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Administrat ion of pyr imethamine to pregnant ra t s  gave r i se  to var ious  external malformat ions  
and developmental dis turbances of the liver in fetuses at the 19th-20th day of development. 
Changes in the serum and l iver  proteins,  disturbance of the isoenzyme spect ra  of lactate, 
malate, and sorbitol dehydrogenases,  and an increase  in the specific activity of serum lactate 
and malate dehydrogenases  were observed in the abnormal fetuses. 

The possible teratogenic action of therapeutic agents has now been studied for several  years ,  but so 
far only the frequency of appearance and the morphological  cha rac te r i s t i c s  of the developmental defects 
have been studied [6, 13]. Another important  aspect  is the analysis  of the biochemical mechanisms at the 
basis of tera togenesis  [1, 7]. Experimental  reproduct ion of models of developmental defects in animals by 
adminis t rat ion of teratogenic substances can also be regarded  as a promis ing  method of studying the patho-  
genesis  of congenital anomalies in infants. The l iver is an interest ing object in which to study the c h a r a c t e r -  
is t ics  of protein and enzyme biosynthesis  in the course  of fetal development [9]. 

The object of the investigation descr ibed below was to study the protein composit ion of the l iver and 
blood se rum and to investigate the specific activity and distribution of i soenzymes of lactate, malate, and 
sorbitol  dehydrogenases  (LDH, MDH, and SDH, respectively) in the serum of normal ra t  fetuses at the 19th- 
20th day of intrauterine development and in fetuses with developmental anomalies  (including those of the 
liver) induced by administrat ion of the teratogenic compound pyr imethamine to pregnant ra ts .  

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

Altogether 1250 fetuses,  at the 19th-20th day of development, f rom 150 pregnant Wistar  r a t s  weighing 
180-220 g were studied. Pregnancy  was counted from the day when spermatozoa  were f i rs t  found in vaginal 
smea r s .  The experimental  animals were  given pyr imethamine on the 13th day of pregnancy in a dose of 7 
mg by mouth through a special tube. The animals were killed on the 19th-20th day of pregnancy. To obtain 
se rum the fetuses were  taken from the uterus and blood collected from the hear t  or  umbilical vein by 
means of a capi l lary  tube. After  format ion of the serum it was separa ted  by spinning the blood for 1 rain 
in a microcent r i fuge  by Shklyar 's  method.  Soluble fetal liver proteins were extracted by Kuzovleva 's  
method [4], Blood se rum and liver taken from several  fetuses of the same female were used in each exper i -  
me nt. 

E lec t rophores is  of the blood se rum and liver proteins was ca r r i ed  out in agar  gel. 

Total (specific) activity of the se rum LDH, MDH, and SDH was determined by a modification [8] of 
Warburg ' s  optical test.  Serum isoenzymes  were detected by enzyme-e lec t rophores i s  in agar gel [3] fol-  
lowed by van der He lm ' s  his toehemical  react ion [121. The re la t ive  percentages  of the individual fract ions 
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were  calculated dens i tometr ica l ly .  Stat is t ical  analys is  of the numer ica l  
r e su l t s  was c a r r i e d  out with the aid of a BI~SM-2 computer .  

E X P E R I M E N T A L  R E S U L T S  

Adminis t ra t ion  of py r ime thamine  to the r a t s  was followed by the 
appearance  of developmental  defects  in the fe tuses ,  affect ing main ly  the 
l imbs ,  the facial  skeleton, and the brain,  in accordance  with published 
observa t ions  [2]. P y r i m e t h a m i n e  also induced developmental  defects  of 
the l iver .  Changes in the lobular  s t ruc tu re  and in the s ize  and shape of 
the organ and the appearance  of a c c e s s o r y  lobules were  observed.  The 
weight of  the l ive r  r e l a t ive  to the total  weight of the fetus was g r e a t e r  
in the abnormal  fe tuses .  

