
Abstract. The aim of this study was to investigate the effects of
neonatal administration of diethylstilbestrol (DES) on the
induction of mammary carcinomas (MCs) and dysplasias (MDs)
induced by 7,12-dimethylbenz[a]anthracene (DMBA) in female
rats. Three different methods of continuous administration of
DES (1 Ìg) were used: 0-14, 0-5 and 6-14 days after birth, and
all rats were given DMBA (10 mg) at 50 days after birth. All rats
administered DES showed persistent estrus and anovulatory
ovaries. In rats administered DES from 0-14 days after birth,
neither MCs nor MDs were observed, and serum levels of both
estrogen and progesterone were significantly lower than in
controls at 100 days after birth. In rats administered DES from 0-
5 days after birth, the incidence and number of MCs were
significantly lower while the number of MDs was slightly higher
than in controls. In rats administered DES from 6-14 days after
birth, the incidence of MCs was equal to that of the controls
while the incidence and number of MDs were significantly higher.
These results suggest that neonatal periods of exposure and doses
of endocrine disruptors, such as DES, could affect the incidence
and progression of MCs and MDs.

There is evidence that many environmental endocrine
disruptors act like sex hormones, particularly so during the
perinatal or neonatal period, directly or indirectly affecting
reproduction (1-3). We have previously reported that the

single administration of a relatively low dose of
diethylstilbestrol (DES) (4), a synthetic estrogen with strong
estrogenic activity and a known endocrine disruptor, and 17‚-
estradiol (E2) (5), a natural estrogen, promoted mammary
carcinogenesis during the neonatal period.
In the present study, a relatively low dose of DES was

continuously administered to neonatal female rats at a critical
period of morphogenesis and functional development of the
mammary glands to investigate its effect on mammary
carcinogenesis induced by 7,12-dimethylbenz[·]anthracene
(DMBA).

Materials and Methods

Animals. The animals were inbred Sprague-Dawley (SD) female
rats, maintained in a filtered air laminar flow at the Institute of
Laboratory Animal Sciences, Frontier Science Research Center,
Kagoshima University. The animals were given a commercial diet
(CE-2; CLEA Inc., Tokyo, Japan) and tap water ad libitum. The
room temperature was maintained at 25˚C ± 2˚C and relative
humidity at 55% ± 10%, with a 12 h light/dark cycle. The use of
animals in this research complied with all relevant guidelines set
by Kagoshima University.

Study design. Experiment A: The rats in group I (n=10) were
administered 0.05 ml sesame oil 0-14 days after birth. The rats in
groups II (n=16), III (n=21) and IV (n=12) were subcutaneously
administered DES (Sigma Chemical Co., St. Louis, Mo. USA)
dissolved in 0.05 ml sesame oil at 1 Ìg/rat for 0-14, 0-5 and 6-14 days
after birth, respectively. The rats in groups III and IV were given 0.05
ml sesame oil alone during 6-14 and 0-5 days after birth, respectively,
to provide an overall treatment period comparable to that of the
control group. At 21 days after birth, all rats were weaned. At 50 days
after birth, all groups were given 10 mg of DMBA (Wako Pure
Chemical Industries Ltd., Osaka Japan) dissolved in 1 ml sesame oil
by gastric intubation. All DMBA-administered animals except those
sacrificed during the observation period were examined by palpation
to detect mammary tumors during 50-368 days after birth. The estrus
cycles of all animals were examined during 32-368 days after birth by
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a vaginal smear test. At 368 days after birth, all surviving animals
underwent necropsy (Figure 1). All mammary tumors and residual
mammary glands were fixed in 10% phosphate-buffered formalin,
dehydrated, and embedded in paraffin. The widest cut surface of
tumors was sectioned to 5 Ìm, stained routinely with hematoxylin and
eosin (H&E) and examined histopathologically.
Experiment B: In 0-14 days after birth, 10, 9, 9 and 8 rats

underwent same treatment in groups I, II, III and IV of
Experiment A, respectively. At 100 days after birth (without
administration of DMBA at 50 days after birth), all rats underwent
necropsy, and genital and organ weights were measured (Figure 2).

