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ABSTRACT : The teratogenic potential of the anticonvulsant drug phenytoin (PHT) has been well do-
cumented both in the human and in the experimental animals. However there are few reports on the ef-
Jects of PHT on embryonic development in rats in vitro. The present study was performed to evaluate
the teratogenic effects of PHT using whole-embryo culture system in rats. Sprague-Dawley rat embryos
were explanted on gestational day (GD) 9.5 and cultured for 48 hrs in the immediately centrifuged and
heat-inactivated rat serum containing 0, 25, 50, or 100 uyg PHT/mL. At the end of culture period the em-
bryos were scored for morphological development according to the procedure of Van Maele-Fabry, and
their total protein contents were determined. At 100 ug/mL of culture medium, PHT caused significant
reduction in developmental score and protein content of embryos and a high incidence morphological ab-
normalities (100%). Characteristic malformations included altered yolk sac and embryonic circulation,
craniofacial hypoplasia, neural tube schisis, branchial arch defects, abnormal rotation, and limb bud hy-
poplasia, among others. There were no adverse effects on embryonic growth and development at con-
centrations of 25 and 50 pg/mL of culture medium. The results indicated that the dysmorphogenic effect
of PHT on cultured embryos is due to a direct interference with embryonic development.
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Phenytoin(PHT, diphenylhydantoin)}2 1938+ ol] 18-
Z0E hydantoin 3} 7}A)| (anticonvulsant agent) #A4]
kit gelvka 3akgol A7) Wee] AApolA] At
oz go| Aubs v 9l FAIFS] shielr). 1
v} HRIEA SR 2W o] 4= gl = (Harbison3} Becker,
1972; Finnell3} Dansky, 1991), vl$-~(Finnell3}
Chemnoff, 1984), ¥7](McClain} Langhoff, 1980), &
(Singh®} Shah, 1989) 52| A F-E¥ o2} Alg
(Loughnan, 1973)efl A= # 7|3 Ado] B %l v} glolA],
58] dabyol A Forole AAT Fol} s
ZHAW & 71 QAR Al Fokd 739 AlAoke] A
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LIST OF ABBREVIATIONS: DMSO (dimethyl sulfoxide), FHS
(fetal hydantoin syndrome), GD (gestational day), HBSS (Hanks’
balanced salt solution), IC (immediately centrifuged), PHT (phenytoin)
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A 71e) A EE A gael et 2-3u)
7} Evla she=d|(Speidel?} Meadow, 1972), Fetal
hydantoin syndrome(FHS)E. &ejzl Eo]3 7|3 47A&
vehyw  E3] FoiqbH R o]Ak(craniofacial ab-
normality)s} 4t 2|AF 3AJH-A(distal digital hy-
poplasia), 1A AR, ¥ =AY 7]} FFA1HA
o)At So] wo] B y%|o] glck(Hanson#} Smith, 1975;
Hanson, 1986). o}2]F A4 o|4ke] Z7he ol abie]
Azl ZhA o]y = FoFEl PHT 2]34] {4
ZARA] o H o] Fel gt EFAL A 7=
AR H&aA AR @Fgkort(Janz, 1982) <&l
o= PHT 2|3 #7138 do] fidcks B2 5471
H =3 gl PHTS] 7|34 7Moo 2= |4t
A} Aol (Biale$} Lewenthal, 1984), u]elul K e AfolAk
(Howe %, 1995), cytochrome P-450¢)] 2]3)} ¥F-$-A] %
A F7r A2 &3 (Martz 5, 1977), hydantoin 3 ol]
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& §2]7] Z7rAehe] W EASH(WellsS} Vo, 1989) £
o] ¥xu¥ u}l glv}l. 2] A8 3 (Danielsson %,
1992; Danielsson %, 1997)o)] 2]3}# PHTS wjjx}-2] A]
Aol ofejebrlow gl A4k (hypoxiays
sl #¥A &Ak(ischemic damage)?] A3}Ex] 3
Bad s £8 A 2R IRPL o] A wizle] 27]3A
o] ATk drh. o] Bl SJohd HEH o2 wjz}
A Ao BEEE 2R AaEe wE
A Ak 3} (reoxygenation)ol| A &AJ ALz E(reactive rad-
ical oxygen species)®] Aol w}E = 2]ql Az
Ao 24}

