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ZANGR A NG RA, Fe s opsie o 27394 ophEa
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Abe] 94 A BAZEF ] SK-N-SHo|A d33&ol| 25t AlAM AL o
slglon, o8] 71 NE FFoA Saks &5 5o Bt a3 S Hep= Aow duA gle
AEAl baicdeins} gramineuss o] §3}ed, d3E& A did RIiEI HRE sy dzE Y
baicaleinz} gramineuss-& |3t ¥ HZHEE WslE BAIG T A ZAME7 S Al ZAFE 2R}
& wstel AEIA ) )l HEls HAsich 2 A G388 A ZA- AL (apoptosis) oFAFe] 4173 M EARE
sl p53 e S FUHAIZom, AFIAlS] 2R 9 xS E Sk ps3e Ae gt AS d3gel o3t 4l
At o] A= G, AFAl ] AT fA e Zeled 4 USIEE], o) p53e] Aol o8 AAM EAL
A& mifsta o8] A RS 2SI Qs AAbehe Aol it 2P B BEE )
A& s}l baicaleins} gramineuss A X2 dF 3o oJ3 °33FS eld A3} baicaeinel] 2siA]
p53E Z717t 9w Al A, AR Ale] HH A} A =%l e, dFZgel o8] F718 caspase A&
Aoz, TFHoz NEAZEE =7/ Zchubd gramineuse olwd B EIle Jepix] Eslgich
2 A A7 baicdeind] &zSeLlF] Z=AAEpS3e] wH L g o s 214X, ARIAIS) VS B
3}, caspase A& Adlig oz A7z ] R ans vepd & oS AlAE T Sl ek
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M = A mey A% WES eme w4 B
TEANE BRIt 7] P QA FH Al 7
e FERlR A= gokst A1 Ao 5o A= A G ke 7A 2 Qo dzgE g
dze Aale) whge o2 Azt nisld w M 2 ARERew 7S FAX o] dEgel o
ol #7435 S7ksla 9len (Charness 5 1989), 3 2 &30 54 &Ie} A8 videl] A3 #A
= IWAALE oAsle) vEe] d3E TR A o] AFHARA I TheFat A|2FloM AFHIE
S 2 A7}t 6% AdEsE Zlew o SEn A o] o)z gror}, g3 Lo| | oW s)ate B
o] wme Aeustmme o] ALEMAY welujEeo) 3t Mz SA4E 8 A dEiiE 27}
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< vehdo] By =gl or (Tartere} Edwards 1986,
Annis 1991, Agosti 1994), 72|13 =A7]Hel| ok
AFzE g3:go 23 1) GABA-A $8A4] &
A3}, 2) opioid FEj= 2 =3wle] $2], 3) gluta
mate =& 2] Ao} A2 EdA ele] AAzztg 5
& wAshe Aoz aeA glv}(Koob 5 1998). o
ol wel AR otme FZe| Amwyozi
=x}w] D248 &37)<) bromocriptinez} 23}
¢l haloperidol, M 25 F4Aa4] 4l fluoxetines}
5-HT2 =84 A3 <] ritanserin, 723 opioid 4=
44 ZAAl naltrexone Fato] ARE-E I gl
(Anton 1996). vl & d3E F5 F AH A3k
I A3 71K el dAZA] HEEA s EA o
UL FLE A ke BolA] dor, aibH

e ohe b glem (Hunt
1993, Sanna 541993, Jang 5 2002);.in vivo == in
vitroo| A A ZApE LS} 238 A A 7} e}
(Charnessi1993, Freund 1994), %] ZAFd ol Zhed 3o}
3 9 Az WS A 9 ey
Aol mgomels, =3 A7 Ao JFgE
A Aoy AAI=E 1 ¢lov}(Wrightel Thompson
2002), =8 AAFAS) Ul P =g 71
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A w3 5 T R YEIA BHE e
otz B w7t = ¥ glek(Brown 1980, Middleton
7} Kandaswami 1992, Duarte 5 1993). | 2ol 18
g ETtR o= A7 A w3 Regte] 3t
AF7F weol AP gler, Hare] ofshH
AR AEF 2o o8t AlAAZS] el dis]
St BAE A RS AT '3
Al B 2hg-& vehivta gkeh(Chen 5 1999).

