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Abstract : Phenytoin(PHT), a commonly prescribed anticonvulsant, has been known as a teratogen in experimen-
tal animals and human. However, PHT has strain-specific teratogenic effects for mice and human. Dimethyl
sulfoxids(DMSQ) has been known to antagonize the teratogenic effects of secalonic acid D, a toxic mold metabol-
ite that has similar teratogenic effects to PHT. Therefore, this study was performed to examine the embryopathic ef-
fects of PHT in terms of treatment period and the antiteratogenic effect of DMSO in ICR mice. PHT(75mg/kg,
BW) was administered intraperitoneally on day 10, 10-11 and 10-12 of gestation with or without DMSO(2ml /kg,
BW), and the fetal malformation was observed on day 18. Major malformation of fetuses treated with PHT on day
10, 10-11 and 10-12 of gestation was cleft palate, and the percentages of fetus with cleft palate were 14.5%, 31.7%
and 51.7%, respectively. Also, there was a significant decrease of cleft palate from 51.7% in PHT alone group to 30.
8% in PHT plus DMSO group. Our findings suggest that clefi palate is one of major malformation by PHT treat-

ment in ICR mouse and DMSO has strong antiteratogenic effect.
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PHTS] FAd 41 718 obs Wk uhsid
Q1A ¢kort PHTo oste] nhgAol4 Ueh} s F3
7199 AR AdHes PGS s 93t
of &3] 20]l3 & glucocorticoidel] )3+ A} o7
FHolA FLA o) o] F EHol fA% 7HoR
M52 Q) A o BAS dliske Aeg £
Ho]A 32 glch* ™. Hansen et al®2 7)3)2 Gutal=
%2 PHTE 713 ko)l R17H8E A/ vh9-2ol] Fod
s 24 "4 corticosterone X7} 48 A7 AX R
4oz Frhht B 8% Foliole uleh A
o] 3= A& C57BL/6) nhg-2oll TY 48 F
o} sl+= 73-9-ollx= corticosterone2] Z7} A E£.9} 2|4 7)
2ol BHe-g Bsho] o2 wlko /)Y Fuke 2
oll4] Z7}¥] & corticosteroned} o) glS Ao g A}
Byida B sl

33 Eldeib®} Reddy’® "= PHTS} npirba 2 9] Al
EA A7) Fodd wf) BAllel)4] corticosterone- & =7}
Al719 o}2 iotol] FAEE Yol EAef s
¢l secalonic acid(SAD)2] SAAY F Loz AL
dimethyl sulfoxide(DMSO)7} SAD2] 718 48 7
4AP1E B YSE BB, of w DMSO
3= SADe]) 2l&led 2 Ajol) 4] Z7}5 corticosterone £ %
@ ABATIE AHe] v AoR Hol SADe] 9%
7% o] 3A)9] corticosteronoll 2Jslo] wijziE 4=
3 KoL sk}

Sebd] ¥ ATNAE SHAYe Es] 2ol gl
U oF=7kA] PHTe €13k 718 Skl A% gt
%oh el Bl 94 B ICR nhesE tigte
& PHT®] Fof 7)7kol| wbE 713§ =Afsto] PHToI
<18 713 kel A] ICR whs-29] A5 RIZ=E ¥
351, Fof 7|7ke] FE el ulxe dge #sl
ek, 223 PHTS] 718 fdell tel DMSO7H 83
718 R Q=AY o 5E s
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Mz Xy

A &8 : A¥F 6 £ I ICR vpb-2F A2ug
i AREEASANA Bobitol 8-12 FH7IA A%
4 27l AGATIRMA AE5AAH Agol] Agsisirt.
A% B AY 77 Bk B2 25 2043, 5
65+10% HAG R HY Frle 12 A2 (HE: &
74, A% ¥ 7A]) Akl 2 QF 29S I
Agsld o, AgAYTEER, A 2 S EE
)T AR ARG AR ARl QurE 23

+ A3l =7 1 vlelg) A 2 el g eF 74
off 3PAAZ F vhg i o} A (vaginal plug)e] ¥
U= & AAE YA 02 St

