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in experiments  on rats  the permeabi l i ty  of the placenta was stud/ed to the following ca rc in -  
ogen polycyclic hydrocarbons:  7, 12-dimethylbenz(a) anthracene (DMBA),benz(a)pyrene 
(BP), and 3-methylcholanthrene (MC). The compounds were adminis tered to the rats  by 
gas t r ic  tube in the form of a suspension in sunflower oil in a dose of 200 mg/kg  bodyweight 
on the 21st day of pregnancy and their  content was determined af ter  var ious t imes  in the 
l iver  of the pregnant animals,  the placenta, and the fetuses, using a f luoresecence- spec t ra l  
method. Accumulation of DMBA in the fetal t i ssues  reached a maximum 2-3 h af ter  its ad- 
ministrat ion,  when its level was 1.53-1.6 #g /g .  FP passed through the placenta to the fetus 
in considerable concentrat ions (2.77 pg/g) ,  but MC did so only in t r aces .  The same ratio 
between the concentrat ions of the compounds also was found in the l iver  of the pregnant rats,  
an organ with a "rich blood supply. It can accordingly be concluded that MC is absorbed f rom 
the gastrointest inal  t rac t  into the blood s t r eam of rats to a much l e s s e r  degree,  and BP to a 
g rea t e r  degree than other polycyclic hydrocarbons,  with the result  that corresponding quan- 
tities of the carcinogens reach the fetus. 

The possibil i ty of development of tumors  in the progeny of mothers  exposed during pregnancy to the 
action of chemical  carcinogenic agents has not been proved experimentally [3-6]. The sensitivity of the 
fetus to carcinogenic agents is par t icular ly  great  in the late periods of development [1, 6], i.e., at a t ime 
when the various exchange functions between the fetus and mother  a re  per formed by the placenta. This phe- 
nomenon has been called t ransplacentat  carcinogenesis .  

One of the fac tors  determining the sensit ivity of the fetus in experiments  to study t ransplacental  c a r -  
cinogenesis is the penetrat ion of carcinogens or  their  active metabolites into the fetus in sufficient quan- 
tities to produce a visible effect. In this connection the state of the placental b a r r i e r  with respect  to sub- 
stances harmful to the fetus, including those with carcinogenic propert ies ,  is interest ing.  

In a previous investigation the high permeabil i ty  of the placenta in rats  to 7,12-dimethylbenz (a)anthra- 
cene (DMBA) when the compound was injected intravenously at the end of pregnancy was proved [2]. 

This paper  descr ibes  the resul ts  of a study of the penetrat ion of carcinogenic polycyclic  hydrocar~ 
bons - DMBA, 3-methylcholanthrene (MC), and benz(a)pyrene (BP) - - through the placenta to the fetus af ter  
adminis t rat ion of the substances by gas t r ic  tube to female rats  in the late stages of pregnancy.  A f luores-  
cence-spec t ra l  method was used to determine the concentrat ions of DMBA, MC, and BP in the fetal t issues,  
the placenta, and the l iver  of pregnant rats .  

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

Sexually mature  noninbred female albino rats  obtained f rom the Rappolovo nursery ,  Academy of Med- 
ical Sciences of the USSR, were used. F rom the 21st day after  fer t i l izat ion the rats  received a single dose 
of DMBA, MC, or  BP. made up as a suspension in sunflower oil, in a dose of 200 mg/kg  by gas t r ic  tube. In 
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Fig. I. Concentration of DMBA in liver (i) of pregnant rats, placen- 
tas (2), and fetuses (3) at various times after administration of the 
compound in a dose of 200 mg/kg by gastric tube on the 21st day of 
pregnancy. Abscissa, time after injection of DMBA (in rain); ordi- 
nate: left - DMBA concentration in liver (in pg/g), right - infetuses 
and placentas (in ~g/g).  

