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Exposure to Pu decreased the latency of mammary tumor induction in all age groups; incidence 
varied with the age at injection, and with the dose. There were age-related differences in 
the effect of plutonium exposure on pituitary tumor incidence, as well as an association 
between the presence of both mammary and pituitary tumors. Prenatal exposure also increased 
the incidence of adrenal and pancreatic neoplasms in males. 

We previously described (Annual Report, 
1972) the protocol for a study to compare 
long-term effects in rats injected at various 
ages with 239pU citrate. The doses (~Ci/kg) 
were 0.3, 1, and 3 for adults and weanlings, 
3, 10 and 30 for neonates, and 6, 20 and 60 
for prenatal exposure via maternal injec
tion, and are referred to as low, medium, 
and high, respectively. Some litters from 
the high prenatal group were fostered to 
control mothers (EC) and control litters 
were nursed by exposed dams (eE). Prelimi
nary reports of the overall results were 
presented earlier (Annual Report, 1973, 
1974). The anatomic distribution and 
incidence of bone tumors (Annual Report, 
1977), and comparisons of survival and 
terminal organ weights (Annual Report, 
1978) have also been described. Incidence 
values have been obtained for the more 
prevalent neoplastic lesions and associations 
between co-existent tumor sites, which 
might be expected a priori on pathophysio
logic bases, have been examined. Although 
overall incidences are influenced by dif
fering survivorship, they show clear rela
tionships with dose and age at injection. 

The percentage of control females with 
tumors of the mammary gland ranged from 
4-18% (average, 12%) by 550 days of age 
(Tab 1 e 54). By 900 days of age, the average 
incidence had increased to 47%, with a 
range of 40-56%. At the earlier time, 
incidence was elevated in the medium and 
high adult, high weanling, high prenatal 
groups, and in the group exposed prenatally 
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and cross-fostered to control dams (EC). 
The differences were less pronounced by 
900 days of age: only the medium adult, 
low and high weanling, and medium and high 
prenatal groups had incidences that were 
significantly above control levels. The 
incidences for the high adult and EC group 
were no longer different from those of the 
controls at this age. The percentage of 
tumors that were malignant was increased at 
higher doses in the newborn and prenatal 
groups, unchanged in the weanling group, 
and tended to decrease with increasing dose 
in the animals exposed as adults. The 
percentage of females with pituitary tumors 
decreased with increasing dose in adult and 
newborn groups; remained unchanged in 
weanlings; and showed a slight increase in 
those exposed prenatally (Table 54). A 
similar pattern was seen when the percentage 
of animals that showed both mammary and 
pituitary tumors, or the percentage of 
females with mammary tumors that also 
showed pituitary tumors was considered. 

Although the percentage of rats with 
pheochromocytomas was not high in either 
sex, it was somewhat greater in males than 
in females (Table 55). The incidences were 
clearly elevated in males prenatally exposed 
to plutonium at all three levels and in 
those from exposed dams fostered to control 
mothers. A lesser elevation was seen in 
the weanling and newborn groups, and adults 
were unaffected. The incidence of pancreatic 
tumors (adenomas and carcinomas combined) 
was markedly higher in males than in 



TABLE 54. Effect of 239PU on Incidence of Mammary and Pituitary Tumors in Female Rats 

Percent Of Rat', Pf"rcent Of Mamm,HY Percent With 
With Mammary Tumor Tumors Histologically Pituitary Tumors Conditional 

At IndicJtf>d Age Malignant (a,1 AI Necropsy Percentage (bi 

Ago. Age. 
Croup 550 Days 900 Davs 

Adult 

Control 4 48 17 56 75 
low 11 56 36 21 n 
Mf"dH~m 50 71 18 8 12 
High 40 52 12 23 

Weanling 

Control 14 40 14 43 14 
low 14 69 25 45 40 
Medium 24 48 14 12 \4 
High 39 67 29 3} 46 

Newborn 

Control 18 56 23 3.1 36 
low 1'1 48 36 52 64 
Medium 15 46 17 15 17 
High 26 26 75 

Prf'natal 

Control 40 25 50 75 
low 18 48 25 64 69 
"1edium 22 65 53 57 60 
HIgh 36 71 55 72 76 
FC Irl 24 48 25 42 58 
CE (dl 46 17 62 83 

(al Calcula\(:,d on basi5 of aU tumors ohtained by surgery or at necrop5 J 
(b) Percent of rats with mammary tumor whi~h also hdd pituitary lumor 
(C~ PrenatJlIy f'xposf'd pupe; rros,>-fO',tered to control dams 
(d) PUP\ from rontrol dams cross+fo'>tered to exposed dam~ 

TABLE 55. Effect of 239PU on the Percent of Male Rats with Soft Tissue Tumors 

Pituitary 
Chromophobe Adenoma 

Adrendl 
PheochromocytomJ 

Adult 

Control 
Low 
Medium 
HIgh 

Weanling 

Control 
low 

Newborn 

Control 
low 

Prenatal 

Control 
low 
Medium 
High 
EC (b) 
Cf (C) 

21 
4 
o 

14 
15 
9 
2 

12 

17 
17 
22 
29 
14 
26 

(0) Primarily i<;il"t (1:'>11 adenoma, but combined for all tumor tvres 
(b) Prenatally exposed pups uos<,~fostered to control dams . 
(c) Pups irom control dams cross·fmlf'fed to exposed rlams 
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0 
9 

11 
17 
14 

P<mcrea~ 

<\11 Tumors (d) 

11 
9 

16 
o 

10 
31 
19 
25 
17 
11 



females. The incidence of these tumors 
showed a general elevation in the exposed 
animals of the prenatal groups and in those 
cross-fostered from exposed mothers to 
control dams. The incidence in the other 
age groups was essentially unaffected. 
Although the incidence of chromaphobe 
adenomas of the pituitary was substantially 
less in males than in females, age and dose 
relationships were similar for the two 
sexes. There was an association between 
the presence of either pancreatic or adrenal 
tumors and tumors of the pituitary gland. 
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We are presently attempting to establish 
mechanisms for the interactions among age 
at injection, radiation dose and the inci
dence of tumors in the various endocrine 
organs. A number of the degenerative 
lesions are readily explained in terms of 
the greater damage produced in adult animals 
due to higher radiation doses delivered 
over a longer time. Some of the prolifera
tive lesions are of a compensatory nature 
and incidences may be explained on the 
basis of age-related differences in destruc
tion, fibrosis, and in the ability of 
tissues to compensate. 




