X8 F3ke] AldjulFatar Al
& A

3) AleF 9 7)7]

Ago] Z 23t Dubellco’s minimum essential
medium (DMEM), 334, trypsin 2 of 4
(fetal bovine serum ,FBS)< GIBCO BRL’\HGrand
Island, NY, USA) A&, aloF£7](24 well plate
9} 10cm dish)+ FalconAH(Becton Dickinson, San
Jose, CA, USA)olM T3] AHE-3let. 3-[4.5-

(MTT), bicinchoninic acid (BCA), dimethy! sulfoxide
(DMSO)+= SigmarH(St. Louis, Missouri, USA)el
Al T8 e. procaspase-3 protease, PARP & B
-actin 59 antibodies: Santa CruzAH(San Joes,
CA, USA)elAM Fsi38tdet

2. & d
1) Alse) Az

el A8 Wi 8 b
e o) gstel £ Al A



AEF50| Glutamateoll 2|8t C6 AMA WM E

2 RNETG 4 B3 136 gl EF4 15 45
7kete] Y771 E AT A EEATA 247
Zal gL A2 o339 2, 3,200 rpmlE 20
5 e 3 AEEIE w5 ds
-T0°CellAM 12417F o)Ak BAAT) AL, freeze dryer® &

A7 zs}e] 163 g9 A& % Ao} Algs
tubeel] 100 mg/m 7} = == phosphate-buffered saline
(PBS, pH 74)2.2 1;‘04 Coll A Bata AF A
o= DMEM wi#]el| 3]M3le] ARS-3tsiet. NEF
B AEE Alzaeks DMSO (dimethylsulfoxide)
of &3lsted 50 mg/ml o] AALHE A St A}
S3ksiet.

2) M xwyef

WA C6 AA XM EF+E= ATCC (American Type
Cell Culture)oll A Fi3ke] A ZufF71(37C, 5%
COpellA goll oJsliA vl = 10% FBS7F 23
¥ DMEM wcfoliof wfj oFa}sict.

3) AzAYEE 34

MEAEES MTT A& o] 83t ELISA
FA712 F3% 570 nmollA SA s AlE )
kaH(24-well plate)ell MZ(1 x 10° cells/nl)E 1
mA EF3hed 12417 o] COp Al Eul k7] gl
A SHAIZL & A8 A7 27 wel AE
stolt. Zhzke] wf kA Zeofl wioFed el 17102 MTT
%l.‘(5 mg/ml in PBS)% 7}3]'331‘;} 4/‘]7} = “H

+ eppendort

S A7) o —‘?—%%Eﬁl THERMO max, USA)
£ o] 43t 540 m IIM FHEE SA
o A ZAEES AN HE2LI vaste] WEs
(%) 2 EAsHd

4) DAPI 94

A EE 4% formaldehyde £-o wAsH & PBS
2 AAFst3, 10 uM Delaware Adolescent Program,
Inc.(DAPDZ 1087t ¢4 ¥ oA PBSE 414
stod 833817 (Leica MPS60, Germany) o2 3
o) Fuatd W2 Basieoh

5 A ZEAE o] &8 Sub-GO +4
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A ZAPEel| |2 o3 ot 7] $15}e] propidium
iodide (PI)Z DNAE At Zof f-HZEA (flow
cytometry, FACSCalibur, BD Biosciences) & o] 4
o] Gl A7 SAee ALo) Aok A
Ssle] A7Paz TAse] PBSE 28] AHseleh
AHE AE(1 * 1072 DNAE PI £4(0.1% Triton
X-100, 20 pg/ml PI, 200 pg/ml RNase) 600 pl=
205‘—7} HRSA AT, A 2R °ﬂ*1 A2 ME-"J

5}
6) AL E ZA
AE W BAAAZ Z hydrogen peroxide(Hs0o)

o A& EA7 Sske] HF probe 2.7-
dichlorofluorescein diacetate (DCF-DA: Sigma)E
o] &3t wEFEA DCF-DAE AHE W
Ho0.9F #2¥ peroxides &4 Al 332 DCF=
W3kE o] A 3PS Wl A x| ANEfE
= AEd F AEE $8317] Ao 5 uM DCF
-DAE AHzste] 37TCA 302 5 whekslod
weFst A== PBS (pH 74) & AlH3k3 1% trypsin
-EDTA £9& AHste] HMEE 8313, B4
PBSE A A ste] FAHEEA (FACSCalibur, BD
Biosciences) 22 35 343k CellQuest software
(Becton Dickinson)& o]-&-3fe] £A3}3id}.

