
Pituitary Cytology of Rats with Leydig-Cell Tumors Induced by 
Low-Level Testicular Irradiation1 (34827) 

STUART LINDSAY, C. W. NICHOLS, JR., AND GLENN E. SHELINE 
Departments of Pathology, Physiology, and Radiology, University of California, 

Berkeley 94720 and San Francisco, California 94122 

Benign interstitial-cell (Leydig) testicular 
tumors have been induced in Long-Evans 
rats by local X-irradiation of the testes. A 
pituitary feedback mechanism of gonadotrop- 
ic stimulation, secondary to testicular radia- 
tion injury, was suggested as a possible pro- 
moting factor in the development of intersti- 
tial-cell hyperplasia and neoplasia tin these 
rats ( 1 ) .  

The present study involved the cytologic 
examination of pituitary glands from 181 rats 
including 45 control animals and 136 still 
surviving 2 years after local testicular irradi- 
ation with either 150 or 500 R X-rays ( 1 ) .  
The relationships between gonadotropic baso- 
philic hyperplasia and adenomas in these pi- 
tuitary glands and the testicular lesions, de- 
generative and neoplastic, resulting from irra- 
diation were investigated. 

Materials and Methods.  The techniques of 
the testicular irradiation employed have been 
described elsewhere ( 1 ) .  The rats were 
killed with ether and the pituitary glands 
were fixed in situ in 10% neutral formalin, 
embeddeld in paraffin, and sectioned. Multi- 
ple sections from each gland were stained by 
the orange G/periodic acid-Schiff (PAS) ( 2 )  
and by the aldehyde-fuchsin (AF) ( 3 )  
methods, the latter without prior oxidation 
by permanganate. Adenomas in the pituitary 
pars anterior were classified according to 
their staining characteristics as designated by 
Griesbach (4).  

Results.  T y p e s  of pituitary adenomas. 
Three types of adenoma were founld in the 
pituitary pars anterior of control and irradi- 

1 Supported by United States Atomic Energy Con- 
tract AT (11-1)-34, Project 11, and by the Simon 
Fund (No. 2 1 ) ,  University of California School of 
Medicine. 

ated rats. The structure and characteristic 
locations of these tumors in the pars anterior 
have been described in detail by Griesbach 

Diffuse gonadotropic hyperplasia without 
nodule formation was evident in many rats 
(control, 13 % ; 1 50-R-irradiated, 2 1 % ; and 
500-R-irradiated, 13 %), although differential 
counts of pars anterior cells were not per- 
formed. 

Gonadotropic adenomas. These adenomas 
were composed of cells containing PAS- 
positive, AF-negative cytoplasmic granules 
(Figs. 1 and 2 ) ,  either coarse and flocculent 
(Type I, FSH cells) or fine and uniformly 
dispersed (Type 11, LH cells). Approximate- 
ly equal numbers of gonadotropic adenomas 
of both types were found in the three groups 
of rats. Type I11 adenomas were not iden- 
tified in this study. Most of these adenomas 
were small; only one occupied a lateral lobe. 
While the majority were single, two or more 
were found in some glands. Types I and I1 
adenomas frequently occurred together. 

Thyrotropic adenomas. Cells containing 
PAS-positive, AF-positive cytoplasmic gran- 
ules compised this type of adenoma. Charac- 
teristically, these cells were irregular in 
shape, with angular outlines. No multiple 
thyrotropic adenomas were found. 

Chromophobe adenomas. The cells of these 
adenomas were devoid of granules that 
stained with either orange G-PAS or AF. All 
of the grossly enlarged pituitary glands of 10 
rats receiving testicular irradiation in this 
study ( 1 )  were found to contain chromo- 
phobe illdenomas, which were invariably 
larger than the other tumor types. 

Incidence of pituitary adenomas. The 
numbers of control and irradiated rats in 

(4) - 
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FIG. 1. Gonadotropic aden'oma (Type I) in rat anterior pituitary. The nodule is circumscribed 
but unencapsulated. The granules are coarsely flocculent and PAS-positive (FSH cells). 
Conltrol rat, age 2 years; orange G-PAS stain (xlZ5). 

which three types of pituitary adenomas de- 
veloped are listed in Tab,le I. The frequency 
of gonadotropic adenomas in irradiated ani- 

mals was slightly lower than in control rats, 
whereas the frequency of thyrotropic adeno- 
mas was decidedly lower and that of chromo- 

FIG. 2 .  Gonadotropic rat adenoma (Type I ) .  The cells are coarsely granulated and PAS-positive. 
Note negative Golgi images. Rat treated with 500 R X-rays, age 2 years; orange G-PAS stain 
( X 630). 
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TABLE I. Pituitary Adenonias in Control arid Irradiated Rats. 

Gonadotropic T h yro t r  opic Chromophobe 

Treatment No. % NO. % No. % 

None 18 40 5 11 3 6 
150 R 1 4  22 1 1 10 16 
500 R 23 31 0 0 14 18 

phobe adenomas was higher in irradiated ani- 
mals compared to controls. In  the present 
study, the incidence of gonadotropic adeno- 
mas was significantly lower than that report- 
ed by Griesbach in either controls or thyroid- 
irradiated, male Long-Evans rats (4). 

