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ABSTRACT

The effects of varying dosages of 3,2'-dimethyl-4-aminobiphenyl

(DMAB) in combination with cyclic dietary administration of ethinyl
estradici (EE) on induction of prostate carcinoma were investigated in
male F344 rats. Animals received repeated treatment with 0.75 ppm of
EE for 3 wk with intervals of 2 wk on basal diet. The cycle was repeated
10,5, and 3 times in Groups 1,2, and 3, respectively, a single s.c. injection
of DMAB being given 2 days after each change to basal diet at a dose of
50 mg/kg of body weight in Group 1, 100 mg/kg of body weight in Group
2, and 167 mg/kg of body weight in Group 3. With this dosing schedule,
the total dose of DMAB (500 mg/kg of body weight) per rat was the
same in each group. Subsequent to the last treatment with EE, all rats
were given basal diet until the end of the experiment (Wk 60) when all
surviving animals were sacrificed for histolÃ³gica!examination. Carcinoma
of the prostate was found in 58.6, 45.0, and 25.9% of rats surviving for
60 wk in Groups 1 to 3, respectively, the incidences of atypical hyperpla-
sia being 86.2, 85.0, and 74.1%. However, tumors of the small and large
intestines, preputial gland, and pancreas developed in a dosage-dependent
manner, the largest incidences being found in the group given 167 mg of
carcinogen 3 times.

Thus the present experiment confirmed that administration of DMAB
combined with cyclic treatment with EE induces a high incidence of
prostate carcinoma in rats and demonstrated that a low dosage of DMAB
given over a long period is superior to a high dosage over a short period
for specific induction of prostate lesions.

INTRODUCTION

Prostate carcinomas can be induced in rats by administration
of DMAB3 (1-3), TV-methylnitrosourea (4, 5), or /V-nitrosobis(2-
oxopropyl)amine (6, 7). Of these three, /V-methylnitrosourea
and 7V-nitrosobis(2-oxopropyl)amine are reported to bring
about tumor development in the lateral or dorsal lobe of the
prostate, while DMAB primarily induces lesions in the ventral
lobe. DMAB is also a wide-spectrum carcinogen, inducing
tumors in many organs such as colon, small intestine, Zymbal
gland, preputial gland, urinary bladder, and subcutis, and the
incidences of rat prostate carcinomas associated with its appli
cation are usually low (1, 2). Recently, however, it was found
that the yield of prostate lesions was markedly enhanced when
DMAB was given with intermittent administration of ethinyl
estradiol (3). The rationale is that carcinogen action is more
effective when applied at the peak of cell proliferation in the
prostate stimulated by testicular androgen following incomplete
atrophy of the gland caused by 3-wk periods of EE treatment.
This cyclic procedure was repeated 10 times. An added advan
tage was that the incidences of tumors in organs other than the
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prostate were low as compared to those in previous works (2),
and thus the experimental system was suggested as a useful
model for human latent prostate carcinoma.

The present experiment was performed to confirm the repro-
ducibility of our experimental system and to investigate the
effects of different dosages of DMAB and durations of treat
ment on tumor induction in the prostate in relation to that in
other organs.

MATERIALS AND METHODS

Experimental conditions such as animals, chemicals, and procedures
in the present work were basically the same as those described in our
previous paper (3). Male F344 rats (purchased from Charles River
Japan, Inc., Kanagawa, Japan) were 6 wk old and weighed approxi
mately 127 g at the beginning of the experiments. Animals were housed
in plastic cages with hard wood chips in an air-conditioned room with
a 12 h-12 h light-dark cycle and given food (Oriental MF; Oriental
Yeast Co., Ltd., Tokyo, Japan) and water ad libitum. EE was purchased
from Sigma Chemical Co., St. Louis, MO. DMAB was obtained from
Matsugaki Pharmaceutical Co., Osaka, Japan. Purity of DMAB was
more than 98%. EE was supplemented in the basal powdered diet at a
dose of 0.75 ppm (EE diet). The animals were divided into 3 groups of
40 rats each. Rats in Groups 1 to 3 were alternately given EE diet for
3 wk and a basal diet not supplemented with EE for 2 wk, 10, 5, and 3
times, respectively (Fig. 1). Two days after each change to basal diet, a
single s.c. injection of DMAB was given at a dose of 50 mg/kg of body
weight in Group 1, 100 mg/kg of body weight in Group 2, and 167
mg/kg of body weight in Group 3. The total cumulative dose of DMAB
at 500 mg/kg of body weight per rat was therefore the same for each
group. All surviving rats were sacrificed in experimental Wk 60 and
subjected to complete autopsy. Animals that died earlier or became
moribund were also autopsied. All organs were examined for gross
abnormalities, and slices were taken from all major organs as described
previously (3) and fixed in 10% buffered formalin. For tissue prepara
tion of the accessory sex organs, two sagittal slices of the ventral
prostate, a sagittal sample of the dorsolateral prostate including the
urethra, and a transverse sample for each side of the seminal vesicle
including the coagulating glands were embedded in paraffin. Single
sections (4 urn) through all tissues were cut and stained with hematox-
ylin and eosin for histolÃ³gica!examination.