Baicdeine Zelniole=s xIshy gl A4
A EA 7 A, 3 (Scutellaria baicalensis Georgi)
o] peof|A FZFom, o) 2 A SA] (ant
—inflammatorydrug) ¢} +S-o]<kA) (Smooth muscle
relaxant) = e ARgE gl FAolch mat &
23 2S dehiE i) Aros F45 9)
+=1|; baicalin;, baicalein, wogonoside, wogonin 5-o]
Fi7le|t}. o] F baicalein (5, 6, 7-trihydroxy-2-
phenyl -4H-1-benzopyran-4-one)> 3Hikzl& 77}
Y Aoz A 9lem (Kimuyas 1981, Hanar
saki 5 1994, Gao & 1995, Yoshino2} Murakami
1998); suiperoxide (O,7), H,O,, hydroxyl radical %} %+
2 A7 A A Yt zAERE Q7S s
oltt (Hamada 5 1993). 28] 32 microsomez} mito-
chondria ejl 4] irone]] 2]&% <l lipid peroxidation
< ZHoz AT 4 due Bt (Miyahara
5 1993), H,0,00 23k A= AbE A baicaleinel
o3 mIH oz A=l em (Shaw 5 1995), &
71k agel| o7 Aol A3t baicdeine] Re&
77} iron chelator (deferoxamine), hydroxyl radical
scavenger, lipid peroxidase quenching agent (a —toco-
pherol), xanthine oxidase inhibitor (allopurinol) 2]
Bl wls] AAHA Fold &I By Hio
(Gao = 1998).

Gramineus:= A} = (Acorus gramineus Soland)z}
T sk ATl Sohe Tl xRelM 33
Hglom, ol $eutete vl 33, U
obAlob FAlel A Ak Gl A Eelch. Thell A
F2 74 A, A%, FF, olw, 4852, 18
ok, 123 %A Fol 83 kA=A 2Bt o
S5 ghowr, HZ AA Bl FE gehahg, kst
g AN & A 2EALS] R ad) Fol o
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ATt i elellA] &) zlsE 3 glek(Cho
2001, 2002, Koo 5 2003). 121} baicaeino]i}
gramineuse} -2 AAYEA ] A7 R 5 & ol oS
A 23 AFE oA g v ER whA o),
%—‘1 ai%oﬂ 46} A Aado e B xo
Aol sl o

oln )

[e]
N
2o T 89 4A%H e 79
ﬂs}oq AE W FoT AsAIIRE 23

ol AARIAR) ps3 - W
s}, caspase YA F oI b AR Woe
SFohugieh. Bl o] fadt WAL baicalein
3} gramineuss] AR EET} ¥ AL, &
239 54 /1A F WP AN ke A
A 250 B35 2g 7)AE FHSTA S

EH
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1. M= sf

A2t A1 7 BA) 2% (neuroblastoma cell) gl SK-N=
SH A 22 PEl-coated 967F2] ulje} AAJell. MTT
reduction assay2 ¢34 40,000 cellsiwello] U=
2 7ZtolEt} SK-N-SH A3 DMEMd]| 0% FBS
(fetal bovine serum)=- =3t wjjeFol o 2 oF3ir].
AGstr) 24 e) e sedi@Ae] £ ok
o} (DMEM with'1% FBS)© 2 v}Fte]F1 dx:2-S
10, 20, 30;40mM =% 2] 3} 12, baicaleinz} gramineus
t BT 1250M9] sE2 A AzhEel A2 3.

W ste] A
3 ‘}9&\:} (Shearman 5 1994, Kaneko 5 1995). vl o
= Mzol| dze&e A3 | 37°C, 5% CO, vl
71l A wlj oF3te}. 484]7F Fof] 3-(4, 5-dimethylthia-
zol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT;
Sigma) §-4& FFe =7t 0.5mgiml =7} =5

223 87| Mol st o7 —

7t wellell 718 ol 4A17F uk E<b o wjokslel
ok MTTE] 3Hle)| 28] 3JA]= formazan precipi-
tateZ &-vl (0.1 N HCI in absolute isopropanol)el] =
o) ELISA readerg o]g3le] 570nmelAle] &
F=g Ak 2 AR g AR g
Z7}138F controlZtS 100%=. 3}32 0.9% Triton
X-1000] o3 AE7} 43 AAHRE W)
MTT 302 =2 %= shedudltizel o=
B

o ot r°

3. 8 Hefws £H
(Hoechst 33258 dye. staining)

