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Protective Effect of Palmul-tang on Glutamate Induced Cytotoxicity
in C6 Glial cells

Yong Jeen Shin, Sun Ho Shin*

Department of Internal Medicine, College of Oriental Medicine, Wonkwang University

This study was designed to elucidate the mechanism of the cytoprotective effect of the Palmul-tang (PMT) on
glutamate induced cytotoxicity in rat C6 glial cells. We determined the increase of cell viability by PMT on glutamate-
induced death of C6 glial cell. On some experiments, glutamate induced cell death to be an apoptotic phenomena
characterized by G1 arrest in cell cycle, chromatin condensation, DNA fragmentation in C6 glial cells. However,
pre-treatment of PMT inhibited characteristic apoptotic phenomena. One of the main mediator of glutamate-induced
cytotoxicity was known to generation of reactive oxigen species. In this study, PMT attenuated generation of reactive
oxigen species by glutamate through down-regulation of NOX1 expression in C6 glial cells. Furthermore, PMT
regulated Bcl2 families and caspase proteins, which contribute the cell survival or death. This study suggests that PMT
may be candidate for both of therapeutic and protective prescription.
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Table 1. Prescription of Palmul-tang

Herbal name Scientific name Dosage(g)
AE Ginseng Radlx 48
Bt Atractylides Rizoma alba 48

B%E Poria cocos 48
HE Glyeyrrhizae Raadlix 48
A Rehmanniae Radix Preparat 48
SESE Paeoniae Radix Alba 48
na Cnidii Rhizoma 48
25 Angelicae Glgantis Radlix 48
Total amount 384 g
2. Wy

1) AleF B 717

A3 vl oko] F Q3 Dubellco’s minimum essential medium
(DMEM), A A, trypsin 2 $-Ejo} & (fetal bovine serum,
FBS)-S GIBCOBRLA} (Grand Island, NY, USA) A &S, &
7] (24 well plate®} 10 cm dish)= FalconAl (Becton Dickinson,
San Jose, CA, USA)dll A 93t A3t

3-[4,5-dimethylthiazol-2-yl]-2,5-diphe-nyltetra zolium
bromide (MTT), bicinchoninic acid (BCA), dimethyl sulfoxide
(DMSO), glutamate= SigmaAl (St. Louis, Missouri, USA)®l|A]
TYsA. EFBTA  (ELISA reader)= THERMO max
(Thermo Fisher Scientific Inc., CA, USA)E AH8-3}19131, NOX1,
Bcl2, BelxL, Bax, procaspase-3, procaspase-9 ¥ actin]l tist &
A= Santa CruzAl (Santa Cruz, CA, USA)ZHEH F+Y43e] AL
4319921, Enhanced chemiluminescence kit (ECL kit)
Amersham#} (Amersham, England)l Al T-9)3t] AM&-3F3i
) A Az

A 5l (B 192 ¢) ZF4 1,500 ml ek 3] 3,000 nl
A ZekaAo] ¥ vy, 2213 7HEste 22 AR 7234 wl
2 HAZ 473 F 5000 rpm O & 308 FAEYs I, Ty

Z7] (rotary vacuum evaporator)ol] 2ol 79t w5 & 54

=z

=
<)
AZ7|2 $A38] AZs AR 278 g& Ao, FHo 100

rpmoﬂ/ﬂ 208 ZoF 94
ZNS (0.2 /m fllteroﬂ 53 A]
A Eod & WFEB, AMHE A ]E A H)F 1 DMEM

WA 27w AEQ] Co glial MEE ATCC (American Type
Cell Culture)dllA T3t AE wjY7] (37T, 5% COy)ollA
10% FBS7} 3% DMEM (GIBCO BRL, NY, USA)©. 2 %3}
Hom, 239 HAS 2 wjFAE wA S log phased] U= Al
EE o] &3
4) A *(E%% =4