Ay S879 T4 - Ay FES o) =g,
PHTY] Fof 7|7kl o2 718 2 AEE W7| 94}
o] PHT-E 19(141 109), 22 (44 10-119), 34
Al 10-12¢0 5% Fodgt F 5 PHTS] 718 futell of
g DMSO9] &g ®7] $i3le DMSO(YakuriA},
Japan)et PHT-E 14l 10-12¢0ll FA| 53t &+ %5
27 S0 2 el uhAE HE Al A
+ MAEe] s EAEES Fgyjow B
SRS =

4% S §£0 : PHT(Sigma)Z FFoll §EA|
71 3 IN NaOH $40 2 pHE 115 zaspua o
A ZHA s qEE AlFY w2l Al
100%9] efizloll 71g fbehs k) AF kg
75mg(10ml)yg wid 24 940 Brhlg FA3lH e
o, 4ol FojFol telede pHE 112 243% S57<
£ 22 8% v 82 F4319ch. PHTS DMSOE %
Al el Addel tislds FHFE 20%iv/v)
DMSO$o4E wkE - PHT-E #erA]# 1IN NaOH £
Hog pHE 112 z2Asled oA 24147 ¥ B4
2 24890t o] o] DMSO9] £32 AF Kgd
2misic}.

7|8 HAL : YAl 18Ul pentobarbital 2 EAE n}
HAZI 3 NGBS 2, F5, A4, AE dizte)
5 B3 F gale] FAE ZRsigen, BE A
E dlzltol]l tiste] §tA o2 9)F HAE st A
Z "i&} F 3/4-% Bouin's solutionel] 2 F7F A}
Barrow2} Willson ¥} o] w88 "% Fa}o] oiz:4 7
AE zE|3 Al 1/49 elAtell distolE YubHQ)
Doul)lbstaining”—% o] fsle] FA oj4t §-5Z Bt}
At

EA Xa|l : Chi-square test®] ZHFe] Zg-1
(PHARM/PCS)S o]-&3l0] P(0.05 FFollA] §-9)A
= A8k

4

Efole] A4 U HZoll CHE 2B : PHT Solol| 2}
globe] 4 ulES 94l 10, 10-119) & 10-129) 5
ofFollA] k2t 17.07%, 12.11% 4 7.74%2 25 S of
279] 0.70% Wekol 214 8lAl Z7EIRl ek PO,
05) o] 7|7bell WhE od3ke WA egheh. DMSO
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(2ml/kg, BW)YE FAloll Fo8 AGToNAE 4.69%2
glo} F9] oA Z2E Y = YTH(Table 1).

AL eljohe] v &2 YAl 10-11Y FoiFollA 4.21%
2 gof 279 0%} vl o 944 A Foket
21} (P0.05) 5o 7)7hol] whE F3F BT 2] o
ko, DMSO2] 54 FolFoide o4 e o
gro] Jeh}A] 9Fgkch(Table 1).

eizle] EAIE FAE Aot J4l 10-11 2 10-129
EolFeilA Z+2F 1.20+0.01g, 1.25+0.01ge g fuf o
273 vlasie] {4 dA ZLslda (1€0.05),
DMSO 5A] Foiol] ol AF k47 o7k 243 5]7]
£ ot} FeolAl-2 A=A ekkeh(Table 1).

AR 71y - 2N /1Y F2 AR TH(Fig 6), ¥
2 WA (Fig 7), ¥4 14 (Fig 8)e.24 A - FAol| 1+
Ebkon] o1 dhell 94l 10-11Y FoiToliA] zlelEd,
DMSO %A4] FolFell4 7iH(Fig 51 #A=ch
‘Table 2). HA %2 7% PHTY 5o 7|7kl w2}
Z7hhe S Bod 994l 10-129 Foi7-9] A4 8l
219} 4.58%01 4 FAEo] o g} vizsle]
o4 JA F7t 3k e (P(0.05), DMSOS] FA4] ¥
ol A= 3 wlel g ezl T s A oo} f-9)
4 A st (P€0.05). 32 A -2 10-
129 FolFollA 742} 3.27%2] ety B
] Fol 7|7bel| W} Srtsle S Eolort Sl

