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Adrenocorticotropic tumors, induced in 
mice surviving exposure to ionizing radia- 
tions from an atomic detonation, have been 
implanted in successive passages and are now 
autonomous in that they can be grown 
in non-adrenalectomized hosts ( 1 ) . Normal 
mice grafted with such tumors are submitted 
to high levels of endogenous glucocorticoids 
and study of the metabolism of their isolated 
tissues might give valuable infolrmation on 
the mode of action of the natural adrenocor- 
tical secretion. Adipose tissue is a major site 
of hormonal regulation (2,3) and it seemed 
therefore worthwhile to compare the metabol- 
ism of this tissue in tumor-bearing mice and 
in untreated controls. 

Male mice of the 
LAFl strain, fed Ralston-Purina laboratory 
chow ad libitum, had been injected 4 weeks 
previously in the thigh muscles with a saline 
suspension of tumor tissue. Terramycin HC1 
was added to their drinking water in order to 
control the infections which are frequently 
observed in mice with adrenocorticotropic tu- 
mors. The animals were approximately 14 
weeks old a t  time of sacrifice. Untreated 
mice of the same strain and age served as 
controls. The epididymal fat pads were ex- 
cised with minimal handling and the meta- 

Material and methods.  

bolic activity of one fat pad, incubated with- 
out insulin, was compared to the activity oi 
its paired control, incubated in presence oi 
insulin (0.1 U/ml of recrystallized insulin 
containing less than 0.1 pg glucagon per mg, 
obtained through the courtesy of Dr. W. R. 
Kirtley, Lilly Research Labs, Indianapolis, 
Ind.). Incubations were carried out a t  37"C, 
in 3 ml of Krebs-bicarbonate buffer, for 3 
hours. Glucose concentration was 201 mM/ 
liter and glucose radioactivity was one micro- 
curie per flask (chromatographically pure 
glucose- 1 -C' or g luco~e-6 -C~~  obtained from 
Nuclear Chicago Corp.). The methods used 
in determining the amount of glucose carbon 
oxidized to CO, or incorporated into long 
chain fatty acids, alpha carbon of glyceride- 
glycerol, and glycogen, have been described 
(4,5). All values have been expressed in 
terms of micromoles of glucose carbon me- 
tabolized per mg of tissue nitrogen per 3 
hours, as well as in terms of percentage of to- 
tal amount of recovered glucose carbon. 

In the grafted mice, the adreno- 
corticotropic tumors measured approximately 
one cm in diameter. Adrenal weight was 
roughly double that of the controls. The ef- 
fect on body weight was variable (Table I).  
However, mean weight of the 2 epididymal 

Results. 

TABLE I. Fatty Acid and Nitrogen Coiltent of Epididynial Adipose Tissue from Mice with 
Adrenocorticotropic Tumors. 

Me:tn values for epidi dymal adipose tissue (both pads) 
Weight Fatty acids, Nitrogcri 

Type and No. of mice range (a) nig body wt tissue mg tissue 
Body wt  % of yo wet w t  yo wet w t  

Controls (6)  21-31 3 20 1.4 78 .59 . l 7  
Tumor-bearing (11) 20-35 530 2.0 'is .63 .12 
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fat bodies was found to be somewhat greater 
in the tumor-bearing mice and represented 
2.00/0 of total body weight, as compared with 
1.2 F, in normal mice. Nitrogen content was 
lower in the epididymal adipose tissue of tu- 
mor-bearing animals, while fatty acid con- 
tent was the same in both groups. The  in 
d r o  metabolism of carbon atom-1 and car- 
bon atom-6 of glucose by isolated epididymal 
adipose tissue is shown in Table 11. Total 
recovery of glucose carbon-1 and glucose 
carbon-6 was lower in the adipose tissue of 
tumor-bearing mice, being respectively 66% 
and 81 % of that observed in control animals. 
Furthermore, the metabolism of these 2 glu- 
cose carbons was modified. Tncorporation of 
glucose carbon-1 and glucose carbon-6 into 
glycogen was depressed, and their incorpora- 
tion into fatty acids reduced to less than 
half. Recovery of both glucose carbons in 
the alpha carbon of glyceride-glycerol was 
normal. Oxidation of carbon-1 was de- 
pressed to 62% of the norm, while oxidation 
of carbon-6 was comparable to that observed 
with control animals. When these values 
are expressed on a percentage of recovery 
basis, the relative impairment in lipogenesis 
remains striking and a relatively high oxida- 
tion of glucose carbon-6 becomes apparent. 