Three  prote in  f rac t ions  were  found in the blood s e r u m  of r a t  
fe tuses  on the 19th day of development  (Fig. 1A), two of them (albumin 
and prealbumia)  migra t ing  toward the anode and one (fl-globulins) toward 
the cathode. The content of albumin in the fetal  s e r u m  at  this s tage was 
75.2%. 

A s ta t i s t i ca l ly  significant  (P = 0.02) d e c r e a s e  in the pro te in  con-  
tent (2.0 g% in normal  fe tuses ,  1.67 g% in abnormal)  was found in the 

Fig. 1. E l ec t rophores i s  of s e r u m  of fe tuses  with developmental  anomal ies .  E l ec t ropho re s i s  of the 
s e r u m  prote ins  of normal  and s e r u m  of these  fe tuses  also r evea l ed  th ree  f rac t ions ,  but the albumin 
abnormal  r a t  fe tuses  on the f rac t ion  was he terogeneous .  In some cases ,  i t  contained components  
19th day of development.  At migra t ing  fa s t e r  than the main  m a s s  of the albumin, as a r e su l t  of which 
Serum prote in  of normal  the albumin stain appeared  s i ck le - shaped  (Fig. 1B-E). In individual 
fe tuses;  B-E)  unusual albumin ca se s  additional globulin components ,  absent  in normal  fe tuses ,  appeared  
f rac t ions  in s e r u m  of abnormal  in the blood s e r u m  of the abnorma l  fe tuses  (Fig. 1F). 

fe tuses;  F) additional globulin E lec t rophores i s  in aga r  gel showed that  the l ive r  p ro te ins  of 
components  in s e r u m  of a b -  normal  19-day fe tuses  divided into nine f ract ions .  These  were  numbered  
normal  fe tuses .  in accordance  with the co r respond ing  pro te in  f rac t ions  of adult an imals  

(Fig. 2A). Four  f rac t ions  (35%7 mig ra t ed  toward the anode and five 
f rac t ions  (65%7 toward the cathode. The prote in  content in l iver  ex t r ac t s  f rom fe tuses  at this  per iod  was 
1,5 g%. After  adminis t ra t ion  of the te ra togenic  compound the l iver  p ro te ins  of 19-day ra t  fe tuses  contained 
only five f rac t ions ,  of which four m i g r a t e d  toward the anode and only one toward  the cathode.  Most  l ive r  
globulins thus m i g r a t e d  toward the cathode without separa t ing  into individual f rac t ions  (Fig. 2B). T h e r e  was  
also a dec rea se  in the re la t ive  percen tage  of anodic f rac t ions  in the abnormal  fetuses:  the a r e a  of the peaks  
of f rac t ions  2, 5, and 6 was i n c r e a s e d  by a s ta t i s t ica l ly  significant  degree .  The i m p r e s s i o n  was obtained 
that a f te r  admin is t ra t ion  of the te ra togenic  compound the ma tu ra t ion  of p ro te ins  was d is turbed in the l ive r  
of the abnormal  fe tuses ,  as re f lec ted  in the abnormal  prote in  composi t ion  of the organ.  

