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ABSTRACT : Methanol has been widely used as an industrial solvent and environmental exposure to
methanol would be expected to be increasing. In humans, methanol causes metabolic acidosis and dam-
age to ocular system, and can lead to death in severe and untreated case. Clinical symptoms are at-
tributed to accumulation of formic acid which is a metabolic product of methanol. In humans and pri-
mates, formic acid is accumulated after methanol intake but not in rodents due to the rapid metabolism
of methanol. Neverthless, the developmental and reproductive toxicity were reported in rodents. Previous
reports showed that perinatal exposure to ethanol produces a variety of damage in human central ner-
vous system by direct neurotoxicity. This suggests that the mechanism of toxic symptoms by methanol
in rodents might mimic that of ethanol in human. In the present study I hypothesized that methanol can
also induce toxicity in neuronal cells. For the study, primary culture of rat hippocampal neurons and
glias were empolyed. Hippocampal cells were prepared from the embryonic day-17 fetuses and main-
tained up to 7 days. Effect of methanol (10, 100, 500 and 1000 mM) on neurite outgrowth and cell vi-
ability was investigated at 0, 18 and 24 hours following methanol treatment. To study the changes in
proliferation of glial cells, protein content was measured at 7 days. Neuronal cell viability in culture was
not altered during 0-24 hours after methanol treatment. 10 and 100 mM methanol treatment sig-
nificantly enhanced neurite outgrowth between 18-24 hours. 7-day exposure to 10 or 100 mM methanol
significantly increased protein contents but that to 1000 mM methanol decreased in culture. In con-
clusion, methanol may have a variety of effects on growing and differentiation of neurons and glial cells
in hippocampus. Treatment with low concentration of methanol caused that neurite outgrowth was
enhanced during 18-24 hours and the numbers of glial cell were increased for 7 days. High con-
centration of methanol brought about decreased protein contents. At present, the mechanism responsible
for the methanol- induced enhancement of neurite outgrowth is not clear. Further studies are required to
delineate the mechanism possibly by employing molecular biological techniques.

Key Words : Methanol, Hippocampal neurons & glial cells, Neurite outgrowth, Cell viability, Protein
content
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o] methanolel] 5% 7}5A1E HA Zolx| 3 9o}

Methanol-2 Akl Allol| 4] F-Flo|u} HglES] 4uj2  (Abbott 5 1994). QlAl7} methanolol] F-Exw o7l
de] 20]i= alcohol 24] HJE AANe| Y wA| HAF 3714 BAI R Fake] Yehdth(Gilger 5 1956). 3 @A
o 74 AE o2 &3] o] & glrt gt HTod= += th2 alcohole|v} f-7] §-ufell Ao} Zdo] A=ty
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(narcotic actionyS- Vep]=d] o] Ao A AlulkS- o
7 4 Qle AR 10 g/Kgel™ o]+= ethanol®] X|A}
3t frAkstet. o] Bhg-o] At 3= FHE-7|(latent period)
S AX FHA A 93] WA A4S (metabolic a-
cidosis)o] vielde}, thAlAl 4122 methanol®] A} AF
£-¢] formaldehyde®} formic acidel] 2]&F &= &Abuf &
off hAstE 2 Aol 4] methanole] thAR7} dejvtrizt
2|2} A7bo] ZHE7| 2 viehtA Ho o] whAleA A
3] X85 A & 7 Al o)lF ¢ Ue FHA A
AbEEE 23 gKgelol A AbZellA] 3] 8= oAt
x| Aleko] sl(sublethal dose)Z. F%5-F o] 3047 371%#]
AES B9l AR dAQ] F5 ARA L S F
o] frib=lel 714 A17dd (basal ganglia)?} 2t 417
A A FE(retinal ganglion cell)?] #|A}7} vlehdrh(Potts
% 1952). Methanol& 4-17 miA =5 E-43slodx AlH
< A=Y 80-150 mlE B-8-shd o8 Aleel(F
1967). ole} o] A AbS3 F3 AA ¢ A7}
7% Aoll= methanol =}Aje] FAJolglr] W=
methanol®] WA} AFE-<Q] formaldehyde % formic acid”}
Aol =X oz dojdrh(Potts 1955, Potts 5
1955, Gilger 2 Potts 1955).

