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ABSTRACT

Ethanol-induced neuronal death in fetal period is closely related with blood
ethanol concentration and oxidative stress by reactive oxygen species(ROS) has
been known to be involved in the mechanism of neuronal death in response to
ethanol treatment. Recent studies have described anticancer and antioxidant
activities of Coriolus versicolor culture extracts cultivated in citrus extracts.
Therefore, we firstly screened the possibility that citrus extracts and culture
extracts of Coriolus versicolor mycellium grown in citrus extract liquid medium
could be effective in preventing ethanol-induced neurotoxicity employing the
clonal hippocampal cell line HT?22. Secondly, it was investigated whether the
mycellium culture extracts are able to lower blood ethanol concentration in the
mouse following ethanol administration. A 24hr incubation with ethanol 100-800
mM caused a dose-dependent loss of cell viability. Citrus extract of 0.1-1% and
mycellium extracts of 0.5-4% did not reveal any effect on cell viability while
2-4% citrus extracts and 8% mycellium culture extracts significantly reduced the
survival rate of HT?22 cell. Co-incubation of citrus extract and mycellium culture
extracts with ethanol resulted in a significant decrease in ethanol-induced
neurotoxicity by increasing cell wviability. ROS scavenging effects of citrus
extracts and mycellium culture extracts at 3% concentrations were increased
38% and 27% of controls receiving only ethanol(800mM), respectively. Citrus
extracts and mycellium culture extracts reduced blood ethanol concentrations in
mouse administrating ethanol and the effect is more pronounced in mycellium
culture extracts treated ones than in citrus extracts treated ones, 219 and 12%
respectively. These results indicated that citrus and mycellium culture extracts

are effective to ameliorate the ethanol-induced neurotoxicity.

Key words: Blood ethanol concentration, mycellium culture extract, cell viability,

ROS, HT22 cell line
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B Al Lepiota procera(Kim et al.,, 1989) SolA 3daxs Yeles 22
ol HWAlA FHfrsta e dUuTRF
th ey olE WAL ERY FEE dwud e A A ek 7] &l o
A= 2 Al vz flom AAe e
Asts7t 2 74 T7F ol g8 7IQdske sew Bauwa JIth(Fuji et al.,
1978). olFolA AWML F4 WA g9 Ji7 AAHA ZAse 198w
A AAA FE FARA A FES Aol FdaH(Lee et al, 19925 Park
et al., 1977)Y EWAQ3AFE AA7]=H(aLel H, 2004) 537 = AS
2 BiuYal 9= 5 1 2%l deiA B A7 dEo g

std Z+E Alzheimer's disease, Parkinson's disease T3 #2 H3A X
AgtolL} 8, ZtF & 93 neurotoxicity 5 TR ANAAEY F
ol os doju= Aem defxa ok (Mattson, M.P. et al, 2001;
Mehler and Gokhan, 2000). AZEA¥E9] F&& HEAS=Z apoptosisst
necrosisghi= 7 79 ©E WAl o3 dojy= A= A4l g o™ (Server
and Mobley, 1991), °] ¥ AEFZ9 7172 EF @i F(reactive
oxygen species)®] A} 1o wE A A A X oxidative stresset B3 &
o] d= Aow HEI 9t} (Slater et al.,, 1996; Gorman et al., 1997;
Simon et al., 2000; Fleury et al., 2002). 53] &¢&-2 AFgoAA LAFH7]
o tFow AFH3AS 4G AFF(microcephaly), A% F(microencephaly),
Aol S(mental retardation) &+ 8Fel+ fetal alcohol syndromes
Wwals Aoz gl st (West et al., 1994; Warren et al., 2001; Riley et
al., 2001). ©]# 3%+ fetal alcohol syndrome?] AAEL AddFEo|Ae A+4
o] ot UFFo]7} th ] & (cerebral cortex) (Ikonomidou et al., 2000;
Han et al.,, 2005), 4 (cerebellum) (Goodlett et al., 1991; Pantazis et al.,