Fig. 2. Concentration of DMBA in fetal t issues af ter  intravenous in- 
jection of the compound into rats  in a dose of 25 mg/kg  (1) and after  
its administrat ion by gas t r ic  tube in a dose of 200 mg/kg  (2) on the 
21st day of pregnancy.  Abscissa,  t ime after  administrat ion of DMBA 
(in min); ordinate, DMBA concentrat ion in fetal t i ssues  (in #g/g) .  

the experiments  with DMBA the rats  were killed at various times af ter  adminis t ra t ion of the compound: 5 
and 30 rain and 1, 2, 3, 4, and 5 h. In the experiments  with MC and BP the rats  were  killed 3 h af ter  re -  
ceiving the compound. At each of the above times at least  four animals were killed. The uterus with the 
fetuses was extracted and washed to remove blood in 0.9~ NaC1 solution. The uterus was opened, the fetuses 
exposed and freed f rom membranes ,  and then washed consecutively with 96% ethanol, acetone, and ether  in 
o rder  to prevent polycyclic hydrocarbons f rom falling on the surface of the fetuses f rom outside during the 
manipulations of dissect ion and removal.  The concentrat ion of polycyclie hydrocarbons was determined 
separate ly  in the fetuses and their  placentas taken f rom the same rat, and also in its l iver .  The method of 
extracting the t issues,  of th in- layer  chromatography,  and of recording quasiI inear  f luorescence spectra  of 
the fract ions containing DMBA was described ea r l i e r  [2]. By comparing the records  obtained with the quasi-  
l inear  spect rum of pure DMBA, MC, and BP it could be deduced whether any of these compounds were p re s -  
ent in the sample; if so they could then be determined quantitatively by the use of an internal standard. 1,2- 
Benzyrene (analytical line 3878 A) was used as the internal  standard for DMBA and MC, and 1,12-benz- 
perylene (analytical line 4063 ~ for BP. Theo analytical lines of the spect ra  of the compounds were: DMBA 
3983 A, MC 3926 A, and BP 4030.5 and 4085 A. The sensitivity of these methods was about 0.01 pg of the 
compound. 

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

The results  of the quantitative determination of DMBA in the l iver  of the pregnant rats  and in the pla- 
centas and also the dynamics of penetration of the unchanged substance into the fetal t i ssues  are  i l lustrated 
in Fig. 1. Clearly during the f i rs t  30 rain af ter  administrat ion of DMBA to the pregnant rats  the compound 
could be detected in the fetal t issues but only in t races .  An. increase in the concentrat ion of the carcinogen 
in the fetal t i ssues  was evident af ter  1-4 h; it reached a maximum af ter  2-3 h when its level was consider-  
able, namely 1.53-1.6 pg /g .  Only t r aces  of DMBA could be found in the fetuses 5 h af ter  its adminis t rat ion 
to the mother.  

Changes in the DMBA concentrat ion in the t issues of the l iver  and placenta in relat ion to the time 
elapsing after  administrat ion of the compound to the pregnant rats  were s imi lar  to those observed in the 
fetuses.  However, the ratio between the DMBA concentrat ions determined after  2 h in the liver,  placentas, 
and fetuses was 10 : 1.5 : 1. 

The penetrat ion of other polycyclic hydrocarbons (BP and MC) was compared only 3 h af ter  adminis-  
t rat ion of the compounds, for  pre l iminary  experiments  showed that the dynamics of their  uptake by the fetus 
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TABLE 1. Concentra t ion (in pg /g )  of DMBA, BP, and MC in T i s sues  
of 21-Day Fetuses ,  The i r  Placentas ,  and the L ive r  of Pregnan t  Rats  
3 h a f t e r  Adminis t ra t ion  of the Compounds in a Dose of 200 m g / k g  by 
Gas t r i c  Tube 

Fetuses Placentas 

'G ~ ~ M and limits of ~ ~" variationsM and limits of 

DMBA 
BP 
MC 

1 , 5 3  (0,63--3,50)  
2,77 (1,67--5,  00) 

0, 0013 (traces- o, o o 2) 

1 , 2 8  ( 0 , 8 6 - - 1 , 6 0 )  
3 , 9 4  ( 2 , 2 4  - -  6 , 1 5 )  

0 , 0 0 9  ~ r a c e s - - o , 0 3 )  

~t Liver ~ o  ~. 
M and limits of g. 

