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Summary-The stimulative effects of both oestradioLl7b (E2) and diethylstilbesterol (DES) injections on 
the proliferation of uterine cells of mice were investigated by using 5-[‘251]iodo-2’-deoxyuridine 
([‘251]IdUrd) incorporation as an index. Female mice of (WB x C57BL/6)F, were neonatally castrated, and 
the [12SI]IdUrd uptake by the whole uterus was determined on days 1, 5, 10, 20, 30 and 40 after birth. 
The relative minimal dose (a minimal dose expressed per body weight, pg/g b.wt) of E, necessary for the 
maximal [12SI]IdUrd uptake was much higher than the relative minimal dose of DES on days 1, 5, and 
10, when the serum concentration of a-fetoprotein was relatively high. However, the relative minimal dose 
of E, was comparable to that of DES on days 30 and 40, when the concentration of a-fetoprotein was 
negligible. The difference between the effect of injected E, and DES during neonatal and suckling periods 
seems to be attributable to the presence of a-fetoprotein in serum, which binds to I$ but not to DES with 
high affinity. When the relative minimal dose of DES necessary for the maximal [‘251]IdUrd uptake was 
examined in detail, the value was lower on days 10 and 20 of age than on days 30 and 40 of age. This 
might represent the increased sensitivity of uterine cells to oestrogen on days 10 and 20. 

INTRODUCTION 

Neonatal castration resulted in very small or no 
difference in the growth of the uterus of rats [ 1,2] and 
mice[3] that were up to 20 days old, but after this 
period of ovarian independence, further uterine 
growth depends on the presence of ovaries. Although 
some authors [4-71 suggested that the high levels of 
serum oestrogen found in 5-20 days of age originated 
mainly from adrenals, the adrenalectomy did not 
influence the growth of uterus in suckling mice [3]. 
The independence of uterine growth on the ovary 
does not necessarily imply that the uterine cells 
themselves are not sensitive to oestrogens in neonatal 
and suckling periods. In fact, the injection of a large 
amount of oestradiol- 17p (EJ induces the increase of 
weight and DNA synthesis in the uterus of neonatal 
and suckling rats and mice [3,8,9]. The requirement 
of the high dose of E, is considered to be due to the 
presence of a-fetoprotein, which is known to bind to 
E, with high affinity[lO-141. Since the affinity of 
a-fetoprotein for synthetic oestrogens such as diethyl- 
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stilbesterol (DES) and R2858 is much lower than the 
affinity for E, [l&12, 141, the effect of DES or R2858 
provides a useful information about the sensitivity of 
uterine cells themselves to oestrogens. Stack and 
Gorski[9] reported that the dose of DES to induce 
DNA synthesis was much lower than the dose of Ez 
in neonatal rats. However, there are few reports in 
which the sensitivity of uterine cell proliferation to 
DES was examined in detail during neonatal and 
suckling periods. Recently, we showed that the up- 
take of 5-[‘251]-iodo-2’-deoxyuridine ([‘2SI]IdUrd) by 
the whole uterus of mice was a sensitive and con- 
venient method for evaluating the DNA synthesis of 
uterine cells in mice [3]. By using this method, we 
carried out a detailed study about the sensitivity of 
murine uterine cells to both E, and DES in neonatal 
and suckling periods. The sensitivity of uterine cells 
was evaluated by determining the minimal dose of Ez 
or DES (per body weight, b.wt) which is necessary to 
induce the maximal uptake of [“‘I]IdUrd. The 
present results indicate that the sensitivity of uterine 
cells during neonatal and suckling periods are greater 
than that in the adult and that a high concentration 
of a-fetoprotein demands a high dose of E, to induce 
the uterine cell proliferation. 

EXPERIMENTAL 

Mice 

Female (WB x C57BL/6)F, hybrid mice were 
raised in our laboratory from parental strains de- 
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scribed previously [l!i]. The mice were castrated 
within 24 h after birth. The castration was done via 
the dorsal route under the dissection microscope. The 
mice were weaned on day 25 after birth. 