Ho
il

1993), sHvlthippocampus) (Bonthius and West, 1991; Moulder et al.,
2002), ¥7Zd-2(olfactory bulb) (Chen et al., 1999; Maier et al., 1999) A]’
(thalamus) (Mooney and Miller, 2001) SolA e AAAEZZFSA 9 3
o WeiA|aL vk GEol o3k AAAES] S5 wEE 71Fe dsie o

ksl A7} AP = o EkL-o] NMDA antagonist®t GABA agonist®



A8t o®=A NMDA glutamate &A1 a3 GABA F&A¢ LA
(hyperactivation)dll &&|Ax AEHAHES doy|e= Aoz Hud w®F Uy
(Harris et al., 1995; Hoffman et al., 1989; Lovinger et al., 1989). X3+
<o Ao AFA ot olyd dFol o3 AABAEY FH5S
caspase—-3 &/dg}ol|l o M EAAANapoptosis)oll o]s] oy AOE B
i e (Han et al., 2005; Olney et al., 2002), ©]&1st MYEAAAE &
ol o8l dgiaTol AEUolA BAHCEN FEE= o= deAal 3l
tF(Heaton et al., 2002; Suh et al., 2001).
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II. d7A5 2 v

1A &
2 ATl AR AEEFAY dAAN G FEES (F)UTSEAG AN A
ArE Ao AWM SFEEL A A (Coriolus versicolor)e] TAMAES 7+

FEHAN2 MAZ sl MFH F F2H AL A

2 A AHEE AP sES ATt oA sEAS A ASE
AF (mouse, Balb/c strain) 7 (10-20g)°lAtt. A3+ 1) FHIATL 2)
ethanol * 2] 3) ethanol + FEE=Y AP 4) ethanol + AWM EF=
E AgTez 838 Y.  ethanol 40%(w/v)Z 3 A3l 200ulE 10& 3t

°2 23] I3FA) sk, 108 § #AEs5d 52 FAANSEFEFESY 200ul
£ Sl =(intragastric ) 23] Agatqlth. 2413 dF¢F 5 =(blood alcohol
concentration, BAC)9] 54S 98] AFo=HH IS AH 34s1ew BAC

-

=A% Sigma Diagnostic alcohol assay kit(Sigma Chemical Co.)E ©]-&3}%]

nt

3) Al Euj ¥

B oA clonal mouse hippocampal cell line¢l HT22E AFg3FH S
W, A¥:+= 1mM sodium bicarbonate, 10% fetal calf serum, 100 U/ml
penicillin, 100ug/ml streptomycin®] *3F¥ Dulbecco's Modified Essential
Medium (D-MEM)& AF&3l91 0w 5% CO.9 37°CR frx == wjg7lelA )
FE T}t A¥EE 1x10°cells/cm®e] WEZ 24-well culture plated] B3l
o™, ethanol< 100, 200, 400, 600, 800mM¢] F==Z A2 gt & 2447k S
ook, asF a9 FAANYFEELS ethanol*E] 30

Oft

cell viabilityS =%

el A2l



4) x4 49 (MTT assay)
HT22 cell®] &Zol o3k Ax543 dFel o3 AESA vA= 3
SEFNHG FAHASFEEY TS A7) fstel MTT assays o833
o}, Arolgls= HT22  cell9 nEZ=gol 44 g A (mitochondrial
dehydrogenase)ol ¢Jaf MTT7} #HdHo] FAH= AFAS we HGEA 9
EIRVELEY e St

