
Retention of Rctdiocesium by Rats
Before and After Weaning '

F. W. LENGEMANN
Department of Physical Biology, New York State Veterinary College,
Cornell University, Ithaca, New York 14850

ABSTRACT Rat pups were given intraperitoneal injections of 1MCs at 4 days of
age, and the retention of the radiocesium was followed by whole-body counting. Up
to the time of weaning, the pups lost half of the radiocesium every 10.9 days. After
weaning, the rate of loss increased markedly and the body retention function became
multiexponential rather than the single exponential observed during nursing. Experi
mental procedures ruled out recycling of radiocesium through the dams and the physi
cal nature of the diet after weaning as being contributory factors to the changes
observed in cesium retention. The experiments suggest that the higher potassium
intake after weaning may be responsible for the sharp change in retention.

In a preliminary study in this laboratory
of the effect of age upon the retention of
radiocesium by rats it was observed that
suckling rats exhibited a greater retention
of radiocesium than weaned rats weighing
50 or 100 g. It was also noted that at wean
ing the retention of cesium by these rat
pups decreased sharply and was in accord
with data obtained using weaned 50-g rats;
moreover, the dam at the time of weaning
contained as much or more radioactivity
than did the average suckling young. Since
it is characteristic of the rat to induce the
nursing pup to urinate by licking its anal
region, the results of the experiment sug
gested that the long retention time of
radiocesium in the suckling could be due
to recycling of radiocesium from dam to
the pup. To investigate this possibility it
was decided to repeat the experiments
while attempting to keep the dam from
having oral contact with the pups.

The experiments reported in this paper
show that the rate of cesium excretion by
the young rat was greater postweaning
than preweaning and that recycling of
radiocesium through the mother was insig
nificant. This suggested a dietary compon
ent must be involved. Since potassium is
very likely to affect cesium metabolism
(1), weanling rats were fed diets contain
ing various potassium levels and the re
tention of a single dose of radiocesium was
followed. The results of this experiment
suggest that increased potassium intake

after weaning may be responsible to a
large degree for the increased excretion
rate of radiocesium.

METHODS

Pregnant albino rats of the Sprague-
Dawley strain 2weighing between 250 and
300 g were used. For 3 days after the birth
of the pups the female was allowed to
nurse the young undisturbed. On day 4, in
all but two cases, each pup in the litter was
injected intraperitoneally with 0.05 ml of
a solution of radiocesium that contained
95 uCi of 1MCsin 50 ml of distilled water.
Radioactivity of individual pups was
counted within 1 hour of dosing and at
least twice weekly thereafter in a small
animal crystal scintillation counter3 while
confined in a disposable thin plastic con
tainer. The counts were corrected for in
crease in body mass, radioactive decay,
and machine variation. The resulting re
tention curves were normalized so that all
pups started with the same initial number
of counts of 1MCsat time zero.

After the rat pups were dosed with radio-
cesium the mother was separated from the
young each day during the period from
0800 to 1700 hours. At 1700 hours the
mother was fitted with a fine wire screen
head mask and returned to the cage con-

Receivedfor publication July 15, 1969.
>Supportedin part by the U.S.AtomicEnergy Com

mission under contract AT(30-1)-2147.
2 Blue Spruce Farms, Altamount, N. Y.
3 Tobor, Nuclear-Chicago Corporation, Chicago, 111.

J. NUTRITION,99: 419-424. 419

 by on N
ovem

ber 16, 2008 
jn.nutrition.org

D
ow

nloaded from
 

http://jn.nutrition.org


420 F. W. LENGEMANN

taining her pups. The dam was provided
with food and water only when she was
caged separately from the pups. This pro
cedure prevented oral contact and, more
over, served to control the intake of foods
other than maternal milk by the pups.

To demonstrate the effect of weaning
upon the retention of radiocesium, rat pups
were weaned at 16 days, 3 weeks, or 4
weeks of age. In most cases the pups were
fed normal pelleted rat diet4 during the
absence of and after final separation from
the dam. Three litters of pups, however,were provided with fresh cow's milk in

stead of the solid diet. The experimental
variables of this phase of the research are
presented in table 1.