Table 1. Statues of fetuses from the dams treated with PHT (75mg/kg, BW), with or without DMSO (2ml/kg,

BW) on day 10, 10-11 and 10-12 of gestation

PHT 75mg/kg PHT 75mg/kg+

Vehicle ) ) DMSO 2ml/kg
in gestation day in gestation dav
control - - i : -
10 10-11 10-12 10-12
No of litters 12 11 17 14 13
No of implantation 142 123 190 168 128
No of resorptions 1(0.70) 21%(17.07) 237(12.11) 13%(7.74) 6% (4.69)
No of dead fetuses(%) 0 0 8"(4.21) 2(1.19) 4(3.13)
No of living fetuses 141 102 159 153 118
Fetal weight 1.29 1.28 1.20° 1.25* 1.23
(Mean+SE) +0.01 +0.02 +0.01

+0.01 +0.02

Significantly different from vehicle control (p<0.05).

** Significantly different from PHT (75mg/kg, BW) in gestation day 10-I2 (p{0.05).

Table 2. External abnormalities of fetuses from dams treated with PHT (75mg/kg, BW), with or without DMSO

(2ml/kg, BW) on day 10, 10-11 and 10-12 of gestation

PHT 75mg/kg PHT 75mg/kg+

Vehicle : DMSO 2ml/kg
i gestation day in gestation day
contrnl T o T T T -
10 10-11 10-12 10-12
No of fetuses examined 7’141 162 159 o 71& - 118
Open eye(%) 0 0 0 0 1(0.85}
. s
H(':xur'c of foreln'r.lb(/o) 0 1(0.98) 2(1.26) 7*(4.58) 0
Hindlimb adduction(%) 0 0 0 5397 1(0.85
Hindlimb adduction(%) ( (327) (0.85)
Subcutaneous 0 0 1(0.63) 5(3.27) 0
hemorrhage(%) 0 0 2(1.26) 0 0

Significantly different from vehicle control (p<0.05).

** Significantly different from PHT (75mg/kg, BW) in gestation day 10-12 (p<0.05).
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Hedzd §994%8: HelE uvehdx  gsid
DMSO09] FA] Foioll oJaf 3] WA 7-9- 0.85%=
¥ 2179 735 2%z A4t

HxZ el 7Y : d=4 JYPo e AL (Fig 1b,
2b), +=Y(Fig 1c, 4), F45, 575, 8744 3
of, #AF, AT Yxlo|d Fo| WA= cHTable
3). FAGL 1A 109, 10-11Y, 10-12Y, Sofgtoj)
A 24z} 14.47%, 31.67%, 51.69%2] wlofoll4] LR}
F3 3oz BEEUR Fo 77kl w2} St
on], DMSO®] §A] Fololl o3l vlz7<l 10-129
Fol7-9) 51.69%A 30.77%Z A UA TEHRA
th(p<0.05). F<de] ¢ A4l 10Y FoiFallA 7.
39%% Jehligleo fld-g Fulslar Qligich F<k

T2 YA 10Y Fofoll4] 11.84%, DMSO T-A] &
ofollA 12.09%7} ieh} DMSO Foj7} Fohtzg
F7HI7IE el Uit A ute] solz Qlstel
E7 A7 7ke] Fohlell BA4E Aol DMSO £
Al FolollA 4.40%7F PaE|en, FAFL g4
109 YFod-ZollA] 6.58%2] efizlel] Fax)o] Sof djz
I3 vlZ2sle] fo4 v T7HE 2o (p0.05)
Fof 7|70l vk He2 il

=24 718 : 24 7|¥o2E 14 57, T 3
A, A FHAA Fo| FAE o} 2.56%-8.
57% AEE BF d=id vasld o442 A3y
A] ¢kt (Table 4).

