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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, emphasis is also directed toward establishing patterns, 
phenomenologic interactions, and relationships which will be useful in determining appropriate expo
sure levels for rapidly growing infants or children and for pregnant women. 

Further dosimetry for an experiment to evaluate the effects of foster-rearing of newborn rats on the 
lifetime effects of 239Pu exposure has demonstrated that most of the lifetime burden is derived from 
prenatal exposure and that milk contributes little in addition. Other measurements have confirmed 
our tentative observation that the lifetime burden in offspring is greater with near-term exposure than 
with exposure earlier in gestation. Additional results from a comparison of the embryotoxicity of 139Pu 
and 141Am have confirmed that, on the basis of dose administered to the dam, the former has a greater 
effect on the conceptus. Pilot studies indicate that 233U is teratogenic, acting as a chemical rather than 
as a radiological teratogen. Studies with mPu-exposed pregnant rabbits have shown that maternal dis
tribution differs from that in rodents: concentration patterns in the placenta and membranes also 
differed. 

The protoco 1 and some resu 1 ts fy·om a study 
to examine the influence of foster-rearing 
of 239pu-exposed neonata 1 1·ats on 1 ate 
effects were reported in last year's An
nual Report. Pregnant rats were injected 
intravenously at 19 days of gestation (dg) 
with 60 nCi/g of a citrated (70-fold molar 
excess) 239Pu solution or with a citrate 
solution, and the offspring from some lit
ters were fostered to other dams at 1 day 
of age to form six experimental groups. 
In addition to two control (citrate) 
groups , there were four groups of exposed 
offspl'i ng: exposed pups that were kept 
with their natural mother (exposed); pups 
fostered between exposed mothers (exposed
exposed); exposed pups fostered to a con
trol mother (exposed-control); and control 
pups fostered to an exposed mother 
(control-exposed). 

The content and concentration of 239pu in 
representative organs during prenatal and 
postnatal development were presented in 
last year's repOl't. Carcasses from ani
mals that were killed at various times 
between birth and 22 days of age (and also 
at l year of age) have been subjected to 
radioanalysis. The resulting values were 
added to those in structures analyzed sep
arately to obtain the total-body plutonium 
content, which includes nuclide in the 
gastrointestinal tract (Figure 1). 

The 24-nCi burden at 1 day of age in the 
exposed, exposed-exposed, and exposed-
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control groups corresponds to about 0.1% 
of the injected 239Pu dose and represents 
the total contribution from placental 
transfer. (Those in the control-exposed 
group had not yet received any plutonium.) 
The low rate of plutonium loss with time 
in the exposed-centro 1 group represents 
the retention pattern in neonatal rats 
with a prenatally obtained body burden; 
i.e., rats in this group received no fur
ther plutonium. In both the exposed and 
the exposed-exposed groups, which received 
further plutonium via milk, the body con
tent progressively increased (by more than 
50%} during the fi r·st 2 weeks of age. 
This appears to be primarily from pluton
ium contained within the gastrointestinal 
tract, since the slope of this curve 
closely para) led that in the control
exposed group, which received plutonium 
only vi a mi 1 k. The marked loss of acti v
ity after 2 weeks of age, when the animals 
began eating solid food, wa$ sirailar in 
these three groups, but body burdens in 
exposed and exposed-exposed groups were 
slightly (not statistically significant) 
greater than that in the exposed-control 
group. At all time periods studied, the 
sum of the plutoniUB contents of the rats 
in the control-exposed and exposed-control 
groups approximately equaled those in the 
exposed and exposed-exposed groups. 

In all four age groups, the body burden 
remaining at weaning was retained quite 
tenaciously. No attempt was made to fit a 



Age, days 

FIGURE 1. Total Body Contl:'nt of Rats ExpOSt>d to 2 l'IPu Via Placental Transft>r Only t ••••• ExpiN'd-Controll· Mtlk O nly 
t-- Control-ExpO>ed)· or Via Plact>ntal Tran~iPr and Milk ~- h powd: ---- hposed-Expo-.edl . 

specific relationship to the data since 
values were not available at intermediate 
times; nevertheless, the straight line 
connecting the values at 22 and 365 days 
of age were parallel for the four groups, 
reflecting the patterns indicated above. 

