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Transplantable tumors, as a rule, develop more 
readily in young animals. A transplantable lymphatic 
leukemia of the rat, which has been under investiga- 
tion in this laboratory (12), resembles the tumors in 
this respect. Animals from a susceptible strain, if 
inoculated under 5 months of age, prove susceptible 
in something over 95 per cent, while rats between 12 
and 15 months of age develop the disease in less than 
50 per cent. It would appear, therefore, that the low- 
ered receptivity becomes evident even in the early mid- 
dle age period, and is certainly acquired before there 
are definite senile changes. The parent strain (Wistar) 
from which our rats are derived has an estimated 
average life span of 33 months, with the menopause 
occurring between 15 and 18 months of age (4). 

The regression of the thymus is the most obvious 
change taking place with the aging process. Accord- 
ing to Donaldson (4) the thymus reaches its largest 
size in the rat at about 2�89 months of age, which cor- 
responds to the beginning of puberty. Thereafter the 
gland regresses, till at 1 year of age only a small frag- 
ment remains. The possibility that the underlying 
conditions responsible for the thymus regression may 
be of significance in determining susceptibility to in- 
oculated malignant cells has not received experimental 
consideration. 

laffe (10) demonstrated some years ago that re- 
moval of the adrenals was followed by regeneration 
of the thymus in older rats and resulted in a definite 
stimulation of growth of the gland in young ones. A 
similar stimulation of the thymus reduced in size by 
x-ray has been noted by Gr~goire (8). In the present 
study advantage has been taken of this method of thy- 
mus stimulation and accompanying reactions follow- 
ing the removal of the adrenals on the natural resis- 
tance of old rats and induced resistance of young rats 
to transplantable lymphatic leukemia. 

METHODS 

The rats used throughout the following experiments 
were from a substrain of Wistar rats from which our 

*This investigation was aided by a fund for leukemia 
studies, contributed anonymously. 

original leukemia case was derived. Both adrenals 
were removed with a generous margin of surround- 
ing fat through a dorsal incision. Immediately fol- 
lowing the operation each animal was given 2.5 cc. 
of 1.25 per cent saline solution intraperitoneally and 
this was repeated daily for 2 to 3 weeks. Through- 
out the experimental period the drinking fluid pro- 
vided was Ringer's solution containing 1 per cent 
lactose and 1 per cent dextrose. Otherwise the diet 
was the standard one used in this laboratory, consist- 
ing of bread soaked in milk with oats and fox chow 
once a week. This postoperative procedure is a modi- 
fication of that recommended by other investigators 
(1, 3, 7, 16). 

During the first few days following operation the 
rats were kept under even temperature conditions. 
The death rate in the older animals was approximately 
16 per cent and no deaths attributable to the adrenal- 
ectomy occurred later than 9 days. With the younger 
group (3 to 6 months) the rate was 20 per cent be- 
tween the second and 13th days, with no later fa- 
talities due to the operation occurring during the ex- 
perimental period. 

EXPERIMENTS 

Group L--In  the four individual experiments mak- 
ing up this group identical procedures were carried 
out, and the results were so nearly the same that 
they may be presented together. From 60 rats sur- 
viving the immediate effects of adrenalectomy, 39 
were inoculated intraperitoneally with 0.2 cc. of leu- 
kemic cells 14 to 16 days after the operation. The 
remaining 21 adrenalectomized animals were not inoc- 
ulated, and served as survival controls. As control of 
the activity of the inoculum, 39 intact rats of the same 
age period were inoculated at the same time as the 
test rats with 0.2 cc. of leukemic cells. All the rats 
used were from the same strain, ranged in weight 
from 250 to 349 grams, and were estimated to be over 
15 months of age. 

The results of the foregoing experiments are given 
in Table I and the first three experiments shown 
graphically in Fig. 1. Of the 39 inoculated adrenal- 
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ectomized rats 89.7 per cent developed the character- 
istic disease picture of leukemia, manifested by ex- 
treme enlargement of the thymus and superficial and 
mesenteric lymph nodes, increase in circulating lymph- 

9.7 days. Only 1 died as early as 7 days and the ma- 
jority lived for 11 days. There were no deaths among 
the uninoculated adrenalectomized rats for the dura- 
tion of the experiment or for weeks afterwards. The 

TABLE I: EFFECT OF ADRENALECTOMY ON RESISTANCE OF OLD RATS TO TRANSPLANTED LEUKEMIA 

Procedure Interval  Proeedure Number  Leukemic Surv iva l  t ime 

Adrenalectomy 14-16 days Inoculation 39 89.7 % 6.2 days 
Intact rats Inoculation 39 43.5 9.7 " 
Adrenalectomy No inoculation 21 00.0 All survived 

AdPenalectomized old ~ets inoculated with leukemia 
(31 ~ats) 

Susceptible-90.3 pep cent 
Avegage ~upvival-62 days 

IntacE old 9at~ inoculatedwiZh leukemia 
(3Z ~at~) 

~ u ~ c e p t i b l e  - 46.9 p e p  c e n t  
- A v e r a g e  ~ u p v i v a l -  9.7 d a y ~  

