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The effect  of the antifolic drug py r ime thamine  (2 ,4 -d iamino-5-p -ch lo ropheny l -6 -e thy lpyr imid ine )  
on c leavage  of CBA mouse  e m b r y o s  was studied. P y r i m e t h a m i n e  does not affect  the develop-  
ment  of ea r ly  mouse em bryos  in utero but cons iderably  inhibits c leavage of embryos  explanted 
into medium containing the drug. The sensi t iv i ty  of mouse and r a t  embryos  to py r ime thamine  is 
compa red  and it is concluded that the re  a r e  no in terspeci f ic  d i f ferences  in the i r  r e sponse  to the 
t e ra togen  at the level  of the embryonic  cei ls  t hemse lves .  
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Folic acid inhibitors have been success fu l ly  used to study induced t e r a togenes i s  and also to shed light on 
the mechan i sms  control l ing no rma l  embryogenes i s  [3]. It has  been shown, in pa r t i cu la r ,  that the antifotic drug 
py r ime thamine  (2 ,4 -d iamino-5-ch lo ropheny l -6 -e thy lpyr imid ine) ,  used for  the t r ea tmen t  of ma l a r i a  and other 
protozoal  infections,  exhibits  a powerful  te ra togenic  action in exper imen t s  on pregnant  r a t s  [4]; embryo s  at the 
f i r s t  to second days of development  w e r e  mos t  sens i t ive  to this substance  [1]. 

The sens i t iv i ty  of e m b r y o s  of other m a m m a l s ,  including mice ,  to py r ime thamine  has  not been studied. 
Neve r the l e s s ,  the answer  to this question would be of g rea t  in te res t  not only with r e s p e c t  to the choice of the 
mos t  adequate t e s t  s y s t e m  for  invest igat ing the t e ra togene ic  act ivi ty  of this  group of pharmacolog ica l  agents .  
Invest igat ion of spec ies  d i f fe rences  in the r e s p o n s e  of m a m m a l i a n  e m b r y o s  to antifolic agents would help to 
c la r i fy  the r e l a t ive  impor tance  of this v i tamin  at the different  s tages  of no rma l  embryogenes i s .  

This  paper  de sc r ibe s  a study of the action of pyr imethamine  on c leavage of mouse embryos  in utero and 
in cu l tures  in vi t ro .  

E X P E R I M E N T A L  M E T H O D  

Mice of s t r a in  CBA f r o m  the "Rappolovo" n u r s e r y  were  used.  To study the effect  of py r ime thamine  on 
e m b r y o s  developing in u te ro  one group of an imals  was given this compound by the in t ragas t r i c  route  (as a 
suspension in wa te r  with Tween) on the f i r s t  day of pregnancy in a dose of 50 mg /kg  body weight. The mice  
were  ki l led on the fourth day of pregnancy,  the number  of co rpo ra  lutea in the ovar ies  was counted, and under 
the MBS-1 binocular  loupe the em bryos  were  flushed out of the oviduct and uterus  and the i r  number  was counted. 
The embryos  w e r e  then examined under the p h a s e - c o n t r a s t  mic roscope  and fixed; cytological  spec imens  were  
p r epa red  [11] and the number  of nuclei  in them and the number  of c leavage  divisions counted [9]. P y r i m e t h a -  
mine is insoluble in water  and, for tha i r eason ,  to study i t s  action on embryos  developing in cul ture,  the blood 
s e r u m  of r a t s  to which pyr ime thamine  had been admin i s t e red  was used. P y r i m e t h a m i n e  was given by the in- 
t r a g a s t r i c  route  to donor r a t s  as  a suspension in water  with Tween-20 in different  doses (50, 25, 12, 6, and 3 
m g / k g  body weight). S e r u m f o r  p repara t ion  of the cul ture  medium was taken 6 h a f te r  adminis t ra t ion  of py r i -  
me thamine  to the an imals ,  for at that  t ime  the concentra t ion of the drug in the r a t s '  blood r eaches  its maxi -  
mum [2]. Mouse em bryos  f rom the s tage  of two and four b l a s t o m e r e s  were  cult ivated at 37~ in mic rodrops  
under a l ayer  of mine ra l  oil [7] with constant  aera t ion  with a mix ture  of 7~ CO 2 and 939 a i r  in modified B igge r s '  
medium [5] to which 20% r a t  blood s e r u m  was added instead of bovine  albumin. After  the end of cult ivation the 
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TAB LE 1. Effect  of P y r i m e t h a m i n e  on Development  of Cleaving Mouse Embryos  

