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Summary. Newborn male Wistar rats were castrated on the day of  birth 
( = d a y  1) and treated daily with diethylstilbestrol (DES) from days 1 to 
30; 1 gg for the first 10 days of life, 2lag for the next 10days and 41ag 
for the last 10 days. The animals were autopsied at 30, 90 and 270 days 
of age. The epithelium of  the coagulating glands (CGs) and ejaculatory 
ducts (EDs) underwent metaplastic transformation in all DES-treated rats. 
These pathological changes were more marked with age. The most striking 
changes were found in the periurethral regions of the CGs and EDs and 
associated regions of the dorsal urethral wall. The normal transitional epithe- 
lial lining almost disappeared and large papillary epithelial outgrowths 
occurred near the opening of the EDs and CGs. This type of  neoplastic 
change was most marked in the group of rats sacrificed at 9 months of 
age. 

Key words: Epithelial lesions - Male reproductive tract - Neonatal diethyl- 
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Introduction 

Accumulating evidence has shown a possible association between intrauterine 
exposure to diethylstilbestrol (DES) and the development of clear cell cancer 
of the vagina and cervix in human offspring�9 It is probable that non-malignant 
changes in the vagina such as adenosis and cervical anomalies are also an 
effect of  DES exposure at critical fetal ages (Herbst and Scully, 1970; Herbst 
et al., 1971 ; Greenwald et al., 1971; Tsukada et al., 1972; Robby et al., 1974; 
Fetherston, 1975). Preneoplastic lesions are induced in the vagina and cervix 
of mice after neonatal exposure to exogenous estrogens including DES and 
probably to androgens (Dunn and Green, 1963; Takasugi and Bern, 1964; 
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Kimura and Nandi, 1967; Forsberg, 1975). DES-exposed human males as yet 
have not shown any indication of neoplastic and preneoplastic alterations in 
the urogenital tract (Linden and Henderson, 1972; Greenwald et al., 1973; Hen- 
derson etal., 1973; Bibbo et al., 1975). However, McLachlan etal. (1975) 
reported recently that nodular lesions with squamous metaplasia of the coagulat- 
ing gland (CG) and ampullae were frequently encountered in male mice exposed 
prenatally to DES. Similar pathological changes, notably hyperplastic down- 
growth of basal cells in the area of the seminal colliculus, were reported previ- 
ously in rats subjected to neonatal treatment with ovarian estrogen (Arai, 1970). 
The changes thus evoked in neonatal rats are unlike the histologically similar 
changes in adult animals treated with large amounts of estrogen, in that the 
later are reversible after the withdrawal of exogenous estrogen (Burrows, 1935; 
Zuckerman, 1940; Price, 1963). It appears that interferance with normal epithe- 
lial differentiation by exogenous exposure to sex steroids in the perinatal period 
results in irreversible alterations in the male reproductive tract. 

In the present communication, the nature of the lesions in the reproductive 
tract induced by DES injections of neonatally castrated male rats will be de- 
scribed. A part of this study has appeared in an abstract form (Arai and Suzuki, 
1975). 

Materials and Methods 

Wistar  male rats raised in our  vivarium and housed under  a condition of controlled temperature 
(24•  ~ C) and lighting (14/10 h light and dark illumination) were used in the present study. 
The animals were castrated within 24 h of  birth under  cold anesthesia, since the incidence of 
metaplastic changes in the male reproductive tracts induced by neonatal  estrogen treatment  was 
found to be increased markedly by the removal of  neonatal  testes. The development of  metaplasia 
was also inhibited by injections of androgen along with estrogen (Arai, 1970). DES (Sigma Chemical 
Co., U.S.A.) was injected subcutaneously for 30 successive days from the day of  birth. The daily 
dose of DES was increased with age: I gg dissolved in 0.02 ml sesame oil for the first 10 days, 
2 gg in 0.04 ml oil for the next 10 days and 4 gg in 0.08 ml oil for the last 10 days. In addition, 
5 neonatally castrated rats not  given DES and 15 infant male rats served as controls. The animals 
were sacrificed at 30, 90 and 270 days of age. At  autopsy genito-urinary tracts were fixed in 
situ in Bouin 's  fluid, and serial paraffin sections were stained with hematoxylin and eosin. 

