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One of the effective means of tumor induc- 
tion in the pituitary gland is by sustained 
interference with the physiological homeo- 
static equilibrium of that organ-e.g., ( a )  in- 
due tion of functioning t hyro t ropic pituitary 
tumors in situ by destruction of the thyroid 
gland or by blocking its normal functioning 
( l ) ,  and ( b )  induction of various types of 
tumors in isografts of pituitary gland, i.e., 
after transplantation a t  sites remote from 
hypothalamic influence( 2,3,4). It so happens 
that such isografts continue secreting large 
amounts of prolactin ( 5 )  , though no appreci- 
able amounts of other tropic hormones: and 
as a consequence, mammary glands undergo 
early hyperplastic changes and later, neo- 
plastic changes( 2 ) .  Regarding the charac- 
terization of types of neoplasms produced in 
the pituitary gland, methods have been de- 
veloped (originally in connection with pitui- 
tary tumor induced by ionizing radiation) by 
bioassay techniques for distinguishing thyro- 
tropic, mammotropic and adrenotropic tumors 

I n  our studies on the role of hormones in 
mammary tumor development (7,8), the tech- 
nique of pituitary intrarenal isografts was 
used as a means for endogenous, continuous 
prolactin secretion. Many of these pituitary 
isografts became transformed after a long 
latent period into pituitary tumors. 

The  aim of the present study was to ana- 
lyze the type of these pituitary tumors by 
transplantation bioassays in isologous hosts. 

Materials and methods. Mice of the geneti- 
cally uniform (C57L >( A,/He)F, strain in- 
bred in our laboratory were used in these ex- 
periments a t  about 6-8 weeks of age. They 

(6 ) .  

were fed Purina Laboratory Chow and water 
ad  libitum. Female mice received isografts of 
a single pituitary gland beneath the left kid- 
ney capsule through an 1 &gauge hypodermic 
needle fitted with a metal plunger. The pitui- 
tary gland donor mice of 2 age groups- 
60-day and 300-day-old were of the same sex 
as the recipients. One small group of male 
mice received a pituitary renal implant from 
60-day-old female donors. 

Eight of the primary pituitary tumors were 
bioassayed by retransplantation of tumor tis- 
sue beneath the kidney capsule of normal 
hosts. 

Results. The pituitary intrarenal graft 
tumor incidences in the different treated 
groups are summarized in Table I. Of the 
pituitaries grafted beneath the kidney capsule 
of female hosts, 60-80c/c showed progressive 
growth, suggesting neoplastic trans forma tion. 
The  female mice bearing pituitary graft tu- 
mors also showed marked mammary gland 
hyperplasia, while all the other organs ap- 
peared normal. The  intact pituitaries of these 
mice were also normal. I n  a small group 
of 6 males grafted intrarenally, 2 of the 
grafts (from female donors) developed into 
tumors. These males showed grossly very 
enlarged seminal vesicles, while the other 
TABT,E I. Pi tu i ta ry  Tumor Development in In t rn-  

rciial Isologous Pituitary Grafts. 

Age of Avg age  of 
pitiiitnry Mice bear- % tumor-bear- 

donor ing tnniors Pituitary ing mice 
((1:tys) /survivors tumors (days) 

G O  24/30 9 80 600 
33 GR5 
60 420 

(in 2/6 8 
300 13/22 9 
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FIG. 1. Age of pituitary tumors occurring in 
intrarenal pituitary isografts taken from young 
or adult donors. 

organs appeared normal. Histologically, all 
the tumors in the pituitary isografts were 
chromophobe adenomas. The tumor cells 
were fairly uniform in size and shape, some- 
times invading the kidney tissue. I t  was 
interesting to note a difference in the latency 
of tumor development related to the age of 
the pituitary donor. As seen in Fig. 1, tumor 
development occurred later in pituitary iso- 
grafts from young donors, the average latent 
period being 600 days as against 420 days 
in pituitary isografts from old donors. 

Seven primary pituitary tumors occurring 
in females and a primary tumor from a male 
host were retransplanted intrarenally in male 
and female mice. All of these grafts grew 
progressively within 150-200 days, and 
proved to be mammotropic pituitary tumors 
with a somatotropic effect. The female host 
bearing the tumor graft had, in every case, 
a very marked mammary gland stimulation, 
predominantly alveolar hyperplasia with some 
stimulated ducts distended with milky secre- 
tion, the mammary gland stimulation thus 
resembling that of pregnancy. The ovaries 
were of normal size. The granulosa follicles 
were small ; some luteinizing follicles were 
present ; and a marked stromal luteinization 
was observed. The uterine horns were nor- 
mal. The somatotropic effect was expressed 
in weight increase of 20-40% in the liver, 
spleen and kidney. Tumor-bearing males did 
not show any mammary gland stimulation, 
but did show a somatotropic effect. The re- 
markable features in them were the enlarged 
seminal vesicles. All the other sex organs were 
normal. 

