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ABSTRACT : The increased embryotoxicity of the antifolate drug pyrimethamine (PYM) with con-
comitant dietary dosing of folic acid (FA) was examined in mice. The preventive effects of folinic acid
(FNA) on PYM embryotoxicity were also examined. Six groups were constructed: PYM I (pyrimethamine
80 ppm), PYM II (pyrimethamine 150 ppm), PYM II+FNA (pyrimethamine 150 ppm and folinic acid 12 mg/
kg/day), PYM II+FA (pyrimethamine 150 ppm and folic acid 350 ppm), FA {folic acid 350 ppm) and a con-
trol group. The agents were administered for 7 days from day 6 throughout 12 of gestation. PYM and FA
were administered with mashed feed and FNA was intraperitoneally injected. The high incidence of fe-
tal malformations was observed in the PYM II group; these included kinky tail, open eyelids, club foot,
cleft palate, absence of the pulmonary lobe, diaphragmatic hernia, fused sternebrae, fused cervical or
thoracic vertebral arch, among others. All embryos of the PYM II+FA group were resorbed. No malformed
JSetuses were observed in the PYM II+FNA group. These results show that the concomitant dosing of FA
augments PYM embryotoxicity. The preventive effects of FNA were also observed.
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Aef] F-okA]l A olA4] W1E (megaloblastic anemia)

Pyrimethamine(PYM) t]dlo] =2 Z o] E 3l &
4> o} Al A (dihydrofolate reductase inhibitor)24] 2}-&-3}
W (Miller -5, 1989) wete]obe} EiFefzntgo] X
5 9 ofdlel de] o] 853 lch(Main 5, 1983). AF
71% 558 2F8-7) 2k wlFoll PYM2 2l7F 2 Agl %
Eoll 9le1A 718-& f4% 4 3l+=dl(Raynaud®} Hor-
vath, 1994; Fig. 1) & <FA|e] wjo} & efzx}5A4] &5}
(embryo-/fetotoxicitys= =l E(Thiersch, 1964; Sullivan
3} Takacs, 1971; Izumi %, 1984; Kudo 5, 1988;

Tsunematsu %, 1990), 3 ~e{(Sullivan} Takacs,
1971), sjA](Misawa 5, 1982; Yamamoto =, 1984;
Hayama®} Kokue, 1985) % <l7}(Harpey £, 1983;

Smithells2} Sheppard, 1983)0l|4] #helxle] B ¥ u}
st
gt PYME AU JANALE A asr] wiel <
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£ el g glen, o|#3k W¥e] xRl folic
acid(FA)®} folinic acid(FNA)Y7} ZH=3 gl
(Webster, 1985). wlebx] PYM3} FA T+ PYMi}
FNA¢] = -$(drug combination)A] Jeh}= =4 &3}
o] W3}, 53] HAA S (synergism)2] E& o 3of]
g AEE v AL vlg 2vlele A=A o9} #
W e A7) o] gio)

Kudo 5-(1988)2] W 1] 2]shHl g Eo]] FAZ 7|3
15 I (teratogenic dose)2] PYM3} Z-Aof Algv] &
el 49 FALE PYME ulio} B gz 54 295
A A1Zekar ghek olej’t SAdA 28-S Chung 5
(1993)%. Bl FAS PYMT} F-Aloll 7hAl] 7375
oz A 5 qldviy geh £33 Kudo 5
(1994 vl-$-~of FAE 7|36 559 PYM3 4]
of| 74A| A TF1% ¥ FAZ} PYMol 2|3} njo} 2 &)
A BRe) A4S A S sty F B
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Fig. 1. Role of folic acid in organogenesis. Folic acid and its bio-
logical active derivatives, dihydrofolic acid(DHF), tetrahydrofolic
acid(THP), are involved in DNA synthesis and amino-acid meta-
bolism. Pyrimethamine, a dihydrofolate reductase (DHFR) inhibitor,
prevents DNA synthesis, thus leading to abnormal rganogenesis.