v ARSI A Rels gl X FelA
= methanol®] A} 2 sl I o] v]-$- W] Ao}
7] @ F-ol] methanol & =1 thA} AHEEL] &2o]| o]
=] or=rhR e 1982). 18o|®= B-73l 3 JAlEal
3ol A A3 22 methanole Fo8}51-S uf efo}
off A A 2 kA e Aol 7} ebdol . ghoh

= AUellA methanol®} 7+ &A4:¢) alcohol dehy-
drogenase % aldehyde dehydrogenaseol] 23} thlz|o]
acetaldehyde %! acetate & %13}%]= alcoholgl ethanolo] <]
Aol I dololA] A% A3} % 4% o)
A TH(West 5 1986). &= ethanol2- A7 o] eZw]w
AZBAE ¢ Zha, AAAE U Aol 2 A7 gy
s Ao} X, S Aol B 5 Aol 22t}
o8 AV3A Aol E e ghrh(Abel 1979 ; Cogan 5 1983
; Diaz 2 Samson 1980 ; Fernandez 5 1983). o]2]3} A}ol]
= £% A7 Ao g} ethanol?] A A<l 2kLol] 2]}
iy AzrElc}(Morgane % 1978 ; Patel 1983).

3 Zou 5-(1993)2 3 F| 2 A AFAEL] UAF )
oF Mo T E ethanolE o8l S o T =0
= AlZ FAo] et oy ARy 238 Al
A xe A F221& doZhy ot

o] 37 ethanolol 2J& A17A EAdolv} 1 7|l
g A= Wl ¥.3E 3 9) 21} methanol®] 749l
= thA} 4HE<Ql formaldehydet} formic acid®] S-Ad ol

T g

>

3ted F2 AF7) o] Fo1x $kom methanol 2}A] 7}
F5 AAA vIX= ¥l HFted= ofA At
nn| gk A o]r}.

olell ¥ odFx}= Sprague-DawleyAl 33je] ef=d
1745 efo}e] sfjute] AAAE U AA XA EE L3}
wlokal & 52 methanold $oid}e] el A
AAE E718 A, AR E AES W AT E
s fAge B A AAAE 2 A A EA v] A
+ methanol2] o 3Fol| tiate] ookw w2} ahgir.

IL Mz o 2y
1. 43 S8 ¥ 487

o AgAl SAolA AT BEA 200-250 go)
Sprague-Dawley Al $1%|& AH&-3ksict. ok FF 9 u
e 18-204]l] §H2 3-4viel7} & FH Al 7 3 vt
215 932 v -1l 7S EAR] F o
2] Az uk(vaginal smear) X-& 5] 9|7 (X100)
o7 At s galez #Asta il 1744
A7 A7 | efolE ARkt

APTE 27 % methanol F{7 22 vPRglo
™ methanol $0-S thA] x| wel 10 mM, 100
mM, 500 mM Z 1000 mM FofF2 2 A #-3}9c).