�9 . variations �9 

I 
4 8 , 8 0 ( 5 , 5 0 - - 1 1 , 8 0 )  4 
5 2 3 , 5 0 ( 1 1 , 1 0 - - 5 0 , 2 0 )  4 
6 0,10 (0,03--0,22) 6 

I 

was s i m i l a r  in pr inciple .  The quanti tat ive resu l t s  of this s e r i e s  of expe r imen t s  a r e  given in Table  1. After  
admin i s t r a t ion  of the s ame  dose (200 mg/kg)  to pregnant  ra t s  BP passed  through the p lacenta  to the fetus 
in cons iderable  amounts  (2.77 pg /g) ,  g r e a t e r  than those for  DMBA. On the o ther  hand, MC p a s s e d  to the 
fetus only in t r a ce  amounts .  The resu l t s  with MC, it should be noted, were  not explained due to the wrong 
choice of t ime  of record ing  a f t e r  admin is t ra t ion  of the compound. In a specia l  s e r i e s  of exper imen t s  in 
which the accumulat ion of MC in the fetal  t i s sues  was de termined a f t e r  1, 2, and 5 h, only t r a ce s  of the com-  
pound l ikewise were  detected (0.014-0.035 /~g/g). 

The d i f ferences  found between the concentra t ions  of the polycycl ic  hydrocarbons  in the fetal  t i s sues  
do not  re f lec t  the i r  abiii ty to c r o s s  th e placental  b a r r i e r .  The concentra t ion of MC in the l i ve r  of the p r e g -  
nant r a t s  was e x t r e m e l y  low, but that  of BP was much higher then the concentra t ion  of DMBA (Table 1). 
Never the le s s  the concentra t ion  of a compound in the blood can be es t imated  f r o m  its concent ra t ion  in an 
o rgan  like the l iver ,  with a" r ich blood supply. On these  grounds it can be concluded that  MC is abso rbed  to 
a much l e s s e r  degree  f r o m  the gas t ro in tes t ina l  t r a c t  into the blood s t r e a m - i n  r a t s  than the other  polycycl ic  
hydrocarbons ,  as a resu l t  of which only very  smal l  quanti t ies  of it r each  the fetus .  

Compar i son  of the dynamics  of the pas sage  of DMBA into the fetal  t i s sues  a f t e r  i ts  int ravenous and 
in t r agas t r i c  admin is t ra t ion  to pregnant  an imals  (Fig. 2) showed the following resu l t s :  f i r s t ,  the m a x i m u m  
of accumulat ion of DMBA in the fetal  t i s sues  occu r r ed  1 h a f t e r  in t ravenous inject ion but 2-3 h a f t e r  i n t r a -  
gas t r i c  adminis t ra t ion;  second, the m a x i m u m  of its accumulat ion a f t e r  in t ravenous  inject ion was l imi ted  to 
a shor t  per iod of t ime  (about 15 rain in the in terval  between 45 and 60 min), whe reas  a f t e r  in t ragas t r i c  ad-  
min i s t r a t ion  the m a x i m u m  was much m o r e  prolonged (about 2 h in the in terva l  be tween 2 and 4 h); third, 
the concentra t ion of the compound in the fetal  t i s sues  was roughly of the same  magni tude (1.5-2 #g /g)  when 
admin i s t e r ed  by both ways,  even though the dose of DMBA injected in t ravenously  was 25 m g / k g ,  comp a red  
with 200 mg /kg  by the in t r agas t r i c  route.  These  d i f ferences  can evidently be explained by the absorp t ion  
of DMBA in much s m a l l e r  quanti t ies f r o m  the gas t ro in tes t ina l  t r ac t  into the blood s t r e a m  of the pregnant  
f emale  and the consequent  delay in reaching its maximal  concentrat ion.  
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