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Protective Effects of Ukgan-san in CoClx-induced Cell Death of C6 Glial Cells
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ABSTRACT

Objectives : In this study, we made an effort to investigate the protective mechanism of (kgan-san (UGS) extracts on
hypoxia-induced C6 glial cell death.

Methods = The cell viability was assessed by 3-[4.5-dimethylthiazol-2-y1]-2.5-diphenyl tetrazolium bromide (MMT) assay
and cell morphological changes were analysed with microscope after staining with crystal violet (CV). Reactive oxygen species
(ROS) formation was assessed by flow cytometer after staining with 2'7-dichlorofluorescein diacetate (DCF-DA). We also
analyzed expression of hypoxia-inducible factor-1 alpha (HIF-la) and pb3. processing of procaspase-3 and procyclic acidic
repetitive protein (PARP) by western blot method.

Results : We estimated the elevated cell viability by UGS extract on CoClo-induced C6 glial cells. UGS attenuated
CoCly-induced ROS formation in C6 glial cells and also showed a protective activity compared to antioxidants and exhibited
abrogation of LDH-released by CoCl.. UGS suppressed the typical apoptotic cell death markers, caspase-3 and PARP
activation. UGS inhibited CoCly-induced HIF-la expression which is known as a major regulator for hypoxia-induced cell
death, and suppressed pb3 expression.

Conclusions : These results suggest that UGS extract contains protective constituents for hypoxia-induced C6 glial cell
death.

Key words © CoCly, C6 glial cell, protective effect, Ukgan-san ( Yigan-san)
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Table 1. Prescription of Uxgan-san.

I—Illzrntigl Scientific name Dc()za)lge
g Radix Angelicae Sinens 4
H Jit Rhizoma Atractylodis Macrocephalae 4
FAfRES Poria 4
#9853  Ramulus Uncariae Cum Uncis 4
= Rhizoma Chuanxiong 3
5% 8 Radix Bupleuri 2
H H Radix Glycyrrhizae 2
Total amount 23

TES A s F shtel $afiRe] B A
Zholl e} TR A<t TR B2 FE3ksidh #1
HFik Av 28 74 FAE SAIO BAste] AR
393, TR B AR B AEARD g
o AT pghEe A9 A S gAd
= PlRE ek &3 s AHSETL

2) Ak 717]

3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltertrazo
lium bromide(MTT)+ SigmaAH(Sigma, MO, USA)
oA, ¥44=A (ELISA ¥4371)+ Molecular Devices
AH Molecular Devices Co.. CA, USA)ollA i3t
A& AT A EAEE L SigmarH(Sigma,
MO. USA)ellA F448 CV(crystal violet) S o] &
3 dAste] At

LDH ¥4-& RocheAHRoche, Mennheim, Germany)
FHE Y kitE o] 4319, BT HH
FAell= DCF-DA(2.7-dichloro fluoroscein diacetate,
Sigma, MO, USA)E o] &3}l

3) MEF

Aol AMgg WA C6 AR XM EFE= ATCC
(American Type Cell Culture, VA, USA)elA
sloda, Al E wiokel 223 10% FBSH DMEM/
High Glucose: GibcorH Gibco, NY, USA)ellA
ted ARt
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CoChZ REE C6 tlZdumAlzol AtHoll Th3H #HATHEel 2

PIAFER AE WL 5 BL(ZE 115 90 FF
1,000 mi¢} &7 3,000 ml 3HA ZefrFel] Y=
&, 2717 30 7hdsle] A AR 4193 ml
o2 2 oJ33 E 5000 rpmeE 30E7 YAE
Z7](rotary vacuum evaporator)ell

==
H il
9o A 55T F $AAZA 2 @A) Azl

n: mlru S

o] 153567 g9 A12E d%em, FHel 100 mg/ml
TEZ FHgel =94 12000 rpmell A 2087
Agelshsch. QAERT A2 4392 02 um

filterel S2AA FFs F Azste] AR IS}
A AR Aol Ay AxE T AEE A
Aol Lafste] AAES A AT F 10 mg/ml A
LA 50 mg/ml AAF-EHel A5t A5
o} A B #IATERS] +A b F $ikE
A9t FNE 2417F 1587 7HEs 3 sk
#% sl F7t2 158 7F 7Fdste A A
227 mil W A FUT Yoz 52 Az
EM 11.2257 g9 AlE5 o] Al AS-3tsith
2) A% o