A FEE 0|87 PHTS| 27|34 AYA 713
wol #AH7 A4 FHA(cleft palate)d} T4
(cleft lip)2 H=of vl3l vh--2FolA] o] F {45
oo AE FAAE AN kAT bY g4
(susceptibility)e] ¥r}z 3Jtc}(Harbisoni} Becker,
1972; Hansen®} Hodes, 1983). Danielsson S-(1997)e]
w2rl PHT 271346 Qo14 oleld F3h AEare]
A 8] Atols wlAHA A A PHT H-2h4-of digh &
A 7549 Folol] 71218 Aoz drista et

B A2 A Rl(in virro) A1 < Al Akl oF
(whole-embryo culture method; New, 1978)2 o]-&-3}o]
A= wztel] i PHTR] #7134 &35 Hr)stux}
sksick. 214l 0.54%] AuAE PHIZL Sojgli o)
Ful Rl A 48|17k F<t wlloFal F wilofulzle] e,
8 4 BIAEE FEAs T vixle] ol eks
=xshach.

I Xz 3 2y
1. dESE ¥ AsEd

T8 etd A AT AP T ESTAGA
FYA AT AE 100)24E 53 SAEAAE
) (specific pathogen free) 52 Sprague-Dawley 2=
£ ol-g3telon b 21 12 sl AlA A=A Gz}
7} geld do] 24 0A1F Al 0dE A3l £
Al ARgg FEL 2% 23+3°C, AAHEFE 50+
10%, 871314 13~183] /hr, 2% A7+ 124]71(08:00~
20:00), &% 200~300 LuxZ AA 5 TEAlA] §]
sl i, WA 2AH2.0 Mrad) H49 AP EES 2
FARA ARG} A FeAET|E A5
=g A H A F

2. HjQrufX|e} EH|

iRl $H A=e d¥ERE I IC
(immediately centrifuged) &g o]83lgich IC ¥H
& 7] 98l =z oY T2 HopEel
AL Y& FA] 4°ClA 2700 pmo2 887 A
Axeasct olw 22 A Aia 59
(fibrin clot)yE A A3} t}A] g YAl Belsle] g
35 NE 56°Coll 4] 40%-7F du]-F3h(heat inactivation)
g th- 0.22 pme] microfilter(Millipore, USA)Z. o] 3}
DFE 3he] AFgatec.

3. AI8ES 7 ¥ AIEEAS A

duiAIgEe] AFE 7|22 39 PHT 100 pg/mL
(400 uM)g w-g8ko g Azly FH|E 28 3o 50
Hg/mL(200 uM)®] F-8-%¢3} 25 ug/mi(100 uM)2| #-§-
F A A 2T 5o VTR T AR E
Zel PHTS} £vlel DMSO(dimethyl sulfoxide)=
Sigma3] A}(Sigma Chemical Co., St. Louis, MO, USA)
9] AES izt AMgslglon, PHTE 05%
DMSOel 344 4 mg/mLE UHE thg ZA B4 =&
M EAE 2 7] Fxol 2A wikiA] o ok
I Rzl %] WAE AHskd

4. BiAHE &

JAl 95939 Y=g e ER w3 70% o
©eE B4 A5 o st Ag HEs
t}. AE3 2}F2 0.05% glucose2} 0.03% sodium
bicarbonate”} ¥-3-% Hanks balanced salt solution
(HBSS; Sigma Chemical Co., St. Louis, MO, USA) &
Aol $AH HAZNZ AL Asko] whabrh 5
olalE Zehel(decidua)e xEA ). gEbuhe &4
2] A HHste] A 22 HBSSE-Ho] &7l £7)4
7t} A& w7 (stereoscope, Nikon, Japan) &}l 4]
ARt S o]83l "o Sl FHALE
(conceptus)S- ¥-2]A]7] t}d 2lo]A| 2 E =M(Reichert's
membrane)2- A7 &}odc}.

