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Effect of Ethanol on the Neuronal Viability and Neurite Outgrowth
in Primary Cultures of Rat Hippocampus

Kyung Eun Lee - Young Sook Pae
Department of Pharmacology, College of Medicine, Ewha Womans University -

Current information from studies in animal models indicates that perinatal exposure to al-
cohol produces a variety of damaging consequences in the central nervous system. These may
result from direct neurotoxic effects of ethanol on the CNS, a system known to be particularly
susceptible to environmental influences during development.

The present study was undertaken to investigate the effects of ethanol on the neuronal vi-
ability and neurite outgrowth, one of the critical steps in neuronal differentiation, in primary
cultured neuronal and glial cells of rat hippocampus.

Cell cultures were prepared on embryonic day 17 (E17) for treatment with a series of
ethanol concentrations (10, 100, 500, and 1000mM). Effect of ethanol was investigated at 0,
18, and 24 hour following cthanol treatment. To study the changes in proliferation of glial
cells, protein content was measured at 7 day in vitro.

The results are as follows :

1) Ethanol did not altered neuronal survival or attachment to the substrate at any of the con-
centrations that were used.

2) 10 or 100mM ethanol was associated with significant increase in the total neurite length per cell

3) 10 or 100mM ethanol markedly increased and 1000mM ethanol decreased protein con-
tents on 7 day in vitro.

These findings suggested that ethanol may have distinct effects on neurite outgrowth and
also indicated that high concentration of ethanol (500~1000mM) and long period of exposure
(3~7days) were required to produce toxic effects on neurons and glial cells in this system.
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FU A¥4 AN AR B4 200~250g9
Sprague-DawleyA] EHAE AHE3IAT ¢ 87 =
HlE 18~204|9 47 3~4riels}t E Fgo 73 vty
E 93 ohgd 9~1149 FRE FeAzl F gAY 4
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Zg 2 ¥ (heat-inactivated horse serum, HS)
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Hank’s balanced salt solution, Dulbeco’s mod-
ified Eagle’s medium, penicillin/streptomycin, fetal
bovine serum, horse serum$%-2 Gibco(Gibco BRL,
Gaithersburg, MD, USA)9] #E& o439 poly-

Table 1. Effects of ethanol treatment on the viability in
cultured hippocampal neuron of rat

Group 18 Hour 24 Hour
Control (8) 48.6 £ 49 46.2 £ 4.7
ET10 (8 60.0 £ 6.2 55051
E 100 (8) 50.3 + 4.3 459 £ 8.4
E 1000 (8) 53.0 & 6.7 494 + 8.6

Numbers in parentheses denote the number of dishes.
Values are mean + S.E. expressed as percentage to 0 hour.
E 10 : administraiton of 10mM ethanol, E 100 : 100mM,
ethanol, E1000 : 1000mM ethanol.

L-lysine hydrobromide(Mol Wt 70,000~150,000),
pyruvate, Sodium bicarbonate, Glutamine, transf-
errin, insulin, selenite, progesterone, puterescine,
ethanol 5 Sigma(Sigma Chemical Company, St
Louis, MO, USA) AFS 018319l o]& ZE A%
& NEHE T FFA %S AMESIIT

& 1}

>

ZHE '"MZES(neuronal viability) (Table
CFig. 1
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2 AEES Z2AF vl xRl 1877kl 486+ 4.
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27) AFAE A YORE HFE iR ¥l
10mM ethanol 54| 18A17H AZAAE AEEE 60.
0£6.2%, 24775 55.0+5.1% Hi 100mM FlA=
18A17F 3} 244]7bel Z¥2} 50.3+4.3%, 469+ 84% S
o1 1000mM Fi-2 27t 53.0+6.7% % 49.4+8.
6% S Jehfo] 10mM ethanol FF 18X A7
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2, Fig. 2, Fig. 3)
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Fig. 1. Neuronal viability of rat hippocampal neurons after
exposure to ethanol. The number of neurite-bearing
cells was counted and was expressed as percent to
0 hour. EOH : ethanol(mM).
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Table 2. Effects of ethanol treatment on total neurite length in cultured hippocampal neuron of rat.