Development in 'utero Development in culture 

Dose of py- 
rimethamine, 
mg/kg body 
weight 

50 

number of 
embryos 

15 t 79176,2*_2,2 

o 

13c t 

38,8+.3,4 

12 
25 
50 

number of developing embryos 
including blastocysts 

v ~ % Pl 

r 

1 2  

18 17 94+.5,5 
20 13 68+.10.7 
56 34 61"4-7,3 
81 47 58--5,4 
23 56+. 10,3 

>0,0~ 14 82+.3,0 
<0,011 38+.9,1 
<o,oll Ii ~+.o,6 <0,01 23+.4,6 
<0,01 15+.7,4 

>0,05 
<0,01 
<0,01 
<0,01 
<0,01 

(M + m) 

260 ] 

0 

z~ 

43,7+.5,1 
21,3+2,1 
17,9+----1,1 
16,0+.1,1[ 
13,4+.2,8 

>0,05 
<0,01 
<0,01 
<0,01 
<0,01 

Grand total 

Fig.  1o Deve lopment  of  mouse  e m b r y o s  in v i t r o  P h a s e  c o n t r a s t ,  70 x :  a) e m -  
b ryos  a f te r  cul t iva t ion for  48 h in medium conta in ing blood s e r u m  of intact  an i -  
ma l s .  N o r m a l  e m b r y o s  at b l a s tocys t  s tage;  b) e m b r y o s  a f te r  cul t iva t ion for  48 h 
in med ium conta in ing blood s e r u m  of expe r imen ta l  an ima l s  t r e a t e d  with p y r i m e t h -  
amine in a dose of 6 mg/kg. Inhibition of cleavage and cavitation, disintegration 
of blastomeres. 

embryos were investigated intravitally and later in fixed cytological preparations by the same method as the 
embryos developing in utero~ The results were subjected to statistical analysis. 

EXPERIMENTAL RESULTS 

It will be clear from Table 1 that after administration of pyrimethamine to the mice on the first day of 
pregnancy cleavage of the embryos was not disturbed and on the fourth day these embryos were indistinguisha- 
ble from normal as regards both the number of blastomeres and the degree of development. R must be empha- 
sized that a very large dose of pyrimethamine, which completely arrests cleavage and causes death of 100% of 
rat embryos [4], was given to the pregnant mice. 

The mouse embryos developed well in culture in a medium containing blood serum of intact rats. At the 
time of fixation these embryos were normal blastocysts consisting of a fairly large number of blastomeres 

(Table I; Fig. la). 
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Cleavage divisions 

Cleavage of mouse embryos  explanted at s tage  Fig. 2. H i s togram.  
of four b l a s t o m e r e s  into medium containing blood s e r u m  of intact 
an imals  (control) or s e r u m  f rom an imals  t r ea t ed  with pyr ime thamine  
in doses  of 3,:6, 12, 25, and 50 rag /kg  body weight. Roman  numera l s  
show cleavage division; Arabic  numera l s  total  number  of embryos  
(in ~) at the cor responding  s tage of c leavage.  Ordinate ,  number  of 
e m b r y o s  (in ~) having passed  through cor responding  number  of c l eav-  
age divisions;  a b s c i s s a ,  number  of c leavage  divis ions.  

A dif ferent  p ic ture  was obse rved  a f t e r  the addition of blood s e r u m  f rom r a t s  r ece iv ing  pyr imethamine  to 
the cu l ture  medium.  E m b r y o s  developing in this medium had cons iderably  fewer b l a s t o m e r e s  and many of them 
sti l l  r e m a i n e d  at the s tage  without convers ion  into b las tocys t s  (Table 1; Fig. lb).  F u r t h e r m o r e ,  whereas  the 
contro l  embryos  at  the t ime  of fixation had comple ted  c leavage division VI-VII,  in the exper imenta l  group most  
embryos  were  st i l l  at  division IV-V (see the h i s t o g r a m  in Fig. 2). 

An inhibi tory effect  was  obse rved  a f t e r  al l  doses  of py r ime thamine  f r o m  6 m g / k g  o r  higher~ with an in -  
c r e a s e  in the dose of py r ime thamine  the ha rmfu l  act ion of the blood s e r u m  on development  of the embry o s  
was  intensif ied:  T h e r e  w e r e  fewer  b l a s t o m e r e s ,  they w e r e  de fo rmed  and some  of them w e r e  f ragmented ,  and 
cel l  debr i s  was  o b s e r v e d  in the widened per iv i te l l ine  space  (Table 1; Fig. lb) .  I>ycnotic nuclei and m i c r o -  
nuclei w e r e  obse rved  in f ixed p r epa ra t i ons .  Charac te r i s t i ca l ly ,  even in l a rge  doses  pyr ime thamine  did not 
stop c leavage  immedia te ly :  the b l a s t o m e r e s  managed  to divide once or  twice before  embryonic  development  
c a m e  to a hal t  (see h i s t o g r a m  in Fig.  2). 