5. HYKHuH 2k

713 e AL eSS wiAke] wA At
& WPt} v2|FE7(head-fold stage)S -Febll=
WA Asle] wiodel] o] 83l o HEF &4
AV A7) o e wiAbE w4 Al ).

vz Al R}l oF7] (whole-embryo  culture  system,
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Table 1. Effects of in vitro exposure to PHT on embryonic growth and differentiation of GD 11.5 rat embryos explanted on GD 9.5 and cul-
tured 48 hrs

Phenytoin concentration (ug/mL)

Parameters

Control 25 50 100

No. of embryos examined 11 i1 11 12

No. of viable embryos 11 1 11 12
Yolk sac diameter (mm): Max. 4.07+0.37 4.05+0.37 3.84+0.30 3.621+£0.40**
Min. 3741042 3.724+0.30 3.52+0.22 3.3210.34*
Crown-rump length (mm) 2.9310.30 2.95+0.30 2.92+0.28 1.91+£0.27**
Head length (mm) 1.3740.16 1.35+0.18 1.36+0.19 0.80£0.12**
No. of somite pairs 22.911-1.38 22.73+1.42 23.00+2.00 19.16+3.74**
Morphological score (points) 55.01+2.41 55.00+1.73 54.44+1.33 38.75+0.50**
Protein concentration (g/embryo) 254.2+28.6 24724349 24524343 115.74£21.9%*

Values are mean+S.D. * and ** indicate significant difference at P<0.05 and P<0.01 levels when compared with the control group.

Ikemoto Co., Japan)olA] 4817} F-oF wjefslel om,
Zk w3 mLe] WA E ¥ o 2~3v}e) 49
A2 vl Falsd )

6. B k=2

sjofriule] &5 375405 CHon, 3R
AL T 35 pm o2 3t vl dle EAIE
2 FIAHAAAE(F)]E 0.45 pme]  microfilter
(Millipore, Ireland)E 53t W73 ohg 56314 8
o d&FFstdet. moFAAFE 17417 4k4 5%, o)
AL 5%, AL 0% EF7LAE, 2 ok TA7
L A 20%, o)ArEErA: 5%, AA 75%9) T3l A
S, 283 upRT 24A7ke Abs 40%, o]AkslERA
5%, A 55% E37tAE B 150 mLe) w)&E
=315t

7. Ui HRR}L] BHE

wofo] Bt izl a7 (yolk sac diameter),
Hejedrdo]zt Zoj(crown-rump length), w2]Zo]
(head length) ¥ A|’d<>(somite number)Z &4 3} r}.
At e, W% 2 E3pP e deiAe Van
Maele-Fabry 5-(1990)2] 37}7]5¢l| whe} 3318}
I FejshA o)AlS 7|23l o, uiRfe] Euhulalek
2 Bradford ¥ (1976)el w2} 2233}eic}.

8. BAIEE &N

Atz g FAEML SAS T2 T9(SAS,
Version 6, Cary, NC, USA)S ©|-&-3t5ict. 424
2 wzjddo|zk Ao, v2lAel, A<, Hepsky 44
L ufate] FebiAar J el B4 (ANOVA)

3} Dunnett v} w73 A&, 713 u)z}45~= Chi-square
HAASE A ed 5% 54 o3 A e 5}

Ar}.
Im. & }

34 wiAlulFr | E o] 8-sled Al 9.5¢3 e Y=
w212 PHT 0, 25, 50 4 100 pg/mLo] 5] gl& uj
AlellA] 484]7F F<t wiFsldc). Hx wokA] wiate]
WA= H3yY oA He|FE7E JeR
2 sl er] oleilg) ®iectoplacental cone)s- ¥.§H3t
FEIALES] £ Zo]: 2.1240.33 mmo]g)c). 484]7F
9] wijoko] Btk F FefAES wizle] b 2 B3
eell A A Av= Table 13} 22} oAz
2] FefibE(Fig. 1)3) wizk(Fig. 25 25 AAbAQ
AE Vet gl end, 259 50 pg/mL X x| Foll 4 2] ul
FAE HETH FARE 23S veldige}. ubd
100 pg/mL X X|Fol| = wdahde] 2 Ao] o e 27
off ulaf FAISA o2 oA UA AHasted L, wixte

Fig, 1. Photograph of a control conceptus, showing normal ap-
pearance. Scale bar is 1 mm.
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Fig. 2. Photograph of a control embryo, showing no abnormalities.
Scale bar is 1 mm.