WA C6 AA TN EFE= ATCCAH American Type
Cell Culture, VA, USA)elA 333193, 5% C0./%%
air #WjeF7lellA Fell SJsiA w1EAd= 10% FBS(Gibeo,
NY. USA) ¢} eHA17F 235l DMEM/High Glucose
(Gibco, NY, USA) i o2 wfofsle] A =
Aol upe} AHg-sRsiTt

3) HE Y2 =3

MAETE ohoFst A28 AAe s F
FYALTE AAA AZALE ob7| 8. webA
AAaZzE 52T $ e CoClE: o]&3ted AE
A& 83t C6 Al ﬂﬂﬂ]ia 24 well plate
o 0.05x10° cells/well ©] ¥=5 Avhu]ofsls 124]
7t Zof JATER(UGS) 2 CoChes +=HE A
g o2, CV(Sigma, MO, USA) dAE& E3] N E
ey M-S sy, AZAEES MTT
(Sigma, MO, USA) #Au& o]43led ELISA
TA71Z F3 = 570 nmel A FA skl 50 pLe
MTT &4 (5 mg/ml MTT/PBS)& 72+ Ag+
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o 250 pg/mle] F=2 A3 9L, A7 F<
ulj oFsled ub-&-51A] ok-& MTT 498 Hgjx A&
Mzl 98 MTT w3432 AAE formazans
DMSO(dimethyl sufloxide, Sigma, MO, USA)ZE
Lalste] AZAEES TAA R At

4) LDH W& £4

CoClell o3l £AFS ke A 73 d 270 A
doizl wjoF ArzAE mol YAAA HAHfdE
LDH(lactate dehydrogenase) HAlell o]&-3}eic),

LDH ¥4 Roche*rHRoche, Mennheim, Germany)
2HE 7% kitE o] 83tk 4 AgTelA o
ozl AFZel 100 plofl LDH A whg &3+ 100
WE E3sle] AolA 308 FoF wHeAFH . ut
oo WE A R AlYsiglon, v &
S} = A (ELISA reader, Molecular Devices Co.,
CA, USA)E o]43led 490 nm IHgolN 4E=E
Z2A31, offo} 2L Ao ulgt AHEE AE
s}gich. LDH o2 #A LDH A=l st Ay
M9 LDH SAEE W& (%) 2 ZA3A
NEZ (%) =

213/%0] ¥l [DH- *'"':":/y 9] HE LDHEE |, 100
iz & LDHFE

5) SAALZE 24

CoClm_ C6 AAXAN EAA SALFTE YA
S b Aoz dEA ol eld uwe
M EAE do TRl o HE B3 &3
7b AR A A 7] EAE 2AFS
7] S8 A E W SAALSS EA s A4
A% 24L& DCF-DA(2,7-dichloro fluoroscein
diacetate, Sigma, MO, USA)Z o]&3}e] AekA
2 XA BXo] 7}tk 6 well plateell C6 Al
AIAZE AduloFsta 124178 Fell CoClet #1
ks A2]gt o2, 48212F 53t vieksisich. Al E W

_l

=435 %’“"Hl%—% olsl7] $lsled dA o A
o= wiAE A E 1313}31 100 uM DCF-DAZ
08 E9F AZE G = S F BA7](Flow

cytometer, BD, CA SA) E2 gFdn|A oz 3}
AAraEe A AgA wstes s



6) Western blot ¥4
C6 AAIMEE 6 cm wlofE7]ol A uloFs}
12A17F Zofl Ak 2 CoClLE AHEd v,
WAS F5317] $ste] AMEE PBSE H] A8}
RIPA lysis bufferz £33l whoz & oy
Adglet. BSA(bovine serum albumin, Sigma,
SA)E} Bradford(Sigma, MO, USA)E ¢4
EN ?_}u_q;f_l ok.@ zz—]a} \:]-% 20 ~60 ug_q]
WAS SDS-PAGE Aol M 7|53t Eelst
nitrocellulose(NC) membraneel] #2]¥ whzl&
FHAA 98 1A A (HIF-la, pb3, caspase-3,
PARP1/2 ® B-actin: Santa Cruz Biotechnology
Inc.. Santa Cruz, CA, USA)2 ZA|&4ith oo
2 22 AR A B2 OE, 5 Al
e AxE ECL 49 (electrochemiluminescence
solution, Roche, Mennheim, Germany)<& * 2] 3}¢]
A8k