AlZ AEES MIT 245 ol &8t AT Alx
I ook-‘d-(24—well plate)oll AME (1x10° cells/m)S 1 mi¥ FF3}
o 12413k o]} CO, AIE 7] dell A A F MRS 2
zte] zZel wet Astgich ztzke] aj kA Eel e
1/102 MTT €9 (5 mg/nl in PBS)S H7}etgit}. 4417 & )
< AA%L, 1 DMSOE #7bste] AEE 833 v,
F=7A (THERMO max, USA)E ©]-8-3}f 540 nm 373l A

£ %78 0}%15} AE AEES ZY dxaF Blaste] W

ME= 4% formaldehyde §oll 18 & AFSFE&H
(phosphate-buffered saline: PBS)2Z AA3tx, 10 M
2-[4-Amidinophenyl]-6-indolecarbamidine dihydrochloride
(DAPDE 1083+ @43 F oA PBSE AlFste J4d7 7
(Leica MPS60, Germany) 2.2 9] e|sts HlE #A34

6) AEZF7)el tjgt 4

AEZF71) wAe FFS dotH7] 3t propidium
iodide (PI)Z DNAE #4& & flow cytometry (FACS Calibur,
Becton Dickinson, CA, USA)E ©] 43l &38 434 Al
Eol HAE AP th, 24213 Foll £38}] PBSE 23] A A
3tch. Al A ® AEZE PBSE 300 wE B3, AlEe DNAES PI
£ (0.1% Triton X-100, 20 ﬂg/ ml PI, 200 pg/ml RNase) 500 ul
o Yol 208 T3 W57l 3 1x10* AIEZE flow cytometryE
MEF7]0 3 =4S AT dojd HHE Cell Quest
software (Becton Dickinson, USA)E ©]-&3td #4313t}

7) AE W 4FEFROS) BAE 54

AEZ W &/92F4% (Reactive Oxygen Species: ROS)<] 474
< 3437 95t ¥R probe?!
diacetate (DCF-DA)E ©]-&3l9th HIEFEZ< DCE-DAE Al
E W kel BEE peroxides A A FFe] DCFZ ¥
e o] A9 3PS et AEe] AGS HEd & A
= F8317] Mol 5 uM DCE-DAZS A )3sle] 37°Cell A 308 u)
&3kt Wit AE+= PBS (pH 742 AFHsS 1%
trypsin-EDTA §4& A3l NEE 831911, thA] PBSE
A A3t flow cytometry (FACS Calibur, Becton Dickinson,
CA, USA)Z #FE& =H3sk3, Cell Quest software (Becton
Dickinson, CA, USA)E ©]&3}l4] B33t}

2,7’ -dichlorofluorescein
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8) Western blot &2

HlFE Co glial MEE EF3tH, A7He PBSE 23] A 23}
A Ao Mxe 9389 (50 mM HEPES, pH 7.4, 150 mM
NaCl, 1% deoxycholate, 1 mM EDTA, 1 mM PMSF, 1 ug/ml
aprotinin) ¥ 4CeollA 30% ¥HSAIATH T2 AEFH Y (200
£g)Z 2 x sample bufferg T§3}od 100TCA 37 7tEste] &
WA HAS FES F 125% Z 15% SDS-polyacrylamide gel
electrophoresis (SDS-PAGE)E A3ttt A 7|95 0] 2 gel
o] Tl A2 electrotransfer system (Ellard Inc, Seattle, WA,
USA)S o] &3}
blocking buffer (5% skim milk)} 220l A 2417k ¥F-&-A1 7]
Bcl2, BelxL, Bax, procaspase-3, procaspase-9 2 actinol gt
AE 0.05% (v/v)9] tween-200] FHE Tris-buffered saline
(TBS-T)°ll 1:1,0002.2 3] 443}¢] nitrocellulose membrane®} -2
o A 2417 WA Z oW, 7k Ao tfgh o] x}3A| anti-rabbit
IgG conjugated horse radish peroxidase (HRP)$} anti-mouse
IgG conjugated HRP= TBS-TZ 3] 4] (1:3,000)3} =204 7}
7} 1A17F ¥Eg-A171 & ECL kit (Amersham, England)S ©] &3}
of @A
9 DNA & % #719%F