MTT solution (Sigma Chemical Co.)& ¥o] 37°Col|A] 1A]7F ¥HSA17] =

it

o

formazans microplate reader® =A3tgTE A EZuj

=

ok
ol

SHE AAsEL 100 ul 9] isopropanols F7bste] WANE-E-S fE3fal

5) &X A4 E(Reactive Oxygen Species)d &3

AZY ST SAHES Al Axe T34 284045F B2 probe)
91 2, 7-dichlorofluorescin diacetate(HsDCFDA)Z Al-&3}o] A% gd Ak
AFo AAT =AS =AHsgrh wjgAo| ethanol = 7HE5E N /WA FA}
A FFEEES A8t 308 F 0.5 mM H:DCFDAE 37°ColA 10% &<t
g gttt multiwell 833574 7] (Tecan, Austria)E ©]83}l4 485 nm/595 nm

sgel A BYe FEE S4srn

6) d5L¢ET 5= 574

AHAS AFo=ZRE HAS AFHL F FHE do] dIAH] dZTFEE
UV-methodel] ¢]3F ethanol detection kit(Boeringer Manheim)ES A}-g&3te] =
Qeholet,

A A= 53 ool HHAl A9 S Aldste] mean +standard error

oz FAE o AFT Alolo] foAdd gt HS2 Student's t-testE:
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Fig. 1. Cell survival as assessed by MTT assay after 24 hr
treatment with ethanol (n=7). Data are expressed as the
percentage of viable cells obtained with ethanol

treatment(controls).



Cell viability (%)

**P <0.01 vs. group without citrus extracts
120 - *P <0.05 vs. group without citrus extracts
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Fig. 2. HT 22 cell survival aasay after 24 hr treatment with citrus

extracts (n=6). The values are presented as means of =SEM,
expressed as percentage of controls(without citrus extracts).

“P<0.01 vs. group without citrus extract; 'P<0.05 vs. group

without citrus extracts.
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*P <0.05 vs. group without mycellium extracts
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Mycellium extracts (%)

Fig. 3. HT 22 cell survival aasay after 24 hr treatment with
mycellium extracts (n=6). The values are presented as means of
+SEM, expressed as percentage of controls(without citrus

extracts). 'P<0.05 vs. group without citrus extracts.

_11_



**P <0.01 vs. group without citrus extracts
*P <0.05 vs. group without citrus extracts
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Fig. 4. HT 22 cell survival after 24 hr treatment of ethanol with or

Data are expressed as

without co-incubation with citrus extracts.

percentage of controls(without citrus extracts) and presented as

P<0.05 versus group without citrus extract; ~P<0.01

%

+SEM.

means

versus group without citrus extract.
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**P <0.01 vs. group without mycellium extracts

*P <0.05 vs. group without mycellium extracts
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Fig. 5. HT 22 cell survival after 24 hr treatment of ethanol with or

without co-incubation with mycellium extracts. Data are expressed

as percentage of controls(without citrus extracts) and presented as

P<0.05 wversus group without mycellium extract;

%

+SEM.

means

P<0.01 versus group without mycellium extract.
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**P <0.01 vs. ethanol only group

100 - =

*%*

*%*

o
o
_|

N
o
1

N
o
1

0 T

T T
Ethanol Ethanol
Ethanol + citrus extracts + mycellium extracts

Blood Ethanol Concetration (% ethanol only group)
3
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Fig. 8. Effect of citrus or mycellium extracts on blood alcohol
concentration in mouse. Data are expressed as percentage of
controls(ethanol only treated group) and presented as means

+SEM. “P <0.01 vs. ethanol only group
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3} Q9 AR Led AR dPRRY 53 A3 U AL
2 e a gk e WARA e uleE Bl oje) sb BAEE 7hA

SAZE hof skt

2o AqAde] ot WMAFAA Y HiGT|ARA HEEFAES AHEE)
of #AMAIS H2 3FES B8 I dAK A SR stEAEE THA
H(Lee etal, 1990), AlZwjFLEANA Y Azt A, AHAG ToAAM w2
Foans wET v Aok w3 O wjFEelA HATANAY FE A E

A2A W 24753 BAGA7 e Ze Aem dEl HE=Fo] E4

shobs Bavk Y Bk El, 2002; Lee et al., 1992). o]&gt Axjo] A3}
of HigR oA HEsHAS of&st] HATAAE vl 43 g M FEE

