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Inhalation of benzene and formaldehyde  vapors  changes the content of a s c o r b i c  acid and nucle ic  ac ids  
in c e r t a i n  organs  of female  r a t s  and the i r  fe tuses .  This ind ica tes  the poss ib l e  t e ra togen ic  act ion of the sub- 
s t ances  tes ted .  

The object  of this inves t iga t ion  was to study the poss ib l e  t e ra togen ic  act ion of mic roconcen t r a t i ons  of 
benzene and formaldehyde  when inhaled e x p e r i m e n t a l l y  by rats~ To a s s e s s  the r eac t ion  of the female  r a t  
and her  fetus the content  of a s c o r b i c  acid (AA) and of nucle ic  ac ids  (RNA and DNA) was de te rmined  in the 
f e tuses ,  p lacenta ,  and the l i v e r  of the mother  r a t  and fetus.  

We used de te rmina t ion  of RNA and DNA in the  organs  because  of the dominant  role  of nucle ic  ac ids  in 
p ro te in  s~,nthesis, in the t r a n s m i s s i o n  of inher i ted  c h a r a c t e r i s t i c s ,  and in many other  metabo l ic  p r o c e s s e s .  
Changes in AA me tabo l i sm a re  an index of the ha rmfu l  effect  of chemica l  subs tances  [2, 6, 8]. 

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

E x p e r i m e n t s  were  c a r r i e d  out on 160 female  albino r a t s  and 1294 fe tuses .  The action of inhalat ion of 
d i f ferent  concen t ra t ions  of benzene (670, 63.3, 56.6, 20.4, 5.6, and 1 m g / m  3) and formaldehyde  (1 and 0.012 
rag/ha 3) throughout the 24-h pe r iod  was studied.  Between 5 and 12 f ema le s  were  p laced  at a t ime in a cham-  
b e r  containing a definite concent ra t ion  of the t e s t  subs tance .  Af te r  20 days the f ema le s  were  mated  for  6- 
10 days with ma le s  which had not been poisoned,  in the p ropor t ion  of one male to 3-4 females .  The f emales  
r ema ined  in the chambe r  until  pa r tu r i t i on ,  and continued to be exposed to the action of the t e s t  subs tances .  
Fo r  each s e r i e s  of e x p e r i m e n t a l  an imals  there  was a co r respond ing  group of cont ro ls  which were  kept  in 
ident ica l  condit ions (food, t e m p e r a t u r e ,  humidi ty ,  ve loc i ty  of a i r  movement) ,  except  that pure  a i r  was sup- 

p l ied  to the chamber .  

Af te r  the end of the expe r imen t  the f emales  were  s a c r i f i c e d  by decapi ta t ion  and the content of AA and 
nucleic  ac ids  in the i r  o rgans  de t e rmined  by the usual  methods [5, 7]. The r e s u l t s  were  subjec ted  to s t a t i s -  

t ica l  ana lys i s .  

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

The r e s u l t s  obtained a re  given in Tables  1 and 2. No v i s ib le  developmenta l  fe tal  ma l fo rma t ions  were  
found in any s e r i e s  of expe r imen t s .  With an i n c r e a s e  in benzene concent ra t ion  to 670 m g / m  3 the number  of 
fe tuses  p e r  female  tended to zero  03 .3  in the cont ro l  group).  The number  of fe tuses  e x p r e s s e d  p e r  female  
a lso  d e c r e a s e d  a f te r  exposure  to fo rmaldehyde  (from 11.3 in the control  group to 9.8 af te r  the act ion of 
0.012 mg/m 3 and 8.6 a f te r  the act ion of 1 rag/m3). As a rule ,  following exposure  to benzene the weight of the 
fe tuses  d e c r e a s e d  and the r e l a t i ve  weights  of the i r  o rgans  were  reduced.  Both concent ra t ions  of f o r m a l d e -  
hyde caused  an i n c r e a s e  in weight of the fe tuses  and of the i r  o rgans ,  pos s ib ly  as a r e su l t  of the e m b r y o -  
t rop ic  act ion of these subs tances .  
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TABLE I. Content of Ascorbie Acid in Whole Fetus, Placenta, 

and Liver of Mother Rats and Fetuses Exposed to Different 

Concentrations of Benzene, M �9 m 

Concentration No.of 
of benzene ani- 
(in rng/m 3 ) reals 

63,3 
Control 

56,6 
20,4 
5,6 
1,0 

Control 

5 
5 
5 

10 
6 
8 
5 

whole fetus 

18,0-++- 1,2 
22,5-+--- 2,2 
20,3-+ 1,8 1 
25,7_+0,9 
27,7-+ 1,1 
24,6_+0,8 
25,2-+ 0,5 