DNA 2H#4}E golr7] 913 genomic DNA FZ&2
Wizard Genomic DNA purification kit (Promega, Madison,
Wisconsin, USA)S ©]&-3ld F&3H . WA =7l ue} A
I H MEE 48319 nuclear lysis buffers #7138l NEE I}
#3 v, RNaseE 37Co|A 5% A3t RNAS A A3 &
dd AL SFgdoZ A AL A A3}, isopropanol
Aol 93] &35E DNAES 70% &gl AHe 3 AFaz7]
2 AzsHek A7]d TE €58 (10 mM Tris-HC], pH 8.0,
1 mM EDTA, pH 8.0} 7}8}9] DNA pelletS £33 & 260
nm®} 280 nm] spectrophotometer (Beckman Coulter Inc., CA,
USA)Z optical density (OD)3ts =4 3to] DNAS 4 #Fatd ).
DNA 5 ugs 2.0% agarose geldl Al H7]1%95 (50 V, 2A12h)< 4
Algt & ethidium bromide (EtBr)Z @A3le] UVS ofef oA
DNA —Er’“g #&3 Ao

nitrocellulose membrane®.2 ©|FA]7] 1L,
=3
3)

]

ot AE W
13ttt MEE 4% paraformaldehyde® 4
&< 1S F PBSE A A 3kaL, blocking solution
( % hydrogen peroxide)S 10& & A-&olA vHEA AT Al
X W XSG FH4AE =017 93519 0.1% Triton X-1002 15
B Zol Ao ¥-SA| AT PBSE 33] AAH3 & NOX1 A
£ PBSO 120022 3]Aste] oA 243 whgA1 7 en, o]
2}8A] anti-rabbit IgG conjugated Alexa 588< PBSZ 34
(1:1,000)3e 2ol A 1A1ZF BEEAI A TE M Ee] d& 1 pg/ml
=9 DAPIE AME3te] Ao 108 B¢ A5 50%
glycerol& ©]43le] Z2S mountingdlyom, ¥4 dAv| 3 S
E3te] NOX19 A= W) & (red color)s #3233t

11) Total RNAS] 2]

‘i"i A A (Immunocytochemistry)S

HEZFE total RNAY #2]&= RNAzoITMB (Tel-Test,
Friendswood, TX, USA)E ©]&3td 4335t v 3o &
AE 3~5x10° N EE 27t A2 d5Z 13 A T 1wl
9] RNAzolTM BZ £3A] 7t} o] =
100 #b chloroforme H7}sle] $AsHA E3He b, 12,000 g,
4TA 202 ¢ AR F ASHL 2L FH| 7T
2 45 A el 0.5 m9 isopropanolS H7tste] EF3aL, 4T A
oF Wh3-A171 % ThA] 12,000 g, 4Tl A 208 9 YA E
Zlate] AAEL 80% g2 AHsAch AAHE RNAE A
Z % DEPCE A7l RNase &4o] A AR E7H5 20 =2
&

eppendorf tubed] &1 ¥

A AT °] T FFFE 2008 BE A st EFBEA
2 260 nmo] FFNN FFES =481, 1 OD B 40 pg/ml
9 ¥ & A 7+ AJE9 total RNAS %S A Zeoch

< (RT-PCR)S 2 g total RNAS
AN F 4T FYEal, reverse
transcriptase (Superscript II, Invitrogen, CA, USA)E o] &3}
Fs AT ™AL Sl 93 (DNAS A2 2 pg total
RNA, 1 pl oligo d (T), 2 u¢ dNTP (10 mM), 2 uf Superscript
II reverse transcriptase (5 U/gf), 1 p¢ DTT (10 mM) 2 1
RNasing HZFHo=Z 20 w 48 (50 mM Tris-Cl pH 8.3,
75 mM KCl 3 mM MgCl)¥ &§3le] 42T 60% 53t ¥t
AL, B F3A FEE AT FHEL AT 2
AZAL HH-g B, 2 ut ANTP (2.5 mM), 2.5 ul sense £} antisense
primer (1.1 pM), Taq DNA polymerase (0.6 U)7} ¥ #HF
30 40 ¥l (20 mM Tris-Cl pH 8.0, 100 mM KCl, 01 mM
EDTA, 1 mM DTT)& |43t}
13) FAA

