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Some chemical carcinogens, such as ure- 
thane and diethylnitrosamine, have been 
shown to produce carcinogenic effects on the 
fetus in utero ( 1 ,  2 ) .  In the case of the 
polycyclic hydrocarbon carcinogens, the data 
are quite unclear. A number of investigations 
have demonstrated that administration of 
polycyclic hydrocarbon carcinogens to preg- 
nant animals will result in an increased num- 
ber of tumors in their progeny (3-7). How- 
ever, in these experiments, the offspring have 
been allowed to nurse on their own mothers. 
Since polycyclic hydrocarbon carcinogens 
will appear in the milk, a distinction cannot 
be made between prenatal and postnatal ex- 
posures (8) .  The studies to be presented 
were designed to distinguish between these 
two possibilities. The progeny of female mice 
which had received subcutaneous injections 
of benzo(a)pyrene (BP) during the latter 
half of pregnancy were delivered by caesarean 
section and nursed on foster mothers from a 
control group which had not received injec- 
tions of any type. Thus, any carcinogenic 
effect which resulted from administration of 
the carcinogen would have occurred during 
the prenatal period. I n  the experiments to be 
reported the presence and number of pulmon- 
ary adenomas have been determined. The 
mouse lung is highly sensitive to chemical 
carcinogens, and such exposures result in 
formation of pulmonary adenomas (9).  A 
second tissue which has received special at- 
tention is the skin. Weak carcinogenic effects 
in the skin, such as initiation, can be elicited 
or accelerated by subsequent topical applica- 
tion of croton oil (10) and this procedure has 
been employed. In  addition to the study of 
these two sensitive indices of a carcinogenic 
effect, the presence of tumors in other tissues 
was also searched for at  autopsy. 

Materids and Methods. Female Ha/ICR 

mice obtained from Millerton Farms, N.Y. 
were used for the study of carcinogenesis. 
Groups of four females, 14 weeks of age, were 
housed with one male. They were examined 
daily for mucus plugs. On days 11, 13, and 
15 of pregnancy mice were injected subcu- 
taneously with 0.2 ml of carbowax-400 
(Union Carbide Corp.) containing 4 mg of 
BP, vehicle only, or nothing. On day 20 of 
gestation, the progeny were delivered by 
caesarean section. Five of these offspring 
were placed with a foster mother and three of 
her own progeny. The tip of the tail of the 
experimental animals delivered by caesarean 
section was cut to identify them. Ha/ICR 
mice from Schmidt, Madison were used as 
foster mothers. The foster mothers received 
no injections of any type. When the experi- 
mental mice were 4 weeks of age, they were 
weaned. Males and females were housed sep- 
arately, six mice to a cage. The backs of the 
mice were shaved and topical administrations 
of croton oil were begun. Two drops of 1% 
croton oil in acetone were dropped onto the 
back twice a week throughout the remainder 
of the experiment. Mice were sacrificed when 
they were 28 weeks of age, and a complete 
autopsy was performed. Pulmonary adenomas 
were counted according to the procedure of 
Shimkin (9).  

Results. In  Table I the marked effect of 
BP  administration to pregnant mice on pul- 
monary adenoma formation in their progeny 
is presented. An increase in tumor incidence 
occurs. An additional parameter showing the 
effect of exposure to carcinogen is the num- 
ber of adenomas per animal. In the 1 7 1  con- 
trol animals only one mouse had more than a 
single adenoma. In contrast 19 of 55 mice 
which were the progeny of mothers injected 
with BI’ had three or more adenomas. Table 
I1 summarizes the effect of prenatal ex- 
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TABLE 1. Effect of Reuzo( a )  pyrene Adniiiiistratioii to Prcgriant Mice 0x1 Pulmonary Adenonia Forma- 
tion in  the Progeny. 

No. of 
mice with 

Experinieii ta1 Material NO. of mice wit11 mice wit11 adenomas adenomas adenomas 
group arlniinistered mice adenomas" adenomas pcr group per mouse 3-6 7-9 

No. of % of No. of No. of 

0 0  Absolute controls Nothing 82 6 7.3 7 0.09 
Vehicle controls Carbowax-400 89 10  11.2 13  0.15 1 0  
Renzo ( a )  pyrene Renzo ( a )  pyreria in 55 31 61.8 130 2.36 13 6 

carbowax-400 

' Nunihcr of mice with pulmonary acleriomas at 28 weeks of age. 

posures to BP on skin papilloma formation. 
Again, both the tumor incidence and the 
number of tumors per animal are increased in 
the progeny of mothers injected with BP. 
The incidence of tumors of the lung and skin 
was very similar in both males and females 
so that these data are combined in the two 
tables. Aside from the effects on the lung and 
skin, no evidence of a carcinogenic effect of 
BP administration was found in any other 
tissue. 

Discussion. The data obtained in the 
present study indicate that the progeny of 
pregnant mice injected subcutaneously with 
BP during the latter half of pregnancy have 
an enhanced tumor formation in the lung and 
skin. Since these animals were delivered by 
caesarean section and nursed on control fos- 
ter mothers the carcinogenic effect was pro- 
duced during the prenatal period. Under the 
conditions employed the two tissues showing 
a carcinogenic response are sensitive to the 
effects of chemical carcinogens. A carcinogen- 
ic effect was not observed in other tissues. 
However these experiments were of relative- 

ly short duration and it remains to be deter- 
mined whether a neoplastic response will oc- 
cur in other tissues if mice are followed for a 
total life span. 

There is currently a widespread exposure 
of man to polycyclic hydrocarbon carcino- 
gens present in the atmosphere, in cigarette 
smoke, and in food. The question arises as to 
whether these exposures could have a car- 
cinogenic effect on the fetus in utero. The 
data presented in this paper suggest that 
such an effect is, indeed, possible. It remains 
to be determined whether i t  actually does 
occur under conditions of environmental ex- 
posures. The very high doses of carcinogen 
employed in the experimental work and the 
large species differences between mouse and 
man create uncertainties. Nevertheless, it has 
been shown by Welch et al. (11) that the 
placentas of women who smoke have an in- 
creased benzo ( a )  pyrene hydroxylase activity 
presumably from the inducing effects of pol- 
ycyclic hydrocarbons in the cigarette smoke. 
Studies with polycyclic hydrocarbons in rats 
show such an inducive effect on the placenta 

TABLE 11. Effect of Renzo( n)Ijyrene Administration to Pregnant Mice on Skin Papilloma 
Formation in the Progeny. 

No. of % of No. of No. of 
No. of mice with mice with papillomas papillomas 

Experimental group mice papillomas" papillomas per group per mouse 
~~~~ ~ 

Absolute controls 82 6 7.3 8 0.10 
Vehicle controls 89 8 9.0 9 0.10 
Renzo ( a  j pprcnc 55 13 23.6 18 0.33 

a Number of iiiicc with skin papillomas after 24 weeks of topical treatment twice weekly 
with 1 % eroton oil. Mice were 28 weeks of age. 
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and in addition induction of increased ben- 
zo( a)pyrene hydroxylase activity in fetal tis- 
sues indicating transplacental passage of car- 
cinogen or a metabolite ( 11, 1 2 ) .  Thus, fur- 
ther work is important in order to more pre- 
cisely assess the hazards to the fetus of ma- 
ternal exposures to polycyclic hydrocarbons. 
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