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ABSTRACT: It is well known that phenytoin (PHT), a com-
monly prescribed anticonvulsant, has teratogenicity in expe-
rimental animals and human. The major malformation indu-
ced by PHT in mouse is cleft palate. The mechanisms of the
embryotoxic effects of PHT are unknown. However, PHT and
synthetic glucocorticoids share several features with respect
to their teratogenicity, and it was known that PHT increased
maternal corticosterone level. Therefore PHT-induced cleft
palate may be mediated indirectly by elevated maternal cor-
ticosterone. Recently it was reported that secalonic acid D
induced cleft palate and elevated endogenous corticosterone
level, and that such effects were antagonized by DMSO. The
purpose of this work was to investigate whether the elevated
maternal corticosterone is associated with the teratogenicity
of PHT in the ICR mouse fetuses by treatment with PHT or
PHT plus DMSO. PHT (74 mg/kg, BW) was daily administe-
red intraperitoneally on day 10~12 of gestation with and
without DMSO (2 mi/kg, BW), and the fetal malformation was
observed on day 18. Maternal serum corticosterone and fetal
PHT levels were determined by HPLC. The results are sum-
marized as follows. 1) The percentage of cleft palate incide-
nse in fetuses following treatment with PHT on day 10~12
of gestation was 51.7%. 2) There was a significant decrement
in the cleft palate incidence in fetuses to 30.8% in the group



treated with PHT plus DMSQO compared with 51.7% in that
with PHT alone. 3) Maternal serum corticosterone levels fol-
lowing treatment with PHT on day 10~12 of gestation inc-
reased by 116~343% compared with that of vehicle control.
Such effect was antagonized by DMSO. 4) PHT concentra-
tion in the fetuses was not affected by DMSO. These results
suggest that PHT- induced cleft-palate in fetuses seems to
be closely associated with the elevation of maternal corticos-
terone level.
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Phenytoin(PHT: diphenylhydantoin: dilantin)& &7 @A) 24 Hlu 3 FAo] a1 gar}
Sat7] ol da] 2ola gluk 18y kg2, RE, BETA A 5F Al7le] mA el
2ol x] glofe) 7]3o] gtyo] g3 A 9Jo.m(Massey, 1966; Harbison¥} Becker, 1974; McC-
lain#} Langhoff, 1980), At&roll & of & Al E0] B 15 31 9ltiHanson¥} Smith, 1975; Han-
son, 1976; Kelly, 1984). PHT®) &3 718 ftolls A FE 5 vh$-27F 743 91748 S0,
FE 71go] dz Ayd HE /L 22 E3] 2ol Y= glucocorticoidsell &7
A o] ZHAX FAAAE 7R3 Qlo] F B e 7|Hoez e HA4H iy 4
& Wil o) ohdrt 55 I tiMcDevitt F, 1981; Fritz, 1976; Goldman, 1984).
3 Hansen 5(1988)& 718S f&dte €89 PHTS 5o of 713 {fdol 1z A/]
u}-$- 2o A= 2| H A corticosterone©] LEEE XA 0 2 Zyish @ Aol U= AlSY
ul-g-2=9} HlwF Be £FS Fq3HS We BA 7 corticosterone FE F7H F =9}
A& Al7bo] gottia Hustglch PHT o]2]o = caffeine, diazepam, orciprenaline suifate
59 Foo) g ZA o] B4 corticosterone?] Skt FNES X3 7|3 o] YERLH
(Elmazar %, 1981; Barlow %, 1980; Iida %, 1988), corticosterone 57}8 #4438} & o} &
ARl A4, A Fo AEH 2 AT FIRE o) YEPdtHBarlow F, 1975; Hemm 5,
1977).

PHTY 7 #7148 o} 2 B 3kaA w3l x 91| ¢tk Hansen 5(1988)2 PHT o<l
S84 corticosteroned] ¥4 % FTx7} F71HE BF3A o] RA0] PHTe 93t 713S
N& 4 gk k) 38 Reddy $(1981)2 U4l 54 Al7]of £ & off RA A corticos-
terone < Z7}A)7) 0 o} "ol A LS do 7= B2 dtel secalonic acid D(SAD)
9 =4 A48 F &2 AF£-3F dimethyl sulfoxide(DMSO)7F SAD¢] 718 #2H& TaAl7 &
7 98-8 Fgeltgrt. o] f DMSOE SADe) ojgte] Ao A} 71 corticosterone 2]
EEE A3 T)E o] Q= Ao Z Hol SAD| ¢]3F 718 o] corticosteroned]] 2]l v
Ngckar st tHEldeib2} Rdddy, 1990).