Control E 10 E 100
(10) @ (8)
Neurite length{zm)
0 Hour 244+ 1.7 237+ 1.6 200+ 05

18 Hour 2328 £11.7 294.9 £ 20.4* 2387 £ 113

24 Hour 268.0 + 16.5 3994 + 33.* 2917 £ 11.7%
Change(ratio)

18 Hour 98 £ 0.6 13.2 £ 1.5* 119% 05

24 Hour 112+ 08 174 + 1.6* 146 + 0.7*

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

A\

control Ethanol 10mM

»

LSO N

CREE
Lk

Fig. 2. Representative drawing of hippocampal neurons
showing ethanol-induced neurite outgrowth and
morphological development after Oh(A), 18h{(B)
and 24h(C). Note the increased neurite elongation
and neurite branching after T0mM treatment com-
pared to control.

of Zz} 237+ 1.6pm, 2949+£20.4m 2 399.4+33.
Im=A 18A17) 13.2+ 1.5, 24A1710) 17.4+ 1.6v18)
4748 vehfo] bzl ulste] oegleE AAE] 2
o]42L Vehligict. Ethanol 100mM F¢i& 20.010.
Spm, 238.7+ 11.3um 2 291.7+ 11.7um=A] 18”17k
11.94 0.5, 24731 14.60.7902) A4& Yeldle] &
3 24N 7o tizTol Hlste] Qe AoddE ¢

(ratio)

20 o Control
EOH 10
8 EOH 100

16

12 4

18 hr 24 hr

Fig. 3. Changes of neurite outgrowth of rat hippocampal
neurons after exposure to ethanol. Values are ex-
pressed as ratio to 0 hour. *p<0.05 compared to
control{Dunnet method for multiple contrast was
used). Other legends are the same as Fig. 1.

Table 3. Effects of ethanol treatment on protein amount
of cultured hippocampal neuron and glia of rat.

Group protein content
Control (34) 1229 £ 6.3
E10 (28) 155.9 + 8.6*
E 100 (26) 146.6 £ 7.5*
E 500 (5) 96.2 £ 7.0
E 1000 ( 7) 519 £ 34*

*p < 0.05 compared to control(Dunnet method for mul-
tiple contrast was used)

Values are mean % S.E. expressed as yg/dish.

E 500 : administration of 500mM ethanol.

Other legends are the same as table 1.
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3. CteHE Mak(Table 3, Fig. 4, Fig. 5)
AzaoF 795 A EE gald AelA gide] o
Aoke wjoFdA R 1229463019t} Ethanol 10mM
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Fig. 4. Phase contrast micrograph showing the change of
umber of neurons and glial cells in culture ex-
posed different concentrations of ethanol for 1
week. 10mM(B) increase and 1000mM(C) decrease
the number of cells in culture compared to control
(A).

Kol 72 1559+ 8.60, 100mM Folir-d 146.6 + 7582
2 giEge] sl gl 3A ST 500mM
ethanol Folie] wWlzke 962+ 7002, 1000mM
ethanol Foj7-¢] @3 519+ 34002 TZwol Y|
314 ojolglE A4 UERARICH

K
Ml

AR 3 e B3 AXE FAsHe o 71A

(e/dlsh) .
160 -

120 4

80 4

40 4

Control  EOH 10 EOH 100 EOH 500 EOH OO

Fig. 5. Effect of ethanol treatment on the total protein con-
tent of the culture after 7 days in vitro. Values are
expressed asgg/dish. EOH : ethanol(mM)

*p < 0.05 compared to control(Dunnet method
for multiple contrast was used.

A ¥Eo| rh. £3] axon B dendrite®} 22 HEV]
3% (outgrowth) & N749 ¥z € 7154 54§ et
U FAolng AR (differentiation)] F23 A
=2 9453 I, AR A4 ethanol b=
Acortex)™® #n}(hippocampus) ®™¥? 2 A
(cerebellar cortex)®'®®¢] WAFQ T %3 44
Axe NAE7)] @E dolckn gt A (in
vitro)Z B|FE o] A5 B ethanolg o8t
W AZAEY AEGoE HEE dod|A gouA A
AE7) g4o] AEd? 1 sgien FAY AF st
A A ¥EZ(pheochromocytoma, PC12 cell line) 4134
AHME 23] AHE7GF0] EXHJTHR =
B35 gt} oA ethanolo] ARAEES] FZ
ulXE 3 AXY) FR i AdE Aolg ekl
o B A7 AHE7] Zdo)ids SANE A
10mM ethanol 5o} 18217 2 244174l tlzgol W]
ol 9ejle NAEV] HAoAFE Yshidx
100mM ethanol& 53] 24X|7H gejlE Zol e
JeRQ e} 10mM ethanol Folitel Hlgtd 1 A%
7} v)okaldiet. o8| AFE ethanold] AHHEE7]
A EP) 714 distds £ 24y Ageze
ot 4= git}t. Wooten 2 Ewald(1991)#E o] Z579
alcohol(methanol, ethanol, propancl % butanol)2
0.4% (BTmM)®] =2 ®j% PCI2 AlEd) F313E
o NAE7] o] FRHPeH ol YL BE
alcohololl A EL3A Yehta 1 F=E 2} aleohold)
24 (side-chain)Z o]t dgel vtz 3kt webA
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alcohold] 218t AAME 31222 aleohols} A¥ate]
BEZEE T3] dojdrin M3l AHE7] A
o] AEd 288 gdshe AL cAMP*, inositol
phospholipid® % calcium®?5¢] olAHHEA
{second messenger)E°] Fogttta g} Aexe &
H#E2 ¥4 (calcium channel blocker) Fojol] ¢}a}o]
MERR] calciumTelo] BHEH AAE7) ZAoldF
o] £Agiy 1?2 & ethanol® M EujgolA At
o)A 255 2 (voltage-dependent calcium channel)
g Adgrin sug®® 2 AddA yept 10~
100mM ethanolF-ojol] 93t AAE7| Y 3L AT
U calciums & 749l #Ho) ghe Aol AR

