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This project is directed at obtaining detailed comparative information on the deposition, distribution, 
retention, and toxicity of radionuclides in the prenatal and juvenile mammal. Because quantitative data 
cannot necessarily be extrapolated to man, our emphasis is directed toward establishing patterns, 
phenomenologic interactions, and relationships which will be useful in determining appropriate expo
sure levels for the rapidly growing infant or child and for pregnant women. 

Recent results have shown that injection of pregnant rats with 239PU increases the incidence and sever
ity of adenomatous hyperplasia of the liver in the offspring; the magnitude of these effects is related to 
dose and prenatal age at exposure. Analysis of combined data from several experiments leads to the 
conclusion that perinatal rats are more sensitive to bone tumor induction by 239pU alpha-particle irradi
ation than are adults. Further histopathologic evaluations of material from earlier experiments have 
demonstrated that most of the increased incidence of thyroid tumors following 131 1 exposure is attribu
table to follicular tumors. An analysis of the literature led to the conclusion that prenatal irradiation 
can lead to an increased or decreased incidence of tumors, depending on the specific details of the 
experimental design and system. 

The protocol for an experiment to examine 
the role of stage of gestation in late ef
fects produced by prenatal exposure to 
239pU was described in a previous Annual 
Report (1978). In this experiment, preg
nant rats were intravenously exposed to 0, 
0.3, 3, or 30 nCi/g body weight of heavily 
citrated 23 9pu at 9, 15, or 19 days of ges
tat ion (dg). The offspri ng were peri odi c
ally evaluated and necropsied at death or 
at 30 mo of age. As described in last 
year's Annual Report (1981), longevity of 
the offspri ng was decreased most markedly 
in those exposed at 19 dg, 1 ess at 15 dg, 
and least at 9 dg. Histopathological eval
uation of tissues has been completed, and 
data analyses are nearing completion. Bone 
tumor incidence was increased by the high
est dose, 30 nCi/g, and was higher in those 
exposed at 19 dg than in those exposed ear
lier in gestation. Since there was a sig
nificant interaction between age at expo
sure and survival, these data are being 
adjusted to account for differences in sur
vival time. Another particularly interest
ing finding was an interaction between age 
at exposure to 239pU, dose, and the incid
ences of adenomatous hyperplasia and tumors 
of the liver; these also require survival 
data adjustment for full i nterpretat ion 
since the former is a lesion associated 
with older age and is thought by many to be 
an early stage of hepatic tumor develop
ment. To better examine this relationship, 

89 

liver sections from rats which survived to 
or beyond 800 days of age were graded for 
adenomatous hyperplasia, using a scale of a 
to 5, in which a tumor was assigned the 
maximum grade (Table 1). There was a clear 
increase in the percent of animals with 
liver hyperplasia, and a trend toward in
creas i ng severi ty, wi th i ncreas i ng dose. 
The latter was even more pronounced in the 
individual age groups; it was most pro
nounced in the rats exposed at 19 dg. 

The bone tumor i nci dences in the groups 
exposed at 19 dg were combined with incid
ences from an earlier study in which rats 
were exposed to an overlapping dose range 
at the same stage of gestation. A signifi
cant linear relationship between incidence 
and radiation dose to the femur was found, 
although incidence in the highest group (60 
nCi/g) was affected by maternally mediated 
effects (Annual Report, 1981). This rela
tionship and estimates of response from the 
earlier study (Annual Report, 1977), in 
which newborn, weanling, and adult rats 
were also exposed, allowed us to analyze 
bone tumor susceptibility as a function of 
age. The radiation dose to the femur re
quired to increase bone tumor incidence by 
10% above the control level in the pre
natally exposed rats was estimated from the 
regression of tumor incidence on radiation 
dose. Straight lines were force-fit to the 
incidences for the lower dose range for the 



TABLE 1. Incidence and Median Grade of Adenomatous Hyperplasia in Rats Surviving to or Beyond 800 Days of Age After 
Intravenous Injection of Their Dams With Citrated 239pu at 9, 15, or 19 Days of Gestation (dg). 

Exposure Dose. No. HYfll'II,I,htil. 

nCi/g Survivor, 

(J 75 K 

0.3 70 ~l) 

'.0 74 Li 

30.0 56 -Ib 

postnatal animals; the corresponding doses 
to the femur for a 10% increase were esti
mated and are shown in Table 2. 