N ZAERE A FE] A E Mo 3 gAY §
e} ¥ 3}&= " DNA - binding. flidorochrome bis-benze
(Hoechst 33258.dye)=. M sle] Harsleic}. 0.5~
3.0x10°celle 300x gol| Al 1087 94 Ha]sle
Ro & PBSE A3}, | ZS 50uL 2] paraform-
aldehydee] &etst 3 Abgolx 1087 143}
Slon e AlAsty A2 PBSZ A1 H3 3 169/
mL 2] bis-benzimideE 233t PBS15uLE Z2.
AF&el 4] 15%7F vkA]3 & 10uLS dlide glassol]
W3 YN sl AzAEa B Fe) @)
A Wslks kg

4. AHEA| atde|xt £H (TMRE staining)

AL A A9 A= 3 gAMA 2] tetramethyl-
rhodamine ethyl ester (TM RE, Molecular Probes)=
100nMe] =2 1587 H=igeh e vehy
£ TMRE: ARJA9] 2bdsiatel s ARRIA 2t
FEoz olEsa, AN Y% Azl wet o
AL APz §47k H3 Qe ek,
TMRE?®] 334 A”7]:= FlouremetryS o] £-3}o]
excitation 549 nm, emission 574 nmei| A =3 3t} 3
A2 3% dn)7d (Olympus IX70)& o] -8-8f32
CCD 7H|ets o] 4-3le] I3

5. Western blotting analysis

SK-N-SH M| Zo|A] p53¢] W wsls =As)
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7] S8l 60 mm wlj FA Alell A wl k3t A (2% 10%)
o dFLE dA F= A A A A
3 RIPA buffer (1% Triton X-100, 20 mM Tris, pH
7.5, 100mM NaCl, 1 mM NavVO,, 40mM NaF, 5mM
EGTA, 0.2% SDS, 0.5% SDC, 0.2 mM PMSF) =
lysisgt % Bio-Rad &2 AF =75 o] 83}l
bradford method=. A eksle] X822 FH|3} 12%
SDS-PAGEZ 3 % semi-transfer2 NC membrane
o &7 ¥ gL S%skimmilkz A Az ke
sho] HSoldel Al W Autsteich 134 A
2] anti-p53 antibody=- 1:1,000 3] X sl A}g-3}
a1, 22} kA 2A]= anti-rabbit polyclona antibody
2 ol g3te] 1:2000 5]4ste] 2alrh o] F ECL
kitz X-ray filmol Zt3s}e] Astg BAgch

6. Caspase2| &M =3

SK-N-SH A2l A caspase #4& 54317] 9
3] 60 mm o F Al A wjoFst Al E(2x 1092 &
3 44 (10mM Tris-Hcl, pH 7.4, 10mM NaH,PO,
INaHPO,, pH 7.4, 130 mM NaCl, 1% Triton X=100,
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2
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3]

10mM NaF)2 &3 A1A 42 A= &3 50uLel
212 pan caspase substrateq] 0.25mM zVAD-PNA
= HEPES buffer (40mM HEPES, pH 7.5, 20% glyc-
erol, A mM DTT)oll A 1A]7F Al ¥kS-A1Z] % cas
paseel] °Jsf 7]A o] A WA= A=FE ELISA
Reader (Molecular Devices)E o] -£-3o] 405nm 334
=4 2A3ke

it

2

sl 7=
&9 .04

3
Sul

E|l= SK=N-SH
FEANA Lo

oy I-J

=
5A|
M| ZEALH
Abshe]l =94 217 mA 2% (Human Cholinergic
neuroblastoma cell)el SK-N-SH Az d=3-2

o] ©3t AlEAES %% 7] 18I, d=zee A

> ne

2357 2A171 A 1% FBSS % 3s}:= DMEM uj
A ‘J‘;’ ow], Fmee] o5 fuE AEAL
F2- MTT WS o] 83te] N ZAEES SA 3