Table 3. Soft tissue abnormalities of fetuses from dams treated with PHT (75mg/kg, BW), with or without
DMSO (2ml/kg, BW) on day 10, 10-11 and 10-12 of gestation

PHT 75mg,/kg+
Vehicle PHT 75mg/kg in gestation day DMSO 2ml/kg
in gestation day
control o
10 10-11 10-12 10-12
No of fetuses exmined 105 76 120 118 91
Cleft palate(%) 0 11*(14.47) 38%(31.67)  61%(51.69) 28*(30.77)
Cleft lip(%) 0 6%(7.39) 3(2.50) 4(3.39) 1(1.10)
Anophthalmia(%) 0 97(11.84) 2(1.67) 3(2.54) 11%*(12.09)
Hydrocephalus(%) 0 1(1.32) 1{0.83) 2(1.69) 0
Diaphragmatic hernia(%) 0 1(1.32) 0 0 4"*(4.40)
Hydronephrosis(%) 0 57(6.58) 1{0.83) 0 2(2.20)
Abnormal position of uterus(%) 0 0 1/0.83) 0 0

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

Table 4. Skeletal abnormalities of fetuses from dams treated with PHT (75mg/kg, BW), with or without DMSO
(2ml/kg, BW) on day 10, 10-11 and 10-12 of gestation

PHT 75mg/kg+

Vehicle PHT 75mg/kg in gestation day = DMSO 2ml/kg

in gestation day

control .
10 10-11 10-12 10-12

No of fetus examined 36 26 39 35 27

14ch rib (%) 2(5.56) 0 1(2.56) 3(8.57) 1(3.70)
Delayed ossification of skull (%) 0 0 1(2.56) 0 1(3.70)
Delayed ossification of phalanges (%) 0 0 0 0 1(3.70)
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PHTE Yubd o A=t iy 7 HAZ Kel-
iy'oll SJap mlZellA Al wholke} 0.33%7F A 712
of 4 o 4 FAE Aokl YAAAE Heehe
82 R 45, A4 BEAA 8= ©)
ofst ulmsjo] & ulgo) Ao thololl A 7 Eah
Al FEEE 71399 shi PGS E4 AHF
21%E FLEAZIcs gk vk PHTE ®1%3t o
&3 24 37 2908 AY TEo H el AL
AL Bea 2 71 7] A% AT A5A
o o]Fo]R|a gl

uke-2= A4 58 F PHTE glucocorticoidol] €]k
TR ol 7ha jIZEE Foln AlgHE 1 xlo)r}
deiA glo] PHTE] 7|8 {4 7|3 Aol E3] AL
=] 3 glc}. Harbison?} Becker™” 18]35l Finnel et al’&
uh$-2:0l4] PHTe| 213 751 7j3o] Tk o) 1}
ehdclar sl o Ha sen et al'*2 94l 10¥0]] PHT
(75mg/kg, BW)yg A/] uhg-229] 57 ol] A0S
ulf 96%2] eololl ] AL o] FH(FNY, Fg ol
Subslgjcla B arslgd i, Hansen?} Hodes’ s B6 ul$-
Z=oll 4] §JAl 10-12¢0]] ZH-2 S-33} Who 2 Foigls
a) 0.7%) Bhololl Ak ol o] Lhehdehi B
et B Agel e Al W= GEA UA &
& ICR v}$-2E5 tibo 2 AF kg 75mge] PHT-S
JA 104, 10-119, 10-12%0)] mid E7hfl2 Fofsl
AL wl 72t 14.47%, 31.67%, 51.69%2] Elololl A FA
ol ek} b4 AIgEs} 8 Ao FeA A/ v
-2 Hrbe g B6 A% Eobke ¥ HleE B
FAGE 77ke] Fol 7|20l wheh vhehd TE A2
718 2] 33.3%, 82.6%, 87.1%24 F3 7oz ¥Qls]
o, Fof 7|7l whe} 1 wkAgo] Frtel= AYE
HQlozK Sol §3 % ohjet Fol ALE T &
uhol] F23F WY & F Ut =& FAAG o]9
9 71Q& Fof FAZkol] FEsfe] 2717 oo} PHTL
YA G L EAYE I Ut