2. MAM|E BH S

Mattson = Kater(1988)2] u}H-&- W33}
179 9] A ARAZE L3 wfrskck. 3
A 17UA 7 AFe) AR 2TAA A,
Agol} Y912 T0%(vi) ARER BFeo] 254
F H2E 4F WIS o8, 43S AEsgh A2
4 Ca™ F Mg"7} 9] 9J#] 2% Hank' balanced salt
solution(HBSS)oll 71 ¥ -7 A< akell <] efols =
SJsislch. o ol stell A+l Hmenigesye 71w
ol A 7 2 v E el AL vk
& HBSS £ ol 4] Al 242 & 0.2% trypsin o2
1587} Aelsts HBSSE 28 A48 ohe Axlelw
4> efjo} & A (heat-inactivated fetal bovine serum, FBS)
ol 157k #H-g-A}7] 31 pipet-g ©]-8-3}e] 7] A2 Q] why
22 AEE b3 EeAFc) EEE AEE 15X
10* cell/m/®] "M% 2 poly-L-lysine(10 g/mlye] % ¥%
35 mm ufoFd A (Coming Glass Works, NY, USA)dj|
zt AT sk AL H A 107) olAfe] HEF
Al 5% CO,, 37°C % ¥3l55% 3he] 8-27](Forma
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Scientific Inc., Marietta, OH, USA)ol| 4] wjeks}eict. vl
FeHo 2= 10% FBSe} dxjz]® b & A (heat-inac-
tivated horse serum, HS)e] 10%7} #~7}%l Dulbecco'
modified Eagle's medium(DMEM)2- AR&-3}93 ). 6A]7F
ZoF vfekgt & oA} 2JAFAE 3 v] 7 (inverted phase-
contrast microscope Leica DM IRB)2_2 #-33lo] A3
7t vk Aol A HAE] 2] ofL wofH Al S Al 9] 3]
7+ AT 10742 sFgAE Agsiedct. =g
njj ok A1 2] vfekel-&- transferrin(10 mg/ml), insulin(2.5
mg/m/), selenite(15 M), progesterone(10 uM) % pu-
trescine(50 mM)e] EgFE A wa] °JFl(serum
free medium) 2.2 WAt 15U ZF vfofsigict. oo
N2 3-48d o) A1AdgF vljoF Y o 2 ghstsict.

3. Methanol 504

#jeF 6417k $-of] neurono] wfoF A Aol A ¥-2hx]o]
A73E7] Aol AR g F]lEka, wioky g €3
oA ofofllog wEgE F wiokeio methanolg 0
mM, 10 mM, 100 mM, 500 mM % 1000 mM =58 %
oy3}edr}. &Hb(evaporation)ol] £]3l methanol®] %7}

2| &M o7 haske Aol e e edshR] ot

4. AlZE|I| MEH(neurite outgrowth) 3 M MZE
£ (cell viability) X

uHok 6417} =9 A u}]zﬂ o:]o]:ou_i a3} 5}1
methanol-&- Foig} A|7HS- 0X|7Fe. 2 313 04]7F, 184]7F
o 242 7kol} o F A & 34709 AlobE Fzbelw Fe)
20000 vl slollx T H-9E &St negative
filmS- slide projector® B]3=o] t}& A £} AX=)A] ¢

T ALE 717 2 e A AES ddsjeln.

AlAE7] Ao AelE] AANE7} 717 B E AlA
=7]2] &8 2t A7HEE 9} 2bo] &3]3)o] FHulA

3 slide projectorel] 2]l ¥l v]&-& AAbslo] A

| AA 2 Heole] 3he mE FA] &}

AEES AHE7] AR SN TS o2 AL
Zhodals A EA o] (length) oA} =& AAHEY
74zl A 2] $E 7+ A7keie} AbEsle] 047} 2

=)ol NEF %2 FAskg]c).

oJ. mlm rﬁ
_1])1

5. CHyE Mak

AZ vy Tl Gyl g 75w <)
(phosphate buffered solution PBS)S. 2 | %%t 3 nljof
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A Blete]| & S-S o] Eppendorf tubeel] &
art}. 800 w/e] PBSE 1 22)8}ed Bradford (1976)
o] wieoz cimgars FA5ly bovine serum
albumin(BSA)° & #Hek-g ¥ F3}13ldch.

6. X2 EH

APAts = = i‘+§:7£‘ Az mdsielon] AT
Zke] vlE $Jslo] F-AHE-A](analysis of variance)2- ©)
B3kl an, 7F ke 1}01% Dunnett 3] ©. 2 ¥]23}3ict.

