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Protective Effects of Ukyium ({5 &#£X, Yougui-yin) in
Zinc-induced Apoptosis of C6 Glial Cells

Young-Goo Lee, Byung-Soon Moon”

Department of Circulatory Intemal Medicine, College of Oriental Medicine, Woosuk University,
Department of Circulatory Internal Medicine, College of Oriental Medicine, Wonkwang University”

Objectives : The objective of the current study is to determine the protective effect of Ukyium(F 8K, Yougui-yin) on the
apoptosis induced by zinc.

Methods : Zinc is known to generate reactive oxygen species (ROS), including superoxide anion (O2) and hydrogen
peroxide (H202), which eventually contribute to cytotoxicity in a variety of cell types. We investigated the viablity of cells,
H20:2 generation, chromatin condensation and nuclear fragmentation in Hoechst dye staining and IkB-¢ degradation in C6
glial cells of ZnCh between pretreatment- and not pretreatment-group with Ukyium. The former methods were researched by
Time- and Dose-dependent manners.

Results : We demonstrated that pretreatment with Ukyium prevented zinc-induced cell death of C6 glial cells and apoptotic
characteristics including chromatin condensation and nuclear fragmentation. Ukyium also prevented HoOz-induced cell death.
We further confirmed that Ukyium decreased zinc-induced generation of H202 and inhibited degradation of IkB- by zinc in
C6 glial cells.

Conclusions : These data indicated that Ukyium (178EK, Yougui-yin) prevents zinc-induced apoptotic death of C6 glial
cells via inhibition of ROS generation, such as H202 as well as inhibition of IkB-a degradation. (J Korean Oriental Med
2001;22(3):63-73)
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1. X2
1) #uRorE
C6 DM ITE FHo) ARARANTRA g HEFe
oA FA3sked CO2 Al EH21(37°C, 5% CO2)ol

A} 10% FBS7} 3¢ DMEM v =] & vl okatsich.

2) 27

Ao AHE3 iR A W& (REEE)"”
o oAsIAeH, kA= APrieta gelziet o
b oAl A% & P st Ak, 13
of U&7 £ o33 ZrH(Table 1).

A1k 77

DMEM, FBS, A& 2 trypsin 5] A Zu)| ol
o3 AEL GIBCO BRL Co.(Grand Island, NY,
USA)ZHE FYatsi o, wd&7](24 well plate

el BREEEE Q13 BPA HASd 85 9} 10 em dish)¥® Falcon(Becton Dickinson, San Jose,
Table 1. Prescription of Ukyium
Species Part used Latin name Amount(g)
Rehmannia glutinosa Libosch. Root RehmanniaeRadixVapratum(H i * ) 15.00
Dioscorea batatas Decne. Root Dioscoreae Radix(118%51) 7.50
Lycvum chinense Mill. Fruit Lycii Fructus(Fapc$) 7.50
Eucommia ulmoides Oliv. Cortex Eucommiae Cortex(FHyhEHLY) 7.50
Cormus offcinalis Sieb. Fruit Cormni Fructus(|1)5<85) 375
Aconitum carmichaeli Debx. Root Aconiti Tuber([f1 2% 3.75
Cinnamomum cassia Bl Cortex Cinnamomi Cortex Spissus(fRAE) 3.75
Glvcyrrhiza uralensis Fisch. Root Glycyrrhizae Radix(HER") 3.75
Total amount 48.75

These herbs were treated by following method.
* heating with steam 9 times ; + parthed ;¥ soaked in Zingiberis Rhizoma
§ roasted. enveloped with wet papers ; || fried with honey
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CA, USA)IA 7e8el ALgsiaet AZ 2 o
A3} FFo) o]-&% slide chamber= Nunc Co.
(Germany) 2 58] 79 3to] AR5}t

MTT, Hoechst 33258, BCA, SDS, DMSO+&
Sigma(St. Louis, Missouri, U.S.A)Z %€ 74341,
caspase TF9 3712 L& Calbiochem Co.(San

Diego, CA, US.A)ZHY FY33ch

o
S
s
o
?L"_'/
M
oft

(195g)% 3,000 ml B4 Zapx3
o TR/ 1,500 met A ¥-& th, 12083 714
A AHA 2 AR H 5000 rpm
2]8}aL rotary vacuum evaporator

o Yo 7t T3 & ARV E SHg A=
3t FE& 35%E 68.25gS Aol, eppendorf tubeo]]
100 pg/mi-& DMSOR Ecix] WAHASNAA ALE-
Al = DMEMo|| 3|84 AFg-3l3tt.

