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Induotion of Pituitary Tumors by Means of Ionizing Irradiation.*+ (2WH3) 

A. C. UPTON AND J. FURTH. 
From BioZogy Division, Oak Ridge Notional Laboratory, Oak Ridge, Tens. 

The Occurrence of pituitary tumors among 
mice exposed to X rays has been mentioned 
before(l,2), but no evidence has been pre- 
sented thuls far to indicate that these tumors 
were actually induced by ionizing irradiation. 
In all probability earlier workers did not ex- 
amine the cranial cavity systematically, or 
the experimental animals were not observed 
long enough after irradiation. 

Methods. Large numbers of mice of the 
LAFl strain were exposed to atomic detona- 
tion. Some were not shielded and received 
predominantIy gamma rays of high energy; 
some were lead-shielded to eliminate most of 
the gamma rays. The latter group will be 
spoken of as neutron-exposed animals. A ful- 
ler account of the exposure conditions and 
energy calculations will be given later. Ap- 
proximately 30 days following exposure the 
surviving mice were transported to Oak Ridge 
where they remained individually caged until 
natural death or were killed in extremis. All 
animals have been autopsied and are pre- 
served. The tumor diagnosis, as tabulated, 
is based on gross examination confirmed by 
microscopic examinations. At autopsy most 
tumors replaced the anterior hypophyu' cis com- 
pletely and compressed the overlying brain. 
In animals bearing large tumors the posterior 
part of the skull was bulging. Numerous 
animals in which the clinical diagnosis was 
made on this basis, were sacrificed and the 
bulk of the tumors was used in transplanta- 
tion studies (3). On microscopic examination 
the tumors appeared chromophobe usually 
with many cavernous vascular spaces, Inva- 
sion of the sella and its marrow cavity was 
frequent even though the cells appeared uni- 
form, lacked hyperchromatophilia and nuclear 
abnormalities indicative of malignancy. A 
detailed description of the gross and micro- 
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scopic features of these tumors will follow. 
Minute tumor nodules discovered on micro- 
scopic examination have not been included in 
the tabulation. Hemorrhage in the tumor or 
compression of the brain appeared to be the 
cause of death in most instances. 

Results. Table I indicates that 4 to 12% 
of the females exposed to 192-733 r developed 
pituitary tumors as compared to 0.3% of the 
controls. No pituitary tuplor occurred among 
the control males during this period of obser- 
vation while 2 to 5% of the males exposed to 
491-785 r developed such tumors. The dose 
acutely fatal to 50% of the animals was 
about 750 r. Most mice exposed to larger 
doses died within 10-14 months, and this 
probably accourits for the absence of pituitary 
tumors in mice expased to higher doses, since, 
as Table I1 indicates, the period of latency of 
these tumors is very long. 

Table If shows that pituitary tumors began 
to appear in larger numbers 16 months post- 
irradiation, and they occurred with greatest 
frequency in the 23-25 months postirradiation 
groups. It is well known that chromophobe 
adenomas of the pituitary gland are common 
among old rats, but very little is known about 
pituitary tumors in mice. 

That pituitary tumor-induction dose is low 
is indicated in Table I11 which lists the find- 
ings on neutron-exposed mice. It seems that 
a dose as low as 40 to 70 rem may induce 
pituitary tumors. Further work is required 
to establish the relatively greater efficiency of 
neutron as compared with gamma irradiation 
in the induction of these neoplasms, suggested 
by Table 111. 

These findings, representing onIy a part of 
a very large scale experiment, axe released 
here in a preliminary form because: 

(a) They indicate that ionizing irradiation 
can produce pituitary tumors in at least one 
strain of mice, and this knowledge might in- 
duce other investigators to a closer study of 
this organ in mice of other strains and of 
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TABLE 11. Incidence of Pituitary Tumors in 
Mice Expmed t o  Atomic Detonation. ! --- Fenale 7 
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- .- - ._ .L; 5 first 2 of these tumors successfully grafted on 
normal mice of this strain secrete ACTH. 

(d) I t  is possible that these tumors are in- 
duced not by a direct action of ionizing ir- 

direct mechanism, the elucidation of which 
calls for a renewed study of the effects of 

- - 1'; b L b  IQ 1': 30 tc. t,s 5 i ,~ -. 7 irradiation on endocrine and other organs 
15: E under pituitary control. 

I t  is generally believed that female mice 
t live longer than males. The present data 

show the reverse, and this may be due to sev- .=" 

z p a  m****-+dc:lt; era1 factors, such as, strain differences, indi- 
vidual caging of the animals which prevented g+€) 

fighting among the males, or greater incidence 
of neoplasms and other diseases among fe- 

4vvwU;Jycog:a males, at an earlier age. I g mladddt-bI+ 
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mors were induced in mice by a single ex- 
posure to ionizing irradiation. The greatest 
incidence occurred among mice exposed to 
doses of gamma radiation somewhat below 

times more frequent among females than 
among males. Neutrons appear more efficient 

and the data suggest that doses as low as 40- 
70 rern may induce such tumors. The period 

of latency of these neoplasms is very long, the 
maximum incidence being at  17-25 months 
postirradiation. 
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