Results and Discussion 

Histological examination showed clearly that neonatal administration of estro- 
gen constantly resulted in metaplastic transformation of the epithelium of the 
coagulating glands (CGs) and ejaculatory ducts (EDs) (Table 1). Unlike the 
columnar epithelium in intact controls (Fig. 1) and low cuboidal epithelium 
in neonatally castrated controls, the epithelial lining of these organs exhibited 
proliferative alterations with remarkable squamous stratification and cornifica- 
tion. At 30 days of age metaplastic changes were limited to the ductal portion 
of the CGs and EDs adjacent to the urethral opening of the seminal colliculus; 
no ep~helial downgrowths were noticed (Fig. 2). The degree of hyperplastic 
and metaplastic changes apparently became more intensive with age; at 90 days, 
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Table 1. Summary of histopathological changes in urogenital tracts in DES treated neonatally 
castrated male rats 

Histological findings Rats sacrificed Rats sacrificed Rats sacrificed 
at 30 days at 90 days of age at 270 days of age 

Ejaculatory duct (ED) 
Metaplasia 7/7 (0/5) a 7/7 (0/5) 7/7 (0/5), [0/5] b 
Cornification 7/7 (0/5) 7/7 (0/5) 7/7 (0/5), [0/5] 
Epithelial downgrowth 0/7 (0/5) 4/7 (0/5) 5/7 (0/5), [0/5] 

Coagulating gland (CG) 
Metaplasia 7/7 (0/5) 6/7 (0/5) 5/7 (0/5), [0/5] 
Cornification 7/7 (0/5) 6/7 (0/5) 5/7 (0/5), [0/5] 
Epithelial downgrowth 0/7 (0/5) 5/7 (0/5) 5/7 (0/5), [0/5] 

Dorsal urethral wall near opening 
of ED or CG 

Metaplasia 0/7 (0/5) 4/7 (0/5) 7/7 (0/5), [0/5] 
Cornification 0/7 (0/5) 0/7 (0/5) 0/7 (0/5), [0/5] 
Epithelial downgrowth 0/7 (0/5) 4/7 (0/5) 7/7 (0/5), [0/5] 
Papillary growth 0/7 (0/5) 1/7 (0/5) 6/7 (0/5), [0/5] 

Numbers in parentheses indicate tthe findings in intact controls 
b Numbers in brackets indicate the findings in neonatally castrated controls 

the lumina of the CGs and EDs were distended by sloughed cornified cells, 
and epithelial downgrowths were observed. More advanced lesions of  epidermoid 
metaplasia were commonly encountered in the rats killed at 270 days of  age. 
At this age the most  striking changes were found in the periurethral regions 
of  both CGs and EDs and the associated dorsal urethral wall; the changes 
were of  two types. The first was characterized by marked cellular downgrowth 
with a pattern of  squamous metaplasia without cornification, but with occasional 
parakeratosis (Fig. 3). These downgrowths were most  commonly found in the 
dorsal wall of  the urethra between the seminal colliculus and bladder neck 
and were frequently accompanied by cyst formation. The second type consisted 
of papillary epithelial outgrowths from the urethral wall of  the seminal colliculus 
near the openings of  the CGs and EDs (Figs. 4-6),  which resulted in marked 
disorganization of  the normal  transitional epithelial lining. These tumoral  out- 
growths consisted of stratified papillae of  elongated or spindle cells. Infiltration 
of the s t roma by lymphocytes and plasma cells was sometimes noticed. 

The prostatic utricle developed to unusual size in the area of  the seminal 
colliculus and was covered by transitional or non-karatinized stratified squamous 
epithelial cells; however, its distal parts which normally ended blindly showed 
pseudostratified or stratified columnar structure. In normal  and castrated con- 
trols prostatic utricles were vestigial. As reported previously in estrogen-treated 
males (Arai, 1968), squamous metaplasia in the seminal vesicles and other parts 
of  the prostate also occurred but was less prominent.  