7) Caspase-3 activity £4

Az AP A 3D AN A procaspase-3 TH
AL HYAA] procaspase FENE EA st A=
Al ZA3EE active caspase® HE|E EAEo]
319 A o] A Ze] Eafo HFedgiet, CoClell
3 =5 procaspase-39] 4 @ PARP ©
A S western blot Wz EAFGh
6 A XM EE 6 cm vl kg7l vkt F 484
4s AFEC 2 CoCl® AEd o5, AEE
AAsle] RIPA buffer2 AA e F&3t1
western blot W& 433l o). Caspase-3 =H¥ A
9] FARML caspase-3 activity assay kit(Roche,
Mennheim, Germany)& ©]-£3t5 ek CoCle}t AT
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Effect of UGS A and B on growth of C6
glial cells.

C6 glial cells were incubated for 48 hr with UGS
A and B indicated concentrations. The cell viability
was measured by MTT assay. Data represent the
mean+S.E.M. of three individual experiments.

Fig. 1.
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2. CoCl, s=0f WE Co AMAWMEL NEZMEZ

B3}

CoClLell &gt AlZAME a3} 93l 5=
2(50~500 uM) CoClyE C6 A7 A Eol| X2t
oS, 48 AI7E Foll A ZAEES ZARIAY CoCly
=T gEHoz (6 AATMNEY NEAESE
ade e gl A?iiﬂﬂ 200 uMelM+=
oF 0% MEAEEE 3, 300 uMeAIME oF
5% MEREES i&i‘:} Fig. 24). ¥ A7l
A= 300 pMe CoClLE BE EAMo| Ag-slit)
g, CoClel o3t A elehs H3lE gals)
7] 18t CoClg AMelahA] o> 23 500 uM
9] CoCl7b A€l ALY Az & v|wst
A3}, Fig. 2Bell vrebd A3k 2] CoCly7k A d
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Fig. 2. CoClp-induced C6 glial cell death.

C6 glial cells were incubated for 48 hr with CoCl
at indicated concentrations (A). The cell viability
was measured by MTT assay. Data represent
the mean+S.E.M. of three individual experiments.
*K0.05 by Wilcoxon's signed rank test compared
with the control group. And morphological changes
were taken by light microscope (B).
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off 0jX= A&

CoClell o3l =% C6 AAnAES] APl
o)X= TR Aet B B3E EE RAFSY B
otk #iAFER A9t BE w=E(100~800 pg/mhE
2A17F AAE o5, 300 um CoCl,E 48417 &
o AEjgt & NMEAEEE AL Fig. 3A
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3 100 pg/mlel M= <F 58%, 200 pg/mlelAE <
72%, 400 pg/mlel A= 93% ol el ME BE &
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3 ERE EA3E] Hste] Sds weE #f
Bt B} CoCLE A3l 48217 ol Al ZAEE
< 2AFSEe Fig. 3Bell JER e #IFER B 100
ug/mlol A M EZAEELE < 57%. 200 pg/mllA &
oF 70%, 2213 400 pg/mlelM= 91% A= Al
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oA foA e AeE FelFgin. ue
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Fig. 3. Effect of UGS A and B on CoCl,-treated
C6 glial cells.

C6 glial cells were pretreated with UGS A and
B for 2 hr and 300 uM CoCl, was treated for
48 hr. The cell viability was assessed by MTT
assay. Data represent the mean+S.E.M. of three
individual experiments. *X0.05, **2<0.01 by
Wilcoxon's signed rank test compared with the
control group.
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Fig. 4. Comparison of the protective effects of

UGS A and B on CoCl,-induced C6 glial
cell death.

C6 glial cells were incubated with 400 pg/mL
UGS A and B for 2 hr and CoCly for 48 hr
(A). The cell viability was measured by MTT
assay. Data represent the mean+S.E.M. of three
individual experiments (*2€0.05, **2€0.01). Cell
morphological changes were analyzed with light
microscope after staining with CV (B).
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Fig. 5. Effect of UGS A on CoCl,-induced ROS
formation in C6 glial cells.

UGS A and CoCl, were incubated for 48 hr (A).
ROS formation was assessed by flow cytometer
after staining with DCF-DA. For the quantitative
analysis, DCF-DA shifts were compared in B.
Data represent the mean=S.E.M. of three individual
experiments (*2<0.05, **X0.01).