Oestrogen injection 

E, or DES (Sigma Chemical Co., St Louis, MO, 
U.S.A.) was suspended in the steroid solution (0.9% 
NaCl, 0.4% Polysorbate 80, 0.5% carboxy- 
methyl~lIulose, and 0.9% ~~ylal~hol) and injected 
S.C. The control mice were injected with only the 
steroid solution. 

[‘*5r]IdUrd uptake by the uterus 

The uptake of fi2sT]IdUrd by the whole uterus was 
estimated according to the method ‘described pre- 
viously in detail f 161. Briefly, the mice were given i.p. 
injection of 8 nmol/g b.wt of fluordeoxyuridine (Car- 
biochem, San Diego, Calif., U.S.A.) to inhibit endo- 
genous thymidine synthesis 1171. After I h, 0.2 &i/g 
b.wt of [izsi]IdUrd (New England Nuclear Corp., 
Boston, Mass., U.S.A.; sp. act. > 2000 ~i/mmo~) was 
injected i.p. and the mice were killed 3 h later. The 
whole uterus was removed, weighed and incubated in 
10% phosphate (0.01 M) buffered formalin (pH 7.2) 
for at least 3 days, with daily changes of buffered 
formalin. The ‘2SI-radioactivity retained in the whole 
uterus was measured in an autowell y-counter. The 
uptake of [‘Z51]IdUrd by the whole uterus was ex- 
pressed as percentage of the retained radioactivity to 
the injected radioactivity. We demonstrated that 
there was a close and positive co-relationship between 
the mitotic index and the [iZSI]IdUrd uptake by the 
whole uterus [3]. Moreover, we confirmed that the 
retained i2SI-radioactivity is incorporated into 
DNA [16]. 

E, or DES was injected daily and the [‘2SI]IdUrd 
uptake by the whole uterus was determined 24 h after 
the last injection of E, or DES. Our previous result 
showed that the ~l*sI]IdUrd uptake by the uterus of 
mice reached the maximal level after the single injec- 
tion of E, in mice that were 1 and 10 days of age and 
that it reached the maximal level after the second 
injection of E, in mice that were 20 and 40 days of 
age [3]. Thus, the [iz51]IdUrd uptake was determined 
after the single injection of Ez or DES in mice that 
were I, 5, and 10 days of age, and after the second 
injection of Ez or DES in mice that were 20, 30, and 
40 days of age. 

Concentration of serum ci-fetoprotein 

The con~ntration of serum ~-fetoprotein was 
measured by the single radical immunodiffusion 
method described by Mancini et al.[lS]. A rabbit 
immunoglobulin against tl -fetoprotein of mice and 
purified a-fetoprotein of mice were generously sup- 
plied by Dr Shinzo Nishi of Hokkaido University. 

Retention of radioactioity after the injection qf 
[3H]DES 

On days 20 and 40 after birth, neonatally castrated 
mice were divided into two groups. In one group. 
mice were injected with 2pCi/g b.wt of [‘HIDES 
alone ([‘HIDES, Amersham International plc, Buck- 
inghamshire, England; sp. act., 105 Ci/mmol). In 
another group, mice were injected with both un- 
labeled DES (10 pg/g b.wt) and [3H]DES (2pCi/g 
b.wt). Unlabeled DES was suspended in 0.1 ml of 
steroid solution and injected I and 2 h before the 
injection of t3H]DES. E3H]DES was dissolved in 0.9% 
NaCl containing 10% ethanol, and the injection 
volume was 0.1 ml. The mice were killed 30 min, 3, 
and 9 h after the injection of [3H]DES; the uterus, 
spleen and blood were collected. The uterus and 
spleen were weighed and homogenized in 0.9% sa- 
line. The blood was centrifuged at 1OOOg for 10 min 
to obtain serum. Radioactivity in the homogenates 
and sera were extracted 3 times with 10 ml of ether. 
The ether fractions were combined and washed twice 
with 2ml of water. Then, the radioactivity in the 
ether fraction was measured as described 
previously 1191. The radioactivity retained in tissues 
and serum in mice injected with f3H]DES alone was 
considered as the total retention and that in mice 
injected with both [‘HIDES and unlabelled DES was 
considered as the nonspecific retention. The value of 
the specific retention was obtained by subtracting the 
mean value of the nonspecific retention from the 
value of the total retention. 