These experiments suggested that wean
ing, per se, was not the causative factor
but that some component of the diet might
be altered at weaning, increasing the ex
cretion of cesium. A comparison of the
diets suggested potassium as being the re
sponsible agent.

To test the effect of dietary potassium,
male weanling rats were each given 0.2 ml
of the radiocesium dosing solution intra-
peritoneally and then placed on purified
diets containing various levels of potas
sium. The basic diet was essentially a su
crose, casein, corn oil mix to which were
added minerals and vitamins to supply all
the known requirements of the rat.5 Potas
sium levels were 0.11, 0.22, 0.44 and
0.88%, respectively, for the four groups.

RESULTS

Figure 1 is a graphic presentation of
the results of the series of trials in which
time of weaning was varied in order to
determine the degree of association of
weaning to the abrupt change in radio-

cesium rentention. In drawing the curves,
averages of litter values at each sampung
point were used rather than averages
weighted for the number of animals in a
Utter. During the period the pups were
nursing the retention of radiocesium was
greatly different than for the period after
weaning; moreover, the sharp break in
the retention curve came at or closely after
the time of weaning. The retention of
radiocesium in counts per minute by all
nursing pups could be described by the
single exponential function:

cpm = 2.75 X 10s e-Â»-0"'

This represents a half-time for radiocesium
retention of 10.9 days.

After weaning, the falloff of the reten
tion curve could be expressed only as the
sum of two or more exponential functions;
the values of the parameters in the func
tions for the postweaning period for the
various experimental groups are shown in
table 2. Note that the time of weaning has
been used as day zero, and that the relative
sizes of the compartments (ai, as, as) are
expressed as a percentage of the initial
number of counts. The first three groups in
table 2 are those depicted in figure 1. Of
importance is the observation that the
k values for any one compartment were al
most identical for the various groups. The
half-times were about 3.0 and 8.7 days for
fe, and kÂ¡,respectively, and when compared
to the half-time for the preweaning period

Â«Big Red Laboratory Diet, Agway, Inc., Syracuse,
N. Y. This diet contained 0.76% potassium.

5 Each kilogram of diet contained: (in Krams)
sucrose, 680; vitamin-free casein, 180; corn oil, 80;
brewer's dried yeast, 20; vitamin mix (Nutritional
Biochemicals), 20; and salt mix, 24. The salt mixture
contained: (in grams) Ca(H2PO4)2-H2O, 320.85;
CaHPO4, 173.4; FeCU-eHÃ®O, 36.0; NaHjPCvHzO,
115.65; and NaCl, 65.25. To achieve the various potas
sium levels, either 2.76, 5.53, 11.05 or 22.05 g potas
sium were added to each kilogram of diet.

TABLE 1
Protocol for management of rats during the series of experiments relating

â€¢weaningand diet to cesium retention

Supplemental
diet provided

pupsPelleted

rat diet
Pelleted rat diet
Pelleted rat diet
Pelleted rat diet
Pelleted rat diet
Fresh cow's milkAge

at
weaning16

days
3 weeks
3 weeks
4 weeks
4 weeks
4 weeksNumber

of
litters2

1
1
21

3Number

of pups
inlitter6,6

10
37,5

6
5,5,6Age

of pups
atdosing4

days
7 days
4 days
5 days
4 days
4 days
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Fig. 1 Retention of a single intraperitoneal dose of radiocesium for 3 values of the
time of weaning.

TABLE 2

Values of the parameters in the exponential functions describing the retention of
radiocesium by young rats '

GroupsWeaned

at 16 days2Weaned
at 3 weeks2Weaned
at 4 weeks 20177.871.157.1fei0.230.230.22at22.328.942.9fe20.080.090.0803

ka%

Weaned at 4 weeks
(milk diet) 47.4 0.27 52.6 0.08

Weanling
rats dosed at 2-3

50 g body weight 15.4 1.04 72.5 0.25 12.1 0.08

1The exponential takes the form:Cesium retention = aÂ¡e->=,'+ ... + a,e-kn'.
2Animals received normal pelleted rat diet after weaning.
a This experiment lasted SO days in contrast to the approximately 30 days on the test diet for the

other groups.
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demonstrate that the excretion of radio-
cesium was accelerated after weaning. The
sizes of the compartments varied between
the groups and, at least for the first three
groups, can be explained to be an inter
action between the rate of loss of radio-
cesium from the first compartment and the
age at which weaning occurred.