DMSOE At 2 A Ao A o] &), 22 52 BFEA ) HEA GO de] 201 glth
£33 gg5 2Zgo] 7] dEol(Rosenbaum &, 1965) Al#3 7h5ol A W 59 dF
X g AHEI ¢ o m(Boothe} McDonald, 1988), 33 714 2 ghol A &3 (Bariljak %,
19787} B.aixlo] itk DMSOT steroid® 83+ 71391 cholesterol®) A3AA-S Aol
Bago] doj(Yachnin 5, 1984; Cooper 5, 1981) 21 &AM corticosteroned] FAS
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g 4= 9l.om, Allen??} Allen(1975)9 2]51H DMSO7} B Eof| A AJA38H5-- ] 8} 4] -3- A1 9]
75 9L vtk stk £3 DMSOE 7] A A 98ke = 4 9led Wee
5 (1980)2 in vivo HEANA AAHA FAR A B F Algo] 3 Wl A =3
wgko 2 o)Fshz AL FX9tha B gt} vhg-2olA DMSO2] LDs2 FWFALE of
5.75 g/kg BW, 475 A& 214 g/kg BWo 2 A=A o] (Willson 5, 1965), Th& ¢FE 7))
AXRA A5 2Lo] Qe Aow d4a A 9HDixon, 1965).

B Ao = PHTY] 93 170 82 2 2394 9] corticosterone H%-< 39181, =3
DMSOE FAloll 43 F 713 ¢ A=} corticosterone HE P 23| 9} efool] A FA1E
PHT 35 E PHT @5 EdA)¢} v)|mdto 24 PHTS) 23 7]8 §-uto 4 DMS02] 3573
28 7} corticosteroned] A#A J3 1811 DMSO7} PHT S §4 2 B ¥ o I8 FE=AS
ZAFSI AL G2 &S T

e R

MEES

A% 6575 € ICR vp-28 A& 435 EASFA Egto}l 8~12 FH 717 A}
SA Z2760 JGATIHEA AAIA AP0l AFEEAT AL 2 A 7 Bk $He 2%
20+ 20, % 651 10% HYQT YTV 124171082 (S 94 74, 251 23 74)
AdzHT AFEHES FA ALslgoy, AAR(ENEEES, 4D 2 EFEE)L A
HAAMA T AR = AR 2 S AFE ST S 3 1nle] o Al 2l E o F
Al FARAIZ]L T ohg d obd A S A&t Felstg e, o] g g 0dz it

A 29 Hlix| ¥ 22 Fof

APEFES &0 =, PHTY 1Y 2 A 2 24 A corticosterone] WHES
H7] 93t 441 10~12 PHT(Sigma) F<<t, DMSO2] PHT9 2%+ 713 -4t} corticoste-
roneo] W3 28 K 7] 913t DMSO(Yakuri)9} PHTS ¢4l 10~12Ye) 54 F493 T,
DMSO<¢] PHTe st 213 28-S A7) 95t Y4l 149 PHT ©5% Foi 3 PHTH
DMSOZE A9 B3t &+ 5 2% 57 o2 5k PHTS 2549 @847l & 1N
NaOH §d#o 2 pHE 118 Al 7 174e A5 vh$-2oA 79 100%2) &2}
718E FEshs 83 A% kgD 75 mg(10 m)E 2.4 9Ad B4R FABIg o, &
Fofitel tistede pHE 112 243 F/HTE 22 23 v 82 FA89tk PHTH DMSS
A Bosls Ao et e 2FTE 20%(v/v) DMSO §9& UHE & PHTE €A A
1 N NaOH &2 2 pHE 112 243t FAtstgith o] wf DMSO9| 832 A% kg'd 2
m/ 3tk