2)Co mAxo] WjF 3

C6 WA Eo] wjeke CO» M EWAI|(37T, 5%
CO2)ol| A 10% FBS7} ¥ &% DMEM 2] 2 ujoks}
Gk oF 48A12F 712 DMEM HjoFl & wH sto]
1 log phasedl] i MX) GRS XS F
Ad S APk

HAEYEE 24

C6 w A EZ A Ev)FA(24well plate)o] 10%
FBS/DMEMC 2 1x10/ml2] A ZE 6A17F B3 A
AAMA FHAAZ & HEHES ZnClh, HHOE A28}
o R &E&(viability)S ZHIIAH AZAEEL
MTT assay< ©]-&at5ith. &Fa) Ae] & JEAL 2
AZE Aol AFEES 500 ug/nie] MTTEHE Yo
37C 5% CO2 A Eu] g7 A vl st HFA Tt
Hi okl S Al A g Aolgl & Aol o3 AAdE B
2t E8 9 formazang &1t & DMSO] <3
Zao]l t}e, ELISA reader(Molecular Devices Co.,
Sunnyvale, CA, US.A)Z 540 me) EE TN &3
EE 235 Aok 4& e g U
thzol ¥l w3 %2 VR Ak

4) HoO2 A F 578

C6 A EZ 6 cm Al Eufkstol] 2x10° cells/ml?
Bz8 oh2 AT ZoChE H2d T LA
A AFANE Both AFA S 96 wells A Tuf
o 247z} 100 1% 253 th3 1U HRP, 1-2 M scopo-

23 o3 108 Ft vAIAT AGE

H2020 o}8)} 7+AS scopoletin®] 3338 iz}
H) ¢ 3} fluorometer(Molecular Devices Co,
Sunnyvale, CA)E 380/450 nm2] 4o A 2743l
W E(%)E FA AT

5) % 341

A7t Ael® A EES 4% formaldehyde &<
A 3AAZ] & PBSE A2 3}3L Hoechst 33258 4 A4
k& PBSe] 10 Mo] H =% gAste] 1083 4
@ % opAl PBSZ A3l ABAnZen B
Aok Aol wE ARzl o4 FetdnZ (Nikon
Eclipse TE300, Japan)< ©] &3 11, 10102 W&
2 ApAE H o} (Nikon, Japan).

6) Western blotting

e Co A o HERI ZnChe Thggt Al
et e F AEE fikEste] 27k HBSSE 2
3 AFRsAT 9 A EZ= RIPA §9 (50 mM
HEPES pH 7.4, 150 mM NaCl, 1% deoxycholate, 1
mM EDTA, t mM PMSF, 1 weg/ml aprotinin, 2 mM
Na3VO04, 100 2M phenylarsine oxide) .2 gL 9]¢
A galstdT. A E ikl 2909 sample
buffer(5SmM EDTA, 4% SDS, 20% glycerol, 200mM
Tris, pH 6.8, 0.06% bromophenol blue)$} 410] 1007
oA 387 29l &, 12.5% SDS-PAGES 28314
t} A7id o] B gel?] M A L nitrocellulose
membrane . Z 47, 30 VoA 16A]7F <t transferdt
% blocking buffer (5% skim milk) 2 A}2o]A 14 7}F
59t vk A7) KkB-edl] thE 3 (Santacruz Co.,
San Diego, CA, U.S.A)E TBSe|| 1:1,0002.2 3|43}
o} nitrocellulose membrane¥} 4+2-0f| A 2A] 7k HF-2-A]
Z1t}. o] A8+A| Q1 anti-rabbit IgG conjugated HRP
(TBSZ 1:1,0002.2 3}, Amersham Co., Bucking-
hamshine, England)} ¢4 1A13F FoF wkgA[71
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% ECL kit (Amersham, England)Z AR-g-3le] 3 o
=E3AA EAe

7) A Ag”
7l A= 33 olAte] Ey Aol AdAi)o)
™, o] &9 W Mean)?} TFHAKS.DYE A&}
Mean+S.D.8 YRR L, student s t-tests A}-§-5he]
AR s