Serum hormone levels. At 100 days after birth (experiment B), 16, 4, 4
and 4 rats had blood taken from the abdominal aorta under anesthesia
for determination of serum estradiol (E2) and progesterone (P) levels
in all groups. Serum hormone levels of E2 and P were determined by
Shin Nippon Biochemical Laboratories, Ltd. using radioimmunoassay
(RIA), with an estradiol RIA Kit (Coat-A-Count® Estradiol,
Diagnostic Products Corp., Los Angeles, California, USA) and
progesterone RIA Kit (Coat-A-Count® Progesterone, Diagnostic
Products Corp., Los Angeles, California, USA), respectively.

Statistics. The mean differences were evaluated by Student’s t-test.
The data are shown as the mean±standard deviation (SD). The
incidences (percentages) of rats with MCs and MDs, with
persistent estrus (PE) and without corpus lutea (CL) were tested
using a four-fold contingency table (Chi-square test).

Results

Experiment A. The vagina opened immediately after
administration of DES in groups II and III, and the day of
opening in groups II, III and IV was significantly earlier
than the group I (control) (all at p<0.01). Persistent estrus
and an absence of CL at necropsy were also noted in all rats
administered DES (Table I).
At necropsy, the body weight (BW) of rats in groups II

and III was significantly higher than in the controls (both
p<0.01). The absolute weights (AW) of the ovaries in groups
II (p<0.01), III (p<0.01) and IV (p<0.05) and the AW/BW
in groups II (p<0.01), III (p<0.01) and IV (p<0.01) were
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Figure 1. Protocol of experiment A used in this study. Figure 2. Protocol of experiment B used in this study.

Table I. Effects of neonatal administration of DES on the day of vaginal opening, the number (incidence) of rats with persistent estrus (PE) and without
corpus lutea (CL) in ovaries (Experiment A).

Group Treatment

Dose of Period Number Vaginal opening Number of rats Number of rats
DES (days after birth) of rats (days after birth) with PE (%) without CL in ovaries

at necropsy (%)

I 0 (Oil) 0-14 10 32.4±2.88 0 (0%) 0 (0%)
II 1 Ìg 0-14 16 1.0±0.00** 16 (100%) 16 (100%)
III 1 Ìg 0-5 21 1.0±0.00** 21 (100%) 21 (100%)
IV 1 Ìg 6-14 12 10.8±0.39** 12 (100%) 12 (100%)

**p<0.01: significantly different from Group I.



significantly lower than in the controls. The AW and the
AW/BW of the uterus in groups II, III and IV were
significantly lower than in the controls (all p<0.01). For the
pituitary, the AW in groups II (p<0.01) and III (p<0.05) and
the AW/BW in groups II (p<0.01) and III (p<0.01) were
significantly lower, while the AW in group IV (p<0.05) was
significantly higher than in the controls. For the adrenal
glands, the AW in groups II (p<0.01) and III (p<0.05) and
the AW/BW in groups II (p<0.01) and III (p<0.01) were
significantly lower than in the controls (Table II).
No mammary carcinomas (MCs) were seen in group II.

The incidence of MCs and the number of MCs per rat in
group III were significantly lower than those in the controls
(both p<0.01). The incidence of MCs in group IV was
equivalent to that of the controls. The mean day of
detection (latent period) in group IV (p<0.01) was
significantly longer than that of the controls (Table III).
No mammary dysplasias (MDs) were seen in group II.

The number of MDs per rat (p<0.05) in group III was
significantly higher than that of the controls. The incidence
of MDs and the number of MDs per rat in group IV were
significantly higher than those of the controls (both p<0.05)
(Table IV).
MDs consisted of a solid mass, which included fibrotic

adenosis (FA) and acinar adenosis (AA), and gross cyst
(GC) in this study as previously described (6, 8). The
incidence of FA and GCs in group IV was significantly
higher than that in the controls (both p<0.05) (Table V).
The incidence of rats with active lactation in the residual

mammary glands in group IV (p<0.01) was significantly
higher than that in the controls at necropsy. The incidence
of rats with oxyphilic cells in group II and III was

significantly higher than that in the controls at necropsy
(both p<0.01). The oxyphilic cells had rich oxyphilic
cytoplasm, displaced the residual mammary glands and were
similar to the mammary gland of intact male adult SD rats
(Figure 3 and Table VI).