718 HAt

PHT Fojoll o3k g zhe] 170G &S A7) fleted 8ol thew, 914] 10~12¢ PHT
FAT I YAl 10~12] PHT# DMSO A Fofwtol] tiate] 1l 18Ul AFdE=2 &
A& 8|72 A FA) 2 ejotE A &3] Bouin's solutionol] 257 13 3. AR o] 4
F5g #EsAch

2 A corticosterone ZH
2 A Aol M 2] corticosterone &
H

%+ high-performance liquid chromatography(HPLC)E
o]-43} Yamada®} Aizawa(1984)2) "4 &

= HEstd SAsA TAHA WYL ot ot 2
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1) 83 x{H

| 2, Y2 10~12¥90] PHT(75 mg/kg, BW) @5 S 2 PHT® DMSO(2 mi/kg,
BW)E FAld T3k oA 42l 10 Fof 3 2A1ZL 6A17F 2 24417 1193} 129 ¥4
3 717} 6417 E 24417k B Aol A f @ ste] 32 Held 1L 20T o BAsAt
corticosterone &30l AL-&3}Hct olu P& x}=ro] 23} corticosterone HWEL HATlozZ
Zo]7] Y3t 10z ool A IR &S AL

2) &

3 0.2 m/E internal standard$] prednisolone(Sigma) 200 ngo] & It Frel A E
#3t 12 0.5 m/ ligroin(Aldrich) 2 & Aojlat 2 ml dichlormethane® & 2¥ Z=&3lgt).
#2220 (1 N NaOH &9} 284 72t 2 mig A4£3 o2 &3 & dichlormethaneZ&
Ah 7R S A2AIE FHES 40 49 ethanolol] A-E3AA o] R 20 W& HPLCS
Flaltt. 23 H peak areao)] &3l the-of 7|43 wbidl uleby ZAE FEMA BA)
8% corticosterone FEE T3 O IAFES HAStY FFIAh

3) BEEM Y

Corticosterone ¥F&(Sigma)2 1 mg/m/ 5| == ethanolol} &8)A171 & @Al 3]23la] 20
el 10, 25, 50, 100, 200 ngo] HE 2 3 & Fw¥ 2 HPLCO FY3td o 4 wHEate] Hofzl
BTt peak areas 78] T2 1MW (PHARM/PCS)S ©]-8-5} linear regressiondle] F&41¢]
A& A

4) 28 53

Cirticosterone 100 ng3} 200 ng< Z+zt &% 0.2 miol| go] 323l HPLCY FYaty .
Y drEsld o & A)A) 9] corticosterone %S A A7) HEE 3 B9 v w3l
&S AR F gAY g HAS AA 5L 2 Sk

5) £ =7

HPLC system(Waters)-2 solvent delivery system(Model 6000A), data module(Model 720),
variable wavelength UV detector(Model 450) 2 uPorasil column(Waters)-& ©|83}$ch o]
F4H2 hexane: chloroform: methanol £&(7:1:1, v/v)< microfilter(Millipore) 2 1}
3l ALE-3l o flow rateS 1.8 m//min® £3}a] 245 nmol| A =335} c)

Phenytoin®| 5= £H

PHTd| tjg DMSO9] 21 242 H7) 93t 2o &4 2 » a1 globz2 oA
A8 PHT 55 W52 Stout®} DeVane(1984)9] & wW&3te] HPLCE Z43gch

1) Al2 xHF

9141 1490 PHT(75 mg/kg, BW)S &5 Fo317)1} DMSO@ mi/kg, BWE 54 Foig
F 2707%, 8417 16417 9 32213k0) AR 2R RAE SHAA BrjgelA APt Y
4g gejsigon Wz Hobg AEshAct

2) FE

HH % 02 mE Agoel F3to] 04 m/o] A2t $E(pH 11 7H £ vortex-type
mixer2 Z @3 T3k o] M) 1.5 mlo] ethyl acetateE Yol 1087+ WE3he]
FEI F 220 goll M 10272 AET 5] 1 mi9) ethyl acetateS H3tdth. o] 54 A
b2 8 A2A)7) 0 ZFES 0.1 m/2) ethanololl |-83)A1# o] A 20 W& HPLC) F
A3tk