When the pups of the various experi
mental groups were weaned the dams were
killed and the radiocesium content of the
whole animal and that of the pelt were de
termined. On the average a dam contained
13.24 Â±4.8% (mean Â±SEM) of the radio-
cesium found in one pup of her litter at
weaning. Of this count, 55 Â±11% was as
sociated with the pelt. In contrast, in an
experiment (three litters) where masks
were not used the mother contained 124 Â±
42% of the radiocesium found in an aver
age pup.

Figure 2 presents the results of a trial
in which the pups were given either the
normal pelleted rat diet (grain) or freshcow's milk as the sole food after weaning.

Again the sharp break in cesium retention
was observed to occur at weaning with the
difference between groups, as judged by
body cesium content at the end of the ex
periment, being not statistically significant.
The k values for these two groups were also
quite similar (table 2).

When weanling rats were fed purified
diets at four different potassium levels it
was found that the rate of cesium excretion
was increased (fig. 3). The decrease in
31 days was about 56, 74, 85 and 94%
for the 0.11, 0.22, 0.44, and 0.88% K diets,
respectively. It is to be noted that rats fed
the commercial rat diet (0.76% K) at
weaning time showed a decrease in body
radiocesium of about 94% in the 30 days
after weaning (fig. 2).

^weaned

Â¿â€¢milkdiet
/Â»grain diet

Fig. 2 Retention of ladiocesium by rat pups weaned at 4 weeks of age to a diet ofliquid cow's milk or a normal pelleted rat diet.
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Fig. 3 Retention of a single intraperitoneal
dose of radiocesium by weanling rats fed diets
differing only in their potassium content.

DISCUSSION

The results of these experiments demon
strate that for the rat there is a sharp
change in the retention of radiocesium
that occurs precisely at weaning. These
results are in accord with those obtained
by Matsusaka and Inaba (2) using mice;
however, the change in the cesium reten
tion at weaning is far more abrupt in the
experiments reported here. The ability of
a single exponential equation to express
the body content of radiocesium for rats
during the suckling period is evidence that
radiocesium excretion did not accelerate
with age as was the case for the suckling
mice.

The radiocesium content of the mothers
shows that the use of masks was effective
in preventing the recycling of radiocesium
back to the pups through the milk and
eliminates recycling as an explanation of
the phenomenon.

The rate constants for radiocesium in a
particular mathematical compartment (ta
ble 2) after weaning were greatly similar
regardless of the time of weaning and were
similar to the rate constants determined
for the second and third components of the
equation describing the cesium retention
of rats given radiocesium after weaning.
This suggests that the age of these animals
did not contribute to the results.

Elimination of recycling and age of pups
as explanations leaves only the difference
between pre- and postweaning diets as the
most probable factor. Stewart et al. (3)

have presented evidence that the physical
character of the diet can markedly alter the
amount of ingested radiocesium secreted incow's milk. A major change that usually

occurs at weaning is the transition from an
easily digested fluid diet to a diet high in
fiber and other components with relatively
limited digestibility. These substances with
in the digestive tract can create a physio
logical compartment that is much larger
than that found in the milk-fed animal and
can compete for cesium by chemical bind
ing or chelation, and in so doing produce
a greater excretion of radiocesium. The re
sults of the experiment testing the com
mercial rat diet against fluid milk (fig. 2)
showed no difference between groups, and
one can only conclude that the fiber pres
ent in the pelleted diet (4.4% ), in addi
tion to the unknown amounts of natural
chelators, made no significant contribution
to the marked decrease in retention that
began at weaning.

The provision of liquid cow's milk to the

weanlings was also intended to continue
the rat pups on a diet that was quite similar
in composition to maternal milk. When
rat's milk (4) and cow's milk (5) are com

pared directly it is observed that they differ
greatly in composition. This is due mostly
to the rat's milk having about 28% solids
compared to about 12% for cow's milk. If,

however, the comparison is made on the
basis of amounts of the respective milks
that will provide equicaloric intakes, the
differences mostly disappear (table 3).
From table 3 it is evident that, outside of
the higher lactose and potassium of cow's

milk, few differences existed in the nutri
ents supplied by equicaloric amounts of
the milk of these two species.