RESULTS 

Neonatally castrated female mice were daily injec- 
ted with various doses of E, or DES on days 1, 5, 10, 
20, 30, and 40 after birth. The [i2*I]IdUrd uptake by 
the whole uterus was determined 24 h after a single 
injection of E, or DES in mice that were 1, 5, and 10 
days of age, and it was determined 24 h after the 
second injection of E, or DES in mice that were 20, 
30, and 40 days of age (i.e. 2 days after the initiation 
of oestrogen injection). The uterine [1251]IdUrd uptake 
values of vehicle-injected control animals were rela- 
tively high (0.10-0.13%) when the experiment was 
started on days 1, 5, and 10 after birth, but the values 
were very low (0.01~.02°~) when the experiment was 
started on days 20, 30 and 40 after birth (Fig. 1). In 
spite of this difference, injection of either E, or DES 
increased the uterine [“‘I]IdUrd uptake at all ages 
examined. As shown in Fig. 1, the minimal dose 
@g/mouse) of E, that was necessary to induce the 
maxima1 [1251]IdUrd uptake was much higher than 
that of DES in mice that were 1, 5, and 10 days of 
age. In contrast, the minimal dose @g/mouse) of Ez 
was comparable to that of DES in mice that were 30 
and 40 days of age (Fig. 1). The minimal dose 
(pg/mouse) of E2 or DES necessary for the maxima1 
response was plotted against the age of mice (Fig. 
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Fig. 1. Effect of E, and DES injections on [‘251]IdUrd uptake 
by the whole uterus in neonatally castrated mice at different 
ages. The height of each bar represents the mean value of 
mice which were injected with vehicle alone (hatched bar), 
DES (open bar), or E, (closed bar). Number of mice is 
shown above the top of each bar. “P < 0.05, when compared 
to the value of mice which were injected with the lower dose 
of DES. bP ~0.05. when compared to the value of mice 
which were injected with the lower dose of &. The dose of 
E, or DES indicated by a letter, a or b, is the minimal dose 
@g/mouse) necessary for the maximal [‘251]IdUrd uptake. 

2A). Since the weight of the mice increased with age 

(Fig. 2B). the minima1 doses (pgg/mouse) of E, and 
DES were divided by the weight of the mice (Figs 2C 
and 2D). The decrease of the minimal dose per body 
weight (relative minimal dose, pg/g b.wt) indicated 

ml-(B) Body weight 

an increase in sensitivity to injected oestrogens. Thus, 
we considered the relative minimal dose @g/g b.wt) 
as an index that showed the refractory of uterine cells 
to injected oestrogens. 

The serum concentrations of a-fetoprotein are 
shown in Fig. 3. They were roughly parallel to the 
relative minimal dose (fig/g b.wt) of E, necessary for 
induction of maximal uterine [‘251]IdUrd uptake as 
shown in Fig. 2C. In other words, the refractiveness 
of uterine cells to injected E, was proportional to the 
concentration of serum a-fetoprotein. 