Ad~enalectomized old 9ats - no inoculation 

I I I I I I I . I  I I 
Z 4 6 8 10 12 1 4  15  

I)ay~ 
FIG. 1.--Each line represents the time of survival of a rat after inoculation. Those extending to the right edge indicate survival 

beyond the period at which leukemia would develop. 

ocytes, and often involvement of the spleen. The av- 
erage survival time for the diseased animals was 6.2 
days, with the majority dying between the fifth and 
sixth day and only 1 living as long as 9 days. Of the 
39 inoculated intact rats only 43.5 per cent developed 
leukemia, and these had an average survival time of 

4 

extent of regeneration of the thymus may be judged 
by comparing the size of the gland in a normal rat 
in Fig. 2 with that of an adrenalectomized rat of the 
same age in Fig. 3. 

Group / / . - -The  Rockefeller Institute strain of 
hooded rats, which normally have a high degree of 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2405905/crs0040060384.pdf by guest on 19 M

ay 2023



386 Cancer Research 

resistance to our transplantable leukemia, was used 
in the next experiment. The adrenals were removed 
from 11 rats and 2 weeks later they, with 12 intact 
rats of the same strain, were inoculated intraperi- 
toneally with leukemic cells. All the 11 adrenalectom- 
ized rats developed the disease promptly, with an aver- 
age survival time of only 6.5 days. The control intact 
rats showed no evidence of the disease. 

The foregoing experiments demonstrated clearly that 
removal of the adrenals reduces the natural resistance 
of older rats to inoculated lymphatic leukemia. Fur- 
thermore, resistance to the disease in at least one re- 
fractory strain of rats is completely obliterated by 

ferent intervals before and after the immunizing treat- 
ment. These results were compared with the degree 
ot~ susceptibility of immunized intact rats, adrenal- 
ectomized nonimmunized rats, and untreated controls. 
The figures for the various groups, with records of 
time intervals between the different procedures, are 
given in Table II. All the rats used in the test 
were from the same strain, of about the same weight, 
and were approximately 3 months old. The immu- 
nizing dose of 0.5 cc. of defibrinated rat blood from 
another strain of rats was given intraperitoneally 14 
days before the leukemia inoculation. With the ex- 
ception of one small group, there was an interval ot~ 

I 

) 

c " : "  ~ , a : A  

,~ i.. ! 

Fro.  2 . - - - T h y m u s  of  a n o r m a l  rat  o v e r  ] year  o ld .  

lq(; .  3 . - - T h y n m s  of an  ad rcna l cc t~ml i zcd  rat  ot: thc  s a m c  age  as the onc  s h m v n  in Fig .  2. 

adrenalectomy. The next experiments were designed 
to test the effect of adrenalectomy on induced resis- 
tance in young rats, a state that develops after an in- 
jection of homologous living normal cells some days 
prior to inoculation. Such a procedure has long been 
known to induce a degree of resistance to many of 
the transplantable malignant tumors of animals. 
Sturm (15) has reported recently that susceptibility 
to inoculation of our strain of lymphatic leukemia may 
be also materially reduced by the same method. 

Group lII.--There were 5 individual experiments 
in this group, which include observations on a total 
of 253 young rats. Tests were made of the effect of 
adrenalectomy on induced resistance to inoculated leu- 
kemic cells when the operation was performed at dif- 

at least 2 weeks between adrenalectomy and inocula- 
tion. As noted above, the deaths directly attributable 
to the adrenalectomy in our control groups occurred 
before the 14th day. All adrenalectomized animals re- 
ceived the same sustaining postoperative treatment as 
that used in the first experiment. 

The results show clearly that removal of the adren- 
als definitely interferes with the development of a 
resistant state, which in intact animals follows tile 
injection of homologous living normal cells. When 
the glands are removed before the immunizing dose 
the reduction in potential resistance is perhaps some- 
what less than that observed when the immunizing 
treatment precedes the adrenalectomy. As in the first 
group, the average survival time of the adrenalectom- 
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TABLE II: EFFECT OF ADRENALECTONIY ON INDUCED RESISTANCE TO TRANSPLANTED LEUKEMIA 

P r o c e d u r e  Interval Procedure Number Leukemic Survival time 

Adrenalectomy 

Immunization 

Immunization 

Adrenalectomy 

Adrenalectomy 

Controls 

24-48 h r s .  Immunization 34 76.5~ 6.3 days 
14 days " 9 88.8 7.1 " 

24 h r s .  Adrenalectomy 32 90.6 6.6 days 
14 days " 10 100.0 6.1 " 

14 days Inoculation 59 33.9 9.7 days 

2 days Inoculation 10 100.0 6.4 days 
14 . . . .  23 100.0 6.5 " 
26 . . . .  9 100.0 6.1 " 

No inoculation 10 All survived 

Inoculation 57 96.5 8.6 days 

ized animals that developed leukemia was significantly 
shorter than that of the susceptible animals of the 
other groups. 