T 2] vk 7)Aol HWslol= Walkere) Fraser’ol|
o3t Hgo 2 cortisone g 0|83 A7} A2 o]
2 o) glucocorticoid ¥ 228 o g 5]
Rew, G F2llA glucocorticoidse} FAH 1l
4942 713 PHTo tiat 177} ks Megsio]
ket

gotelld] FAE fudsle B4 9 93 QA S
Hel2 Aol "F corticosteroid 508 ¥ol& &

fol &HA ged ook 2L ASdles B AYoN

A48 PHT®E Egslod caffeine™, diazepam®, or-
ciprenaline sulfate®, SAD%-0] EA3} A4 A4, $
EAIR 59l 4% 2] glck. SADE Faol &
29 FUE 94 54 A7l BAlell =2 S
corticosteroned] FE7} Z7)sie]V) ol2e] wfojol| 4]
Fdo] ERFAEH DMSOE Fol Sos Agal
H A fte] FANEE Ao Had wh el
2 % 72419] corticosterone Z7}9}+e] AMAL-g- = A
Adelll] DMSOE §vl2 A-29S w SADo) 2|3l
F714 corticosterone 50| GolAlE Z-g Helslo]
SADol| 23t e Jule] BAelA] =718l corticos-
teroneo] 2jate] Yo Azcka A= get”. B Al
A SADS} fASHA FANEE dogm RajollA
corticosterone2 F7HA1Fl= PHT-E DMSO2} &)
FoId ¥ dlole] P 8 AEE PHT ©b5 Fof
A8} vlswsldet. M kg 75mge] PHTE wh5 o8
A 10-12909]] ICR vhg-29] B7hjz FA1%S
) 51.7%2] elolollA FEAGe] ek on AiF kg
2mle] DMSOE §7) T3S wis 30.8%%. 45
o] DMSO% PHT®Y] 93t A1 {Fahg o Alg-S &
A% = At (Table 3).

PHT $ofol] ®Jsjo] fubel wiobs] Foalel iRt
DMSO9] A 2Hg 717 o-go) J 72 248
7 Ack. 4 DMSOE AR #A o disle] =g .
2 A8 5 ek el WA Y F Aol 47
Waoll A pvlako g A == A7l A T
AskeE AIEW 3, 5'-cyclic adenosine mononucleotide
(cAMP)9] LAIA Z71t dojuf=ul™”, FAd g Jeo
7= EAQ glucocorticoid, caffeine, SAD So] cAMP 5
X HIAIFIHE, o] Ao) 71 fulx Peixlo] 91S
o] E31%5]o] 9lct. PHT®| cAMP “Fol] M3 Fi=2)
o] R o vhsA A o) PHTO| Jslo] B0l
A Z7}El corticosteronee] cAMP EEE w3l 4
qlem, DMSO& phosphodiesterase®] 438 1447
= Ago] glol® cAMPY) FEE 7RI eE A PHT
ol S AR B AR g Ao A
g DMSO= in vitroollA] o8] A E #F214)7]
= o] IbEw]o]® PHT| 23t iske] AlE 4] A
©] DMSOe|| 2s}o] 273 o2 ofgkg kg 5= glct.

DMSOE o9} ZHe 7715l ulidt 23 24 o]9]
o]l PHTO| 7|3 {4 7oz F4x|ar 9l 2l
corticosterone =719} AWAL A2 Qrt.
DMSOE £H|2olx8] 713 Full2ulEe] §42
A #7127 Za| el g9 27 uptaked T
£A) T ZHgPe) glom e BAH| A 49 corticos-
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terone 2] A& FHAAZ 4 ot 3L calmodulin-
stirnulated phosphodiesterase S 2jglsl= A& Ba
Hol glo]®®? RAellx RASAT 2N}
cAMPo]| 2J8} corticosterone TA-S AAXHE 5= AL
Aoz ZAgc). Phffner?} North®E 49 HAlog
HE] 32 8E& FE3= IF oA DMSOL] A} of
A A9l dimethyl sulfoneo] ¥PAE| ek ¥ st ul
ow, o) 2e) ARelAe] AL ofd wlA
U] ghor) ejRol4 FoiEl DMSO7} tlAbz]o]* B
2ol 4] dimethyl sulfone®] F55 Z7IA171 o244 o]
Ze] corticosterone FAloll ol Fg F 5 J& A
o Z2EEr)