7. Al 2F

Hank's balanced salt solution, Dulbeco's modified
Eagle's medium, penicillin/streptomycin, fetal bovine
serum, horse serum %2 Gibco (Gibco BRL, Gaith-
ersburg, MD, USA)9] A& o] 438}gix1 poly - L -
lysine hydrobromide(Mol Wt 70,000 - 150,000), py-
ruvate, sodium bicarbonate, glutamine, transferrin, in-

Sigma(Sigma Chemical Company, St Louis, MO, USA)
AEE ol gty on] o] LE Aok A uiore
w53 Aok AHgsteict
I &g 1}
1. MM Ui (Fig. 1)

e 1794 sivh AR EE B
st A 2 F3lstsict. Al £ HH‘* A5 A7 Al

Fig. 1. Phase-contrast photomicrograph of neurons cultured from
rat_hippocampus. Hippocampal neurons showing oval(a), stellate(b)
and pear (c)-shaped cell bodies were cultured for 12 hours in the
abscence of methanol.
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F A (cell body)= 3 (sphericalys vjehfgic}t. o5
AZE vjop 124708 AR E7]9] o]z} eix)s]
Aseh Alzke] Adag AAATE ofel A
AAESNE W st A A e (oval), A
& (stellate) 1= vl (pear) 2oF& viehlie] HA =717}
Z7bsksct.

2. MAME MEZ(neuronal viability) (Table 1,
Fig. 2)

A7AE718] Hol7t AZA ZHo] oAkl AEE 7]
FOo 2 AEEES ZX3T vl dzTellA] 1847k 48.
6+4.9%Q 5. 24X 7 = 46.2+4.7%2 X7} A3}
of e} 7] AAME S-S HohE HES e
W= ¢+¢trt. 10 mM methanol $odA] 184 7HA] A1 A
AE AEEL 54.0+£6.3%, 24X 7R 49.2+7.2% 9
32 100 mM ol A= 18X 7} 244 7o} 2}2d 551+
2.9%, 53.5+2.1% G2 1000 mM Fof+& z}zk
55.1+1.9% 2 49.4+5.8%2 LIehyo] 18475 A7
ME AEELS dzxTel 8])Eled methanol FoA] <F
7F Z71E = 4718 ¥ 91 1000 mM methanol
ol ol ] 24X 7kell k7t 4l S Mo

Table 1. Effect of methanol on the cell viability in cultured rat hip-
pocampal neuron

Group 18 Hour 24 Hour
Control (10) 48.61+4.9 46.21+4.7
M10 (10) 54.0+63 492472
M 100 (10) 551429 53.5+2.1
M 1000 (10) 55.1+1.9 49.4+5.8

Numbers in parentheses denote the number of dishes.
Values are mean 1 S.E. expressed as percentage to 0 hour.
M 10 : administration of 10 mM methanol

M 100 : administration of 100 mM methanol

M 1000 : administration of 1000 mM methanol

(%)
60 -

40 -

control
MeOH 10
MeDH 100
MeUH 1000

20 4

000

18 hour 24 hour

Fig. 2. Cell viability of rat hippocampal neurons after exposure to
methanol. The number of neurite-bearing cells was counted and
was expressed as percent to the value of 0 hour. MeOH 10 :
methanol 10 mM MeOH, 100 : methanol 100 mM, MeOH 1000 :
methanol 1000 mM

EATA o o= qloich.

Fl

3AMHEI| MEH(neurite outgrowth) (Table 2, Fig.
3, Fig.4)

Table 2. Effect of methanol on the total neurite length in cultured
rat hippocampal neuron

Control(10) M 10(10) M 100(10)
Neurite length (um)

0 Hour 320+ 3.7 320+ 2.6* 3201 1.5*
18 Hour 21494134 2205+ 8.7* 2259+72*
24 Hour 24184142 320.8+10.9* 324.1+4.8*

Change (ratio)

0-18 Hour 7.7+ 1.2 7.5+ 0.6* 73+04*

18-24 Hour 1.1£ 0.0 1.5+ 0.0* 1.5+0.0*

* p < 0.05 compared to control (Dunnet method for multiple con-
trast was used).
Other legends are the same as table 1.