Table 2. Morphological defects induced by in vitro exposure to
PHT in GD 11.5 rat embryos explanted on GD 9.5 and cultured 48
hrs

Phenytoin concentration (ug/mL)

Parameters
Control 25 50 100
No. of embryos examined 11 11 11 12
No. of embryos with 1(9.1) 1(9.1) 2(18.2) 12(100)**
anomalies
Altered yolk sac and 0 0 0 12

embryonic circulation

Abnormal axial rotation 1 1 2 12
Craniofacial hypoplasia 0 0 0 12
Missing optic vesicle 0 0 0 2
Branchial arch defects 0 0 0 7
Neural tube schisis 1 0 0 6
Enlarged cardiac tube and 0 0 0 3
pericardium
Kinked somite 0 0 0 4
Limb bud hypoplasia 0 0 0 5
Blunted tail. 0 0 0 2

** indicates significant difference at P<0.01 level when compared
with the control group.

vejdrio)zt Aol o} M| He], A, PNt PS5
2wzl Fehda ko] G- A skt wiat
o] ety oAb AR} A= Table 20 vieh
och. R TAE 1nkele) wixtolA] 34 o)At
(abnormal rotation)®} X173 7 (neural tube schisis)
o] A=, 25 Y 50 pg/mL X x| FellA= FA o]
AH(Fig. 3)0] 18] 2 28] 2=t 100 pg/mL A X
ol vkt 120te] 8] BE wiAlellA of2i7ER]|9] ¥
efo] Ak(Fig. 4~6)0] Fiatw|o] mj At 7ol vla] EA|
g f-o)Ade] A=l oA, g &3} v Y
2] o)A}(altered yolk sac and embryonic circulation),
N 32 =] & A)(craniofacial hypoplasia) & 3|A 0]
Ayo) zvz} 124, olr}wlz-e] Z<=(branchial arch de-
fects)o] 7#), A17AF MAo] 62, xoke] A FA(limb

Fig. 3. Photograph of a conceptus treated with 50 yg/mL PHT,
showing abnormal rg Scale bar is 1 mm.

Fig. 4. Photograph of a conceptus treated with 100 pig/mL PHT,
showing altered yolk sac and embryonic circulation. Scale bar is 1
mm.

Fig. 5. Photograph of a embryo treated with 100 pgfmL PHT,
showing growth retardation, abnormal rotation, craniofacial
hypoplasia, missing optic vesicle, enlarged cardiac tube, neural
tube schisis, limb bud hypoplasia, and blunted tail. Scale bar is
1 mm.

bud hypoplasia)e] 52|, A4 2] v]E3H (kinked somite)°]
49, AAR/A Adte] v]dl(enlarged cardiac tube



Fig. 6. Photograph of a embryo treated with 100 pg/mL. PHT,
showing growth retardation, abnormal rotation, craniofacial hy-
poplasia, absence of the second branchial bar, limb bud hypoplasia,
enlarged cardiac tube and pericardium, and blunted tail. Scale bar
is 1 mm.

and pericardium)7} 3%}, 9} 7 <=(missing optic vesicle)
5 mele) %

%3 (blunted tail)o] 224 vielyir}.
Iv.n @

AFTES o8- A (in vivo) A1F-E A1HEH
& BEFAA Folstel izl Liehbs BASA
(developmental toxicity}S H7}8}7] wi-Zol] uljx}el| A
byl W EAJo] ®EA)(maternal toxicity)el] 2] &) 7F
Aoz 329 2AAA o™ AIFEA o] wiAle
A AAg ez Feste] thepd a7elx WS
oigich. w3 LETAA Fo4u WASH R0 9T
7] (parent compound)@4] X cytochrome P-45001 2]
o AT IR (metabolites)ZA] 547H8-S v}
W AR BReb| % ofgick. el Aujzpepg e
AYEAo] o gl kel wiAHE A E
Fobr) ol ZEAoI} 2 HApELA ] Fe o)
A 5 glow Fasldo] FYsE W2 Fab
A4He s WAL - ) B /DR 3
& FE 542A F47108 TR B £
= A €k
PHT2] #7384 7142 HEsHA W3 =]A] ¢gke
1} A A} Aol (Biale?} Lewenthal, 1984), v]€}ql K
HArlo]AHHowe 5, 1995), cytochrome P-4500]] 2]3)
WA 54 F2HAe AgA S Martz 5, 1977),
hydantoin oA H2l7] $7kA¢2}e] B 2AFHWells
2} Vo, 1989) 5| 37|34 ¢

o
=

feloz Byd u} gl
o, 3o Byl 93w PHTe] wix}e] AlA}e]| =}
golo ANEEE U2 HAr|ge] A3
t}az gl (Danielsson 5, 1992; Danielsson -5, 1997).
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E A2 AW AfolA #7138A A2 g
A= PHTS| A3 (in virro) #7134 &35 Hr}
staab 14l 9.5d% 2] A= Hulx}E phenytoine] &