TABLE 2. Estimation of Average Radiation Doses (rad) to the 
Skeleton Required to Produce Bone Tumor Incidences 10% 
Above Control Incidence (,c" 10% Dose) in Rats Exposed to 
219pu as Fetuses, Newborns, Weanlings, and Adults. 

Age ,ll InJl'ction 

19·dg 
Fetus Newborn Weanling Adult 

,c" 10% Dose to 29 S7 1~7 305 
Femur 

Conversion Factor: .) ()7 0.9 
Femur Dose to 
Skeletal Dose 

,c" 10% Dose to 4> 8(, 110 273 
Skeleton 

As described in last year's Annual Report, 
distribution and dosimetric data from our 
ongoing studies have been used to explain 
age-related differences in the anatomic 
sites at which bone tumors develop. These 
data are currently being used to estimate 
the average skeletal radiation doses which 
result from 239pU administration at various 
times of life, and to calculate conversion 
factors by which skeletal dose estimates 
can be obtained by extrapolating from prev
iously calculated femur doses. These ten
tative conversion factors have been used to 
obtai nest i mates of the average ske 1 eta 1 
doses required to increase bone tumor in
cidence by an increment of 10% (Table 2). 
Although the values are linearly related to 
age at injection, adequate measures of the 
error of estimation are not available. It 
is not clear whether the calculated value 
of 43 rad in the prenatal groups is signif
icantly different from the corresponding 86 
and 110 rad in the newborn and wean 1 i ng 
groups, but it is likely that all are lower 
than the ca 1 cul ated value of 275 rad in 

90 

t) dg 1 ~ dg 19 dg 

adults. Since this difference agrees with 
result!. from experiments using X
irradicltion, we have concluded that the 
perinatal rat is more sensitive to bone 
tumor induction by 239pU alpha-particle 
irradicltion than is the adult. 

An ongoing experiment to evaluate the ef
fects )f foster-reari ng of neonatal rats 
and the influence of maternal debilitation 
on 239Fu bone tumor induction was described 
in the 1981 Annual Report. The growth 
curves through 9 wk of age were depressed 
in all groups of offspring nursed by ex
posed dams, but the curves for prenatally 
exposed offspri ng reared by control dams 
were s'milar to those of control offspring 
reared by their own or control foster dams. 
It was concluded that exposed dams had a 
reduced abil ity to rear offspri ng. Or
thogonal polyomial equations have been fit 
to the weight curves for the period between 
9 wk and 1 yr of age, and pairwise t-tests 
at the 0.003 level of significance were 
perforned for the 15 possible comparisons 
(Figur(! 1). The body weights of control 
offspring fostered to a control dam (C-C) 
or of exposed offspring fostered to exposed 
dams «-X) continue to be the same as for 
those reared by their own dams (C and X, 
respecively). Although the curves for the 
two cross-fostered groups (C-X and X-C) 
were not s i gnifi cant ly different with thi s 
conser'/ative analysis, each continued to 
reflec': its postnatal rearing more than its 
prenatdl exposure. 

Several years ago we reported the overall 
result:; of a study in which graded doses of 
131r were administered to prenatal, neo
natal, weanling, and adult rats on five 
succes;ive days, and thyroid tumor i nci
dence \/as evaluated in skip-serial sections 
of the thyroid gland (Annual Report, 1972). 
During subsequent categorization of tumors 
by hi!tologic type, we found inconsis
tencie; in interpretation and in the clas
sification system used by the various path
ologists who had evaluated the microscopic 
s 1 ides. After several unsuccessful at
tempts to reconcile these inconsistencies, 
all material was re-evaluated by one path-
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FIGURE 1. Relationships Between Prenatal 239pu Exposure and Neonatal Fostering on the Weight Curves of Male Offspring. 
The Ranking of the Curves, in Order of Increasing Weight, is Shown for Male and Female Offspring; Statistical Significance 
Between Groups is Indicated by Absence of a Common Underline. (The identification of groups is indicated in the text.) 

ologist to provide a definitive picture. 
The previously described general relation
ship among age, dose, and tumor incidence 
remains unchanged. Using the classifica
tion system of the National Toxicology Pro
gram, he categorized thyroid tumors as fol
licular or C-cell (solid), adenoma or car
cinoma. Almost all of the tumors in con
trols were C-cell, but more than one-half 
of the tumors in exposed rats were follic
ular (Figure 2). The fractions of tumors 
of either type that were malignant were not 
markedly different. The incidence of fol
licular tumors increased, then fell with 
increasing dose, in the adult and weanling 
groups; it progressively increased with 
increasing dose in the newborn and prenatal 
groups. The percentage of rats with C-cell 
tumors was unaffected at low doses but de
creased at the highest dose in all age 
groups. 