E84 el SAAAgol sleta] s} ohs
s7ke] S ETE Aol, & iA Eo] 4 (species-spec-

ificityye EA31x] bt 482 Wilch
Al & E A 9 oy g E A AW ol &g

(b10ava11ab111ty)°ﬂ Aobat oS F 4 9l3 2E gl
3 Aboldt SAH AV vebd ek ik =3 PYM
o] vh-of glolA] FH7|H Aol R3] ¥ o9 v
& Aol gl #<2] Kudo §(1994)9] vh$-28
o] 48t FEELAT Bilelis PYMe| k-2l gl
oA o FFe 78S gl A rlsE
WA et weba] B Aol A= Aba] EjHEoi
4 o] &3lo] PYM3} FAE EAo SFoigdoza o
Aoz ohg2ol SloH PYMe] HoldanE &
sbaba A1) FAZE PYMS vhol 9 ejz}5 Aol v
L o B Aol s e AU
413 (reduced active folate form) f=A2] 3shf<l
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IL T2 9 4hY
L AIEEE
2 A&l Sigma Chemical Company(St. Louis,
Mo, USA)ellA] 7413} pyrimethamine(Lot No. 88F

0320), folic acid(Lot No. 40H0321) ¥ folinic acid(Lot
No. 117F00501)7} A}8-59dv}. Pyrimethamine3} folic

acidi= Abmulel EgkEaste] Foistel i, folinic
acid= Z5F-ol| S35 A| A A3l
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3. Foigkel dEn AIEZe 71

Pyrimethamine 60, 80, 110, 150 % 210 ppm2] 57}
g0 2 oujA3-e A Ag v}, pyrimethamine®] 7|
Haubr s 150 ppmo|l 7 F&8-9F(no observed
effect level)2- 80 ppmolgit}. o] & 7|22 vfAldix
T, PYM IF(pyrimethamine 80 ppm), PYM Il
PYM II+FNAT
(pyrimethamine 150 ppm and folinic acid 12 mg/kg/
day), PYM II+FA<*(pyrimethamine 150 ppm and fol-
ic acid 350 ppm) % FA(folic acid 350 ppm)2] 67}
g Folon P 12 vlelds] TMBRlEES A}
galodeh.

(pyrimethamine 150 ppm),
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A 8 F AFS FAHNET RS
Albstedch A=z 128 5% T4 2
of KOH=Z | 2]& % alizarin red® F4-& o4 M
F oA §FE x4}l L (Dawson, 1926),
A 1/22 F-o}Ao] mAR H FRe} B = Wil
son® (Wilson, 1965)l wabxi z2lx re
Nishimura®] (Nishimura, 1974)o] ¢]J&}o] Y {27 A
A+g A1 A shsdch.
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7. EAEH B4

2EZe) A%, ARAAL, s, Aol 2
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®H (Dunnett, 1970) =+ Scheffe® (Scheffe, 1953)e] u}
2hA] EA3kd 2, efebaltr Kruskal-Wallis'] of 2
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A L 5% FEelA AR litter
effect= 2= =] ofgkrh.

L. & i
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e Fad vreblch(Fig. 2). 2522 AL
ol slelA] Zt Tl Tt 27 frof Atk A E
A ofskel. w2y I} REE A AIFEA
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PYM Dol dizzol vlal EA%H o2 fol43)
£ 27hE e w 12 latel Aze)ae] 2t
A=} =53 2 A S FA] PYM NITelA ¢
T 25 dxa vlastel f-oAd%0e A vk
t}. PYM II72] €252 ¥ e&(exencephaly, Fig.
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Fig. 2. Weight gain of dams treated with pyrimethamine combined
with folinic acid or folic acid(day 6 to day 18 of gestation)

* and ** indicate significant difference at P<0.05 and P<0.01 lev-
els when compared with the control group.

## indicates significant difference at P<0.01 level when compared
with the PYM I group.

Fig. 3. Multiple external anomalies(exencephaly, open eyelids, pro-
truded tongue, kinky and short tail) in a fetus of the PYM II group.