Covrelation of pituitary and testicular 
lesions. The incidence of gonadotropic adeno- 
mas and hyperplasia together with the inci- 
dence of testicular Leydig-cell tumors, inter- 
stitial-cell hyperplasia, and testicular tubuIar 
atrophy is recorded in Tables I1 and 111. 
Expected and observed incidences of each 
pituitary lesion (adenoma and hyperplasia) 
occurring with each testicular lesion (Leydig- 
cell neoplasm, hyperplasia, and tubular atro- 
phy) in the same rat were almost identical, 
indicating the absence of a statistical rela- 
tionship between pituitary and testicular path- 
ologic lesions. 

Comment. Previous reports have demon- 
strated that thyroxine deficiency in the rat, 
induced by subtotal thyroidectomy or radia- 

tion with either X-rays or various doses of 
Is1I, increased the incidence of thyrotropic 
adenomas in the pituitary (4-8). Supplement- 
ing the diets of similarly treated rats with 
desiccated thyroid powder caused a signifi- 
cant decrease in the incidence of these thyro- 
tropic adenomas (7,  8) as well as a decrease 
in the incidence of thyroid adenomas induced 
by subtotal thyroidectomy or irradiation ( 5 ,  
6)  * 

In  the present experiment, tubular atro- 
phy, interstitial-cell hyperplasia, and Leydig- 
cell tumors resulted from localized testicular 
irradiation. The incidence in rats irradiated 
with 500 R was higher than in those treated 
with 150 R. Since these radiation-induced, 
\degenerative, hyperplastic, and neoplastic 
lesions were considered comparable to those 
found in the thyroid gland after irradiation, 
the pituitary glands were studied for evidence 
of increased gonadotropic activity, i.e., gonad- 
otropic hyperplasia and/or adenoma, which 
might be expected to result from gonadal 

TABLE 11. Correlation of Gonadotropic and Testicular Lesions. 

Gonad,otropic adenoma Go.nadotropic hyperplasia Leydig-cell tumor 

Treatment No. of rats No. % No. % NO. % 

None 45 18 40 
150 R 62 14 22 
500 R 74 23 31  

6 13 1 2 
13 21  6 9 
10 13 40 54 

Gonadotropic adenoma Gonadotropic hyperplasia 
and Leydig-cell tumor and Leydig-cell tumor 

together together 

Expected Observed Expected Observed 

% No. 70 % No. % 
~~ 

None 45 0.8 0 0 0.2 0 0  
150 R 62 2 1 1.5 1.9 2 3  
500 R 74 16 14 19 7 6 8  
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TABlX 11 I. Further Correlation of Gonadotropic and Testicular 1,csioiis. 

Gonadotropic adenoma Gonadotropic hyper- 
Interstitial-c,ell and interstitial-cell plasia and interstitial- 

1iyperpl:isi:i IiypeqJlasia together ccll 1iyperpl:isia together 

Expected Observed Expected Observed 
rrrcI :+  No. of 
I l l C l l t  rats KO. % % No. % % No. 76 

None 45 0 0 0 0 0 0 0 0 
150 R 6‘ 0 0 0 0 0 0 0 0 
500 R 74 28 37 11 0 12 5 tj 8 

Goiindot ropic ailciionia Goiix1otrol)ic hyper- 
Test ivula r and testiciilar :itropliy pln,sia and testicular 

tubular atrophy together atrophy together 

Expec ted Observed Expected Observed 

‘No. % % KO. 70 % No. % 

None 45 8 17 7 2 4 2 0 0 
150 R 6 2  6 9 2 0 0 2 0 0 
500 R 74 45 60 18 16 21 8 9 12 

deficiency anld which might in turn be related 
to or promote testicular interstitial-cell hy- 
perplasia and neoplasia. 

Although gonadotropic hyperplasia and 
adenomas were found in the irradiated rats, 
the incidences were the same or actually low- 
er than in non-irradiated control rats. Analy- 
sis of the frequencies of pituitary and testicu- 
lar lesions revealed no significant relationship 
between the two (Tables I1 and 111). The 
finding of an extremely high incidence of 
gonadotropic adenomas in rats which had un- 
dergone gonadectomy (9) as contrasted with 
a relatively low incidence after radiation in- 
jury suggests that the doses employed (150 
and 500 R) were insufficient to cause gonadal 
hormone deficiency and evidence of second- 
ary gonadotropic hyperactivity. Since Ley- 
dig-cell tumors appear to develop from stimu- 
lated hyperplastic interstitial cells (1), it is 
likely that these cells had indeed been sub- 
jected to gonadotropic stimulation, although 
cytologic evidence of increased gonadotropic 
activity was not apparent. 

Summary. The pituitary gland cytology of 
rats subjected to local testicular irradiation 
was studied. Although rats treated with 500 

R X-rays had a high incidence of testicular 
atrophy, interstitial-cell hyperplasia, and 
Leydig-cell tumors, increased incidences of 
gonadotropic hyperplasia and adenomas were 
not found. We could find no statistical rela- 
tionship between degenerative, hyperplastic, 
and neoplastic lesions of the testes and pitui- 
tary gonadotropic hyperplasia and adenomas. 
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