S |Z== % Ejo}: 0.34 M perchloric acid 10 m/ol| ¥ 2% ¥ ejo}E 16 g2 Hl&=
go FAsE F #4o 1 miE Astel 2 mio) A4 EA(pH 11497 EFetn FH oA
FLY Uo7 FE3k] HPLCO FYatch 21X peak areat 348S HAT F &



277

A9 Ag T3t FFEh

3) BEM XY

PHT ¥5%%& 1 mg/m/ ¥]% % mtehanolol] £3jA]|7]|2 &4 81431 20 wol 0.2, 0.5, 1.0,
20 pgol HEE o] 72 TEEZ HPLCH FYaAh vl wkE-3ted Jojzl peak aread]
H#< linear regressiondle] XFAM 9 241& Ak

4) 3|8 54

PHTS A X3HA] &2 vl 8% 02 ml, H2F £ gof #2Y 1 mldl] 5ug2 PHTQ‘
He& F F£3le] HPLCO F43Arth v yHE3to °‘°]Z’ peak area®] WS HE
FFH vty 348 T

5 24 =2

HPLC system(Waters)-2 solvent delivery system(Model 6000A), data module)model 720),
variable wavelength UV detector(Model 450) @ RADIAL-PAK™cartridge (8SMBC® 10y, Wa-
ters)S AR 3 TE ©]%/4-L acetonitrile: phosphate buffer(pH 5) Z£3<4(32 : 68, v/v)& mic-
rofilter2 o#}3l] A3 oM flow rateS 1.5 m//min. 2 3l 254 nmoA &4 3F ot

A4 ®z|
B g2z dojr HEL studient t-test, WMES R AojA AFTEL chi-square
teste] AEE| =2 1(PHARM/PCS)S o] 25k p<0.05 S2dA 2] $948 AT,

g4 =

Phenytoin2| Elio} 770 7Y % DMSO2S| d%&

FH 71doz 4&HA g e J4 10~129 PHT(75 mg/kg BW) T Tl A 51%2] ©Y
obell A vielsk o DMSO9 &4 Fool 93ty 30%=2 F<94 A ZAHA (Table 1,
p<0.05).

DA e #H corticosterone HE

1) #EM

Corticosterones 5 =¥ 2 HPLCol 3t & peak areaE linear regressiond}$]-S o
yv=0.147854x+ 1242271 (r=1)g o™ o] &L %z—l < AU E WEed y=0.149185x7} =
At

2) 3|58

100 ng E=< 200 ngg_ @%“ﬂ Yol &3 &S SHIYE W 47 93% ¢ 8T%=
B 90%9] w2 3F&S BYrh

Table 1. Cleft palate of ICR mouse fetuses from dams dosed intraperitoneally with PHT (75 mg/kg, BW),
with or without DMSO (2 ml/kg, BW) on day 10~12 of gestation.

Gestation day 10~12

Vehicle PHT 75 mg/kg PHT 75 mg/kg+
DMSO 2 m// S
No. of fetuses 105 118 91
Cleft palate (%) 0 61* (51) 28** (30)

*Significantly different from vehicle control at p<0.05.
**Significantly different from PHT (75 mg/kg, BW) in gestation day 10~12 at p<0.05.



3) corticosterone2| HE

Corticosterone ] HPLC chromatogram-< Fig. 134 2th. Corticosterone-2 440+, predniso-
lone2 5708 HIFoA AEHYoH 10 ngZtA Aol 7tk dutFos & g
Fo| 4] corticosterone?] FFEE& QM Fadta QFd Frtshs BT A4l 71k B
Batd A Z7)shs Aol UElttHFig. 2). Fig. 20149} Ze] PHTY Fole 2E 574 7]
7Yoll Al &v) thz7o vlaste] 2a] 83 corticosterone?] FEE 169.16%1 4 343%714)
zZIA 7o, QA 109 Bl T 243k GAl 129 Fof F 2441 7HS A 95hE BT fro Aol

1el8
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Figure 1. High-performance liquid chromatograms of corticosterone.