7) Western blot ¥4

wloks C6 AAXHEZE A8}, W PBSZE 2
3] A dejzl *ﬂi~ 4] 44 (50 mM
HEPES. pH7.4, 150 mM NaCl, 1% deoxycholate,
1 mM EDTA, 1 mM PMSF, 1 pg/ml aprotinin)
Z 4TAM 308 F<F HSAFE THY A xg
A (200 pg)2F 2x sample buffers E3tste] 10
0CelAM 3% 7hdste] DA MAS f23 5
125% % 15% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) & sttt A71ed% ] B gel®]
il A2 electrotransfer system (Ellard Inc, Seattle,
WA, USA)< |43+ (0.8 mA/cm) nitrocellulose
membrane 2.2 ©]%§A7|3, blocking buffer(5% skim



milk) e} Aol 2417 FoF ¥HSAIFAEL Procaspase
-3 protease, PARP ¥ B-actinell w3t A= 0.05%
(v/v)®] tween-20¢] 35 tris-buffered saline (TBS-T)
o 1:1,00022 3]A3}e] nitrocellulose membrane
Aol A 217 Fok vbSAIFoH, 7 g0
3t o]x}8kA anti-rabbit [gG conjugated horse radish
peroxidase (HRP)®} anti-mouse IgG conjugated
HRPE TBS-TZ 3]4(1:3,000) 3k AF-2ollA 14]
7F FoF Wh2A]7] 3 enhanced chemilluminescence
(ECL) kit (Amersham, England)S o]-&3}e] &
A3t

8) EAAE

EE A 33 o) FYACR Ssalon,
EA A2 independent t-testel Fate] Aelste]
ov, p-value7k 0.05 elete] -+ felAdel Sl
Ao g A3 e

m, & =

1. HEE0 O0xl= I&

Glutamateell ©J&F C6 AR XM E] NEZFA &
ZA48H7] $138ke] 10, 15, 20, 25, 30 mMe] oA 7}
A E59 glutamateS 24717 X E|te] A ZAHE
£& MTT ¥hgoz A 2 23 10 mM
oo MEAZELE 82%, 15 mMY FEelA
61%. 20 mM XA 51%. 25 mM FEelA
21%, 1811 30 mM =AM 26%%E & &3
ol MZzAZEE] A5 ek (Fig. 1.

2. "EFHS a0

glutamateol] 2J8t C6 A1 XM E2] AbEoA 7
BFEe 23e A7) S8k gk sx9
AETEE Az AA-EE £ 20 mM 5=
glutamateS 2] 8le] 24X 7F v ofst & M zAE
£ MTT v oz At H C6 417 A ol
20 mM =9 glutamate A= Al 52%< M ZA
284S Bgoy 25 w/nl 59 AEFHEST A

ZEN - HEH - DA - S0 - Ao - LN E

st & A 64%2 AEAEES JeEgle
H, 50 we/ml X NEFE AT A 71%, 100
wg/ml =2 NEAY AAE Al 88%, 200 we/nl
TR ABEL AAE A BeY AEAEES
JERI L, 300 we/ml FE o] AETH A
A Hz2E 5 AEZAEES 2o glutamateo]
o5 AEAbE 23zt s & & Addd
(Fig. 2). =8 RNEFH A2l Al 700 we/ml o] A2
TN 8% MEAEE AL FHEE A
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Fig. 1. Glutamate-induced C6 glial cell death.

C6 glial cells were incubated for 24 hr with
glutamate at indicated concentrations. The cell
viability was assessed by MTT assay. *p<0.05
versus control group. Data represent the mean
+ S.D of three individual experiments.
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Fig. 2. YGJT protected C6 glial cell death by
glutamate in a dose dependent manner.

YGJT treated lhr before treating glutamate
and incubated for 24 hr. The cell viability was
assessed by MTT assay. *p<0.05 versus YGJT
-treated group. Data represent the mean =
S.D of three individual experiments.

989



ABF 50| Glutamatedl| 2|st C6 A WMZ2| Apoptosisoll O|X|= &t

3. MZ2| EfstA tistof CHEH St

Glutamateo] o3& =% C6 AARAEL A}
ol A Al zo] i WIS FAHFT o]o o
& RNEHY e dolr Al ik C6 A
AAAZA 100 we/nl FE2]) ABEFHS 1A A
At & 20 mM F=9 glutamated 2|3}
24217 wioka 3 Al xde] et W B4
317] $13te] DAPIZ A3ty 3Fdv]7 oz 3
Aspolet. 1 A3 A4 Az AMEE DAPI
of & vehts A P T o] T3}
A Jepd A 20 mM 559 glutamated 2] g
AN E 99 5 -] FFHH o
2]8t glutamateol ] A E3] o] et WH3p=
NEFES AR ot dx2F Axe 93}
FAR HelE 2ok(Fig 3A). =3 AIZ W genomic
DNAZ FZ3lo] agarose gel A7 S £3)
DNA #4& #3235k 20 mM =9 glutamate
5 A7 AHEEE AL E Al 2ok
DNA laddering oF4te] ¥4l WbH RNEFHS A
23t A& e A]= DNA ladderinge] SA= o] o
Z3 AR kA H9oH(Fig. 3B).