& !

ﬁ F
Fig. 3. Representative drawing of hippocampal neurons ; showing
neurite outgrowth and morphological development after 0 hour(A,
B), 18 hour(C, D) and 24 hour(E, F). Note the increased neurite

elongation and neurite branching after 100 mM methanol treatment
(B, D, F) compared to the controls(A, C, E).
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ratio O Contror ratio
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0-18 hour 18 - 24 hour

Fig. 4. Changes of neurite outgrowth of rat hippocampal neurons
after exposure to methanol Values are expressed as ratio to 0 hour
or 18 hour.

* p < 0.05 compared to control (Dunnet method for multiple con-
trast was used.) Other legends are the same as Fig. 2.

S

T AHANZE 5719 F Aol & +314
S o, 0217k, 18417k B 24X 7o) ZH7F 32.0+3.7 m,
2149+13.4 m % 241.8+14.2 mE 0-184)7} =<t
oF 7.7+ 1.2v}2] Zo] RS, 12] 3l 18-24A7F FoF
1.180 2] A A& e gl t}. Methanol 10 mM F-of 3¢
ol A= 0417k, 18417 2 24A)17bel] z+zb 32.042.6
m, 220.5+8.7 m ¥ 320.8+10.9 m&] 0-18%] 7ol
7.5+0.6, 18-244] 7bol] 1.5u02] RS- Liehfo] E3]
182441 715 ckel] YTl Mol 2lelgli o] A
A2 vheluied o). Methanol 100 mM §-of = 32.0+ 1.
Sm, 2259472 m % 324.1+4.8 m24] 0-184] 7ko]
7.31+0.4u, 18-24A4 7kl 1.5u]e] AIRF-E- vlehlo]
10 mM methanol $o 7ol 4 ¢} vpzrix] 2 &3] 18-
24217 5okl 2ol vlsted 2jeigl= Heol AR
& el ey 10 mM methanol® 100 mM
methanol Foi - Zhelli= Wo}E o] & vlehulx] ¢

ate}.

=

N

4. CHYE] X2k (Table 3, Fig. 5, Fig. 6)

AZ wlleF 79 A Alsig el A koA 2T
o Akl wiFHAY 124.1+6.4 go|drt.
Methanol 10 mM Fo2 150.5+7.9 g, 100 mM
Fol T 149.9+7.2 go & th o vlslo] chusk
o] IA Z7}= it 500 mM methanol $of -2} o
wekle 104.74+11.7 g2 10 mM % 100 mM
methanolol] 2)sled FA F7h=E|dw chifgfo] ¢.3]
g AaEe 2T 5 w1 1 oldle FFoR
H = xglct. 3HE 1000 mM methanol o] 72 wha
S 71.3+4.7 g0 8 thEFol vdted §od A
£ b}

207

Table 3. Effect of methanol on the protein amount of cultured rat
hippocampal neuron and glia

Group protein content
Control (10) 1241+ 6.4*
M 10 (10) 1505+ 7.9*
M 100 (10) 149.9+ 7.2*
M 500 (10) 1047+ 11.7*

M 1000 (10) 713+ 4.7

* p < 0.05 compared to control (Dunnet method for multiple con-
trast was used.)

Values are mean +S.E. expressed as g/dish.
M 500 : administration of 500 mM methanol.
Other legends are the same as table 1.

Fig. 5. Phase-contrast photomicrograph showing the change of
numbers of neurons and glial cells in cultures treated with different
concentrations of methanol for one week. The numbers of neurons
(n) and glial cells(g) in culture are increased after 100 mM(B) and
decreased after 1000 mM (C) methanol treatment compared to
control(A).
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(ug/dish}
160 7

120

80 1

40 -

o A N, e, i
Control M 10 M 100 M 500 M 1000

Fig. 6. Effect of methanol on the total protein amount of the cul-
ture. Values are expressed as ug/dish.