A: Chromatogram of corticosterone standard (10 ng). B: Chromatogram of corticosterone and pred-
nisolone standard (each of 100 ng). C: Chromatogram of serum corticosterone. Phenytion 75 ma/kg
was injected intraperitoneally into the 10-day-pregnant ICR mouse and the serum was sampled 2
hours after injection.

v 75 mg/kg PHT
120k 0 75 mg/kg PHT+2 mi/kg DMSO l/

%
100} l/

80k b * / "
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Figure 2. The effect of phenytoin on maternal serum corticosterone level. PHT was intraperitoneally
injected with or without 2 mi/kg DMSO on days 10, 11 and 12 of gestation. Each point represents
the mean of four mice and bars represent SE.

*Significantly different from vehicle control (p<0.05).

**Significantly different from 75 mg/kg PHT (p<0.05).
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Figure 3. High-performance liquid chromatograms of phenytoin.

A: Chromatogram of phenytoin standard (0.5 ug). B: Chromatogram of maternal brain phenytoin.
Phenytoin (75 mg/kg) was injected intraperitoneally into the 14-day-pregnant ICR mouse and the
brain was sampled 8 hours after injection. C: Chromatogram of whole fetus phenytoin. Phenytoin
(75 mg/kg) was injected intraperitoneally into the 14-day-pregnant ICR mouse and the fetuses were
collected 16 hours after injection. D: Chromatogram of maternal serum phenytoin. Phenytoin (75
mg/kg) was injected intraperitoneally into the 14-day-pregnant ICR mouse and the serum was samp-
led 16 hours after injection.

91 tHp<0.05). PHT$} DMSOE 54 $48-& 3% =A ¥H corticosterone?] F=e
oA 109 B F6AIZHS A 9shA 2E PHT &% FHA BT} hA s o] §uf t 223 FAHSH
£z vehion 9l 119 o 3 244715 A 129 Fo F 6A1to A frelAdol AT
(Fig. 2, p<0.05).

DMSO0!| 2|8t phenytoin?] ZA|Y Sk #3}

1) Z&EM

PHTS 55¥ 2 HPLCH FY3te] Q& peak areaZ linear regression 3t%S o y'=8.
070679 X 10~ x—0.1085805(r=0.995) H.o™ o] A& YA S AUEE HY3tH y=7478834
X107} = At

2) 2|58

PHT B2% 5 4g2 84 02 m/, ¥ =4 =% go} #d 1 mlo] Yol &89S o
Ao A& 72.57%, 3 ZH | A& 95.85%, Blot FAANA = 89.87%9] £ IAFES AU

3) PHTS| ZA|H 55 #HE

e @3 ¥ 232 183 eoloA PHTE #%3 & HPLCYl F%3te] Fig. 39 B,
C 2 Dot & chromatograme Atk PHTS 12838 AFdA AZHAY EA 8FH
glolol o] PHT 55 5o 3 A7t 1 £7L Bg o] DMSOE 54 Fog o
BE 24 A7t A PHT 9% £ojA)9} Ao 5Y5HA UehkFig 4 A 2 C) DMSO<| PHTll
e AHA 28 BFEA gopr) o 2o M DMS0Y 54 Foo o8 Fo ¥ 8
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Figure 4. Effects of DMSO on phenytoin levels in maternal serum (A), maternal brain (B) and whole
fetus (C). Phenytoin (75 mg/kg) was intraperitoneally injected with (triangles) or without (circles) 2
mi/kg dimethyl sulfoxide on day 14 of gestation. Each point represents the mean of four mice and
bar represent SE. Asterisk indicates statistical significance at the p<0.05 level.

AN F4 A RO (p<005) 2413L 16417 % RALANE A FUB
FEE LEhichFig. 4B).

n #

THE 2 Abge] Bjotell A 7H E31A B2 5 7189 3l 24 (Greene® Kochhar, 1975)
¥ 229 874 298 4F T84 33l iE e Belsty )AL whe)y) 9§
A7t AEH o2 o] FoJ 1 o} FAL S A4 F1HL o} WEEA B A QA ot
Walker$} Fraser(1957)9 93t} &2 2 cortisone ©]83F A7} A|&E o] TR o]
glucocorticoid T 25 o2 Fa=on, F/HY ol A glucocorticoidst G-AFA 3}
dHAHE 71X FA-AA PHT Al Q771 @abAl Jais o] g} 2 A8 o) A= PHT)
g 7RG Fdol A BA o)A F7}E= corticosteroned] ATA-L FHE ) 34 7)F 2
8] 3l& Ao &%= DMSOE PHTS} 34 598 3 79 49 A9k 249 cortico-
sterone H-EFS FAMSIYCH