5. CoCl,2 7=& C6 AlZmME AFEHof| CHEH 4
Fragat gitethel £ &3
3F A AL 5 e 4% 3

SOD s) el 4311 14]719 4 giet. weba] CoClell
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C6 A7 WM Eol 400 pg/ml #IHFEE} 10 mM NAC
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(ROS scavenger) ¥ 10 mM GSH(glutathione) &
AAg st 300 um CoClE 48417 5ot A=t
O, AZAEES FAE%H Fig 60 ‘/}E]r‘44
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Fig. 6. Effects of ant|OX|dants on CoCl,-induced
C6 glial cell death.

C6 glial cells were pretreated UGS A, NAC
and GSH and then CoCly was treated for 48
hr. Data represent the mean+S.E.M. of three
individual experiments (*2<0.05, **X0.01).

6. #EFELO[ CoCl,2 R== LDH WEO| 0= Het

CoCbi F2E AALZE 6 AA A EY Al
FAE F 58 B9 olz} lactate dehydrogenase
(LDH)® #&5 of7|ste] A ZAbe| o]274 ¥,
webd CoClell o8 =%+ LDHE Fasix
e A=Al CoClel 93 LDH W< 4%
T AEAE AR C6 AA A ZE CoChE
48217 Fok et 75, A2 Al oF 200%2]

wEaks Helov, #ifFE A=lel 93t LDH
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Fig. 7. Effect of UGS A on CoCl,-induced LDH
release from C6 glial cells.

C6 glial cells were pretreated with 400 pg/mL
UGS A for 2 hr and then 300 uM CoCly was
treated for 48 hr. LDH was assessed from 100
ulL culture media. Data represent the meant
S.E.M. of three individual experiments (*2X0.05,
#X0.01).
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Fig. 8 Vbl 23} 7ol CoCly7t A AEE
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2A] oje} 2 o] A AAEHE A
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wakel HIfFae] od3ks ARt A3 C6 A7
Mo CoClys 48A17F F<F Mzl ol pbh3 =

RIS ERES
o)

2 CoClell 93t p il
& ¥ # l‘ih PR =5 A2 ZelA
Azest AR £Eos e (Fig. 9).
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HIF-la| = = °

B-actin | - ——

Fig. 8. Effect of UGS A on CoCl,-induced expression
of HIF-1a in C6 glial cells.

C6 glial cells were treated with UGS A and/or
CoCly for 48 hr. After stimulation cells were
harvested and lysed with RIPA and analyzed
with Western blot method.

CoCl, 3OO M) - + + -
UGS A (400 pg/mL) - - + +

P53 | ——

B-actin — — ——

Fig. 9. Effect of UGS A on CoCl,-induced expression
of pb3 in C6 glial cells.

C6 glial cells were treated with UGS A and/or
CoCly for 48 hr. After stimulation cells were
harvested and lysed with RIPA and analyzed
with Western blot method.
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Fig. 10. Effect of UGS A on CoCl-induced cleavage
of procaspase-3 in C6 glial cells.

C6 glial cells were treated with UGS A and/or
CoCl, for 48 hr. After stimulation cells were
harvested and lysed with RIPA and analyzed
with Western blot method.
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Fig. 11. Effect of UGS A on CoCl-induced caspase-3
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enzyme activity in C6 glial cells.

C6 glial cells were treated with UGS A and/or
CoCly for 48 hr. After stimulation cells were
harvested and analyzed for caspase-3 enzyme
activity assay (*2<0.05, **X0.01).

CoCl, 300 pM) - + + -
UGS A (400 pg/mL) - - + +
PARP| = —

B-actin — c— ——

Fig. 12. Effect of UGS A on CoCl-induced expression
of PARP in C6 glial cells.

C6 glial cells were treated with UGS A and/or
CoCly for 48 hr. After stimulation cells were
harvested and lysed with RIPA and analyzed
with Western blot method.
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qoz C6 A QTN E] A EAEEo] 7HAs}
© Ae 3l %% o, 300 uMel A oF 50%
< BYh(Fig. 2A). CoCl:x HNE
fFrEdte 3o r odeA
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2y Ak 3 o geksk A=l 93| ke
AT o] WHENE ASole ST
A E A Ao s 2 AL AR ] Heof o
= AT Az "}"éi °l AAA Hi, FAYETA
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