The scale of the ordinate of Fig. 2C was magnified 
to show the age-dependent change in sensitivity of 
uterine cells to DES (Fig. 2D). The relative minimal 
dose @g/g b.wt) for the maximal uterine [‘Z51]IdUrd 
uptake (i.e. refractiveness of uterine cells to DES) was 
lower’in mice that were 10 and 20 days of age than 
in mice that were 1, 5, 30 and 40 days of age (Fig. 
2D). Since the sensitivity of uterine cells to DES was 
greater in mice that were 20 days of age than in mice 
that were 40 days of age, we determined the retention 
of radioactivity after the injection of [‘HIDES in mice 
that were 20 and 40 days of age. The radioactivity in 
the serum was high 30 min after the injection of 
[3H]DES, but it decreased thereafter (Table 1). There 
was no significant differences in the serum radio- 
activity between mice that were 20 and 40 days of age 
after the injection of [3H]DES. In the uterus, but not 
in the spleen, we observed specific retention of radio- 
activity (i.e. difference between the total and 
nonspecific radioactivity after [‘HIDES injection). 
The values (mean & SE) of the specific retention in 
the uterus of mice that were 20 and 40 days of age 
were 1087 f425 us 1293 + 131, 2126 f478 us 
1489 f 102, and 900 +229 us 1014 f 45 
(~10~ dpm/uterus) at 30 min, 1 h, and 9 h, re- 
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Fig. 2. A. The minimal dose @g/mouse) of E, and DES necessary for induction of maximal [‘251]IdUrd 
uptake by the whole uterus on different days after birth. Number of mice is shown around each point. 
B. The body weight of mice on different days after birth. C. The relative minimal dose @g/g b.wt), which 
was obtained by dividing the minima1 dose @g/mouse) of E, and DES (shown in A) by the weight of 
the body (shown in B). D. The relative minimal dose @g/g b.wt) of DES; the ordinate is magnified. 
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Fig. 3. The concentration of a-fetoprotein in sera of 
neonatally castrated mice at different ages. The height of 

each bar represents the mean f SE of 5 mice. 

spectively. No significant difference (P > 0.1) in the 
specific retention values in the uterus was found 
between mice that were 20 and 40 days of age. 

DISCUSSION 

The minimal dose of E, necessary to induce the 
maximal [‘ZSI]IdUrd uptake by the whole uterus was 
much higher than that of DES in neonatal and 
suckling mice, whereas both values were comparable 
in adult mice. The a-fetoprotein of mice as well as 
that of rats binds E, with high affinity [lo, 12, 141, and 
the affinity of murine a-fetoprotein to DES was 
about 10% of the affinity to E, [14]. In fact, we 
demonstrated that the concentration of serum 
a-fetoprotein was inversely proportional to the sensi- 
tivity of the uterine cells of mice to injected E,. Thus, 
the difference between the effects of injected E, and 
DES during neonatal and suckling periods seems to 
be attributable to the binding of E, with 
a-fetoprotein. Stack and Gorski[9] also reported that 
DES induces the proliferation of rat uterine cells at 
lower doses than E, during the neonatal and suckling 
periods. However, we investigated the detailed re- 
lationship between the dose of injected hormones and 
the magnitude of uterine cell proliferation, since the 

simplicity of the present method made it possible for 
us to examine a lot more animals than in the method 
used by Stack and Gorski[9]. 

. 

When the minimal dose @g/mouse) of DES neces- 
sary to induce the maximal [1251]IdUrd uptake was 
divided by the body weight, the calculated value 
(relative minimal dose, pg/g b.wt) was lower in mice 
that were 10 and 20 days of age than in mice that were 
1, 5, 30, and 40 days of age. Since a-fetoprotein binds 
DES with a low but significant affinity [14], there is 
a possibility that the relative minimal dose estimated 
in the present study may be greater than the true 
value on days 1 and 5 after birth. It has been reported 
that the immature state in female rats is characterized 
by an increase in sensitivity to the inhibitory effect of 
oestrogen on gonadotropin secretion [20,21]. The 
present result of the increased sensitivity to oestrogen 
in the uterus of immature mice is consistent with the 
reported findings about the pituitary and hypo- 
thalamus of rats. On the other hand, no significant 
differences were detected in the serum concentration 
of radioactivity and the specific retention value in the 
uterus after injection of [3H]DES between mice that 
were 20 and 40 days of age. Further studies are 
necessary to clarify the above-mentioned age- 
dependent change observed in the sensitivity of uter- 
ine cells to DES. 

The present results showed that the measurement 
of [12SI]IdUrd uptake by the whole uterus was a useful 
and simple method to investigate the physiology of 
hormone-induced uterine cell proliferation. 
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