FAE Ade 33 o] ZYHAU
o] BAIA 2= Origin 7.52] one way ANOVASI F3ke] A2
&3, p-valueZt HhA] 0.05 (p €0.05) ww+el 7%
Ao s B3
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1. Glutamate =] WE C6 glial x| HEE W)
TeA A7 A9l glutamates HFoZ FE FF

A7 2 jJrﬂ]OPoq NBAE &35 fresta o H2g8

Y. el glutamateol] &+ C6 glial A E

s A7l Hsted Co glial AEel

THE A3 v, 2447 Fol MTT oz

AZ AEES ZAEIA \3} 1 A, glutamate A2 Tl &

Hog AT WEL] 7 = AL A9+ dA OUﬂ(Fig
1), 20 mM glutamate Zii] Al oF50%] AE BEES B
D= o3} BE ¥4 20 mM glutamateE ©] &30t}
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6 glial Aol 24A12F F<t A2 A2, 800 g
FoIgh AE Aol YA, 900 pg/ml o]/
o sEoAE ofite AME=o] HAHUTHFig. 2).
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Fig. 1. Cell viability assay for 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. Data represent the mean+S.E.M. of
three individual experiments. * p<0.05
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Fig. 2. Effect of PMT on C6 glial cell death. Cells were treated with the

indicated doses of PMT for 24 hr. The cell viability was assessed by MTT assay.

Data represent the mean+S.E.M. of three individual experiments. *p<0.05

3. \#p¥;0] Glutamateol] £Jg+ C6 glial AE ALEol| v X|= &
o2 P9 glutamateZ 8 C6 glial AE AHE

o et o FHE A A8 AMhS EEE 1A A
A8 3 F 20 mM glutamate 2 24417+ F¢F A3 T, MTT
HHoZ MY AEES SAINNY. I A, AW 25 g/
m o] T o X FE glutamateZ =¥ Cb glial A AlE E&
27 e As FAF F AMeH, 53] 200 pg/ml o] FE
& 35S gQlst

glutamate] ©]3F C6 glial Az e etz sl

APso] glutamated] 93t A EIAME JA|Ste] C6 glial
Ao AEES FT7HIIISAE FQlst7] st WA b o
A Akl DAPIE ©]§-sto] AX3 o Fej&

e AEe] o2 et Fejo] Ho] FAA G #F
HA Lo, glutamate (20 mM)E A2 g A —H
54)\1-,] fﬂ};ﬂdﬂ Ezloi Oqu;q Od/nn/\].

} (chromatin
condensation)©] B2 Jth T AW (200 pg/ml)= A

e F9o AEHL glutamate B5 HI oA AAFE G4
ALY =& Abo] glo] AN UERT AEY FASE 3) moko] I
25 QHFig. 4A). £, 2tzke] Ae] AE ) DNAS %

ato] W79 ES 53 B2 23, glutamate (20 mM)E A2
3 Tl e W83 DNA ladder d7do] #AFHA oY Al
(200 pg/ml) S AX 23 FAME glutamate T A 2] tojl A
7= DNA ladder @7Fo] glo] A4 iz wsd o
2 B AcHFig. 4B).
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Fig. 3. Effect of PMT on glutamate-induced C6 glial cell death. PMT
treated 1hr before treating glutamate and incubated for 24 hr. The cell viability was
assessed by MTT assay. Data represent the mean+S.E.M. of three individual
experiments. *p<0.05

A) B)
Glutamate - + +
PMT

Control

PMT + Glu

Fig. 4. Effect of PMT on glutamate-induced apoptosis in C6 glial
cells. Cells were preincubated with PMT (200 xg/mf) and followed by the addition
of 20 mM glutamate for 24 hr. (A) After washing the cells with PBS, cells were fixed
with 4% formaldehyde and stained with DAPI. Morphology of nuclei from the cells
were observed under fluorescent microscope. (B) Genomic DNA was isolated, and
separated on 2% agarose gels, then stained with EtBr and visualized under UV
light.