PHT-¢ DMSO¢} 37 Fo48 3 gjobe] /i f2k AL E PHT ©5 SojAl9} v]m ety o
B} PHT(75 mg/kg, BW)S TEo2 ¢4l 10~12¢09) ICR #h$-29] B2 =A1s19L o)
51.7%92] Bjotell X TG o] YElt o A3 kg 2 mie) DMSOE 37 53 e g 308
%= Z¥2:¥o] DMSOE PHTY| 93 7/Hd fdol] o) 2Hgo] 9les #ald & 9quh
Corticosterone-2 v}-9-2= 8 Z glucocorticoid ¢] -+ =} x5} (Badr$} Spickett, 1965; Wil-
son 5, 1958), YA 7|3te)l w2 WEo] BiE o] gls(Barlow 5, 1974; Salomon E, 1979)
Salomon 5(1979)°0 2l3lH ATRA=E o]}l oyt wu7l 8 HE JA 0YR FS o
U2 9Y HF-o] F7H7F Al FE o] YA 15U Aol HI el B3t But 3 gao 2 sl= g}
2 AFPoMe &0 d2T9) A9 YA 104958 A corticosterone & a8 v} ¢4
do] AHHHA Frtehe AFE Yo, O 53] Barlow S(1974)9) B9} ga}stgc)
T YA corticosterone FFL AF 7)o W} WES Hol: Aoz ol =g
PEE-20lA ZARE BhE glou 28 olgy §EQ HE A9 Fod g v s
Holtpr} F7ts]o} 2.3 84l 71 £& 3] o]& & AH 2AHY 94 949} QF A
HARE W oF 3AVF B £FES Holv Ao YehdthCritchlow 5, 1963; Krieger,
1973). & 2EA AHE3H ICR w20 e 2o A3y} B2AHUY. PHTS £48 39
B ¥ corticosterone FFE- A¥ 7|7t FF &l R ol HlSte] 116~343% 2745



281

o, 11 Z7 A= Fo ¥ 24417 7HA]= Hansen 5(1988)°] B3k A/] rh¢-2:9] -9
FAMSFR o H, PHTo o3 +7HE {3l A33 e AS2 B6 vhe-2oX B 2
#0.2 {75 U} Barlow 5(1980)2 diazepam F-ofoll 2Jg 770 E Fdol| A Fo F 62170
R corticosterone F30] thZw3 FAM de G| eElYR] o) tizT e 140%
2 250% AL E FAGe] e B sk th 3 Rosenweing™ Blausteine(1970)2
+F AT 2EH 2o g TG FL APA 2A Y F9 corticosterone°] LEFLE
2A AE A4E v FAge] YERA o) 4822 BE AEEHE 36% HlotollA
TAge] dojdehn B3g v} 5l0] corticosterone?] 7+ F= #at ofe} I A& AE
2% Aoz gudth B dF)AM= 359 PHT T2 <13t EA F corticosterone©]
116~343% Z7hEe] T2A17E o) A&HozA F/HE el F8EE 7|tes QAT
DMSOE PHT$} &7 £ 799 corticosterone FE¥E Y41 108 Fo] 3 2447t o]
Foll= BE 34 A7t A PHT @55 FoA] Bop e £F 0.2 {A ) on 24 Fo(UA
119) 3 2471743 39 A F(YA 12¢) F 6A1ZHAME fod0] A F4H o DMSO7}t
PHTol| 2]&t corticosterone 718 A3} oj9 Zo] DMSO& PHT %o 9§ 24
#3 % corticosterone?} Z718 JAFoZH PHTO 9% 774d f2s 22Nz Aoz
Ata "