We previously described (Annual Report, 
1978) the prenatal and neonatal distri
bution and retention of plutonium in off
spring from pregnant rats exposed to 239Pu 
citrate preparations at 9, 15 or 19 dg. 
These th.sues were obtained from animals 
in a study to evaluate the late effects of 
239 Pu relative to prenatal stage at expo
sure, and data were limited for the neo
natal period; none were available for the 
remainder of the first year of li fe . To 
obtain additional 239Pu-exposed tissues, 
pregnant rats at these stages of gestation 
were injected intravenously with 30 ~Ci/kg 
of the same plutonium ci trate preparation 
used previously. Offspring were killed at 
birth and at several sequential times 
through 1 year of age (Figure 2). 

The concentrations of plutonium in the 
liver and skeletal elements of rats killed 
at birth were similar to those reported 
previously. The present data set, which 
involved larger group sizes, more clearly 
defined the suggestive differences among 
the three age groups: in nearly all in
stances, concentrations were signif icantly 
higher in the animals exposed at 19 dg, 
less at 15 dg and least at 9 dg. The re-

44 

tention patterns in the s keletal elements 
were similar to those reported earlier. 
The quest i onab 1 e 1 i ver retention in off
spring exposed at the later times was not 
observed; instead, liver retention tended 
to decrease with time. Concentrations con
tinued to decrease progressively through 
60 days of age, a 1 though they were not 
exponential since they primarily reflected 
the growth of the offspring. Thereafter, 
bone concentrations cant i nued a s 1 i ght 
progressive decrease, although almost all 
skeletal elements continued to receive 
low-dose radiation exposures throughout 
the 30-month duration of the study. 

As part of our continuing effort to obtain 
comparative data on relative actinide dis
tributions in maternal and fetal placental 
tissues, stored samples obtained during a 
study of 239Pu effects in pregnant and 
fetal rabbits (Annual Report, 1980) were 
subjected to radioanalysis, and the data 
were evaluated. In these studies, 10 ~Ci/ 
kg of 2 39Pu was administered at 9, 15, or 
28 dg; some does were killed 24 hours 
later, and others at 29 dg. 

Concentrations of plutonium in maternal 
blood and in the skeletal elements (e.g., 
calvarium, vertebrae, and femur) at 24 
hours after administration were signifi
cant 1 y higher in does exposed at 28 dg 
than in those exposed at 9 or 15 dg (Fig
ure 3). The concentrations in the skele
tons of does injected at the two earlier 
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FIGURE 2. lnitidl Po~tncltclf Concentration and Rt:'lentron (Percent Do~ Per Gram Ti~;,u(') 10 Repre~entative Ti~~ues oi Offspring ot 
Rats Injected with 239pu at 9 ( • I. 15 101. or 19 (.ll.) Day~ of Gestatrons. Vertical bar, db play standard deviations. 

times and killed at 29 dg were similar to 
those of animals injected at 28 dg and 
killed at the same gestational stage. 
Liver concentrations at 24 hours after 
administration were substantially less in 
animal s injected at 28 dg than in those 
injected at 9 or 15 dg. The concentration 
in the liver increased by the end of ges
tation in those injected at 9 or 15 dg. 
This pattern of a progressive increase in 
liver concentrations is similar to that 
reported for nonpregnant rabbits but dif
fers from that in rats and mice, and sug-
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gests a species difference in the disposi
tion of monomeric plutonium. The concen
trations of plutonium in the placentas and 
extrafetal membranes were not nearly so 
high as those reported in the rat and 
mouse, and the ratio of concentrations 
between the two structures was not as dra
matic as in rodent studies. However, this 
disparity may reflect species differences 
in total mass of membranes relative to 
mass of vi 11 ous yolk sac, the p 1 acenta 1 
structure in which most of the plutoni um 
is deposited. 
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46 