3), 7N<eH(open eyelids, Fig. 3), 3=EZF(protruded
tongue, Fig. 3), 9+=Z(club foot), &+v|(short tail, Fig.
3), Fv](kinky tail, Fig. 3), 7<= (cleft lip, Fig. 4) 5
o] 9] ¥ 7138 48.6%2] Wl == viehlcl PYM II+FA
Toll A= A whote] F4v) WAE S, 1 Hre] o
T2 eiztel] oM = AwE o]t ® AR A] ¢
g}th(Table 1).

e 2ke] 52717 AF A= Table 29} ek PYM
Hitel| A= 7l (cleft palate, Fig. 5), sloje] A&
w A H-H(absence or hypoplasia of the pul-
monary lobe, Fig. 6), &7 4lgbak(diaphragmatic her-
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Fig. 4. Cleft lip in a fetus of the PYM II group. Fig. 5. Cleft palate in a fetus of the PYM II group.

Table 1. Fetal effects of treatment

Parameter Control PYM 1 PYM II PYM II+FNA PYM II+FA FA

No. of pregnant animals 11 11 11 11 12 11
Implantations(mean £S.D.) 13.24+4.2 143%2.1 16.2+1.7 143438 14.6+1.8 14.6+23
Fetal deaths 10 16 T3xE 18 175%* 14

(resorptions+dead fetuses)
Resorptions 8 15 69** 15 175%* 9
Dead fetuses 2 1 4 3 0 5
Live fetuses

Male/Female 61/74 74/67 54/51 60/79 0 73/73

Litter size(mean+S.D.) 123442 12.8+3.1 10.5+4.6 12.6+4.4 0 13.3+22

% of implantations 92.8+8.8 88.7+£12.7 65.91£26.9** 87.9+16.0 0 912+53

(mean+S.D.)

Sex Ratio(male/female) 0.82 1.10 1.06 0.76 - 1.0
Body weight of live fetuses

Male(mean+S.D.) 1.35+0.14 1.34+0.20 0.93+1.21** 1.34+0.09 - 1.33+0.09

Female(mean +S.D.) 1.31+0.13 1.25+0.17 0.91+0.18** 1.31+0.07 - 1.29+0.08
No. of fetuses with external

anomalies(%) 0 0 51(48.6)" 0 - 0

“ Exencephaly, open eyelids, protruded tongue, cleft lip, club foot, short tail, kinky tail.
** indicates significant difference at P<0.01 level when compared with the control group.

Table 2. Visceral findings in fetuses

Parameter Control PYM I PYM II PYM II+FNA PYM II+FA FA
No. of futuses examined 67 70 50 65 0 70
No. of fetuses with anomalies(%) 2(3.0) 1(1.4) 38(76.0)** 0 - 0
Cleft palate 2 1 33
Absence of the pulmonary median lobe 0 0 6
Hypoplasia of the pulmonary median lobe 0 0 5
Absene of the pulmonary middle lobe 0 0 1
Hypoplasia of the pulmonary middle lobe 0 0 2
Diaphragmatic hernia of the stomach 0 0 5
No. of fetuses with variations(%) 1(1.5) 0 3(6.0) 0 - 0
Dilatation of the renal pelvis 0 3
Dilatation of the ureter 0 2
Thymic remnant in the neck 1 0

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

nia) 52 7|¥o] ¥ WE(T6 %)= vtebdeh. PYM o} ApeliA 2zl g Abg= SR, PYM HITelA
oA #aE] FdE 7|3l &£31A 9 W7} A Al-$-8hAk(dilatation of the renal pelvis)¥} 8.3



Fig. 6. Absence of the pulmonary median and middle lobes in a
fetus of the PYM II group.