M 10 : methanol 10 mM

M 100 : methanol 100 mM

M 500 : methanol 500 mM

M 1000 : methanol 1000 mM

* p < 0.05 compared to control (Dunnet method for multiple con-
trast was used.)

Iv.on &

B AYH 225l A eE 1799 3 st Al A

i dabstar E3katel A Q1 ok
o] o] FoH & oF 5 it wieksl Al Ze 10 mM,
100 mM, 500 mM 2! 1000 mM2| methanol-8- §¢J3t
A3t wekF 0-24A1 7kt AAAE HEES meth-
anolg Fo3}x| o2 W F3} methanol Fof-7ho])
ok Afo] 5 Holx] skt AAEY] A 18-
24A17F%-¢F 10 mM % 100 mM methanol 5o 30| A]
2ol wla) el ahA F7bE st

ok Z7)o thEF7 10 mM % 100 mM methanol
Folh SellA Al Al E A= 5 FelE Holohr}
18A]17F & 24A)7bel| = A EAS] Z717} AR HA efd
#, A4 2 wll(pean)2ofo 2 Wstallw AAE7]
o] AAHE3He] dofytrt.

Methanol®] 417 4| £l o3t 2H-8-& dolr 7] 93}
of wjeF 2719 AlFEY] A AAAE PEEE
SA stk AHE71 9] Ho] AL 184 7bell = vl
o3k zte] 7t glgd et 24417 ell= 10 mM 2 100
mM methanol F-olFol4 tHZ ol Hlsle] folaiA
Z7}=9dc}. Ethanol(75 mM)e] 9ol & Al17AE7] A
2 ek F 244)7F 9 48X 7boll =LA FrtE YTk
shdtHZou = 1993).

o] 28] ¥ methanole] A|E wijeF 7] A7 Al
Eo) AAE7e] ARE F2 A7) 1Al dlslede
obx] gAls] gra 2| =] ofshet. A AE7] A ATy
of]4] cAMP(Nirenberg 5 1983), inositol phospholipid
(Hama % 1986) % calcium(Cogan % 1987 ; Conner

1986 ; Kater = Mills 1991) 52 o]*}4 2 E-= (second
messenger)Eoll &8l AT FE5=c} A3 A
I calcium F% HWA = Aexe] O &2
H-3)| 4| (calcium channel blocker) F-o]oll 2]8)o] A F )
22| calcium fr3jo] B-sll= 1 o]e} FA AAE7] 4
o] AAro] Z21¥ c}(Mattson Z Katter 1987). & ZF-E}
ulAb 8-al5 N-methyl-D- aspartate (NMDA) =8|
calcium o]-&-5 A ZWZ F- A1 7]=d Fed3}7] uf
el o] =g-Aol gk A Al A2 Al FAIS do
Aot ghet, # BxPAESHA vhel 98] NMDA
=43 subunitE-(NRI, NR2A, NR2B, NR2C % NR2D)
o] Mt =] l=] o] & subunit®] F3Fe] WE-2 Ay
29 caleium®] FIAEE of2A 2AF o2 A1A
Mzl A <d3s Fokw Azbslw gl
(Akazawa 5- 1994 ; Farrant 5 1994 ; Bockers 5 1994).
g+#H ethanol, butanol, isopropyl alcohol 52 Al| sEujjok
ol ] Hte]&EA] ¢ % 2 (voltage-dependent calcium
channel)& A}etgle] ¥FsiH 7] o Foll(Dildy-Mayfield
% 1991 ; Oakes % Pozos 1981) #|x%2] ethanol %]
o &gk 417dE7] L] F21L A ZY calciumEE2)
watel o] lE 4 SUch(Zou 5 1993). whebsd
ethanol3} 72 thA} A& 7 *]+= methanol = 22 7]
Kol oJ3te] gkl AlAE7] S Exlsleet
I F5F 4 glon) o] i disted= 3 F AF7)
g g ste|ebar AJzhE)