Enzyme e l ec t rophores i s  of the blood s e r u m  of no rma l  20-day r a t  fe tuses  r evea l ed  five LDH i s o -  
enzymes :  two f rac t ions ,  LDH-1 and LDH-2,  m ig ra t ed  toward the anode and th ree  i soenzymes  toward  the 
cathode (Fig. 3A). The total act ivi ty  was dis t r ibuted as follows: LDH-1 1.2%, LDH-2 4.4%, LDH-3 15.7%, 
LDH-4 35.1%, and LDH-5 43.6%. The predominance  of LDH i soenzymes  of M-type in the fetal s e rum at 
this per iod is noteworthy. Five LDH isoenzymes ,  indist inguishable in mobi l i ty  f rom i soenzymes  in the 
s e r u m  of normal  fe tuses  (Fig. 3B), also were  found in the blood s e r u m  of the abnormal  fe tuses .  Substantial  
d i f fe rences  were  obse rved  in the dis tr ibut ion of total  activity.  In fe tuses  with developmental  anomal ies  all 
five i soenzymes  showed s ta t i s t i ca l ly  significant changes:  LDH-1 4.2%, LDH-2 13.2, LDH-3 21.5%, LDH-4 
28.2%, and LDH-5 32.9%. The exis tence  of such cons iderab le  changes sugges ts  d is tor t ion of the LDH i so -  
enzyme spec t rum in the blood s e r u m  of the abnormal  fe tuses .  Spec t rophotomet r ic  invest igat ions showed 
that the specif ic  act ivi ty of s e r u m  LDH in normal  20-day fe tuses  was 31.4 i.u.; act ivi ty  of  the enzyme in the 
s e r u m  of the abnormal  fe tuses  was m o r e  than doubled (71.6 i.u.) and came  c lose  to the c h a r a c t e r i s t i c  value 
obse rved  in the adult animal.  

Two MDH i soenzymes  were  found in the blood s e r u m  of normal  20-day r a t  fe tuses  (Fig. 3C). Both 
f ract ions ,  containing s e r u m  prea lbumin  and albumin, m i g r a t e d  toward the anode. The dis t r ibut ion of the 
total  act ivi ty was as follows: MDH-1 36.6% and MDH-2 64.4%. The s e r u m  of the abnormal  fe tuses  also 
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Fig. 2. E lec t rophores is  of soluble l iver proteins of 19-day 
fetuses:  A) normal fetuses; B) abnormal fetuses. 

Fig~ 3. LDH and MDH is.enzymes in the blood serum of rat fetuses: 
A) LDH is.enzymes in serum of normal 19-day fetuses; B) LDH iso- 
enzymes in serum of abnormal fetuses of the same age; C) MDH is.-  
enzymes in serum of normal 20-day fetuses; D) MDH is.enzymes in 
serum of abnormal  fetuses of the same age. 

contained two MDH i s . enzymes  (Fig. 3D), but a s tat is t ical ly s ignificant difference was found in the distr  ibution 
of the total activity: MDH-1 25.3% and MDH-2 74.7%. However, the most  significant resu l t s  were obtained 
on determining total MDH activity in the blood serum of the abnormal fetuses.  Its value was 7.4 t imes higher 
(219.3 i.u.) than that in normal fetuses of the same age (29.6 i.u.). 

By cont ras t  with the two previous enzymes,  only one fraction of  SDH (SDH-1) was found in the serum 
of the 20-day normal ra t  fetuses,  although on the day before birth two SDH i s . enzymes  were detected. 

One SDH i s , enzyme  also was present  in the blood serum of fetuses with developmental anomalies,  but 
the resul ts  of densi tometr ic  investigations showed that the peak was 1.5 t imes higher. Incidentally, the 
se rum protein concentrat ion of the abnormal  fetuses was lower than that of the normal fetuses.  Total SDH 
activity could not be detected in the se rum of the normal and abnormal fetuses by means of Warburg ' s  
optical test. 

These resu l t s  show that pyrimethan~ine, if given to the pregnant animal, disturbs the protein c o m -  
position of the blood se rum and l iver and dis tor ts  the i s . enzyme  spec t rum of the three serum enzymes 
studied in abnormal  fetuses.  This is evidently because pyr imethamine is an antagonist of folic acid, a 
eoenzyme eatalyzi,ag react ions  of protein andnucleic acid synthesis in the body [5, 14]. The resul ts  agree 
with data in the l i tera ture  [10, 11] on the distort ion of the i s . enzyme spect ra  of acid and alkaline phosphatas-  
es and of LDH in the t issues  of ra t  fetuses after  administrat ion of cer ta in  teratogenic agents to the p reg -  
nant female. 
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