Ethanol induces neuronal cell death in human neuroblastoma SK-N-SH cells. (A) Time- and dose-dependent change of cell

viability by ethanol. SK-N-SH cells were pre-incubated in 1% FBS/DMEM for 2 hr and then treated with ethanol. Ethanol was
dissolved in D.W. Cell viahilities of SK-N-SH cells were estimated using the MTT reduction assay at indicated time points
(Materials and Methods). (B) Assessment of apoptosis by light microscopic morphology and Hoechst 33258 staining. Cells were
visualized by phase contast. SK-N-SH cells were either not treated (a, b) or treated (¢, d) with 30 mM of ethanol for 24 hr. The
figures show that light microscopic morphology (a, ¢) and Hoechst 33258 staining nuclear morphology (b, d). The figures are
representative for three different experiments.
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t}. SK-N-SH A Zejt}7} &=L (10, 20, 30, 40
mM)& Hetg e A A7 2 BE oEHes
M ZzAbd o] fkE gl (Fig.lA). 30mMe] k=&
He) & 24413kel oF 40% ol o] MEAVH o] f=
e Aoz vehta, 4847k Fol: oF 75% o) 4
o] AEAbEe]l frEF dFLol] ©3 SK-N-
SH AMlze] AMzAPderte FHalr] 3 =g
934 wstel o e W= Hoechst 3325894
< 5 A AR A o] gsle] AlE
93 9] W3lE 24X 7)ol #Zg A3} 30mM ethanol

= A= A5 *ﬂiiﬂ«l &5 24, AR E71AA,
Azetex ) 5o A1 A ZAE A} (apopto-

Sis) o] MEAFE S ‘/‘rE} et (Fig. 1B-a,¢). =
8k Hoechst 33258 534 & o] &3}e] SK-N-SH M| =
o] & FewztE AAI A 4= 30mMe =
29 743 W22l vls) A2 9 33 (condensx
tion)s} B4 (fragmentation)-2- Jehy ¢} (Fig. 1B-
b, d).

Ao 9

o

2. Baicaleinz} gramineus2| ¢
M ZAIHo]| cist 2551}

SH=2A B¢l baicaleinz}l gramineuse) °J.L—%
o o5 frdtE MEAFES BEE 5 glEA %PoP
o) Sisel, dma-e A Bxizh Holage
FBSZ =33l wiR| 9k 87 125uMe] baicalein
3} gramineus F&E5 A7 A Ae skglem, 30
mMe] U328 2447 73 = MTT vhHS- o]
43led M ZAEL-2 Wals SA319lo (Fig. 2). 30
mMe] &5 24A17F x| F oF 45% o|AFe] Al
ZAPE °l %E Aoz atelyton, baicdeing
1388 HeEg FolMEe gzt

ﬂ gt el sl A ZAYEEe] 40% o]
=7 Yebdth ¥bH baicadeingl:= e, gramineus
e ¥ F U= A 7o) Az
22 mew wEow Aelg Aol wa
ko] MZzAEES ¥l sod on] Qe
28l sk ohisieh = AAREIdE o8

HS7|Mol cHgt oA —

120
__124h
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Fig. 2. The effects of baicalein or gramineus on ethanol -induced
neuronal’ cell death. SK=N-SH cells were pre-treated
with 12.5 pMeof baicalein, gramineus for 2 hr and then
treated with 30mM of EtOH. Cell viabilities were deter-
mined by MTT reduction assay at 24 hr after 30 mM of
EtOH treatment. SK-N-SH cells were untreated (CTL)
or treated with 30 mM of EtOH for 24 hr (EtOH 30 mM).
Pretreatment of SK-N-SH cells with 12.5 uM of baica-
lein (baicalein4+-EtOH 30 mM) or gramineus (gramineus
+EtOH 30 mM) was treated with 30mM of EtOH for 24
hr.