The effect of insulin added to the medium 
on metabolism of glucose was also different 
in the tissue from tumor-bearing and from 
control mice. In  the adipose tissue of mice 
with adrenocorticotropic tumors, total re- 
coveries of both glucose carbons were only 
50% of the norm, and lipogenesis and gly- 
cogen synthesis were promoted to a lesser ex- 
tent by the presence of insulin in the medium. 
Oxidation of glucose carboln-6, and glycerol 
synthesis from both carbons, however, were 
stimulated more markedly in the tissue from 
the tumor-bearing animals. 

Discussio~z. The metabolic picture pre- 
vailing here is the result of a complex endo- 
crine situation. In  the tumor-bearing ani- 
mals, adipose tissue is chronically submitted 
to high levels of endogenous ACTH, endo- 
genous glucocorticoids (mostly corticoster- 
one(6)),  and perhaps also insulin, as sug- 
gested by marked hypertrophy of the Islets 
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of Langerhans ( 7 1. Total recovery of glu- 
cose carbon-1 and glucose carbon-6 meta- 
bolized by the adipose tissue of tumor-bear- 
ing animals was lower than normal, suggest- 
ing that overall glucose metabolism was less. 
Relatively greater suppression of oxidation 
of glucose carbon-1 than carbon-6, with rela- 
tively greater suppression of lipogenesis from 
glucose carbon-6, suggests relatively greater 
depression of the phosphogluconate-oxidative 
pathway in adipase tissue of tumor-bearing 
mice. On the other hand, normal capacity 
of this tissue for oxidation of glucose carbon- 
6 suggests relative integrity of the tricar- 
boxylic acid cycle. The results showing an 
impaired lipogenesis are in line with those 
obtained in rats treated with cortisone. In 
these animals cortisone pretreatment has 
been shown to result in decreased lipogene- 
sis in subsequently isolated adipose tissue 
(8,9) and also to depress the respiratory 
quotient of this tissue( 10 , l l ) .  A reduction 
in responsiveness of glycogenesis and lipo- 
genesis to insulin was apparent when insulin 
was used in concentrations known to be maxi- 
mally effective on mouse adipose tissue ( 5) .  
The presence of altered insulin sensitivity is 
also suggested by the observation that, in 
spite of the indirect evidence of hyperinsu- 
linism in the tumor-bearing mice(7), the 
metabolism of their isolated epididymal adi- 
pose tissue differed grossly from what one 
might expect as a result of chronic insulin 
overdosage. 

I t  is known that, adrenocorticotropic tu- 
mor-bearing mice contain 3 times as much 
extrahepatic fat as their controls, even when 
body weight is in the normal range( 12). If 
the metabolic data obtained in vitro (Table 
11) may be considered as representative of 
the situation prevailing in zlizlo, it would seem 
that this increased accumulation of fat is 
not likely to be the result of accelerated lipo- 
genesis. Other mechanisms must be involved. 
Accelerated hepatic lipogenesis with peri- 
pheral accumulation of the newly synthesized 

fat has been suggested by 
Zomzely and R’Iayer ( 12 ) . 
tion of fat from fat stores 

Sunamury. The in vitro 

the experiments of 
Delayed mobiliza- 

is also conceivable. 
metabolism of spe- 

cifically labeled glucose by epididymal adi- 
pose tissue of mice bearing adrenocortico- 
tropic tumors has been studied. Sluggish 
lipogenesis from glucose was found to be 
coupled with evidence suggesting decreased 
activity of the phosphogluconate olxidative 
pathway . Gly ceride-glycerol synthesis was 
normal, and oxidation of glucose carbon in 
the tricarboxylic acid cycle appeared to pro- 
ceed a t  2 normal rate. Insulin added in vitro 
was less effective in promoting lipogenesis 
and glycogen synthesis than with tissue from 
control animals. 
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