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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 demonstrated that injection of pregnant rats with 239PU had the greatest effect on lon
gevity and bone-tumor incidence of the offspring when exposure occurred at 19 days of gestation (dg); 
less effect at 15 dg and the least effect at 9 dg. Exposure of pregnant rats to 239PU during late gestation 
was shown to adversely affect their ability to rear offspring and partially explains the greater incidence 
of bone tumors in rats reared by foster-control mothers after prenatal exposure to plutonium, relative 
to those reared by their own mothers. Ongoing distribution studies are providing data which confirm 
our tentative explanation that marked variations in the anatomic distributions of bone tumors, with 
age at the time of injection, were attributable to age-related differences in 239PU microdosimetry and 
concentrations among skeletal components. Other studies, using a placental perfusion technique, 
have demonstrated that intravenous injection of 239PU in pregnant guinea pigs leads to a marked 
decrease in maternal blood flow to the placenta. 

The data on the i nci dence of tumors and 
other 1 es ions from our comp 1 eted exper
iment which compared the late effects of 
monomeric plutonium exposure in prenatal, 
neonatal, weanling, and adult rats were 
adjusted on the basis of survivorship. 
This transformation demonstrated differ
ences among groups in the temporal devel
opment of tumors but di d not change our 
previous conclusions: perinatal rats are 
less sensitive to 239pU carcinogenesis 
than adults on the basis of administered 
dose, but are more sensitive on the basis 
of radiation dose to the skeleton. Pre
nata 1 exposure at 19 days of ges tat ion 
(dg) leads to an increase in tumor inci
dence, even though the cumulative radia
tion doses to the skeleton are below 80 
rad. To prov; de a bas i s for compari son 
with data from a subsequent exper'iment, 
these data are presented as the poi nts 
indicated by "A" in Figure 1. 

The protocol for another experi ment on 
late effects of 239pU exposure at 9, 15, 
or 19 dg, using doses within the same dose 
range as those used in the previous study, 
was described in a previous Annual Report 
(1978). Longevi ty of the offspri ng of 
both sexes was significantly decreased by 
the highest dose administered at 19 dg. 
Survival was less affected in those ex-
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FIGURE 1. Bone·Tumor Incidence in Offspring from Rats 
Exposed to Monomeric 239 Pu at 19 Days of Gestation. Data 
are combined from two separate experiments, identified as 
A and B; point A [xq relates to prenatally exposed off-

I spring reared by unexposed dams, 



posed at 15 dg and was unaffected in those 
exposed at 9 dg. Based on histopathologic 
evaluations, bone-tumor incidence appears 
to be increased by the hi ghest dose (30 
~Ci/kg) at each gestational period, and is 
highest in those exposed at 19 dg. Bone
tumor incidences in offspring exposed at 
19 dg (presented as the points indicated 
by "B" shown in Figure 1) are consistent 
with those in the previous experiment. 

Bone-tumor incidence in prenatally exposed 
offspring (Figure 1) increases progress
i ve 1 y with increased doses through 30 
~Ci/kg (40 rad to the skeleton), followed 
by a lower incidence in offspring from 
fema 1 es exposed to the hi ghes t dose, 60 
~Ci/kg. As was reported previously, 
bone-tumor incidence in offspring from 
females exposed at this dose level, reared 
by foster-control dams (indicated in 
Figure 1 as A [XC]), was higher than in 
those which remained with their exposed 
dam, even though they received a somewhat 
lower cumulative radiation dose. These 
findings may be attributable to a phenom
enon associated with fostering, per se, 
but since this result was unexpected, all 
appropriate fostering combinations were 
not included in the original experimental 
design. Alternatively, the findings may 
reflect repression of bone-tumor develop
ment in offspring reared by exposed dams 
as a result of a growth depress i on pro
duced by nutritional impairment. If this 
is true, incidence in the A [XC] group may 
be a more accurate measure of incidence 
without radiogenic perturbation. 

I n an attempt to rep 1 i cate and extend 
previous findings, we have started an 
experi ment to evaluate the interactions 
suggested above. Using incremental expo
sure blocks, pregnant rats were injected 
with 60 ~Ci/kg 23 9 pU or a citrate solution 
(control) at 19 dg, followed by appropri
ate neonatal fostering of offspring to 
form six experimental groups. 