Intact  and neonatally castrated controls never developed the epithelial lesions 
described above. In addition, estrogen injections for 30 successive days f rom 
days 21 to 50 failed to induce similar long-lasting epithelial alterations (Arai, 
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Fig. 1. Coagulating gland (CG) of intact control sacrificed at 270 days of age. x 250 

Fig. 2. CG of DES-treated neonatally castrated rat sacrificed at 30 days of age. Note stratified 
squamous and cornified epithelium, x 250 

1968). I t  seems c lear  tha t  neona ta l  inject ions of  DES  are  respons ib le  for  the 
induc t ion  o f  the p e r m a n e n t  p ro l i f e ra t ion  in the CGs ,  EDs  and  the dorsa l  u re thra l  
wall  near  the seminal  coll iculus.  A recent  s tudy (Ara i  and  Suzuki,  unpubl i shed)  
showed tha t  s q u a m o u s  me tap l a s i a  first  a p p e a r e d  on day  7 o f  neona ta l  es t rogen 
t r ea tmen t  in the u re th ra l  end  o f  the E D  and  p ros ta t i c  utricle,  and  g radua l ly  
ex tended  to the whole  a rea  of  the ED.  Prol i fera t ive  act ivi ty  of  the t r ans i t iona l  
ep i the l ium in response  to neona t a l  es t rogen was also no ted  in the dorsa l  u re thra l  
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Fig. 3. Dorsal urethral wall near the opening of  CG of DES-treated neonatally castrated rat kilied 
at 270 days of age. Note marked downgrowths of the epithelium and cyst formation x 125 

Fig. 4. Cross section of genito-uriuary tract of DES-treated neonatally castrated rat killed at 270 days 
of age. Note distention of  the lumina of ejaculatory ducts (EDs) and papillary epithelial outgrowths 
(P). U, urethra, x 11 

wall between the seminal colliculus and bladder neck. These results suggest 
the possibility that disorders of proliferative activity caused by estrogen during 
a critical developmental period may be prerequisite for maturation of permanent 
cellular alterations in the male genito-urinary tracts. 

It has been suggested that an increase of genito-urinary cancer may be 
expected among human males exposed prenatally to DES (Linden and Hender- 
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Figs. 5 and 6. A part of  the papillary epithelial outgrowth from the same rat as in Figure 4. 

x 125 (Fig. 5)~ x 250 (Fig. 6) 

son, 1972); however, there is no supportive evidence for this possibility (Carstens 
and Clemmesen, 1972; Henderson et al., 1973; Greenwald et al., 1973). At pre- 
sent, there is no evidence for or against the neoplastic nature of the epithelial 
lesions in the CGs and EDs in our DES-treated rats, but future fate of these 
persistent hyperplastic alterations into the preneoplastic state might be consid~ 
ered. McLachlan et al. (1975) reported that similar epithelial downgrowths 
occurred in one-fourth of male mice exposed to DES prenatally and that one 
downgrowth of them appeared to be preneoplastic. The relatively low incidence 
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of the pathological changes in their mice may be due to the antagonistic action 
of androgen during the perinatal period, because neonatal castration was found 
to increase the incidence of estrogen-induced metaplasia to 100% and exogenous 
androgen reversed it (Arai, 1970). 

Possible participation of a particular cell population derived from the Mfiller- 
ian duct has been suggested in vaginal tumorigenesis of the mice exposed to 
estrogen neonatally (Forsberg, 1974; Neumann et al., 1974; Takasugi, 1976). 
The origin of the estrogen-induced hyperplastic lesions in the male genito-urinary 
tract has not yet been investigated. Abnormal estrogenic stimulation at the 
stage of differentiation of the CGs and EDs may disturb the epithelial com- 
ponent, presumably derived from the urogenital sinus, which is thought to 
be very sensitive to estrogen during the perinatal development (Zuckerman, 
1940; Raynaud, 1962). The high sensitivity of the urothelium on the seminal 
colliculus and development of metaplasia in the urethral ends of the EDs (Wolf- 
fian duct origin) and the prostatic utricles (Mfillerian derivative) to neonatal 
estrogen treatment adds support to the possible participation of the urogenital 
sinus in the histogenesis of these epithelial lesions. Preliminary data indicate 
that papillary epithelial growths also develop frequently in the bladder of neona- 
tally castrated male rats receiving DES or ovarian estrogen treatment at neonatal 
ages. 
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