Zrte] fxsiel he M ZzAPPALS] e Wiy}
baicaleing A 2|3t A$ole axygo= 7Fas}
glor, vk gramineusE A x| 8F A $oll= M=z
AEAL o] M ZzAPEe it A & fRs)
A F5k5ich

MAMZALE opEolM p532)

3. 4320 ost
A

P532- DNA A AakaZ 2|3 ik 4
%2 E3T Az AEH 2ol o8] dojube 4

2 34 Foll vehde side WA dE3
_0_13:] w3l N 27} AP HA A A ZAFE S
=ohe A2 T2 A4S dHa LA 9l
o} (Cregon 5 1999). wi2by| Szl ojs] s
AEAPE 7 =o)X 228 p53e] FeJsli=A] Fals}
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Fig. 3. Involvement of p53 in ethanol -induced neuronal cell death. (A) Western blot analysis of p53 proteinsiin EtOH -treated SK-N-
SH cells. SK-N-SH cells were untreated (vehicle; lanel) or treated with'80mM of EtOH for'0:5 h(lane2), 1 h (lane3), 3h (laned)
and 6 h (lane5). The levels of p53 protein are expressed as folds of relative value. The difference from the cells incubated with
vehicle was statistically significant (P<0.05). (B) 30mM of EtOH treatment for 24 hr.induced 40% cell death. Pretreatment with
p53 antisense oligonucleotides (p53As), PFT (inhibitor of p53)ishowed protective effects.upon EtOH-induced neurotoxicity. The

bars represent standard deviation.
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7] $13fe] p53 Agstsdet. SK-N=SH
Az 30mMe] Ud3&E X3t ¥ ps3 UIGE
o] At fjEXo= A F7LEke, HAT
Aot (Fig.3A). =

g 10pMe] pS53 antisense oligos

nucleotidese} 7]%5-2 ¢l A a4 ol "PET —a (Pifithrin—

a)E 1uM A A 3ol e 3t Al ZAE
#8250 o] o2 Wl & HEEE W

Atk o|2A, I3 <3 MEAPD Al p5S32
F83H Hedsls RS FAF 90l en, p5s3
antisense oligonucleotidess} 71549l = s)#| Q1 PFT

43
ol

-a (Pifithrinza) © 2 p53& W& pF3) 7|5Ho=
ARl e Aol TILH A% WANESHE

e g dgiek
4, AdFA20| o|&t p532 W =Itof| chst
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Aol 4z
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(mitochondrial membrane potential)2]
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Fig. 4. The effects of baicalein on p53 expression level by ethan-
ol. Western blot analysis of p53 proteins in EtOH or Bai-
calein-treated SK-N-SH cells. SK-N-SH cells were
untreated (vehicle; lanel) or treated with 30 mM of EtOH
for 0.5 h (lane2), 1 h (lane3), 3 h (laned). Baicalein was
pre-treated for 2 hr and 30 MM of EtOH was incubat
with cell for 0.5 h (lane5), 1 h (lane6), 3 h (lane?). The
levels of p53 protein are expressed as folds of relativ
value. The difference from the cells.incubated with vehi-
clewas statistically significant (P<0.05).
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-~
7 e AL %ﬁgq 916351 Sk -N-SH
Az 30mMe] k8-S AR F 641708 A
RUNRER S MR

gt Zlo =z =AFQIY (Fig. 5). 18] p53 antisense
oligonucleotides, 10 UM =} 715231 A 3|A| 2l PFT-
a (Pifithrin-o), 1 pM S 2A13F A =23k 7S Al
o] offJo|rt AlFIAS] A7} o A °l°1f‘i
U3l Vs FuA AR Ao Wz
VA RsEE A Q"Jz} Uit U«}EW 1y
& o8k M=E AbE o] ps3 vk e
7ke} vlEe] ARIAC] HAHAL B EHE 52
7% x—]s}i =3} M«g #qlated om, baicaein
=z :3: 71?4 7 &) 714l
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Fig. 5. The effects 6f mitochondrial membrane potential by pre-
treated baicaleiniin ethanol treated SK-N-SH cells. SK-
N-SH cells plated on glass coverslips were maintained
for 6 hr at 37°C in either culture medium (CTL), medium
contaning 80 mM of EtOH (EtOH), or 30mM of EtOH +
12.5 uM baicaein (baicalein+ EtOH) or 10 uM p53 anti-
sense oligonucleotides (p53AS+EtOH). Cells were then
loaded with 100 nM TMRE to measure mitochondrial
membrane potential(Materials and Methods). AW,, as
TMRE fluorescence, was evaluated in SK-N-SH by
fluorescence microscopy. Intensity of TMRE fluores-
cence was quantified with the NIH image program (ver.
1.56). Values are the mean and SD of three captured
image in random fields. Fluorescent levels are expressed
asfolds of relative value.
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6. LAS0l 2|8t MEAIHO|A caspase2t2]
M U paicaleine] 25§ 1}