Experiment B. At 100 days after birth, the BW of rats in
groups II, III and IV were significantly higher than those
of the controls (all p<0.01). For the ovaries, the AW and
the AW/BW in groups II, III and IV were significantly
lower than those in the controls (all p<0.01). The AW of
the uterus in groups II (p<0.01) and III (p<0.01) and the
AW/BW in groups II (p<0.01), III (p<0.01) and IV
(p<0.05) were significantly lower than those of the
controls. For the pituitary, the AW in group II (p<0.01)
and the AW/BW in groups II (p<0.01) and III (p<0.05)
were significantly lower, although the AW in group IV
(p<0.05) was significantly higher than that of the
controls. The AW of the adrenal glands in group II
(p<0.01) and the AW/BW in groups II (p<0.01) and III
(p<0.05) were significantly lower than those of the
controls (Table VII).

Serum hormone levels. At 100 days after birth (experiment
B), serum E2 and P levels in groups II and III were lower
than those of the controls (all p<0.05) (Table VIII).

Discussion

Recently, we reported that a high dose of DES (100 Ìg) (4),
a synthetic estrogen, and E2 (1000 Ìg) (5) during the
neonatal period induced PE and an absence of CL in female
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Table II. Effects of neonatal administration of DES on the body, genital and endocrine organ weight at necropsy (Experiment A).

Group No. of BW (g) AW (mg)
rats AW/BW (mg/g)

Ovaries Uterus Pituitary Adrenal glands

I 10 279.6±30.7 61.8±17.6 605.5±177.0 11.1±1.6 34.3±3.8
0.222±0.061 2.15±0.469 0.040±0.005 0.124±0.018

II 16 379.7±44.4** 9.7±1.3** 65.0±13.5** 7.3±0.77** 29.1±3.5**
0.026±0.004** 0.17±0.029** 0.019±0.003** 0.077±0.010**

III 21 380.3±39.9** 21.8±4.4** 176.1±29.9** 9.9±1.2* 31.1±4.1*
0.058±0.0122** 0.47±0.096** 0.026±0.004** 0.082±0.012**

IV 12 306.3±38.3 31.3±7.4* 467.8±92.0** 13.3±1.7* 35.3±3.8
0.103±0.026** 1.54±0.318** 0.044±0.007 0.118±0.025

BW: body weight; AW: absolute weight. *p<0.05, **p<0.01: significantly different from Group I.



rats due to disturbance of the gonadotropin-secreting
system in the hypothalamus. We also reported that a single
administration of 1.25 mg testosterone propionate (TP) to
female rats during the neonatal period (androgenized
female rats) induced the same disturbance of the
gonadotropin-secreting system, resulting in a hormonal
environment with markedly low levels of progesterone while
estrogen was present (9). In turn, a single injection of 1.25
mg TP to female rats at 2 or 5 days after birth produced a
syndrome characterized by anovulatory ovaries and altered
vaginal cyclicity (10, 11); therefore, we supposed that the
critical period of endocrine disruption was 0-5 days after
birth in female rats.

The present study revealed that the continuous
administration of DES from 0-14, 0-5 and 6-14 days after birth
also induced disturbance of the gonadotropin-secreting
system, resulting in rats with early opening of the vagina and
PE or without CL. It was suggested that the weights of
ovaries, uterus, pituitary and adrenal glands in rats
administered DES from 0-14 and 0-5 days after birth was
reduced due to the disturbance of the gonadotropin-secreting
system; therefore, it was speculated that the different
treatment periods may be associated with the different
hormonal effects between DES and TP, and that a difference
in the nature of the compounds DES (synthesized hormone)
and TP (physical hormone) may be responsible.

in vivo 22: 207-214 (2008)

210

Table V. Effects of neonatal administration of DES on the number (incidence) of solid masses and gross cysts (Experiment A).

Solid masses

Fibrotic adenosis (FA) Acinar adenosis (AA) Gross cysts (GC)

Number Number of rats Number Number of rats Number Number of rats Number
Group of rats with FA (%) of FA with AA (%) of AA with GC (%) of GC

I 10 2 (20.0%) 2 1 (10.0%) 1 1 (10.0%) 1
II 16 0 (0%) 0 0 (0%) 0 0 (0%) 0
III 21 11 (52.4%) 22 2 (9.5%) 2 1 (4.8%) 1
IV 12 9 (75.0%)* 15 2 (16.7%) 3 6 (50.0%)* 33

*p<0.05: significantly different from Group I.

Table III. Effects of neonatal administration of DES on the number (incidence) of mammary carcinomas (MCs) (Experiment A).