A M AJE-8-2 Trypan blue =+ fluorescein di-
acetate-propidium iodide 3 M3} 7o) -2 A FE o
Agt & A2gE Al E£E A= 4 (Jones 2 Senft 1985)
I 53] AAA 2ol M= Al EA] ZHolxr) 7] A1AHE7)
5 7R NEZE Q=3 MERE dodsta A Az
o gl A& A E 2] vg-& FA s whio] Qi)
FAke] upE o] 88k B Aol 10-1000 mM
methanol 507+ 18A| 7k & 241]7}el) &21&F Al A A 2
MZEgof] o8-8 v]x]=] ¢¥akcl. Fluorescein diacetate-
propidium iodide = Trypan blue 3 A"]-& o] &-3}o] =
A Adlo|x] 50-200 mM ethanol Fol= wlokE
24X 7W7kA] W) Zitol] wlsle] WhE o] & vlehgx]
orotri shedrh(Zou = 1993).

2 AT AlE RIS AEst] Az 5o 2
7E7F dofd = Qls A TAEL] ozl ES B
7] 1she] wieF F 7ol A s ek As) 2
%(10, 100 mM) methanol $-of-F-ol| A= & ol H]
alod oJ2JlA Frslel , TEE(500, 1000 mM)
methanol FodFol| 4= F A 2HA48ledE=d ©o]F 1000
mM  FoFelxs 53] fold HaE Bt

o rfr

Ny




Ethanol& o3t &dtellA] vl 4-7de) T %(150-
200mM)= HA g A2 2] g vebdcka e
(Zou 5 1993) 1552 methanol 7752 ethanol
dlAel vl A 2 Al w28 AR AAAA S
4 9= olgiv}t. 22|t AEE(100mM ¢]3})2] ethanol
< AAAE 2 AFIAZ 52 WHEE oA ¢
EtHZou T 1993)1 3polort £ ad-el4| 10-100
mM methanol-2- A1 W A F A]Abo] 235]8] &3x]e]
AEEolMe AL A E A w1 A= 2hgol Xlo]
£ vegdol. a2yt 242 ethanol$ o] 83 A3 &
M= 1 AT zlo|F Helw FEel Rusw
olth. WA A% %(100-200 mg/ml, 21.7-43.4 mM)2]
ethanol $¢ % PC12 A F(Wooten 4 Edward 1991)
W Ay 3] A 3 (cerebellar granule cell) (Pantazis 5
1992)0]) cfshed Bakg-2 hehigichn she AT A
77} ¢lct. Ethanolg £33l A} Ao A % o|e]dt
Aube AE Hole R oz #HAA o
Ethanololl =22 A AIAA ] A5 HAEr 2
ol Z9o] s}l 7log F23) 9\1—atﬂ(Bonthlus Y
West 1990), Al73 A £.2] 53} =] 57} ol SE4E At
D A E ] calcium 5 Z7}ol] 8-S o ubr] o F-
o|t}. Methanol&- ©]&8F E o139} ethanol2- o]-&-3F
chE oA Axele] jolol= o|2gt AIAANE £}
A% zlo]¥ ut oli]z} methanol®} ethanol?] 33HA
Apol = fAIE FloZ AJztxlct.

A wef TR A B3RS shr] 2| Ao
#Hodgh A4t 9AHAF "re]d ARl (Fig. 5)ell 4] B9 iz
T(Fig. 5A) 2 100 mM methanol 5] 7~(Fig. 5B)ell B]
3] 1000 mM methanol o7 (Fig. 5C)ell A= A7
AES) Fotier AAAEL S Aaso] ek
weba wop 716 AASAEE] S AT Ashe
A7 A Foll thEF methanol®] AAAQ) ddkd v
olx| vt wieF ©HA] 5% methanol®} poly-L-lysineZ}t
o] A3 At Soll ols) vt ME Ux A7} ok E
Zol vla ol g AR WAl & elck. Tl
100 mM methanol §-oFol|A] HolE AlAR A E9
2315 e~} 1000 mM methanol 5o oflx]= 7] 9]
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