Table 3. Skeletal findings in fetuses
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Eak(dilatation of the ureterye ¥Wolol &3l= 270
24 AP EAL] G ofeta gl 17
3L PYM I+FNA ¥ FAZ & o3t ol e
BAEA] 49kt

B2kl A A= Table 3o vehd 9o
PYM el Me 50, 4, 52, 5T, 33 59
A Z1F T Holrt & A=A 745 2 70.9
%)Z vebgtch. I E2AQ] 7o E FTEA
+ZH(sternum: oss. cent. fused) AFEEL #3
(vertebrae cerv. lat.: fused) F53F 2 (vertebrae
thor. lat.: fused, Fig.7), 534 32t (vertebrae thor.
ventr.: fused, Fig.7) ¥ 8 334 32 (vertebrae lumb.
ventr.: fused, Fig.7), 52 (fused ribs, Fig.7) 5o)

Parameter Cotrol PYM 1 PYM II PYM II+FNA PYM II+FNA FA
No. of fetuses examined 68 71 55 74 0 76
No. of fetuses with anomalies(%) 2(2.9) 6(8.5) 41(74.5)** 0 - 0
Skull
Os supraocci; missing 0 0 2
Sternum
Oss. cent. fused 2 3 23
Oss. cent. missing 0 0 2
Ribs
Fused 0 0 5
Flyig 0 0 4
Missing 0 0 2
Vertebral column
Cerv. lat.; fused 0 0 23
Thor. lat.; fused 0 0 23
Thor. vent.; fused 0 0 20
Thor. vent.; missing 0 0 16
Lumb. vent.; fused 0 3 20
Sacr. vent,; fused 0 0 4
Sacr. vent.; missing 0 1 0
Atlas; add. oss. cent. 0 0 2
Hindlimbs
[lium; missing 0 0 2
Ilium; incompl. oss. 0 0 2
Ischium; missing 0 0 4
Os pubis; missing 0 0 4
Femur; missing 0 0 2
Tibia; missing 0 0 2
Fibula; missing 0 0 14
No. of fetuses with variations(%) 11(16.2) 27(38.0) 39(70.9)** 33(44.6) - 14(18.4)
Skull
Os interpariet.; incompl. oss. 0 0 2 0 0
Sternum
Oss. cent. asym. 5 2 7 9
Add. oss. cent. 0 2 5 0 1
Ribs
Lumbar 6 23 23 25 8
Cervical 0 0 5 0 0
Vertebral column
Thor. vent.; o.c. bicentr. 0 0 7 0 0
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Table 3. Continued.

Parameter Cotrol PYM I PYM II PYM II+FNA PYM II+FNA FA
Thor. vent.; o.c. dumbbell 0 0 12 0 0
Lumb. vent.; o.c. bicentr. 0 2 7 0 0
Lumb. vent.; o.c. dumbbell 0 3 4 0 0
Sacr. vent.; o.c. bicentr. 0 4 2 0 0
Sacr. vent.; o.c. dumbbell 0 5 2 0 0

Degree of ossifications

No. of sacral and caudal vertebrae 119+1.8 114423 6.63.3*%* 11.0+0.8 - 11.6x1.1

o.c./oss. cent.: ossification centers, os supraocci.. os supraoccipitale, incomple.: incomplete, cerv.: cervical, lat.: lateral, thor.: thoracic, vent.:
ventral, lumb.: lumbar, sacr.: sacral, add.: additional, os interpariet.: os interparietale, asym.: asymmetric, bicentr.: bicentric.
** indicates significant difference P<0.01 level when compared with the control group.

Fig. 7. Multiple skeletal anomalies(fused vertebral body and arch,
fused ribs, 14th rib) in a fetus of the PYM 11 group.

Fig. 8. Asymmetric and bicentric sternebrae in a fetus of the PYM
11 group.

2333, Helx 25 (lumbar ribs, Fig.7), o}ed 3 F
#2= A\ (vertebrae thor. ventr.: o.c. dumbbell) % vt}
¥ FF24 (asymmetric or bicentric ster-
nebrae, Fig.8) $o] =2 vlx & #A&A50ct PYM |
2 PYM II+FNA72] Wo|hal§-& z7 o] 495
o} tha A vehd ot BAERAQl folade Q1R
=2 @okel. =3 PYM IIell X Alw]F(sacral

