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ABSTRACT

The absorption and retention of ^Cr and H3Sn 

in adult and neonatal rats was studied. Absorption 
and retention of both 3^Cr and 113Sn was significantly 
higher in neonates. Both radionuclides were retained 
in the gastrointestinal tract, liver, kidneys, and the 
carcasses. Higher neonatal retention suggests a possible
health hazard to young animals.
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INTRODUCTION AND LITERATURE REVIEW

Health hazards of environmental pollutants should 
be of concern to all. Among these pollutants are metal 
wastes from industry and radionuclides from nuclear 
energy sources. One danger is the possibility of inges­
tion of these materials either directly or through the
food chain. The International Commission on Radiological
Protection has recommended safe limits of intake of
radionuclides for workers in the nuclear industry (ICRP 
publication 30, 1979) and is trying to establish recom­
mended limits for the general public.

The hazards of ingested elements depend, in part, 
on the degree to which they are absorbed by man or ani­
mals. Several factors are important for absorption, 
such as chemical state of an element (e.g. nitrate, 
oxide, citrate) (Sullivan, 1980), diet, and age. Age 
has been shown to affect the permeability of the gastro­
intestinal tract to many elements. For example, iron, 
lead, cadmium, mercury, and some of the actinide elements 
such as uranium and plutonium have been shown to be 
absorbed in greater amounts in neonatal animals than 
in adults (Forbes and Reina, 1972; Kello and Kostial, 
1977a; Walsh, 1982; Sullivan, 1980).
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Some evidence suggests this excess absorption by 

neonates may be associated with the development of passive 
immunity through the absorption of immunoglobulins in 
colostrum (postnatal milk) (LaMotte, 1977). The mechanism 
by which this immunity develops is not clear. A better 
understanding of the transport mechanism will be necessary 
before we know if the absorption of some elements actually

W is associated with the transport of immunoglobulins.
The work presented here deals with the gastrointes­

tinal absorption and retention of chromium-51 and tin-113 
in neonatal and adult rats. Neonatal absorption and 
retention is compared to absorption and retention in
adults. Chromium is an essential trace element in animals

-.. - ’ - ■ • "and humans (Toepfer, et al. , 1973). ^^Cr is a gamma 
emitting radionuclide and is used in studies of intestinal 
permeability and blood. Tin is widely used in food 
containers. It may be present in small quantities in 
foodstuffs and is toxic at higher levels (deGroote,
1973) .



MATERIALS AND METHODS

Sprague-Dawley rats were obtained from Charles 
River Breeding Laboratories, Wilmington, MA. Adults 
were kept in metal cages, one rat per cage. Neonate 
litters were kept with their mothers in plastic cages. 
Both adults and neonates were fed a standard laboratory 
rat food and tap water ad infinitum.

Five adult rats and 5 neonatal rats were gavaged 
with H^sn and counted. Six adult rats and 12 neonatal 
rats were gavaged with 51cr and counted. The 12 neonates 
gavaged with 51cr came from 2 different litters.

51-Cr and H^Sn were obtained in chloride form from 
New England Nuclear, Boston, MA. Solutions of both 
were diluted to =7.5 uCi/ml with HC1 and adjusted to 
pH 2 prior to gavage.

Neonatal rats were gavaged 2 days after birth with 
a glass syringe and PE-10 polyethylene tubing from Clay 
Adams, Parsippany, N.J. Each neonate was dosed with 
0.1 ml 51cr or (Dose =7.5 uCi).

Whole body counts for retained radioactivity in 
dosed rats were taken in an Armac whole body counter
just after gavage and again just before necropsy. These 
were compared to a plastic-bottle phantom standard with
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dimensions similar to the rats. Blanks were counted 
(to detect naturally occurring and background radiation) 
before and after each group of rats was counted. The
average of these blank counts was subtracted from the 
whole body counts before retention was calculated.