AA content (in rag%) 

maternal 
placenta liver 

12,7___0,8 6,8• 0,05 s 
14,9• 3,0 28 ,7  ++ _ 1,4 
9,9• a 19,4+-1,0 2 

16,5___1,1 19,4_ l,l 2 
12,3-+0,8 ~ 22,9+-2,1 
20,7-+ I, 03 23,5+-0,7 2 
16,9_+0,04 31,2• 

fetal 
liver 

16,7_+ 1,5 1 
20,9• 0,4 
17,0•  0,6 3 

22,1 ,_~-0,5 
21,0+--0,4 
22,4+- l, 1 

Note .  H e r e  an d  in T a b l e 2 :  j P = 0 .05 ,  2p  = 0 .01,  a p  = 0 .001.  

T A B L E  2. C o n t e n t  of A s c o r b i c A c i d  in  Whole  F e t u s ,  P l a c e n t a ,  

a n d  L i v e r  of M o t h e r  R a t s  and  F e t u s e s  E x p o s e d  to F o r m a l d e -  
hyde ,  M • m .  

Concentration ]No ofl AA content (in mg %) 
of formaldehyde ani'- maternal 
(in mg/m a ) mals whole fetus placenta liver fetal liver 

1,0 ] 10 [ 14,3• ~ 
0,012 10 14,4• s 

Control 10 19,0_-+ 1,I 

I 
6,4• [ 16,8___1,1 1 
6,7__+0,7 ] 18,1___2,1 ~ 
9,7• 1,4 20,6___ 0,8 

14,8• 
20,1• 1,7 1 
15,8• 

Table 1 gives data for the AA content in the whole fetus, the placenta, and the liver of the mother rats 

and fetuses of the control group of animals and females exposed to different concentrations of benzene. 

These results in Table 1 show that after inhalation of benzene the AA content in the tested organs fell, and 

the higher the concentration of benzene the greater the decrease in AA content. The AA content fell first 

of all in the maternal liver and later in the placenta and fetal liver. 

In Table 2 the results of investigation of the AA content in the organs after exposure to formaldehyde 

are given. A statistically significant decrease in the AA content in the maternal liver and the whole fetus 
was found. 

The results indicating a decrease in AA content in the maternal organs are in complete agreement 

with those in the literature [4, i0], according to which the fetal blood during pregnancy contains twice as 

much vitamin C as the maternal blood, while the AA content in the liver of the rabbit embryo is 1.5 times 

greater than in the maternal liver. The important role of the placenta in supplying vitamin C to the fetus 

should also be mentioned [I, 3]. This special function of the placenta in supplying AA to the fetus is specific 

for this vitamin alone, for experiments with vitamins A and B 1 did not yield similar results [9]. 

The decrease in AA content in the liver and placenta was evidently due to the fact that the mother rats 

attempted to create optimal conditions for fetal development. During exposure to small concentrations of 

benzene and formaldehyde, the mother was able to compensate for the AA deficiency in the fetus; during ex- 

posure to high concentrations, despite mobilization of all defensive and adaptive mechanisms, the mother 

was unable to compensate for the fetal AA deficiency. This is confirmed by the decrease in AA content in 

the whole fetus following exposure to both concentrations of formaldehyde (Table 2). 

These results are in agreement with observations on human subjects. In a group of workers of the 

ZIL omnibus factory with occupational benzene poisoning resulting in ovarian hypofunction, we found a de- 
crease in the blood AA concentration (0.36 • rag% )compared with clinically healthy female workers in 

the same factory (0.49 • mg %; P < 0.0Ol). The last series of experiments showed that formaldehyde 

lowers the DNA content and increases the RNA content in the organs. Conversely, following exposure to ben- 
zene In concentrations of between 1 and 56.6 mg/m 3, the RNA content in the placenta and in the fetal liver 

and brain decreased while the DNA content increased. In the maternal liver the DNA content fell with an In- 
crease in the benzene concentration. 
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