Ir

o sl whekeell A = AIAM 48A2L Fak whek
& b e ui AR 0441, 45 2 EEdas 4Fd
A wiake] Fbdeks SAstaleh DHZJIBHJ_i%ﬂ
A AR A o)A AR NI o4t A}
Hx2 vlfe] pol xpelh AR wi gA Ao 7]l

H Ao gekEs, w25 9 50 pg/mlL A X Tl A
el BN H7 o)L 2T 441 WEe
thehih 25 4 S0 pg/mL A A 2L 4= Rl —“rsu
@ Aoz vegel. W 100 pgimL A2 Foll A
= wiatelA wlelgrielzt Aoleh welel, ﬂ]zé*/?‘,
A A4 9 Fnkiisgel dsled vl 15
AQEAE BRE 5 ALTh £ 2E 7ol ¥
WEHA olato] RAF L, PG £ wiAlR 3

o] o)A, TNk R X34, E] A o)A}, o}7}u|Z2)
AL, AAD NG, Role] A3A, - 315%’ ]

s Adete] uidy, kAL o me) 353 5
o] & HlEZ eyt 2 A3 Y= HHZMIH s
et oA 52 A}kl Fetal hydantoin syndrome
(Hanson, 1986)ell F2 #3= = FIHPHY o=
Bek A AE WA, A4 A7), 9] dal sk
22077 o)} T3t vh- Ak FehE hehigict.

A el gleid wishde gashy e
(chorioallantois placenta)e] &3 =}7] 2] 7] 7o) v}
o] F23 dfgFdEE 3 Fed U 3ehEA
= YAEEA 7B St FoAshd g
o) Aol frstel wiabe] sk Batel 3g
S 71X A "Hria Idch(Beckman 5, 1990; Kluget
Neubert, 1993). A uj=}ujjokol 4] = F3hdo] uloful=]
oA A7k AREA AHAE s o
seelo] A7hel shekgAlel] ola) e Ak go) u)
Apbedol] 22 7] 02 QIgt AQIA] opd ey
P)5e) £42 Salo] PPA LR SR AR 22
7= o} ey Wahde] ofgl ey} i3t
¢ e olde WAl H3HE desle Aoz o
AFITh. 100 pgmL. A Fo A daide) 2)7o] 7t
sl dabdete] Wae] Ao] BaE A gt
o]2|dt 2o g njFo] Wol PHTS x| 23 |
= Auzle] 3k o] AEE 1 7)Ao ) -t
A slez gaEch aeht & AQadeds st
oA HAF WA A Feo| o] Wahde] 715
A= e AL ohid bl Aee sl

frE AR = A7t e % A
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A7 8% o wdylch

A TES 018 AelM PHTS 27342 &
ol vld eheaFolA o & ke vpes AR
FoME AN w27t P AeAdel Fola B
(Harbison3} Becker, 1972; Hansen®} Hodes, 1983y
v} ¢l+=t], Danielsson (1997 PHT 7|3 A]l] ¢l
o)Ay o]ej gt F3 A F7e] A Aol wiAMIA
|4} PHT #-2h8-ell gt 34 7hpAde] zlolel 7]
1El Aoz Adustay Qi) Aol qlelA PHTS &
%8 T (therapeutic concentrationy= 20 pg/mL
BOUMZA] whe2 lAbE 2 FEold wjorsta &
713 A e] vepdtliz B 3 (Miranda 5, 1994)€ v} g)
2on, = wiAHE o]43 £ APl 25 pg/mL
(100 uM) = 50 pg/mL(200 pM) FEolA] H7] 8 Ao]
FEEA] 43T 100 pg/mL(400 M) F=f A7t 713
o] frtxle] Y= WAy} uhg- wiztel| wls PHTS]
7134 AHgel g8 zheado] 3a-d g% 3
k.

4715k uhe} o] PHT-S- = Auljalel] 2 Aoz
w2alel s o wjake] ukgAl el Jelahy o] o] &
el e, o]a8|gt A= PHTZF ZF thARE AA9
gl VEA AAZA Y= Azl AHHog
ZHsle] AEAE ol AL A8 3o
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