RESULTS

Table 1 lists the average body weights of rats of the 3 groups
at selected time points. Treatment with EE and DMAB sup
pressed the growth of the rats, but after discontinuation of their
administration, body weights increased quickly. Of the 3 dos
ages of DMAB, the highest induced the greatest degree of body
weight suppression, while the other two had effects to a similar
lower degree. The final survival rates of rats in Groups 1 to 3
were 70.2, 50.0, and 67.5%, respectively. Early death or mor
bidity was mainly due to the development of tumors of the
Zymbal glands, preputial glands, or colon.

Proliferative lesions of the prostate glands and seminal vesi
cles were classified as atypical hyperplasia and carcinoma as
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described previously (3). All carcinomas were microscopic and
were located in the ventral lobe. Lesions were sometimes found
multifocally (Fig. 2). Tumors mainly grew in the lumen of
single acini, although some carcinomas involved several acini.
Histologically, tumor cells were columnar with round to oval,
hyperchromatic, and pleomorphic nuclei forming cribriform
microglandular patterns (Figs. 3 and 4). Tumor invasion into
the capsule was sometimes observed. The incidences of these
lesions of the prostate and seminal vesicle in the three groups
are shown in Table 2. Tabulation for each dosage group was
divided into two subgroups according to survival period, one
surviving for the complete 60 wk and the other for less than 60
wk but longer than 40 wk.

In rats that survived for 60 wk, carcinomas of the prostate
were found in 17 of 29 rats (58.6%) in Group 1, 9 of 20 (45.0%)
in Group 2, and 7 of 27 (25.9%) in Group 3. Atypical hyper-
plasias were also frequently found in the ventral lobe of the
prostate. The incidences of the atypical hyperplasia in Groups
1 to 3 were 86.2, 85.0, and 74.1 %, respectively. Atypical hyper-
plasias of the seminal vesicle were found as frequently as those
in the prostate and amounted to 89.7, 95.0, and 77.8% in
Groups 1 to 3, respectively.

In the animals that survived for less than 60 wk, the inci
dences of carcinomas and atypical hyperplasia of the prostate
and of atypical hyperplasias of the seminal vesicles were gen
erally lower than those in rats surviving for up to 60 wk.
Accordingly, the overall incidences of carcinomas of the pros
tate in Groups 1 to 3 became 51.3, 36.8, and 30.0%, respec
tively. Thus the incidences of the prostate carcinomas decreased
with increase in DMAB dosage. Only one atypical hyperplasia
of the dorsal lobe of the prostate was found in a rat of Group
2.

Table 3 summarizes findings for the testes of each group.
The seminiferous tubules of the testes of all rats in Group 1
demonstrated a normal, full thickness of germinal epithelium
(Fig. 5a). However, spermatogenesis was found in only 3 of the
rats in Group 2, the seminiferous tubules were lined by Sertoli's

cells, and the germ cells were absent (Fig. 5b). In Group 3
severe atrophy of the seminiferous tubules was associated with
calcification of almost all tubules (Fig. 5c). Leydig cells in
atrophied testes, however, were observed frequently (Fig. 5, a

Experimental weeks

3 5 810 1315 1820 2325 2830 3335 3840 4345 48
Group

1 V/A YM V/A V/A V/A Y//X V/A Y//X V/A Y//A

_
Y/A V/A Y/A V/A

V/A V/A

V///A 'â€¢Ethinyl estradici in diet

I : 50 mg / kg b.w. DMAB
â€¢^: 100 mg / kg b.w. DMAB
â€¢ÃŽ: 167 mg / kg b.w. DMAB

Fig. 1. Experimental design, b.w., body weight.

i

Fig. 2. Overview of the ventral prostate of a rat in Group 1. Multiple tumor
masses are evident. H & E, x 40.