PHT %o 9J&le] £29 ejole] Fld} ma)el corticosterone &7} thd DMSO<]
oA 28 71H L g 2 A g A 53 glty. DMSO+ 2% 4 0. 2 steroid?] 714 <] cho-
lesterol®] A& AAA7)& A-&(Yachnin 5, 1984; Cooper 5, 1981)3} cholesterol®] &3
uptakeE 7F4A17)E Zr-&(Herzmann, 1969)¢] 1o FA1 Aol ¢ corticosterone2] A%+
A& 7HanZ & AUtk E£3 Pfiffnerdt North(1940) 49 FAI02HE FE2EE FE35 <
oA DMSOS] AW thA} AH=2l dimethyl sulfoneo] EZA vt B u} glod,
o] 249 Aol Mo e o7 BE A YA kot ool A Fojd DMSO7} Al = of
(Williams 5, 1965) 3-Alo]| 4 dimethyl sulfone 2] 552 Z7}A171 0 24 o] A o] corticosterone
Ao e F 5 US AR FEHHEY

DMSO+= o] 9} 2Fo] corticosterone E=ol] FEFS v A ¥ ofje} 7R & ol o3t 25 A
5ol = Aoz BauFol gtk #AE A A F Fode] ARG o
A= A7)0l FAEE FASHE A EW 3',5-cyclic adenosine mononucleotide(cAMP) 2
AA A Z717} o=t (Greene} Pratt, 1979; Greene#} Garbarino, 1984) 771E& ¥
1= E4<1 glucocorticoid(Pratt$} Martin, 1980; Greene &, 1981), caffeine(Schreiner 5,
1986), SAD(Eldeib®} Reddy, 1988) S¢] cAMP 5 x& WH3lA|7|H o|Zo] 7|8 fata #Ad
5o} glLo] HiHo] ity PHTo| cAMP2] s =o ¥sE F+vA d{e ofF 837 glA|
ko 1} PHTO| 98t malo) 4] Z71E corticosterone©] cAMP =28 #WdA4d 4+ 9or,
DMSO+= phosphodiesterase®] 418 A Al 7]+ 2H8-0] Qlo] (Nakagawaet Willner, 1986)
cAMPY] TEE& Z7HAFI o2 PHT 93 713§ A2AF & J& Aoz F¥dE) =3
DMSO= in vitrod| A} F7He] AAAE AT Aol #AHo](Wee 5, 1980) PHTo
ofsle] dojup= N Y] A9 Xdo] DMSO| ojste Hgaow JgF& o& + A

38 DMSO+= B2 318t 229 F9 9t TR S F7H)7]& F&-o] HirEo| glon(Ja-
cob, 1971), Levine(1975)2 Ay Aol A] 3}eHE 2 o] ¥ & WA ZIvtal &1t PHTol k&
St Blol2 o] F i -2 Al R AF FEAA Bils o] 1o w(Mirkin, 1971; Ste-
vens$t Harbison, 1974), £ 23 = DMSO] )3t PHTY E7h oA 9] F4-9F 24
H 23 2 otz o] o]Fo] FEFS WA AF-E FABILA 14 14l 13] PHTS @
FoJst A DMSOg}t 34 Fo3ted PHTS 4AME =& SH3tAch PHTS 5o ¥ 32
A 7R Elo} g 20~50 pg] H FEE FEIFoH, mAle 4 ¢ sole e PHT
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TR 5o F 32A771%] DMSO A1 Foo ot Fako] JehdA itk o9} o]
DMSOE 37 £ o efotdfixe] PHT sxt ZA4AHA &3 7do] ZLFEoEMN
PHTo] ®jo}ell ZH AE3le FHEE dodle Ao ofd S F25E 4 Utk

o] atol A UeRY ule} o] DMSOE PHT| 93 gjo} #70g &3} B A corticosterone
Z7bo) A axE JEldow, DMSO= Hlolg o]%-3h= PHTS & #AAAIIA &1
PHTe] 2138t /i) §4+e PHT 5o oJ3ted 2A| A =719 corticosterone} U2 5} A|
Aogo] 9L Aoz 2AH) o)} e DMS0Y 3373 zHgo visle F&3 7170l
iy dA#AA Q) PHTS A=A R AL WS 2A% & Q8 Aoz Algdrh
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