Statements in the BEIR III Report gave the 
impression t hat the animal fetus is not 
susceptible t o tumor induction by ionizing 
radiation. Since this impression appeared 
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to be inconsis t ent with data being obtained 
in these studies and in other relevant ex
perimental studies, we performed a thorough 
literature review and analysis, which has 
been published (Biol. Res. Preg. ~: 167, 
1981). We concluded that exposure of pre
natal animals to radiation from external 
sources or internally deposited radionuc
lides can lead to an increased or a de
creased incidence of tumors in adult life. 
The extent and nature of the effects were 
related to the conditions under which the 
experiments were performed, but many of the 
variations were explainable in terms of 
phenotypic and ontogenic differences, and 
non-neoplastic types of biological injury 
produced by the exposure. 

In response to questions arlslng from NRC 
Regulatory Guide No. 8.13, a comparable 
effort was initiated relative to evaluating 
the contribution to fetal radiation doses 
from internal deposition of a radionuclide 
or from a pre-existing maternal burden. A 
concerted 1 i terature revi ew provi ded an 
adequate data base on radioph~rmaceuticals, 
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FIGURE 2. Influence of Nominal Exposure Dose and Age at Administrat ion of 1311 on the Incidence of Follicu la r and C-Cell 
Thyroid Tumors in Rats. 

isotopes used as clinical tracer s, and ele
ments which are analogs of natural metabo
lites. Insufficient relevant data are 
available for the transuranics in the open 
literature; therefore, an effort is in pro
gress to obtain laboratory reports and 
other unpublished data and to identify fur
ther needs. Although analyses are still in 
an early stage, a general analytical scheme 
has been established. First, mat erials are 
categorized relative to the degree of "fe
tal accretion," which involves an interplay 
between maternal kinetics, placental trans
fer, and the presence of receptor sites in 
the conceptus. The quantitative values are 
influenced by chemical factors, stage of 
gestation, and associated tissue localiza
tion. Dose calculations are straightfor
ward for exposures to materials that are 
adequate ly documented and are reasonably 
we 11 accreted by the conceptus, although 
the calculations are tedious because of the 
continuously changing kinetics. For mater
ials for which an adequate data base is net 
available, we speculated that est imates of 
maternal blood concentrations, the age
dependent integrals of fetal deposition as 
a function of maternal blood level, and 
dil ut i on factors associ ated with growth 
could be used to obtain a first - order ap-
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proximat i on. This was i ncorporat ed into an 
analytic sc heme and was tested using vari
ous data bases for the rat . They gave a 
reasonable approx imation to measured values 
for 239p , the transuranic for which most 
data are available. It is evident that 
f urther refinement, based on more defini 
ti ve values and more relevant data for the 
human, is required. Although the general 
scheme wo ld be useful for other nuclides , 
the present fragmentary data base precl udes 
attempt ing such calculations. 

Studies in the guinea pig to directly mea
sure the clearance of plutonium from dam to 
fetus were descri bed i n last year's Annual 
Report. Clearance was extremely low and, 
bas ed on concurrent tritium clearance mea
surements, we found t hat blood flow to the 
placenta decreased soon after exposure at a 
dose level of 30 ~Ci/ kg body weight. Ex
periment s were initiated to better define 
this result, and additional studies are in 
progress using a dose level of 5-10 ~Ci/kg 
to establish the dose leve ls at which the 
decreased bl ood-flow ef fect occurs. 

Bl ood flow appears t o decrease at these 
lower dose s , but it wi ll not be possible to 
conclusive ly diff erentiate blood-flow 



changes between the two dose levels until 
the study is comp 1 ete and the data are 
fully analyzed. In order to differentiate 
between b 1 ood- fl ow effects and spec ifi c 
effects on transport of materials across 
the placenta, experiments are underway 
which will allow us to develop a means of 
examining specific transport processes in 
the placenta. One of the most readily 
available systems for investigation is the 
neutral amino acid transport system, which 
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can be examined by measuring the transport 
of a-aminoisobutyric acid (AlB, a nonmetab
olized amino acid). We have now shown that 
AlB cl earance from dam to fetus is the 
same, both qual itatively and quantita
tively, as reported in the literature. In 
addition, we were able to quantitate a 
large diffusional component of the clear
ance (not previously measured), which is 
present in addition to the active transport 
mechanism. 