DISCUSSION 

There has accumulated in recent years considerable 
experimental evidence that hormones play a role in 
the development and growth of certain types of malig- 
nant neoplastic disease. Estrogens have been shown 
to influence the development of mammary,  uterine, 
and testicular tumors in animals (2, 6, 14) and the 
male sex hormone appears to stimulate the growth of 
prostatic cancer in man (9). In some strains cancer 
of the adrenals frequently develops in mice that have 
been castrated early in life (18). It is now demon- 
strated that removal of the adrenals renders a rat 
susceptible, or more susceptible, to a transplanted 
lymphatic leukemia. This gives still another indi- 
cation that interference with the endocrine balance 
may have an influence on the development of a malig- 
nant condition. 

It does not necessarily follow that because an in- 
duced condition affects susceptibility to transplants of 
neoplastic cells, such an induced condition may play 
any part in the origin of a malignant tumor. Yet 
there is at least one example where this is true. Es- 
trogens may play a role in the experimental pro- 
duction of interstitial cell tumors of the testicle, and 
in several instances such tumors will grow on trans- 
plantation only in mice receiving estrogens (6, I4).  
While it is not definitely established that the male sex 
hormone is involved in the origin of prostatic cancer, 
there is evidence that testosterone stimulates the 
growth of this type of tumor and that elimination 
of the male sex hormone by castration, or its neutral- 
ization by estrogen, is often followed by notable di- 
minution of growth, particularly of metastases from 
prostatic cancer in man (9).  Considering the fact that 
the functional activities of certain organs are so com- 
pletely under the control of the endocrines, it may 
well be that certain hormones may play some part 

in the origin and growth of tumors arising in such 
organs. The indication that lymphoid tissue is at 
least to a certain extent influenced by the endocrines 
(5, 13), taken with the present findings that elimina- 
tion of one of the endocrine glands influences re- 
sistance to malignant lymphoid cells, is sufficiently 
suggestive of a possible hormonal involvement in leu- 
kemia to warrant further investigation. 

There are a number of ef[ects from removal of 
the adrenals besides that on the thymus, which must 
be considered in an analysis of our results. The fact 
that rejuvenation of the thymus is a prominent fea- 
ture in the older rats rendered susceptible to leukemia 
by adrenalectomy cannot be taken as indicative of 
a relationship between the two conditions. The mere 
presence of an active thymus in young rats of a re- 
sistant strain does not affect their susceptibility, but 
removal of the adrenals renders these animals 100 
per cent susceptible to the disease. This finding does 
not completely eliminate the thymus changes from con- 
sideration, for even in young animals adrenalectomy 
causes a definite stimulation of the still active gland. 
It is considered more likely that adrenalectomy results 
in a condition that stimulates the lymphoid tissue or 
releases it from control, and that these factors are 
equally effective in stimulating the development of 
the inoculated malignant lymphoid cells. If this be 
the true explanation, the increased susceptibility to 
leukemia and the stimulation of the thymus would 
be the result of the action of a common factor with 
no causal interrelationship. 

There is as yet no convincing evidence that the 
adrenals play any significant role in cancer (11, 17). 

SUMMARY 

In the experiments reported removal of the adrenals 
reduced the natural resistance of old rats and the in- 
duced resistance of young rats to a transplantable 
lymphatic leukemia. Inoculation of intact, middle- 
aged animals of a special strain resulted in 43.5 per 
cent mortality, while 89.7 per cent of adrenalectom- 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2405905/crs0040060384.pdf by guest on 19 M

ay 2023



388 Cancer Research 

i zed  rats of  the  s a m e  s t ra in  a n d  age deve loped  the  

disease. Y o u n g  rats w i t h  i n d u c e d  resistance gave  33.9 
per  cen t  takes f o l l o w i n g  inocu la t ion .  A n i m a l s  in w h i c h  

the  adrena ls  were  r e m o v e d  af ter  the  res is tance- induc-  

i ng  t r e a t m e n t  we re  over  90 per  cent  suscept ible  whi l e  

in  a n o t h e r  g r o u p ,  a d r e n a l e c t o m i z e d  before  the  im- 

m u n i z i n g  t r e a t m e n t ,  78.8 per  cent  d i ed  of  l e u k e m i a .  
A d i f fe ren t  s t ra in  of  rats, h i g h l y  resis tant  to the  trans- 

p l a n t e d  l e u k e m i a  used  in the  tests, became  100 per  

cen t  suscept ible  f o l l o w i n g  r emova l  of  the  adrenals .  

A p r o m i n e n t  f ea tu re  in the  a d r e n a l e c t o m i z e d  rats 
is the  r egene ra t i on  of  the  re t rogressed  t h y m u s  in old  

an ima l s  and  an  act ive s t i m u l a t i o n  of  this g l a n d  in 

y o u n g  ones.  It  is sugges t ed  tha t  the  g rea te r  recept ivi ty  

of  a d r e n a l e c t o m i z e d  rats to t r a n s p l a n t e d  l e u k e m i a  is 

the  resul t  of  ac t ion of the  same s t i m u l a t i n g  factors on  

the  m a l i g n a n t  l y m p h o i d  cells. 
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