-, =
& °ol&ste] 7led wE57F AEE EAE ov O AEH T)wdl thd

st dF o] A= SFANAA TN AAAH 2] A, ol H (myelin)
2, aga AFAEY] £ 58 dodE Aew dHA gt (Moselhy
et al., 2001;Brooks, 2000; Obernier et al., 2002). AFEolA <Al Zul7]of

53] AAAxe] F3le} Aol 93] Yoju= brain growth spurt period?l

Lo

er=o] 3t}dl ==L microencephaly, microcephaly, mental retardation &
o2 EAE o] = fetal alcohol syndromes YOo7|&= ZHAOoE HuHI 3]

(West et al., 1994; Warren et al., 2001; Riley et al., 2001). ¥d&H2o] A2
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oo o3k FFRAAATY  oFe T Fol AAAES A
(neurogenesis)o|t} 2
(Ikopnomidou et al., 2000). o]# gt &Fol ot AAA LS =52 Al
o] gAAAFS FA 3 1o WE oxidative stress’t L FEH Y219 Fy=
BauEa 9t} (Heaton et al, 2002; Suh et al., 2001). weha] 2 Aqte] &
EA4e EsHAoR g HATAA Y wjgFFEEo] gl 9
gk ANAMEL Fool MAE TS ZAERE ol
Hippocampal cell line¢l HT22 cellS o grSo] 24A17F 2839 S =T
O EAQ AEAETS AAE 7HAS=H oA on Bud tE dA7AE9
Aol & dXsiion, AFdFEES o€ in vivo Ao olekZo] FHrigh
AFHE A3 AFZAHEFE0] hippocampusol A FAJs] dojdti= BHiet= F
ste)+= A3 (Bonthius and West, 1991; Moulder et al., 2002). =25 =
A ATAAFEEY ABAYEEE 1887 g Aol FEsF
&9 Atz 9 63.9%)F 74 sty AW SFFE=
el 95%° o2& AEEHS WoFAY. olgd AE

gzl o AFBAEL Hgol o FEH dRId Aem EEHAa 3
%

-

rlo
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A A FEEo] AAAME =
AAELH = A= HE2A Yepd olgg A= SAAAET F4d & oxida
tive stressito] ogh&ol oJgk AAGAESFE 7]7o] ofbd 7hs/de AlAbstaL
AT ole} Fe#ste] ofn| thE AFAe] Baro] 4t (cerebral pressure)d]
AF%olyt PCREB (phosphorylated form of cAMP-response—element-binding
protein)®} & A¥Eo] AEZZ A (survival factors)] A&l So] o g2
o3 NAMEFS Pdoz AAFHIL vk (Misra and Pandey, 2006).
FTEN} HATAAFEZES 0.5%9 52 AYsiAEs 45 24
T AARTE A7 oF 20%9 13%AH =] Q2™ (100 mM ANeEEE), 1
SEZ AYE F= 247 oF 30%t 21%0lA0t. vkl A ESFF o
2= 05%9 2 Adsdls B-Fode 7oA e WsE ey 1%
olow At Fde ABMAEFES At Aoz Yewgd. oA
AAARTY A7 o= AL o]l Holok AE FHo25E FAE & U
Ag Yujsts AoE ARHT S SANALFTY AEW FH o] o
(threshold)& ‘Holok Al Fo] dojup oz JikstA 59 #Ago=
| $AREY AT Tt WA 2Ho] HAS W AEY AEo] 7t

X
2 e f

e 2

R

o

rr

= A

O

= =
&4 9t} (Ikonomidou et al., 2000). ¥ AFAA FFFH NS x2Td H
3 ok 120, HWIAEAANGFZEL o 21%0) FFLIEEe] Fa
A9}, o] AL WA HAFA Hl k=SB0

ANed o 52359 Aoz yelyt) o3 AES S AF ] A A & ol A

N
0
off
)
1%
[
o L
of\
2
by
off
oy
Ll
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