Several of these pituitary tumors have been 

maintained, and their third passage is being 
carried out a t  present, all of them showing 
the char act er is tic mammo tropic-somatotropic 
pituitary tumor pattern. 

Discussion. It is generally recognized that 
endocrine tumors fail to respond properly to 
the normal homeostatic regulators. Accord- 
ingly, 3 types of tumors have been noted: 
1 ) hormone-dependent, growth depending on 
a certain hormonal imbalance; 2 )  hormone- 
responsive ; 3 )  autonomous-once the tumor 
is established it will grow in any environment, 
including the normal host. 

Two types of mammotropic pituitary tu- 
mors were induced in mice and rats: depen- 
dent tumors induced by large doses of estro- 
gens, and autonomous tumors induced by 
ionizing radiation (9).  In  the present experi- 
ments another method is described for induc- 
tion of autonomous transplantable mamrm- 
tropic pituitary tumors. These tumors were 
induced in intrarenal pituitary isologous 
grafts by unrestrained proliferation of cells 
through severance of the hypothalamic pitui- 
tary interrelationship. The cells giving rise 
to these tumors were probably the m m o -  
tropes connected with prolac tin secretion. 
Prolactin usually elicits both a mammotropic 
effect, expressed in marked mammary gland 
stimulation, and a luteotropic effect, demon- 
strated in the continuous dioestrous cycle in 
vaginal smears of female hosts, and enlarge- 
ment of the accessory sex organs such as 
the seminal vesicles in male mice. The trans- 
plantable tumors, judged by their gross effect 
on male and female hosts, secreted prolactin 
and some growth-hormone, and showed simi- 
lar characteristic anatomic and histologic pat- 
terns to those described by Furth et aZ(10) 
for radiation-induced autonomous mammo- 
tropic pituitary tumors. This is another ex- 
ample of the induction of an endocrine tumor 
due to prolonged homeostatic disturbance, en- 
hancing tumor growth until an autonomous 
tumor is established. 

The time required for the grafted tumors 
to become palpable was short-1 50-200 
days-with the intrarenal transplantation 
technique. This method, probably due to 
good blood supply to the graft, seem to be 
more effective than the subcutaneous method 
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( l o ) ,  in which palpable tumors were obtained 
i n  the first passage after 280-430 days. 

Szuzmary. Isologous pituitary glands trans- 
planted beneath the kidney capsule of normal 
hosts were transformed after a long latent 
period into pituitary tumors. Transplanta- 
tion bioassays of these tumors showed that 
they were all mammotropic pituitary tumors 
exerting some somatotropic effects also. 
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Pilocarpine has long been used as a sub- 
stitute for parasympathetic nerve stimulation, 
especially of the salivary glands. Recently 
i t  was shown that, in the rat, the protein 
composition (total proteins and amylase) 
of pilocarpine-evoked parotid saliva differs 
markedly from that of saliva elaborated in 
response to stimulation of the parasympa- 
thetic nerve( 1 ) .  On the other hand, amylase 
or total-protein levels of pilocarpine-evoked 
saliva are markedly similar to those levels 
observed when sympathominietic stimulation 
of the gland is employed(2). These facts 
suggest that pilocarpine may be acting on 
nun-cholinergic sites as well as cholinergic 
sites. Accordingly in the present investiga- 
tions, the 2 adrenergic blocking agents, l-iso- 
propylamino- 3 - ( 1 - naphthyloxy ) - 2 - propanol 
hydrochloride (Inderal) ,f which blocks adre- 
nergic beta-receptors ( 3 ) ,  and phenoxybenza- 
mine (dibenzyline), which blocks adrenergic 
alpha receptors ( 4 ) ,  were used in conjunction 
with pilocarpine in an  attempt to delineate 
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the mechanism of pilocarpine action. 
Materials and methods. Adult male Long- 

Evans rats were fasted (water ad l ib) for 24 
hours prior to experimentation. Rats were 
anesthetized with Nembutal and the auriculo- 
temporal nerve and the duct from the parotid 
gland were exposed, The  parotid duct was 
cut and saliva was collected by micro-pipette 
applied to the duct orifice. Flow of saliva 
was evoked by electrical stimulation with 
supramaximal shocks (Harvard stimulator, 
Model 935B) applied to the auriculo-tem- 
poral nerve, or by intraperitoneal injection of 
supramaximal doses of pilocarpine (1  mgilOO 
g body weight). LVhen the adrenergic block- 
ing agents, dibenzyline and Tnderal were used, 
they were administered by intraperitoneal 
injection prior to nerve stimulation or pilo- 
carpine administration. When used in con- 
junction with pilocarpine, a t  least equi-molar 
doses of the blocking agents were injected, 
and frequently the molar doses of Inderal and 
dibenzyline were 2 to 4 times those of pilo- 
carpine. Amylase activity of saliva was de- 
termined by the method of Myers, Free and 
Rosinski ( 5,2), and expressed as milligrams 
of reducing substance (as glucose) per mg 
of secretion, formed in a 15-minute digestion 