AzAEALE] 5he] AeA AbA L) 753t B
ste] AT A glom, TjEe] AlZA}
o %Oﬂ]%} 23 1Akl caspase EA43H7F &
AR ZAPE Aol FAH ] UEA
°¥0}17] 2] 5}e9, broad caspase substrateq] 0.25
MM zZVAD-PNAE x=]3t =& 37°Cel|A] 1A)7} ut
SAIZ] % caspaseel] 9Jsf 7] e] A A=
A =E ELISA ReaderE o]&3le] 2A3}9it). 30
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Fig. 6. The effects of baicalein on ethanol induced caspase acti-

vation. Relative caspase activity levels was representative
for bar. Pretreatment either baicalein or zZVAD-FMK
(broad caspase inhibitor) was treated with 30 mM 6f EtOH
for 9hr. 20 ug of cellular extracts incubated with 500 (M
Ac-zVAD-PNA, asubstrate of broad caspase, in 100 pL
of total volume at 37°C for 1  hr. Caspase activity was
mesured with 405 nm using ELISA"Reader. Enzymatic
activity is expressed as folds of relative value. Values are

| Rk

the mean+ S.E.M. of three separate experiments.. The dif-

ference from the cells incubated with'vehicle was statisti-
caly significant (P< 0.05).

mMe] &S 9AI7E AElEiole o, EAdst=
caspase”} o el H]aFe] 3.5u) oA} #AF =7}
193 o, broad caspase inhibitorgl zZVAD-FMK
10pM 2= A Heligl & dz&S A3t
7d-¥ollis &g E o= caspase SA =7t Hdst
Al A =Qlc). sHH, baicaleino] o]t Ao
& v E=TkE Falsh] s, d2eS A}
7] 2A1zF Aol 1% FBSE =33k wix|e 3
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Abstract

Studieson Signal Transduction M echanism of Alcohol -induced
Neuronal Cell Death and Protective Effect

Do-Yeon Lee, Sung-Su Kim, Kyung-Yong Kim, Won-Bok Lee, Daé-Kyong Kim?,
Kyung-Hwan Kim, Hee-Youn Jung?, Sang-Hyung Lege?

Department of Anatomy, College of Medicine, Chung-Ang University,
!Department of Environmental and Health Chemistry, College of. Phafmacy,
Chung-Ang University,

“Department of Neuropsychiatry, College of Medigine, Seoul National Univexsity,
Seoul Municipal Boramae Hospital
Department of Neurosurgery, College ofiMedicine, Seoul National University,
Seoul Municipal Boramae Hospital

Excessive use of acohol is a serious problem insour society andkinducesaarious, severe alcohol related diseases. The
cytotoxicities of ethanol are still largely unknown. We studied the molecular mechanisms of EtOH-induced SK-N-
SH neuronal cell death and protective effects of baicaleins/and gramineus against EtOH-induced cytotoxicities.In our
results, the cell death by EtOH showed morphol ogic features of apoptosis like as membrane blebbing, nuclear conden-
sation and fragmentation. Furthermore, pretreated baicalein attenuated EtOH-induced neuronal cell death effectively.
EtOH increased expression levels of p53 andboth,p53 antisense oligonucleotide and Pifithrin protected the cell death
against EtOH. Also, EtOH induced mitochondrial event, collapse of mitochondrial membrane potential (AY,,) and
caspase cascade as aidownstream of mitochondria. Interestingly, baicalein decreased expression levels of p53 and
inhibited collapseiof mitochondrial membrane potential. These results suggest that baicalein reduces mitochondrial
dysfunction induced by EtOH through.down-regulation of p53 expression levels. Also, baicalein attenuated activation
of caspase, which wastriggered by mitochondrial malfunction. But gramineus didn’t have any protective effect. These
results.imply that'baicalein significantly protects EtOH-induced neuronal cell death through regulating p53, mitochon-
drial dysfunction and caspase activation.

Key:words: Ethanol, Neurona cell death, Baicalein, Gramineus, p53, Mitochondrial membrane potential (MMP),
Caspase
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