Group Number Number of rats Number Number of MCs Mean day of Size (cm2) of MCs Weight (g) of MCs
of rats with MCs (%) of MCs per rat ± SD detection ± SD per rat ± SD per rat ± SD

I 10 10 (100%) 52 5.20±3.39 193.7±61.78 1.78±2.06 1.14±2.08
II 16 0 (0%)** 0 0.00** _ _ _

III 21 3 (14.3%)** 4 0.19±0.51** 244.5±62.56 1.65±2.55 1.31±2.45
IV 12 12 (100%) 35 2.92±2.57 284.1±61.14** 1.34±1.90 0.81±1.71

**p<0.01: significantly different from Group I.

Table IV. Effects of neonatal administration of DES on the number (incidence) of mammary dysplasias (MDs) (Experiment A).

Group Number Number of rats Number Number of MDs Mean day of Size (cm2) of MDs Weight (g) of MDs
of rats with MDs (%) of MDs per rat ± SD detection ± SD per rat ± SD per rat ± SD

I 10 4 (40.0%) 4 0.40±0.52 312.5±55.2 0.29±0.15 0.05±0.04
II 16 0 (0%)** 0 0.00* _ _ _

III 21 12 (57.1%) 25 1.19±1.36* 300.4±57.1 1.09±1.94 0.80±2.59
IV 12 10 (83.3%)* 51 4.25±5.01* 297.3±31.7 0.45±0.58 0.13±0.30

*p<0.05, **p<0.01: significantly different from Group I.



We have also previously reported that the administration
of DMBA (20 mg) at 50 days after birth resulted in a
significant decrease in the number of induced MCs in
androgenized female rats (9) and that an additional
administration of progesterone to these rats showed rapid
tumorigenesis of MCs (12, 13). From these results, it was
considered that the tumorigenesis of MCs in androgenized
female rats was suppressed by a long-term decrease in
progesterone during the progression period. Alternatively, we
also reported that the induction of MCs and MDs induced by
DMBA was strongly dependent on estrogen (6, 8, 12, 14).
In the present study, the continuous administration of

DES 0-14 days after birth induced a strong disturbance of
the gonadotropin-secreting system and a depletion of serum
E2 and P, resulting in strong inhibition of the initiation and
progression of MCs and MDs. It was suggested that the
continuous administration of DES from 0-5 days after birth

inhibited the induction of MCs, probably due to a decrease
of serum E2 and P levels while promoting the induction of
MDs, possibly due to the relative excess of estrogen.
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Table VI. Effects of neonatal administration of DES on the number
(incidence) of rats with active lactation and oxyphilic cells in residual
mammary glands (Experiment A).

Group Number of Number of rats with Number of rats with
rats active lactation (%) oxyphilic cells (%)

I 10 1 (10.0%) 0 (0%)
II 16 0 (0%) 16 (100%)**
III 21 1 (4.8%) 15 (71.4%)**
IV 12 11 (91.7%)** 1 (8.3%)

**p<0.01: significantly different from Group I.

Figure 3. Mammary gland histology. A) An intact adult female SD rat; B) active lactation in a female rat of group IV; C: oxyphilic cells in a female rat
of group II; D: an intact adult male SD rat. H&E stain.



Moreover, it was considered that the continuous
administration of DES from 6-14 days after birth showed no
inhibition of MCs, possibly due to the treated rats having
the same serum E2 and P levels as the controls.
In androgenized female rats, an absence of CL in ovaries

(progesterone deficiency) and a relative excess of estrogen
were induced, and the mammary glands consisted of well-
developed lobules with numerous acini showing active
lactation; MDs induced by DMBA were promoted due to
these hormonal conditions (12). In the present study, it was
speculated that the continuous administration of DES from
0-5 and 6-14 days after birth promoted the incidence of
MDs; in particular the continuous administration of DES
from 6-14 days after birth increased the incidence of both
FA and GC, possibly due to hormonal conditions, with a
relative excess of estrogen and active lactation in the
residual mammary glands.
In the residual mammary glands of rats continuously

administered DES from 0-14, 0-5 and 6-14 days after
birth, mammary epithelial cells were displaced by
oxyphilic cells at necropsy. It was speculated that the
depletion of serum E2 and P affected hormonal
conditions, or that the mammary glands were directly
affected by DES. It was also hypothesized that androgen
may affect the mammary gland since these oxyphilic cells
were similar to the mammary epithelial cells of intact
male SD rats and almost all male mammary epithelial
cells were displaced by oxyphilic cells at 100 days after
birth (unpublished data).
In conclusion, these results suggest that neonatal exposure

periods and doses of endocrine disruptors such as DES could
affect the incidence and progression of MCs and MDs.
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