SEPL

1. ZnCRolj &3t C
Here EisLi
WA zinc7} C6 WA Eol| mAlE AEEAS Lo}
27) §l3ted Co M EE A Ful kg 24Well ol 6
AIZEERY ARAAA FRAAZ T EH g 250uM
ZnCh 352 AZME 2 Agstd AZPELS B
gt 23 4N AR Fole AEAEE] AR
o] thzxF3 vlwsled 1.8% 7438191, 6, 8, 10, 12
A7 AT ZFol= Zk7h 145,498, 80.9, 89.5% 2] A
QA A3k o W (Table 2), ZnCla 100pMo)| A} 250u
Me] ZnCLE 8|3t Meldte} MEAEES H2g
A3}, ZnCl 100, 150pMol| A o] A EAPZ &L A el
o] thzxrat vlwal| A 2zt 4.5,7.2% HAaskgl on,
ZnCl 200, 250pMol| A 2] Z+zt 12,6, 51.9% 5244 9]
Al A8k tH(Table 3).
28] 51, ZnChell 23t C6 mA| 2] Al EEA A
FsEeRe) HalA e A A EAEES Loty $]3

WAMFE0 0|X|l= MESAMD A

Table 2. Time-dependent Cytotoxic Effects of ZnClz in C6

C6 LA T Z AEEL 100, 200, 400, 600, 800 ug/ml <]
rem jﬂ} 308 S0 H2let & Ax 23 A Lo
250eM ZnCl& Z}z2r 8AI1ZF B¢ Ajelsle] A A&
&2 #AG A}, 2500M ZoChE TEA Al A E
HEEL 422%01 2, £ifFK 100, 200, 400, 600,
800 ug/miTke) W aH 2| A *ﬂi* TEE A 553,
59.6,62.3, 714, 81.7%2 45556k B= &40 2 A
TA & go] Z7lete =ul(Fig. 1), ﬂaxu R E=aay
vlmat 22t AR A sEEE 24
o] Zt7h 44.7,40.4, 377, 28.6, 18.3% 7+ 6157
3 ZnCl GE A 2] A 9} vl mal e AEYEEE 47
13.1, 17.4, 20.1, 29.2, 38.5% Z7}5}S1th(Table 2, 3,
Fig. 1).

=

2. BERERO 2|8t ZnCl REM 842X 9 HPx|§ t

ZnChol 2J&)] He¥ C6 mA £ A EEA
FEaAbel] o] gt AARIA AR £k dgS &
obi 7] st} C6 wA) Eol 2506M ZnCl-E
2k Al 2} 250M ZnCl$} 800us/ml A5 B S W8l
Aelgt AEE 274X T Medte] 4%
formaldehydeol] oJa} A7l - &l <lol] 7)o Fof
ZF 4 9l= HoechstZ QdA3lo] 333 dnjd oz %
2 A, HBIXM ;Hz; L ECRE Ko
| E274 B H.9l oW (Fig. 2-A), ZnCl2k
TEA *ﬂifﬂmb izt Aot v ws)A
Ax7) L2257 o] BA.S Eajo] #AE 4
91 31(Fig. 2-B), ZnCl 2504M <} 800ug/ml HEitk-<
A eet A Lol e ZnChet e 2] e 429}

X
ok iS ol

—

Table 3. Dose-dependent Cytotoxic Effects of ZnClz in C6

Glial Cells

Time (hr) Viability (%)
0 j00 = 2.0
4 982+ 4.0
6 855+ 30*
8 502 £ 20%
10 19.1 & 30"“"
12 10.5 & 5.0 **

Cells were seeded for 6 hours and treated with 2504M ZnCl2 for each
period. The viability of cells was measured by MTT assay. Results
represented the mean (%) £ S. D. of three different experiments.

* P {0.5. %% P (0.1 by student s t-test, compared to control group
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Glial Cells
Dose (uM) Viability (%)
0 100 = 1.0
100 955 + 3.0
150 928+ 15
200 87.4 +20%*
250 48.1 4 3.0 **

Cells were secded for 6 hours and treated with various concentrations of
ZnCl2 for 8 hours. The viability of cells was measured by MTT assay.
Results represented the meun(%) £ S.D. of three different experiments.

*P (0.5, %% P (0.1 by student s t-test, compared to control group
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Fig. 1. Protective effects of Ukyium and zinc-induced cell
death of Cé glial cells. Cells were pretreated with
various concentrations of Ukyium for 30 minutes and
further incubated with 250M ZnCl2 for 8 hours.
Then, the viability of cells was measured by MTT
assay. Results represented the mean(%)+S.D. of
three different experiments.