Control

Glu YGJT + Glu

Fig. 3A. YGJT inhibited glutamate-induced nuclear
condensation of C6 glial cells.

C6 glial cells were treated with 20 mM glutamate
for 24 hr with or without YGJT. After staining
with DAPI. cells were observed under fluorescent
microscopy.
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Fig. 3B. YGJT inhibited glutamate-induced DNA
fragmentation of C6 glial cells.

C6 glial cells were treated with 20 mM glutamate
for 24 hr with or without YGJT. Genomic
DNA was isolated, and separated on 1.0 %
agarose gels, then stained with EtBr and
visualized under UV light.

4. MZZF7| H3tof cist =t

Glutamate 54 C6 AZAIAES] APdelA
NEFHEY R3ass 2] $dsted PI 94
of &3t FAEEAE 53 AEFIE AR
o gkt F=e NEfhe C6 AEaA 2ol 1
AZE AXE F 20 mM =9 glutamated 244]
7t A st Sub-G0 B3 2T C6 AAR
A Z 15%) w3l glutamate X3 A 67.1%=
7kl oy AEFHS AAd AdZedME
25, 50, 100 2822 200 we/ml =2 A A 27
53.5, 50, 26.1 & 9.7%<] Sub-G0 ¥#3& B dx
+ oz AAEHAH(Fig. 4).
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Cell cycle analysis by glutamate and YGJT on C6 glial cells.

C6 glial cells were pre-treated with various concentration of YGJT and 20 mM glutamate was stimulated for 24
hr. Cell cycle analysis was assessed by PI staining and FACS analysis.

5. NAC ' Apocynin®| &1t

Glutamateell 2J8F C6 A1AXAE AP M H0,
o] fe] FF AR Hske] FAEsHAIQl NAC
9} NOXS A AAA| 9l apocynins A Aeldt 3
20 mM ¥59 glutamate® 24417 A2)ste] A=
AEEe wWsts MTT Wyez Ao 1
A 6 AATAEANA glutamate X2 A 46%
o AEZYEES Ye ey 10 mM 559 NAC
AAE] Al 9% AEAYEEE B9, 1 1M §=
] apocynin AA2 Al 79%2] N ZAEEE 1o}
(Fig. 5A). =3 A= W H,0,° A4E DCF-DA
2 QA FAEEAE Ssted ARSI C6
A I E glutamate A2 Al AE W Hy0.9
YA o] t 27 (Fig. 5B-black line)ell wv]ste] &%
717} Z7V81ed 2 (Fig. 5B-ted line), NAC A A
2] (Fig. 5B-blue line) ¥ apocynin A*}2](Fig. 5B-
green line) Al 34A719] 717} F2EA okt

£ [22] © >
=] =] (=] 8
T T T T

Viability (% of Control)

N
(=]
T

T T T T
Control Glutamate Glutamate Glutamate
+NAC +Apocynin

Fig. BA. Pretreatment with NAC or apocynin inhibited
Glutamate-induced cell death of C6 glial
cells.

Cells were treated NAC or apocynin in the
presence of glutamate. The cell viability was
assessed by MTT assay. *p<0.05 versus YGJT
treated group. Data represent the mean + S.D
of three individual experiments.
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Fig. 5B. Pretreatment with NAC or apocynin inhibited
H.0, generation on glutamate-induced C6
glial cell death.

Cells were treated NAC or apocynin in the
presence of glutamate.Cells were stained with
fluorescent dye DCF-DA and FACS analysis
was performed.