5. \#i;0] glutamate©ll €3 C6 glial A E 2] F=7] WHlol| H|X]
= g3

Aol glutamated] 28+ C6 glial AE2] F7) vA=
W3S AR 7] 9t} 200 pe/mle] AYinE C6 glial A Eol
1A1ZE WA 28 ¥ 20 mM glutamateZ AH=38}3L 24A17F & A
X DNAE PI @48t FAAE 4715 Fsto] £t
I Ax, yxzad AMns AAYSE TdAe
Sub-G0/G1 9 ¥°] 15%, 9.7%Z YEFF 2, glutamate ©5 A
A E Sub-G0/Gl dFo] 501%E AA3 Z719 ARES
YEATE ©]E F3tY glutamateo] &g AEZZ/do] o3
Sub-G0/G1el A G1#H o2 o]d3}A] Zrste] AETAE Pol

204 )b]—

- 478 -



Glutamate 2 =9 C6 glial AE9 A g Ao 2E &9

Hs gelstden, AS glutamated] 9§ A ZIALES &3}
Ho g AAFS &l sih(Fig. 5).
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Fig. 5. Cell cycle analysis by glutamate and PMT on C6 glial cells
C6 glial cells were pre-treated with 200 xg/mé of PMT and 20 mM glutamate was
stimulated for 24 hr. Cell cycle was assessed by Pl staining.

6. Aol glutamateol] < 44k
GAFEES 54 AUE 2 HEL fAYS
TE AXA A=Y, I8 AT F
d Wl 715l BastAw, d2g A4

A% Bk ol g2 oy AW wd] 7o E §HA .
Aol glutamateZ =¥ C6 glial AX9] 4240 % A
o WX+ WIE &137] Hste] 20 mM 9] glutamate9} T
& Fxol AW (50200 ug/ml)S 24X B AT T
DCF-DAZ 48 HMEE FAAME 24715 T3 #2383
I Ay, A4 gzl HEte glutamateZt AE oA
DCF-DA°) ¢J3t u]=9] o]%F, & FAAAZ o Ao &8t
g & A ¥, glutamate"ﬂ o3 Fr=d FAA
AR Nty ARl A8 & gEFHOE A HE
FA + AATHFig. 6).
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Bl
Fig. 6. Effect of PMT on glutamate-induced ROS generation in C6
glial cells. PMT and/or glutamate were treated on C6 glial cells for 24 hr. After
DCF-DA staining cells were analysed using FACS.

7. \#p¥;0] glutamateo] 93+ C6 glial A2 NOX1 E&ol| 7|
A= o &

NADPH oxidase (NOX)= 4t8}-39 Aoy 73S
ke Ao A AslE o] 3 S F

O] Aﬂﬁ"—"] ’1/1_\‘}\}' al /\]—Uﬂﬁ. %‘?—_._“f‘)‘]—“f— =

=
= 45E A Ut A 299 Y %“%01] mr"/]'
NOX1, NOX2, NOX3, NOX4 %‘Qi =)
o A glutamateol] 9|3t FAJ4AF ] Aol NO X7]’ #A 3=

r
%
ﬂ
N

L
é
)
bl

A5 #317] H8tY 20 mM9] glutamateS % 2] g A ZE o) A
NOXFAAEY W WaE RT-PCRS o] &3l it
1 A3, 20 mM9] glutamateE A 2| S AIEZ 50X NOX19| %
do| glutamate 2| AI7tol we} F71ste A4S BE3HoH,
TE NOXE ddde 43S vAA Fos FAT & AN
h(Fig. 7A). =3, glutamateo] 93] fF=5= NOX19 %d Z
7t Aty AAE e o8 JAEE As A3 thFig. 7B,