*P (0.5, * P{0.1 by student s t-test, compared to only ZnCla-
treated group

LA Gt ¢35 st Aglon, A 2a
G Fesh 2okm, Azl fzen 2 Aol
191 th(Fig. 2-C).

3. AFEO| 28t H202 MA AR E 1

ZnCl A glell 213 C6 mA| EoAe] M EZEA o)
ezl o) sjAEold sl e el
#3ted ZnCl Az]o 23 H0: A %S B&slY
ok WA C6 A ol 2504M ZnCLE THEX 2] & 2
AIZE A 2.2 10417 B9ke] Al EW Ho0r AA 9k
A7y ARE 2 B A3} 2, 447 FollE HaOe
o Adgel e dziel] vlsle ztz 112,
119% Z7}8t9 21, 6, 8, 10A]17} Fol= zbzt 124,
185,278% = 2] 4 9 Al Z7)5}% th(Table 4).

EZH ZnCheoll 2]3F C6 wA| ZollM Q] £574k9] &
e Lolrr] Ykl 800 wg/ml RIS ZhHelel
C6 WA Lo 30F F<t dAelstn AIZPE R S ekl
250pM ZnCl& F-A @ to] 24|7F kA2 1047

&)

Fig. 2.Inhibitory effect of Ukyium on zinc-induced H202
generation in C6 glial cells. Cells were treated with
250uM ZnClz with or without 800ug/m! Ukyium for
each period. The generation of H:0: was measured
by scopoletin- HRP assay. Results represented the
mean(%)+S.D. of three different experiments.

Table 4. The Generation of Hydrogen Peroxide(H20z) in
Zinc-induced C6 Glial Cells

Time(hr) Relative fluorescence(%)
0 100 £ 20
2 12+ 30
4 119+ 5.0
6 124+ 70*
8 185 + 15.0 #*
10 278 £ 13.0*

Cells were seeded for 6 hours and treated with 250uM ZnCl2 for each time.
The generation of H202 was measured by scopoletin HRP assay from
cultured supernants discribed in materials and methods. Results represented
the mean(%)2S.1. of three different experiments.

#P 0.5, %% P (0.1 by student s t-test, compared to control group
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350

- —#— ZnCl2
300 |- {1~ ZnClz + Ukyium
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Generation of H202(%)
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Time(hr)

Fig. 3. Protective effect of Ukyium on ZnCle-induced nuclear
fragmentation of C6 glial cells. Cells were treated
with ZnCl2(250£M) in the absence or presence of
Ukyium (800ug/ml). The cells were fixed with 4%
formaldehyde, stained with Hoechst 33258 to
observe nuclear morphology under the fluorescent
microscope(100 x ). Arrows indicated nuclear
fragmented cells.

B9 HoOpo) A S A 2 33 A3} 250¢
M ZnCLS 9= 24 2,4, 6,8, 10417} 3 H20: A A
ke Aol tizTo] Bluste 24z} 112,119, 124,
185, 278%2] 2712 RA1, HEHRS B axelAd
= A zFo] vlmste] 2zt 108, 113, 116,
118, 149%2°] 2718 Hgonz H0 A ¥ 74z}
AP Blwetd iR WA Al ZnClh-g
EAA R @A 3] AA Yl THFg. 3).

4. H2020] 93t C6 M=o D|xl= M=Z
iRl B &1}

o}o] [Table 4]} [Fig. 3]ollA] E.91 Aztel A ZnCl
o 2|3 H20: AAde] AA C6 mAl e 54 g
A 7S TR Hete & FdA HOx 5
213 C6 WA Fo] GEA sl AEEAE TF3}
Aot o0& A shA] &2 2y AlXe O
1006Mo) A 300iMEEZ 24412 DEH A A E
AE&eS vmd 27, H02 100, 150, 200, 300:Mo
A AEAZgo] 2z} 92,78, 64, H0% S Ho] 23
Aol iz Axet vmalA 7zt 8,22, 36, 60% 7+

S48 A
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Fig. 4. Protective effect of Ukyium on H20z-induced death of
C6 glial cells. Cells were treated with H202 in
absence or presence of Ukyium (800ug/ml) for 24
hours. The viability of cells was measured by MTT

assay. Results represented ug the mean(%)+S.D. of
three different experiments.