igr_ 1= o] ¥

and caudal vertebrae)?] -F3}X|ed(retarded os-

sification)=. ¥ 2= ¢l
v.n &

Kudo 5(1994)e- wl$-2oll FASL 7)3-4Hbsrel
PYME 3141 9210 E] 1590744] Alol] AR5 od ¢
2.2 FAol |3k PYMe] wlo} o o5 e) Ak h
38 BT & AN FA} 73 a5 ee)
PYMS 4] 62l 12974 Aol AbRM) E4HF
Aoz Ale] S-S Had 5 dale)
%, vhcel) 2L EFFoIsA S dol Foir|7t

ol the Holrt 31%1%011‘63%7-6}7 sol 3 2ol A
fio) 28 wE el tio}e] F4b ek, o
PR gl e 71 a5
A gol Slated wol = ehatel 4T 15 BoRE YA
N Ag zAR AR wlol 9 ejxte] A Abmst
(embryo-/fetolethality) 2. Ho]3l7]| wjFo|r}.

PYM 150 ppme] S-afoll 4] 35 fEHQl 750

£ vl N, S, 4, e A e g

2 S -

PYM #7]3 A3 (Sullivan3} Takacs, 1971; Chung %,
1993)ell M= A3 FA= A G 2AE2A $30
AA 247 apol7} 9l o 5 ok

A A o] & (xenobiotics)el] tHEF FAJ-L vy EgHAL
5 FoAA R} A FoAld 7psA viebhdoi
ghrh(Batra2l Yacobi, 1989). v}l-$-~ZF o] &£3F FA%}
PYM2] E 82132 A5 2 A2 Z¥el Kudo 5
(1994)°] B 315 Ate B ufjof] Fof % 2ol AAIGle] -
& E-& wfob x| AL& ¥ embryocidal effect)”} }el} =
AaboA ol g)elr] Hxe] zpel & vlwslr]| = ol
He}. el ool <e] Chung 5(1993)0] =i Ed



Z4A| ATFAFoZN vehd FA| 2|3 PYMO| =
A5 E 7= Kudo 5(1988)0] ¥ 1%k Al E35%
o Ale] -t FA] doprt. olelgt B2 <l
L2 YEL AE, FAAE, % == T2
9] zto] 55 THY F o} o] F FoJF 2| o]
7} 7V 83 8918l Aoz Algich

Tsunematsu -£(1990)-2- g Eof] glojx] PYMS] 73]
SRS FASH ALRel Extele] Foid A$ 27kt
o, efzte] 7|88 8-S S-methyltetrahydrofolic acid
G-MPel BFE Hach ARatehs AMe B
3, Kudo 5(1994)2] ¥ 1ol 2Jspd vlhg-g o] &
& PYM=} FAS] 28480l 4] 47)e] Ablo] 2
251910k Jeh. Selhub 5(1984)) 2ol ojabel 2
o] FAL 5-MFe] iF4E 4428 oAl
o ANESE FAL PYM®] BaojAatgog x7
o4 5-MF2 s & gickw Gk 2 el
Bt FA<l 23k PYMS] wlfo} 2 eAb5d 45 R ok
S-MFe] 7ol 71818 A28 250 35 FAdl o]
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(folate homeostasis) 3] & JAtRAG# 2] 2o] Fo
o3 Ho g At Elict

B o FollA] el vp2 &= FA 2= vkl g)
o124 350 ppm®] Gl 7|8E FHAIT|A] sk
= o]+ Mercier-Parot 5(1974)2] ¥ .9} ol x| 3ic}.

Folinic acid= sj4he] 1A {2 A9 shiz
A FolA] AellA F4:3] S-MFZ Ase] 5%
%8 Z7}A)7)c}a g}k (Nixon3} Bertino, 1972). £
5 o) FNAE w120 aloiA] PYMe] wlo} 2 o)
AR AAARE GeT 5 YodEd, oE Sul
livan3} Takacs(1971) & Kudo $(1994)2] ¥ 719} o %]
&l 5-MFe] ZAHe] PYMe| A2 HAIQ)
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= B 517} ¢Jv}(Bushby 2} Hitching,1968).

AgH o2 i BlE YPEJY AL APALE
QA A A A 83l @AAde] AT PYM
& ARl A A4 djof 1o wWE WE T ¥3}
45 A5Y BA g YA EAE 8= FAE
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