6. MZE L HO.2 MY ZS7tof chst =3t

ANETHol glutamateel] 13 Hy0,0] A 57
AAE 4 Ad=AE Fs] $ste] C6 Al
Aol ToFst 5o AEFHS 1A A=
3 -? glutamates 24717t wi¥3dted DCF-DAZ
9 313 Tr"ﬂi‘:"“é St C6 A7 A
l 20 mM ¥59] glutamateZ 24217 2] A)
T} =7} °E&£i o] 53t 3B A7t &
bt enz AE W Hi0.8 BAel 79+
< 4 3099 289 AEFES 44 50, 100
837 200 we/nl ¥EE AAE ST glutamateS
AslAdE A A dFoz o]Fsle HE W
Ho0:0] A kel AEFHS AAZ o4 ¥
&Aooz 7+A43k o (Fig. 6).
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7. NOX EHEHEIS| E5d B}

Glutamateol] 98+ C6 A1ZA A E] APdolA]
H:0:8 7kl ke whilalel NOXe 2d |
312 RT-PCRE &3 xAlstgdeh C6 A4 wAE
o 20 mM 3559 glutamateZ 0, 3, 6, 12, 18 &
24A7F A28t NOXL, 2. 3 2 49 wa& =4
g A3, NOX1 mRNA® 8-S glutamate *2]
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Fig. 6. YGJT inhibited H0, generation on glutamate
-induced C6 glial cell death.

Cells were pre-treated with various concentration
of YGJT and then 20 mM glutamate was stimulated
for 24 hr. Cells were stained with fluorescent
dye DCF-DA and FACS analysis was performed.

Gluth) 0 3 6 12 18 24

— — — = = —Jau

Fig. 7. Glutamate increased expression of NOXI.

Cells were treated with 20 mM glutamate at
the indicated times. Cells were harvested and
total RNA was isolated and analyzed for NOXI,
NOX2, NOX3 and NOX4 mRNA expression by
RT-PCR. B-actin was used as the loading control.

8. NOX12| Zh&dof cHst =2t

ANETE] glutamatedl] 28 C6 A A XM E A
oA NOX1¢| & Z7lel digt &35 g<l3)
7] 913t oheFst e AEFHS 1A7 AA
23} glutamate® *2lste] NOX19 & s}
£ RT-PCR+ 53l ZAksisdch 2 A+ 20 mM
559 glutamate Aol 9Js) F7FF NOXI mRNA



o] Wo] NEFHY A o8 = oEH
o2 AAHE A& FAdF F Uk (Fig 8A). =
g ANETH 98 NOX1Y oA s A
3}7] $18 western blot Aoz zAFSH A3}
glutamate #2]el oJ3) F7kgk NOX1 w4 9|

ol RNEFHY Aol s = JEHoE

AFE AL & 4 3UsoH(Fig. 8B).

J2]3 NOX1 szl e] s B9 s}
ste] DAPIS} NOXIol wigt el 2 woststd A&
sasldet. 7 A3} C6 A M EA glutamate
Al Al NOX1¢] wal> & A 9lgh Al A
FEEHA wde] Fotstel ot NEFE HA e
o3 Alztell A NOX19] & e] 7FAsl e (Fig.
8C).

-

12

2o

Glu (20 mM)

YGJT(ug/ml) 0 0 50 100 200

Fig. 8A. YGJT inhibited glutamate-induced expression
of NOX1 mRNA.

Cells were treated with YGJT at the indicated
concentrations in the presence of 20 mM
glutamate. Cells were harvested and total RNA
was isolated and analyzed for NOXI1, NOX2,
NOX3 and NOX4 mRNA expression by RT-
PCR. B-actin was used as the loading control.

Glu (20 mM)

YGJT (ug/ml) 0

| — —

0 50 100 200

— | Nox1
p-actin

Fig. 8B. YGJT inhibited glutamate-induced expression
of NOX1 protein.

Cells were treated with YGJT at the indicated
concentrations in the presence of 20 mM
glutamate. Cells were harvested and total protein
was analyzed by Western blot method. B-actin
was used as the loading control.
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Control Glu

YGJT + Glu

Fig. 8C. YGJT inhibited glutamate-induced expression
of NOXI.

Cells were treated with YGJT in the presence
of 20 mM glutamate. Cells were stained with
anti-NOX1 antibody and DAPI and then observed
under fluorescent microscopy.
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me I AT APZAME AETHY 5=
A © 2 procaspase-9% 39 A7} F =
5 AT 4 sk (Fig. 9B).
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Fig. 9A. YGJT regulated expression of Bel-2 family
proteins in glutamate-induced C6 glial cells.

Cells were treated with YGJT at the indicated
concentrations in the presence of glutamate.
Cells were harvested and total protein was analyzed
with western blot method.

Glu (20 mM)

YGJT (ug/ml) 0 0 50 100 200
[ == w= s | procaspase9
= sw wm e | procaspase3
[ _____ | p-actin

Fig. 9B. YGJT regulated activation of procaspase-3
and 9 in glutamate-induced C6 glial cells.

Cells were treated with YGJT at the indicated
concentrations in the presence of glutamate.
Cells were harvested and total protein was
analyzed with western blot method.
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