DMSO7} PHToY 93 wlo} 70 fdoll A&
i VePd vF A2 2 A Z1HFE S el
4] PHT ghE-50]X|9} DMSO H-8-4]e] 244 Cor-
ticosterone WHESF-S R3d v} Qo 1elw
DMSO @e 8549 F59 2h5aids S7HA4
Fle= AE Aol 3eHEA] RES wWlg
4 30go]Y Ba=lo] glon], PHT7} eiuhg S3}s}m
elobz o] Edkrl= Ao] YA Joum g o] & ulgt
o DMSO9] 83 71¢ &y g PHTS 71854713
& H% ARA ¥l $53Q 97 e
Arg gl

d B

ICR vh{-2-0f| 4] 3733 A1) PHTS] Fof 7)7boll v}
£ 71% f#A 3 DMSOS] 3714 28§ =437
Al PHT(75mg/kg, BW)E 131(d41 104), 23(<d
A10-119) 9 33)(44 10-129) B2 Fosle]
F3 VYE 2AA, 278 o] g ZeF
Z2Z5]o}2) = DMSO(2ml/kg, BW)E PHTS} £4] 5
of (141 10-12¢4)& ¥ PHT ©H% Foix|o} 713 Hut

=& Hlaate] vhEt 2he AAE Act.

1. PHT Fodol] o]4h S:51 7)¥-& F0d 2 13 (A
10), 23 (441 10-119) 9 33)(A4 10-129Y) Fof
FollAl ZH2} 14.47%, 31.67%, 51.69%2] efofoll 4] T
H9om, Fof 7|7kl whe} Folale AeE B

2. DMSO% PHTS} 4] Fol3lg wje] FAd b
A vl ti2F9] PHT g5 FodFe] 51.69%l4)
307702 $24 QA dobA (p¢0.05) DMSO}E
PHTS} FHE frboll 821718 A#4-E ebich

o] 4gell yehd vl o] ICR vh§-2oll4] PHTol
ot &8 AR Foldelgl e, DMSO FA] F-of
ol oslo] ZHA¥|I). DMSOS] 718 71Ae] +
7t e g Axlckd PHTS 71% 8 7138 el
F&3 Agst "2 Aol EE AEAoR ALY
s ZAE g glg Ao g Aadc.

Legends for figures

Fig 1. Ventral surface of the palatal region with the tongue and mandible removed in a 18-day ICR mouse fetus.

a. Normal palatal region.

b. Celft palate of the fetus obtained from a pregnant ICR mouse treated with 75mg/kg PHT on day 10-12

of gestation.

c. Cleft lip with cleft palate of the fetus obtained from a pregnant ICR mouse treated with 75mg,/kg PHT on

day 10-12 of gestation.

Fig 2. Vertical section of the palatal region with the tongue and mandible removed in a 18-day ICR mouse fetus.

a. Normal palatal region.

b. Cleft palate of the fetus obtained form a pregnant ICR mouse treated with 75mg/kg PHT on day 10-12

of gestation.

Fig 3. External feature of ICR mouse fetuses obtained on day 18 of gestation.

Fig 4. Cleft lip of the fetuses obtained from a pregnant ICR mouse treated with 75mg/kg PHT on day 10-12 of

gestation.

— 826 —



Fig 5.

Fig 6.

Fig 7.

Fig 8.

10.

11.

DMSO on day 10-12 of gestation.
2ml/kg DMSO on day 10-12 of gestation.
10-12 of gestation.

10-12 of gestaion.
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