The design and preli111inary data fro11 an 
experiment to obtain contemporaneous c~
parisons of dosi~~etry and toxicity of 
241Am and 239pu in embryos was presented 
in last year's Annual Report. The develop
mental toxicology portion of the study ha~ 
been completed, and increased group size< 
were obtained; radioanalysis of additional 
tissues obtained for dosimetry is still 
incomplete. The effects relative to ad
ministered dose are essentially as previ
ously reported. As an extension of this 
study, we obtained preliminary data on the 
embryotoxici ty of 233U, using controls 
from the latter portion of the americium
plutonium study for comparisons_ Pregnant 
animals were injected intravenously with 
233U solutions prepared in the same manner 
as for the other transuranics, so that a 
constant amount of citrate was injected 
throughout. Doses were selected to extend 
the incomplete matrix de sign employed for 
the plutonium and americium: the high 
radiological doses of uranium corresponded 
to the low dose of plutonium, and the low 
dose was one-third of the high dose. This 
dose range ex tended into the chemica 1 I y 
toxic range for adult animals, as con
timed by the death of three of six ani
llals injected at the higher dose level. 
In the two pregnant rats available at the 
lower dose, results were indistinguishable 
from those in controls. At the higher 
dose, however, prenatal mortality was in
creased, and both fetal and placental 
weights were lower than those of controls 
(Table 1). Despite the small sample size 
in this pilot study, it may be important 
that cleft palate was detected in fetuses 
from all three litters and bent limbs in 
fetuses from two of the three litters, 
whereas these lesions were not seen else
where in the study. Further evaluations 
wi 11 provtde a quantitative assessment of 
the uose- response re 1 at i onsh ips and more 
detaileo dosimetry. 

The aff i nity of the maternal liver for am
ericium and plutonium may be involved in 
the distribution, and thus the toxicity, 
of these radionuclides. Observed differ
ences betw~en subsequent redistribution 
patterns may be due to differences in 
binding properties in tissues. We specu
lated that 11etallothionein, a low
molecular-weight, cytoplasmic protein with 
a high affinity fo r many metals, may regu
late the metabolis~ and/or storage of ac
tinides in the body. Its role may be age
re 1 a ted, s i nee endogenous concentrations 
are 20-fold greater in the late fetus or 
neonate than in the adult rat. Accord
ingly, liver samples were obtained from 
adult and fetal rats killed 24 hours or 5 
days after exposure to 30 ~Ci/kg of 241 Am 
or 239Pu. Heat-treated cytosol prepara-



TABLE 1. Effect of Exposure of Rats at 9 Days of Gestation (dg) to 233u on Size and Morphology of Fetuses at :10 dg. 

0 

Number of Litters Evaluated 13 

I mpla nts/litterla) 13.5 ± 3.0 

Deaths/litterlal 0.5 ± 0.7 

Fetal Weight, glb) 3.2 ± 0.3 

Placental Weight, g(b) 0.43 :t 0.06 

'lumber of Skeletons Examined 167 

Cleit PalatelcJ 0 

Bent limbsiC) 0 

Wavy. Bent or Knobby Ribslc) 1/1 

(aiMean ± SD 
tblMean of htter means± SO 
lclhpressed as number fetuses/number litters affected 

tions were chromatographed on G-75 Sepha
dex and analyzed by scintillation spectro
photometry for 241 Am or 2 39Pu content in 
the metallothionein fraction. A typical 
gel filtration profile of maternal liver 
cytosol is shown is Figure 4. The small 
amounts of both nuclides associated with a 
metallothionein-like fraction (molecular 
weight, approximately 10,000) may repre
sent nonspecific binding; americium ap
pears to have a greater affinity for this 

2HU Dose. ~i/kg Body Weight 

3.33 10.0 

2 3 

16.5 ± 2.1 13.7 ± 5.0 

0.5 ±0.7 3.3 ± 5.8 

3.3 ±0.0 1.8 ± 0.7 

0.41 :t 0.05 0.28 ± 003 

30 28 

0 9{3 

0 17{2 

0 26/3 

material than does plutonium. Unlike the 
binding of many heavy metals, most of the 
actinide activ ity was in a peak corres
ponding to high-molecular-weight mole
cules. Because of low placental transfer, 
we were unab 1 e to determine the presence 
of 2 41Am or 239Pu in the metallothionein 
fraction of fetal liver; in vitro labeling 
studies are planned to determine whether 
fetal metalloth ionein has an affinity for 
the actinides. 
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FIGURE 4. Gel Filtration Elution Profile of Heat-Treated liver Cytosol Obtained irom Adult Rab Injected with WAm or 
219pu_ 
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