Fig. 3. Typical histolÃ³gica!appearance of prostate carcinoma. Atypical tumor
cells demonstrate a cribriform structure. H & E, x 200.

â€¢.: â€¢â€¢v* â€¢â€¢â€¢- *Â»i?3*"'iS3ifi

e, associated with fibroblast pro
H & E, x 200.

enocarcinoma invading the capsule,
infiltration of inflammatory cells, h

Table 1 Average body weights (g) of rats treated with EE and various dosages of DMAB

Experimental wk

Group1

2
3Treatment50

mg x
100 mg x
167 mg x10

530127.2 127.2
126.13190.2

192.3
189.28237.9

239.2
222.813267.3

264.1
246.518281.1

273.8
286.323291.9282.7314.848333.4

391.8
384.955388.1

395.2
398.860388.1

388.3
383.0
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Table 2 Incidence ofneoplastic lesions in the prostate gland and seminal vesicle of rats treated with EE and various dosages ofDMAB

No. of rats with lesions in the

Prostate gland

GroupTreatment1

SOmgXlO2

100 mg x53

167mgx3Effective

no. ofrats"A,

29
B, 10
Total39A,

20
B, 18
Total38A,

27
B, 13
Total 40VentralAtypical

hyperplasia25
(86.2)*

7 (70.0)
32(82.1)17(85.0)

16 (88.9)
33(86.8)20(74.1)

9 (69.2)
29 (72.5)lobeCarcinoma17(58.6)

3 (30.0)
20(51.3)9

(45.0)
5 (27.8)

14(36.8)7

(25.9)
5 (38.5)

12(30.0)Dorsal

lobe,
atypical

hyperplasia0

000

1 (5.6)
1(2.6)00

0Seminal

vesicle,
atypical

hyperplasia26

(89.7)
5 (50.0)

31(79.5)19(95.0)

8 (44.4)
27(71.1)21

(77.8)
4 (30.8)

25 (62.5)
" A represents number of rats which survived for 60 wk, and B represents number of rats which lived for more than 40 wk but less than 60 wk.
* Numbers in parentheses, percentage.

Table 3 Histological findings in the testes of rats treated with EE and various dosages ofDMAB

GroupTreatment1

50 mg x 10
2 100 mg x 5
3 167 mg x 3Effective

no. of
rats39

38
40Spermatogenesis39(100)Â°

3(8)
0No.

of ratsshowingCalcification0

3(8)
40(100)Leydig

cell
tumor3(8)

0
1(3)

' Numbers in parentheses, percentage.

m^:'^'m^.. it
~'%v:;^r&

. V.1Ã•T- -w â€¢Â»V-

Fig. 5. Histological appearance of the testis. a,
Group 1; A, Group 2; c. Group 3. No Spermatogenesis
is apparent in b or c. H & E, x 200.

;Â»cÃ¹s;i,;iÂ»- r-

K4 - .StessasiÂ«1'

to c). In spite of this testicular atrophy, no obvious atrophy of increased with increase in dosage of DMAB (Fig. 6). Preputial
the accessory organs was present in Groups 2 and 3. Leydig
cell tumors were found in 3 rats and 1 rat in Groups 1 and 3,
respectively.

The incidences of tumors in organs other than the prostate
and testes are given in Table 4. Organs involved were the large
and small intestine, preputial gland, Zymbal gland, mammary
glands, subcutis, pancreas, and urinary bladder. The incidences
of tumors of these organs in Group 1 were generally lower than
those in the other two groups. The incidences of small intestine
tumors in Groups 1 to 3 were 0, 15.8, and 20.0%, respectively,
and those of large intestine tumors were 15.4, 42.1, and 55.0%,
respectively. The values of Groups 2 and 3 were significantly
different from those of Group 1 (P< 0.05 for the small intestine
and P< 0.01 for the large intestine). These data showed dosage-

related increases in tumor incidences in both organs (the data
are also presented in graphical form in Fig. 6). Almost all
intestinal tumors were histologically adenocarcinomas, and the
remainder were adenomas. The numbers of the tumors in the
small and large intestine per rat in each group were also

gland tumors (sebaceous adenomas and adenocarcinomas) in
Groups 2 and 3 were observed with a significantly higher
incidence than that in Group 1 (P < 0.05). The incidence of
nodular hyperplasias of the pancreas in Group 3 was signifi
cantly higher than that of Group 1. There were no differences
in tumor incidence of Zymbal gland, subcutis or skin, mammary
gland, and other organs between groups.