The last column of table 3 shows the
amount of each of these nutrients that
would be available to the weanling rat
when consuming an amount of the pelleted
rat diet calorically equivalent to 100 g of
rat milk. Lactose is not involved in the
shortening of the radiocesium turnover
times since there was no significant differ
ence in the retention of radiocesium for
weanling rats fed the pelleted diet or the
fluid cow's milk (fig. 2). This leaves potas

sium as the most probable cause for the
marked decrease in retention of cesium
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TABLE 3
Various nutrients of rat's milk, cow's milk, and

pelleted rat diet equated to a caloric intake
equivalent to that contained in 100 g

rat's milk

NutrientCaloriesProteinLactoseFatAshCa3MgÂ»PKÂ»NaRat'smilki15508.93.511.71.30.240.060.230.110.14Cow'smilk215507.310.68.11.60.270.030.210.310.13Pelleted
ratdiet155010.5â€”2.22.90.540.010.350.330.21

1Based upon analyses made by Luckey et al. (4).
2Adapted from values compiled by Macy and Kelly

(5).
3Analysis of the milk of 7 rats in this laboratory by

atomic absorption spectrophotometry indicated the
milk of the dams contained 0.18% Ca, 0.06% Mg and
0.16% K. These values are in substantial agreement
with Luckey et al. (4).

that occurs at weaning. This possibility
was tested by feeding weanling rats diets
containing different levels of potassium.
The level of potassium markedly influenced
cesium excretion, with the highest level
(0.88% K) producing a retention of radio-
cesium similar to that of weanling rats fed
the pelleted rat diet containing 0.76% K
(fig. 3). The data thus suggest that during
the suckling period the rat pup is receiving
a diet relatively low in potassium, to which
the pup responds by conserving potassium.
Because of the chemical similarity to po
tassium the turnover time of cesium is also
increased. When weaning occurs and the
pup receives a diet relatively high in po

tassium the turnover time for the alkali
metals is shortened, and the radiocesium is
seen to decrease at a much faster rate than
during the suckling period.

If extrapolation is made to the human,
the data suggest that the human infant
while nursing may attain higher body bur
dens of radiocesium than would be the case
for somewhat older children. Human milk
has approximately the same caloric value
as cow's milk (75 vs. 69 kcal/100 ml);

however, the potassium content is much
lower (0.05% vs. 0.14%). Therefore, if
the number of calories ingested controls the
volume of milk ingested, infants fed only
human milk would ingest only about one-
third of the amount of potassium ingested
by infants fed cow's milk.

LITERATURE CITED

1. Wasserman, R. H., and C. L. Comar 1961
The influence of dietary potassium on the
retention of chronically ingested cesium-137
in the rat. Rad. Res., 15: 70.

2. Matsusaka, N., and J. Inaba 1967 Whole
body retention of caesium-137 in suckling
and weanling mice. Nature, 234: 303.

3. Stewart, H. F., G. M. Ward and J. E. John
son 1965 Availability of fallout Cs13' to
dairy cattle from different types of feed. J.
Dairy Sci., 48: 709.

4. Luckey, T. D., T. J. Mende and J. Pleasants
1954 The physical and chemical characterization of rat's milk. J. Nutr., 53: 345.

5. Macy, I. C., and H. J. Kelly 1961 Human
milk and cow's milk in infant nutrition. In:
Milk: the Mammary Gland and Its Secre
tion, vol. II, eds., S. K. Kon and A. T. Cowie.
Academic Press, New York, pp. 265-304.

6. Jonhson, J. E., D. Garner and G. M. Ward
1967 Influence of dietary potassium, rubid
ium, or sodium on the retention time of
radiocesium in rats. Proc. Soc. Exp. Biol.
Med., 217: 857.

 by on N
ovem

ber 16, 2008 
jn.nutrition.org

D
ow

nloaded from
 

http://jn.nutrition.org