Q). W2hA, glutamateo] 2] NOX19] @& Z717F 8444 %F
S HAES Ch ghal AEL] AEIALE FEFS 39
Aom, AY2 glutamated] &gk NOX19 28 F7HE
FoZH AZIAE AATS ¢ F AT

NOX1 Control
NOX2
NOX3
NOX4
p-actin
PMT + Glu
Glutamate - + + -
PMT - - + +
NOX1
p-actin

Fig. 7. PMT attenuated NOX1 expression by glutamate in C6 glial
cells. C6 glial cells were treated with glutamate and PMT. NOXs expressions were
detected by RT- PCR (A, B) and immunocytochemistry (C).

A)

Glutamate (h) 0 3 6 12 18 24

A B)

Glutamate - + + Glutamate - + +
PMT - - + PMT - - +

Bel2 E procaspased
Bely, E procaspase3
E Bax E actin
::: fractin

Fig. 8. Pro-apoptotic and anti-apoptotic protein expressions by
glutamate and PMT in C6 glial cells. C6 glial cells were incubated with
glutamate and PMT for 24 hr. After washing with PBS, cells were lysed and
analysed by western blot analysis.

8. /\Pi;0] glutamateo €Jg+ C6 glial Az 9] Al
WA dHo) A= FF

Phl
>,
>
o)
(i
u\)

B2 A2 SRS S e LA Gl Bl
9} BalxL, 28]al A|ZAF SdlEQl Bax To] doH, 0159’]

o] caspaseE 2] 843E ZAF2ZH A EZIALS} WS

A% #A7 de Aoz geA ATPY. mebA, glutamateo]
o3 Bel2 AlE DA o] 3 wste ofof s Aol WA
= 4TS AR 2 A, glutamate B Ao e &

A EZDAL @A Q) Bel29} BalxLe] wdo] A4 izl wls)
iAo, AETAL @Al Baxe] EHE A tiETol
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His) @A Stk wE, S AR
Bcl29} BalxLe] W& o] A4 2T vk
ov, Baxo] HHE AY 2w
(Fig. 8A). Aol e
procaspase-3°] W@ o] A tzel His) #A

o, ol g AT AW ARl &) AAHS 32"15]'9\1‘4
(Fig. 8B).

[e)
A

TS glutamate

al zk

HEF, 2954 A4S, d”HY 28, dxsjol 4
¢h, 971& A8 2o et AAA ddlle FFAAAEe
Apdo] 8 H%lo® Fgdhs AoE HuHa glon, ojd
FFABAELEL A &35 HES 98 FF/9 884, &
22 el WS Hobsg

FRA okt HA FuilM Fad FEA A
AAGERE A4ee Ao deiA goH, o3 FRA o}
veakS 235l ' ABAEES s V1Y T H4alF
715 F8% 98-S gtk TEA oty Fele A &
ol Aot AEE AN REFH AABAPNYE 57 T
Helo] 27 g, FEA ob|xit 3 el glutamate®
EIRTEY T A A=A Fo T4 AFAGELR
A Y, HHME DA o] BEde FFEOIE APME
(glutamatergic neuron)e W& AZAE ASE FE3to

AAAY ARAY N5l FAF 43S IR,
e 9 RE A% RO 4

F°] £0]E™ ATP-dependent ion channels®] 7] #3}ol <]t
Ca™'#} 22 Fole9 AEY FYO 8 AAAE GEFo] LA
3™, A @do] A glutamate &< X3t ABALEZDY &

27} =748t 1 A9, /‘]ﬁu_/l-ﬂji_oﬂ 9]?} glutamate A&7
ZAadle] Ao TR ANA glutamate7} A A
Ax ol %750 o] &4 A AMPA
(alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) %
NMDA (N-methyl-D-aspartate) 8% 52 &4& F=3tH,
oj % °15t°4 AR EL Abdo] Ze BT,

Y §;].z‘1|1-7<4 EXog o]g]_o:] A AT
7] 2 )22 REH FelE AaFES T8, o
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