B AgojA AEA Zolur) 7 AABENE J A
g &S AT gusty AX AES giF AEAE
o H]&-g EF3] AFAT AESE TFol%E o
10-1000mM ethanol Foj= 18417 2 244] 7kl &3%
AZAE AEg B2 9 vXA] @it 4
T A ¥ (cerebellar granular cell) HjFA A flu-
orescein diacetate-propidium iodide ¥ trypan blue
AARg olgele] X AEEE AABGE 9 50~
200mM ethanol 5o Hlk% 24X 771A] tz=el] v
slo EE xolE YK gttt a9en PCI12
Hj A Eo A= v 4707}t 71 propanol E bu-
tanol MEEAE o] Ve AT vl Z2471 2
methanol 2 ethanole A¥EA0] A vehdria 8
Ak,

B Ao AR RMET] HFHEEE)E 2] 4
glo] 1A AANG GAZFEEAA  10~100mM
ethano] Fof ol Tdgo] thzad] vlste] 99
A9A 7Vl R, 500-1000mM ethanol FeldoiAe
A 7G4 FFAE W EolA 100mMol
819} ethanol® #l% 4~T¢ 217 & AAIAE 59|
W32 o)) o 150~200mM etahnol-S BAFH
AEF 245 Jehdoia S99, ¢ Pantazis§
& vzd AEE(100~200mg/ml, 21.7~43.4mM)<]
ethanolFo 2% PC12 A¥ 2 A¥AHAT SAS
vehigitta st ABAEe] $IATT) vjgErs

AL 2 AZEY caldum¥E F710) 98 € @) gE

o] o]z g Ahe Aske Mol A& ethanolel x4
A AAAEE ASAET Fa% 99 F9) i A
o2 ARBHAT.

oldel A3z B o ethanol® 2 AR F34%7
o AY A4 A & e B3I R0~
100mM) ethanol® 27| ABAE 23} & F7] AAw
A 43& ZAAFH AHE AE9] 3L As)
&= 2F=(500~1000mM) 2] ethanol 57} Y
e o Ukl

2 =

Ethanol2 733 37149 (teratogenic) 28-S 1l
£ 242 F4ld] THEE0 =EA17]4 ethanol 214
of Axel it AR Lol gsle] F2 FFAAA
288 doir) E d7ah= AZBAHE 2 AT A
¥ v|A& ethanol®] &S Fotruzl BH 1794
Sprague-DawleyAl #3 elote] siu} 2174 2 AR A
2 17 wigste] 5282 ethanold Fo9319< W v
i AAAE 7] A%, ABAE AEE 9 B
& 73l thEa 28 A9E AT

D). M%F 18~24A2HEe ABHE AEEL YT
5 10mM, 100mM, 500mM 2 1000mM ethanol 5
Z7hel EE Aolg JehiA gt}

2) 10mM ethanol 542 1877 2 2447 A,
100mM methanol F0i3= 248 AR T E7jdoj] o
glE AoldAe ehigitt.

3) Wi 194 S PYAFE 10mM 2 100mM
methanolF9 2 34 F7HE%eH 1000mM FoiTdl
A 238 gl #AE vt

oo A2 E o ethanok® 2 AR FFAAA
o AF dF¥L vE # don 53 A¥E(Q10~
100mM) ethanol %7} AZAME £38 4 F7] 24w
AE A3E AN AFE Nxe] 445 A
giatedE 1EE(500~1000mM)¢) ethanol F£oi7F 2o
e & Al
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