Prenatal 
Exposure 

Control 
Control 
Control 
Exposed 
Exposed 
Exposed 

Group 
Postnatal Treatment Designation 

Not fostered C 
Fostered to control C-C 
Fostered to exposed C-X 
Not fostered X 
Fostered to control X-C 
Fostered to exposed X-X 

Subgroups of 60-70 offspring, each contain
ing no more than two males and two females 
from a 1 itter, were kept for long-term 
s tudi es. (The offspri ng ranged from 1 to 
l~ years of age on 10/1/81.) The remain
ing offspring, together with animals from 

114 

additional identically exposed litters, 
were sacrificed at intervals to obtain 
data on plutonium distribution for dosim
etry. Initial growth curves for male 
offspring are presented in Figure 2. It 
is obv i ous that the exposed dams had a 
reduced ability to rear offspring, as 
i ndi cated by the depressed growth curves 
for all groups of offspring nursed by 
exposed dams. Moreover, growth curves for 
prenatally exposed offspri ng reared by 
control dams are simi lar to those of 
control offspring reared by their own or 
by control foster dams. 

Additional studies on 23 9 pU distribution 
and dosimetry were performed to supplement 
those inc 1 uded in the long-term experi
ments' discussed above, and to extend pre
viously observed age-related differences. 
In particular, data were needed for times 
shortly after administration to explain 
etiologic interactions. These studies 
have been completed and radioanalytic data 
are being analyzed; autoradiographs have 
been prepared and examined from only a 
small fraction of the specimens. Selected 
compari sons wi 11 be used to ill ustrate 
some salient patterns; modeling is still 
in progress. 

Hepatic incorporation was rapid in adults 
(Figure 3) and the percent of administered 
dose in the liver at 1 day after injection 
was approximately 23%. The maximum value 
was reached more slowly and the percent of 
dose deposited in the weanling liver (14%) 
was substantially less than that in the 
adult. There was mal'kedly higher hepatic 
incorporation (46%) in newborns; the rise 
to the 1 day value was slower than in the 
older animals, and the fraction in liver 
further increased by 3 days. 

Confi rmi ng previ ous observations, the 
percent of dose in the femur at 1 day was 
substantially higher in weanlings than in 
adults, although it was much lower in new
borns. Both adults and weanlings attained 
maximal deposition by about 3 days after 
exposure, and this level remained essen
tially constant through 28 days after 
exposure. The lower deposition level in 
newborns was rna i nta i ned through 7 days, 
followed by a progressive rise, which 
l'efl ected the continued trans 1 ocat i on of 
plutonium from the liver. 

Data are presented in Figure 3 for the 
bisected mandible (one-half) which was 
taken for radioanalysis. Early incor
poration in the weanling mandible was 3 
times as great as the percentage of the 
dose incorporated in the adult, Reflect
ing the proportionately greater size of 
the mandible, relative to the femur in the 
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FIGURE 2. Relationships Between Prenatal 239pu Exposure and Neonatal Fostering on Growth of Male Offspring. (See text 
for identification and description of groups.) 

newborns, 1- and 3-day incorporation val
ues were markedly greater than in adults, 
and approximated those in the weanlings as 
ossification progressed at later time pe
riods. 

Plutonium concentrations throughout the 
skeleton (Table 1) reflected growth rate 
differences within and among age groups 
and differences in incorporation which, in 
turn, is affected by deve 1 opmenta 1 and 
metabolic events. Among the several types 
of analyses being performed, is an examin
ation of the relative concentrations of 
plutonium in representative skeletal 
components in the 3 age groups (Table 1). 
In adults, the concentrations in the femur 
and vertebral column were s i mil ar at 1 
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day, but were more than twice those in the 
bones of the head (cal vari urn and mandi
b 1 e); all values were s 1 i ght ly increased 
at 14 and 28 days after exposure. Re
flecting accretion and growth in the wean
lings, all concentrations were slightly 
greater at 3 days than at 1 day after ex
posure but progressively decreased there
after. The concentrations in the verte
brae, calvarium and mandible were similar 
to each other but were substantially less 
than that in the femur. As a result of 
the high but disproportionate growth rates 
of the skeletal elements in the newborn, 
all concentrations markedly decreased with 
time subsequent to 1 day, but the frac
tional decreases were greatest and the 
final concentrations were significantly 
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FIGURE 3. Content (% Dose) of 239pu in Representative 
Structures after Injection of Newborn (el. Weanling (A) and 
Adult (0) Rats. 

lower in the femur and vertebrae than 
in the bones of the head. These age
dependent changes in concentration pat
terns are of particular interest since 
they will provide a dosimetric explanation 
for our reported fi ndi ngs that the ana
tomic distribution of bone tumors differs 
with age at exposure (predominantly in the 
heads of perinatally exposed animals and 
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TABLE 1. Relative Concentration(a) of 239pu in Represent
ative Skeletal Components at Selected Times After 
Administration to Newborn, Weanling and Adult Rats. 