*P (0.5, ** P (0.1 by student s t-test, compared to control group.
+ P (0.5 by student’ s t-test, compared to 2004M H202-treated
group.

++ P (0.5 by student’ s t-test, compared to 300uM H202-treated
group.

A8l tHFig. 4). T3}, Ho0e0l) 2} 8k C6 A E2) A

EEA A HFake] BaAAl AZHEEE To}
Bl &éted z4zde] C6 wAl Eoll 800ug/ml FE2]
HiAE 308 A3 £ H0: 100, 150, 200, 3004
Mol X9} AxAEES Hwme 23, I H0
WA Aol MEAZE] 22} 98, 86, 80, T9%
g 1o e Ao 23 vlasA AZEEE]
747k 2, 14, 20, 21% A3 A T, HoOr TBEA 2] A)
o} vlastd A EAAZ&L 747t 6,8, 16, 39% 3713}
%A CHFig. 4).

5. ZnCloo| EHSA{alo} AEBIKe] HHHEIAIS KB-
22| s}

el AAA 84& 2dshe NFkBS S
ol5& AEANA JAshE B AQ kB-ao] ¥

Ao g o3y Ysled HA C6 wAXE 250uM
ZnChE 2417} 308 29t 9= gjste 7} /*l ueg
kB-e2] W32 #asied xlae xT *
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Time (min)

0 15 30 60 90 120 150

LIS < [kB-a

Fig. 5. Time-dependent degradation of IkB-« protein in zinc-induced C6 glial cells. Cells were treated with 250:M ZnClz for
indicated periods. Whole cell lysates were separated by 12.5% SDS-PAGE and analyzed by immunoblotting with Anti-
IkB-2 antibody.

Ukyium - - 200 400 600 800

ZnCl2 - + + + + +

Fig. 6. Inhibition of zinc-induced IkB-a degradation by Ukyium in C6 glial cells. Cells were pretreated with various
concentrations(200, 400, 600, 800uz/m!) of Ukyium and further incubated with 2504M ZnCl for 2 hours. Whole cell
lysates were separated by 12.5% SDS-PAGE and analyzed by immunoblotting with Anti-tkB-« antibody.

vim3 A3, AeA3be] AHSe| wel kB-a2] ¥ degeneration), Lewy4AH o] Z¥aty 2zweld)
&7t Z718te AL A ¢ YAThFig 5). Z W3} o]Q|d| % cholinergic), noradrenergic,
3L C6 A E] 200, 400, 600, 800ug/ml %5E2) dopamine 5-9] /\17414‘?—.}‘“1‘(neur0transrnitters)ﬂ 7+
HEERS 247 308 Bt AA g T 250M ZnCl: 2¢} aluminium 59} §40]& 4 I 22 A
£ 2NZET Mste] kBeo) W E AAG Ay, 9F WIE FTATE AR dHA .
FERe el sz vldste] kB-a-a] 7} oA =] g, el Hofl st (TR - iR
21 tHFig. 6). o IEEBEELE , W0 TSREEEREZE HELE
2 gt HE fife]l Role Rolgty atoH,
(EilE - R AN =" Ak, JEBuE, K Ekﬁﬁﬂél
£ GEF - ISR BB, (AR -
w3t ¥ - 715 HE, du g 3-8 T BB RE, RO Rk AY *%%0“
A2 AMg] ARE e BHEAQ A2l ddez A WA @Bl A3ln Bhel Likste fEEET &
AL A& ol dojute HH AT}, 53], S} ermste] o) KEHEE Adste SEER
9] wsl= AAA T 75 9 Y& bR 4 go] FirngEsg FRIsiden, (B
A48 52 97 (neurofibrillary tangle), =214 417 ROl A RERAE RIRSEEE, KERE, B
Rh(senile plaque) ¥ F X (granulovacuolar R, WEBZE, (B - MRER) ol A VR
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gom, FNad e
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of nxe JFE Lolrr] gl C6 mA ol ZnCl
of dEA o LR WX el e MEA
Z&, QAU SE&T & B4, H0: YA, 2ARE o)
Aste Aoz AAXE NF-KB 44 SHsEs=
IkB-22] degradationg- #3315t}

W2 ZnCl7} AR Al Fdl| mA] = AE=A A
EEeRe] B3 EE doly] Yate] ZnChE C6
Aol SEAelst 43 A FE| v )
o NEYEEo] FAadte 3 ATEHE Bio
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ol M Q) MEEA o] ML 23 HAAUNE
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