Rats were killed one week after gavage. Lung, 
liver, kidney, brain, gastrointestinal tract (with con­
tents), and the carcasses were placed in test tubes 
and counted for retained radioactivity in a deep well 
scintillation spectrometer. Results of these counts 
were compared to standards made by placing a standard 
dose (1.0 ml for adults, 0.1 ml for neonates) of radio­
nuclide in a volumetric flask. Standards were taken
at the time of gavage and brought to volume with HC1. 
Five ml of the standard solution were placed in every
26th test tube and counted for comparison to tissue
counts.

Results of both whole body and tissue counts were 
computed as a percentage of the original dose. The 
values in Tables 1 and 2 were obtained by calculating 
the mean percentage values of each tissue for each group
of rats ± the standard error of the mean.



RESULTS

Absorption and tissue distribution of 31gr and 
H3Sn are shown in Table 1. These values show retention 
in tissues 1 wk after gavage. Absorption in the brain 
was negligible and not included. The lungs also showed 
little absorption (Table 2). If unusually high values 
of 51cr or 113gn were found in the lungs, it was assumed 
radioactivity was inhaled as a result of faulty gavage.
These animals were eliminated from the average.

Table 1 indicates that 51gr was absorbed from the 
gastrointestinal tract of neonatal rats in quantities 
at least 10 times higher than adults. A significant 
amount of the 5^Cr was then retained in the liver and 
kidneys. A substantial amount (35%) of the original
dose remained in the intestine of neonates 1 wk after
gavage.

Total H3gn absorption was slightly lower than 
for 51cr. Absorption and retention of H3gn by neonates 
was a few orders of magnitude higher than by adults. 
Carcass retention in neonates was over 10 times greater 
than in adults. As with 5lCr, the fraction of H3gn 
found in soft tissues tended to be retained in the liver
and kidneys.

Table 2 shows absorption of 51cr jn the lungs (a
5
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check of proper gavage) and in 
the stomach and small intestine of 
values show 51Cr retained largely 

also appears to
neonate gavaged 
0.108%, jejunum:

different regions of
neonatal rats. These
in the ileum. This
Values of a single

stomach and duodenum:
12.62%.

be true of
with were:
0.638%, and ileum:
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DISCUSSION

Chromium is found in both plants and animals. 
Because it is poorly absorbed from the gastrointestinal 
tract of adults, ^^Cr is often used as a marker to measure 
abnormal intestinal permeability. The results of this 
study indicate that the permeability of the neonatal
rat intestine to Cr is much greater than that of the 
adult. If this is also true of humans, ingestion of
Cr could be hazardous to infants and young children. 
In humans, concentrations of chromium in liver and kidneys 
are known to be high in young children. When children 
reach about 10 yr of age, a decline in this concentration 
occurs (Schroeder, et al., 1962).

The value of ^^Cr in the gastrointestinal tract 
was 100 times higher in neonatal rats than in adults. 
Like many other metals, chromium has a high affinity 
for protein. The retained 51cr was probably absorbed 
and stored in a protein bound state. Most metals like 
this are later sloughed back into the lumen of the intes­
tine and excreted in the feces (Sullivan, 1980).

Tin is most widely used as a lining for food contain­
ers and thus all age groups can be expected to be exposed.
Tin has no known nutritional value for humans. The

9
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results of this study showing H3gn distributed in the 

liver and kidneys agree with previous work (Hiles, 1974). 
The H3gn retained in the carcass was probably retained 
primarily in the skeleton. Tin is known to be retained 
in bone and may affect bone strength (Ogoshi, 1981). 
The increased amounts of tin retained in the gastro­
intestinal tract and tissues of neonates indicate that

4D there may be a greater hazard to young animals.
The results of this study suggest that some metals 

which are poorly absorbed by adult rats may be absorbed 
in quantities several times higher in neonates. Thus, 
health hazards resulting from ingestion of these metals 
may be greater to young animals than adults. Most of 
the 51cr and H3gn retained was held in the small intes­
tine. Some of this was then absorbed into the soft
tissues, especially the liver and kidneys, and into
the carcass.

The information gained here may be useful in predict­
ing hazardous levels of environmental pollutants. It 
may also be useful in finding binding agents to prevent

iabsorption or in understanding the mechanism of intestinal
absorption in different age groups.
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