Days After Administration 

14 28 

Newborn 

Calvarium 1.3 0.76 0.59 

Mandible 1.4 0.80 0.42 

Vertebrae 1.6 0.59 0.31 

Femur 1.0 0.38 0.28 

Weanling 

Calvarium 0.73 0.66 0.38 

Mandible 0.56 0.52 0.34 

Vertebrae 0.72 0.37 0.31 

Femur 1.0 0.71 0.45 

\dult 

Calvarium 0.40 0.56 0.59 

Mandible 0.36 0.47 0.42 

Vertebrae 0.95 1.2 1.1 

Femur 1.0 1.2 1.1 

(a)Stanti"rii7ed for each age group to a concentration of 1.0 
in the femur at 1 day postinjection. 

in the vertebral columns and extremities 
of adults). 

The relatively low fraction of a Pu dose 
initially incorporated in the femur of 
newborns has not been satisfactorily 
explained since there is a large amount of 
bone surface available for deposition. 
This may be due to the fact that little 
ossification has occurred, and it appears 
that the bone surfaces in the newborn do 
not fully participate in plutonium deposi
tion. Moreover, there is substantial 
metaphyseal deposition in autoradiographs 
of undecalcified femur sections in both 
wean 1 i ngs and adults, but the metaphys is 
is completely devoid of plutonium activity 
at early times after injections in the new
borns. 

Our studies have demonstrated that only a 
small amount of the plutonium administered 
to the pregnant rodent accumulates in the 
fetus. To better quantitate this result, 
we used a placental perfusion technique to 
directly measure the clearance of pluton
ium from dam to fetus in the guinea pig. 



As reported in last year's Annual Report, 
the amount measured was 2.3 ± 0.6 ~l/min 
(mean ± SE), the lowest measured for any 
substance using this technique. Since 
clearance appeared to be i nfl uenced by a 
decrease in placental blood flow, the data 
from concurrently measured tritium clear
ances (T ) were analyzed in further 
detail (~~le 2). Tritium clearance (0.52 
± 0.09 ml/min at an umbilical flow rate of 
2.5 ml/min) was linearly related to umbil
ical flow rate in only five of 10 perfu
sions, but no such relationship was pres
ent in the remaining five. Even when 
present, the 1 inear relationship between 
T and umbilical flow did not persist 
t~~oughout the perfusion period. Adjust
ment of the plutonium clearances to those 
which would have been expected if this 
decrease in maternal blood fl ow had not 
occurred still indicated an extremely low 
plutonium clearance. 

The changes in placental flow resulting 
from plutonium exposure were unexpected, 

and the experiments were not designed to 
quantitate kinetics under conditions of 
changing maternal blood flow. Therefore, 
an additional series of experiments were 
initiated and are continuing. These 
experiments have ruled out the possibility 
that the citrate vehicle in which the 
plutonium was administered was responsible 
for the effect on maternal blood flow to 
the placenta. At the level used (30 
pei/kg), plutonium appears to produce a 
progressive decrease in tritium clearance, 
starting approximately 8 min after injec
tion. The T F remains at a low level 
throughout th~ 30-mi n to l-hour duration 
of the experiment. The doses and the mass 
of plutonium administered in these experi
ments were relatively large (approximately 
500 ~g/kg); however, no radi ogeni c or 
chemical mechanism for such a rapid de
crease in blood fl ow is apparent at the 
present time. These experiments are being 
extended to establish the levels at which 
these blood-flow effects occur and the 
duration of effects. 

TABLE 2. Values from Regression Analyses(a) of Tritiated Water Clearance from Dam to Fetus in Pu-Dosed Guinea Pigs. 

Dam Placenta 
Number Number Intercept. a Slope, b 

0.013 0.276 

2 1 NS NS 

2 2 0.213 0.174 

3 -0.072 0.140 

4 1 NS NS 

4 2 NS NS 

5 NS NS 

5 2 0.035 0.177 

6 1 NS NS 

6 0.055 0.202 

Correlation 
Probability Coefficient 

<0.001 0.81 

>0.20 NS 

<0.001 0.84 

<0.001 0.85 

>0.30 NS 

>0.30 NS 

>0.30 NS 

<0.001 0.87 

>0.20 NS 

<0.001 0.92 

Estimated 
Tritium 

Clearance(b) 

0.65 ± 0.02 

0.65 ± 0.04 

0.28 ± 0.01 

0.44 ± 0.02 

0.56 ± 0.03 

(a)y _ a + bX where Y - tritium clearance and X = perfusion rate. 
(b)Tritium clearance ± SE (ml/min) at a perfusion rate of 2.5 ml/min as estimated from the regression of tritium clearance on 

perfusion rate. 
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