DISCUSSION

In the present experiment, ten cycles of 3-wk EE diet and 2-
wk basal diet with administration of DMAB at a dose of 50
mg/kg resulted in a 58.6% incidence of prostate adenocarci
nomas at the Wk 60 time point. A total incidence at this dose
of DMAB was 51.3%, and this value is low as compared to the
85.7% incidence in our previous report (3). The reason for the
differential incidence of prostate carcinoma is unclear, but
presumably is simply a reflection of the variation inherent in
biological experimentation. More recently a 68% incidence was
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Table 4 Tumors in organs other than the prostate in rats treated with EE and various dosages of DMAS

Group1

2
3Treatment50

mg x 10
100 mg x 5
167 mg x 3Effective

no. of
rats39

38
40No.

of rats with tumors intheSmall

intestine0

6(15.8)'
8 (20.0)*Large

intestine6(15.4)"

16(42.1)''
22 (55.0)cZymbal

gland7(17.9)

6(15.8)
6(15.0)Preputial

gland7(17.9)

15(39.5)*
16 (40.0)*Mammary

gland0

3 (7.9)
2 (5.0)Subcutis

orskin8

(20.5)
10(26.3)
7(17.5)Pancreas14

(35.9)
18(47.4)
27 (67.5)'Urinary

bladder003

(7.5)
" Numbers in parentheses, percentage.
* Significantly different from Group 1, at P < 0.05.
c Significantly different from Group \,atf<0.0\.
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Fig. 6. Graphical demonstration of data for incidence and number of intestinal
tumors in each group.

obtained using the same model.4 However, this variation does

not detract from the fact that the incidence was sufficient to
conclude that that method (3) is reproducible for the induction
of prostate carcinoma in rats.

The yield of prostate carcinomas varied with dosing schedule
of DMAB, decreasing with increasing dosage of carcinogen
even though the total dose remained constant. In contrast,
tumor induction in the small and large intestine clearly in
creased in a dosage-dependent manner, and preputial gland and
pancreatic tumors were most frequently found in the highest
dose group. A similar, weak tumorigenic response of the intes
tine to a dosage of 50 mg/kg of body weight was observed in
our previous work (3). This distinction between the prostate
and other organs appears of interest and is probably related to
the toxicity of DMAB for the testis, as apparent from the
presence of severe atrophy of seminiferous tubules with or
without calcification in groups given DMAB at a dosage of 100
or 167 mg/kg of body weight. In spite of decreases or loss of
spermatogenesis, however, there was no disappearance of Ley-
dig cells, and this would indicate that serum testosterone levels
might not differ greatly between groups. Indeed, no difference
in macroscopical size and microscopical findings of the acces-

4 T. Shirai and N. Ito. unpublished data.

sory sex organs was evident between the groups. Furthermore,
we recently observed that degeneration and/or necrosis of ger
minal cells of rat seminiferous tubules and a slight decrease of
prostate size are apparent shortly after administration of
DMAB at a high dose,4 and therefore it is a distinct possibility

that toxic effects are somehow involved in the decreased devel
opment of prostate carcinomas in the groups given 100 and
167 mg of DMAB in the present experiment. Previous investi
gation in our laboratory demonstrated that EE at a level which
induced testis atrophy completely inhibited the development of
prostate carcinomas of rats pretreated with DMAB (2), and a
relationship between atrophy of the testes and reduction of the
development of prostate carcinomas has also been reported by
others (8, 9). Waalkes and Perantoni (8), for example, observed
that cadmium at doses lacking testicular toxicity was associated
with an increased incidence of prostate tumors in rats, whereas
doses which cause testicular atrophy failed to induce prostatic
lesions. Pollard et al. (9) found that dihydrotestosterone did
not induce prostate carcinoma in rats and speculated that
testicular atrophy and reduction of serum testosterone to non-
detectable levels were the main reasons for the observed failure
in induction of tumors.

In conclusion, the present data clearly showed that intermit
tent administration of EE followed by DMAB treatment in
duces a high incidence of rat prostate carcinoma and that
administration of a small dosage of DMAB over a long period
is superior to large dosage over a short period for specific
induction of prostate lesions.
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