Unlike r a t  em bryos ,  ea r ly  mouse  e m b r y o s  developing in utero thus did not r e a c t  to the pyr imethamine  
admin i s t e r ed  to the i r  mo the r s ,  whereas  during cult ivation in vi t ro  they were  s eve re ly  damaged by this com-  
pound. Consequently,  spec ies  d i f fe rences  exis t  between mouse  and r a t  embryos  in thei r  re la t ionship  toward 
py r ime thamine ,  although the d i f fe rences  appear  only when the substance  is actual ly admin i s t e red  to the p reg-  
nant an imals .  The absence  of a ha rmfu l  act ion of pyr ime thamine  on e m b r y o s  in utero  can evidently be ex-  
plained by ce r ta in  spec ia l  f ea tu res  of the pharmacodynamics  of this substance  in mice compa red  with r a t s .  In 
mice  py r ime thamine  is perhaps  absorbed  m o r e  slowly or excre ted  more  rapidly  and its concentrat ion thus does 
not r e a c h  the threshold  level  at  which embryonic  development  is dis turbed.  In mice  the wall  of the oviduct has  
been shown to be a biological  b a r r i e r  [8] and the poss ib i l i ty  cannot be ru led  out that pyr imethamine  pene t ra tes  
badly or not at all  into the lumen of the oviduct, so that it cannot act  on the cleaving mouse embryos .  

Since mouse  e m b r y o s  developed well  in the medium with heterologous  r a t  s e rum,  the blood of intact r a t s  
evidently does not contain fac tors  inhibiting c leavage of mouse embryos .  Meanwhile, a f te r  the addition of blood 
s e r u m  of donor r a t s  t r ea t ed  with pyr ime thamine  to the medium,  development  of the mouse embryos  was dis-  
turbed;  the intensi ty of the effect  depended on the dose of pyr ime thamine  given to the donors.  Consequently,  
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the blood of ra t s  receiving pyrimethamine contains a factor  inhibiting development of mouse embryos,  and 
there  is every reason  to suppose that this factor is pyrimethamine itself or its metabolites.  Charac ter i s t ica l ly  
mouse embryos  reac ted  by inhibition of e leavageto  blood se rum from donor ra ts  receiving 6 mg/kg  pyr i -  
methamine. This is the threshold dose which disturbs the development of ra t  embryos  in utero [1]. The sensi-  
tivity of of the embryonic cells themselves  to this antifolic compound was thus just as high in the mouse em- 
bryos as  in ra t  embryos .  

Since the mechanism Of action of pyr imethamine consis ts  of inhibition of dihydrofolate reduetase  [6, 10], 
there is reason  to suppose that the very ear l ies t  s tages of development of r a t  and mouse embryos  are  equally 
dependent on the normal  function of this key enzyme of the folate cycle in the b las tomeres ;  moreover ,  the zy- 
gotes of these animals evidently have no r e s e r v e s  of folates which could maintain the p rocesses  taking place 
during cleavage. 
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The effect of sex hormones  injected into pregnant animals on the blood sys tem of their  progeny 
was determined. Changes were observed in various sections of the sys tem:  peripheral  blood, 
bone marrow,  spleen, and liver. Sex hormones  stimulate hematopoiesis  in the bone marrow and 
spleen of the fetus but inhibit it in the liver. The changes observed are  interpreted as a p r o c -  
ess of acce le ra t ion  of functional maturation of the fetal blood system. 

Sex hormones have a considerable effect on the hematopoietic sys tem for they cause changes in e ry th ro - ,  
leuko-, and thrombopoiesis  [2, 3, 5-8]. Inhibition of hematopoiesis  as a resul t  of the action of sex hormones  is 
manifested as a decrease  in the number of cells of the erythroid and myeloid ser ies  and of karyocytes ,  delayed 
maturation of cells,  and an increase in the number of re t icu lar  and endothelial cells in the bone marrow,  spleen, 

and lymph nodes. 

This paper descr ibes  a study of the effect of a combination of sex hormones (diethylstilbestrol and pro-  
gesterone),  injected into female ra ts  during pregnancy, on the state of the blood sys tem of their progeny. 
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