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Effects of Cortisone and Insulin on Tumor Weights, Urinary 
Glucose and Nitrogen in Rats.” (32004) 

DWIGHT J. INGLE 
Department of Physiology, The  University of Chicago, Chicago, Ill. 

Walker Carcinoma 256 grows at a sub- 
normal rate in rats made severely diabetic 
by pancreatectomy, but the growth of the 
tumor can be normalized by treatment with 
insulin( 1). The present study has tested the 
possibility that insulin will normalize the 
subnormal tumor growth, elevated nitrogen 
excretion and other signs of hypercorticalism 
in intact rats having steroid diabetes induced 
by cortisone. The data show that only gly- 
cosuria was suppressed; the other changes 
from normal were not corrected by insulin. 

Methods. Male rats (300 g) of the Sprague- 
Dawley strain were placed in metabolism 
cages and adapted to the tube-feeding of a 
medium carbohydrate diet(2) (26 ml per 
rat per day) each morning and late afternoon. 
Twenty-four-hour samples of urine (preserved 
with toluene and citric acid, 1 g per sample) 
were collected each early morning just prior 
to feeding. Urinary nitrogen and glucose were 
determined with the Technicon AutoAnalyzer. 
This requires measuring the creatinine and 

uric acid of urine and subtracting the values 
of these reducing substances from total re- 
ducing substances to give approximate values 
for glucose. The room T was 23-27°C and 
humidity was approximately 50%. Cortisone 
acetate (Upjohn) and glucagon-free insulin 
(Lilly) were injected subcutaneously in di- 
vided doses each morning and late afternoon. 
The rats were disease-free. Sterile undiluted 
homogenates of either Walker Carcinoma 2 5 6 
or Jensen Sarcoma were injected into the 
upper thigh of each hind leg. At the end of 
the experiment each rat was exsanguinated 
under deep ether anesthesia and tumor, adre- 
nals, thymus and spleen were weighed. 

Experiments and results. Experiments 1 , 2, 
3 and 4 (Fig. 1, 2, 3, 4) involved rats given 
cortisone and insulin, separately and in com- 
bination and with and without implantation 
of Jensen Sarcoma. All rats had a control 
period of 10 days, but data for 3 days only 
are given in the figures. Standard errors were 
calculated for all averages, but only those for 

TABLE I. Organ Weights (mg) f rom Enperinients 2 and 3. Averages and standard errors. 
- 

Treatment Exp Thyinus Spleen 2 adrenals 

No tumor, no treatment 
” ” , 10 u insulin daily 
” ” , 10 mg cortisone daily 
” 

Tumor, 110 treatment 

” , 10 nig cortisone + 10 11 insulin daily 

” 

” 

” 

, 10 u insulin daily 
, 10 mg cortisone daily 
, 10 nig cortisone + 1 0  u insulin daily 

No turnor, no treatment 
” ” , 20 u insulin daily 
” ” , 10 nig cortisone daily 
” 

Tumor, no treatment 

” , 10 mg cortisone + 20 u insulin daily 

” 

” 

” 

, 20 u insulin dxily 
, 10 mg cortisone daily 
, 1 0  mg cortisone + 20 u insulin daily 

2 489 &30 
433 +62 

26 & 3.3 
29 2 4.5 

192 t 2 3  
251 t 3 0  

2 7 k  6 
44 2 3.1 

3 455 2 3 4  
307 2 4 2  

32 -+ 3.4 
30 & 3.8 

28 2 4.2 
34 & 2.8 

201 2 2 7  
156 5 2 4  

667 & 35 
577 * 34 
288 * 12 
3 0 4 2  20 

4113 +282 
3203 2 1 7 1  
1063 + 86 
1650 +149 

590 2 29 
573 + 36 
3 1 6 2  22 
259 * 68 

3720 2 2 5 3  
3500 +156 
1048 -+I37 
1047 & 98 

56 2 2.1 
54 * 3.9 
25 + 2.8 
29 +- 1.7 

241 +35 
286 +23 

34 & 2.3 
43 -+ 4.2 

53 + 2.5 
60 + 2.9 
29 s+ 2.0 
26 .+- 2.1 

33 -+ 2.7 
38 -+ 2.5 

203 +26 
167 +25 

*This research was supported by USPHS Grant 
AM 06046-1251 and by a grant from the Hartiord 
Foundation. Cortisone acetate was kindly supplied 
by Dr. Robert 0. Stafford, Upjohn Co., Kalamazoo, 
Mich. and insulin by Dr. W. R. Kirtley, Clinical In- 
vestigation Dept., Eli Lilly Co., Indianapolis, Ind. 
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tumor weights are included in the figures. 
Urinary glucose. Glycosuria was induced 

in amounts proportional to the dose od corti- 
sone. The glycosuria was markedly reduced 
by injection of insulin, a divided dose of 10 
units daily having a maximal effect. The gly- 
cosuria was also reduced by the growing 
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tumor as first noted by David Ingle(3). 
Urinary nitrogen. There was a tendmcy 

for urinary nitrogen to increase slightly for 
a few days fodlowing implantation of the 
tumor or during the administration olf insulin. 
Cortisoae caused a marked increase in urinary 
nitrogen that was not suppressed by insulin 

400 

2, 

300 
a 

5 
1200 
>r 

3 

100 

4 
2, 0 'D 

i 3  
g 2  

H I  

j l  

c11 2, 

e o  

0" 

400 - 

% 0 'D 

g300 - 
E" 

g zoo - 

100 - 

- INSULIN ONLY 
< -  - CONTROL - CORTISONE ONLY - CORTISONEclNSULIN 

------* TUMOR ONLY (FINAL WT TUMOR=64?3 55gmsl 
----a TUMOR+INSULIN (FINALWT TUMOR=63f 276gms) 
*-_-_a TUMORcCORTlSONE (FINAL WT TUMOR=59?3 67gms) 
*----- TUMOR+CORTISONE+INSULIN (FINAL WT : 4 0 r 3  07qmr l  

1 2  3 4  5 6 7 8 9 1 0 1 1  1 2 i 3 1 4 1 5  
DAYS 

implonl tumor 

- CORTlSONE*TUMOR'~FINALTUMOR WT= 3 5 f l  32) 

*---. CORTISONE+ INSULINtTUMOR(FINALTUM0R WT 37+1631 

I I 

"1 I 

FIG. 1. Urine glucose and nitrogen and weights of Jensen sarcoma in inltact tube-fed rats. 

FIG. 2. Urine glucose and nitrogen and weights of Jensen sarcoma in intact tube-fed rats. 

FIG. 3. Urine glucose and nitrogen and weights of Jensen sarcoma in intact tube-fed 

FIG. 4. Urine glu'oose and nitrogen and weights of Jensen sarcoma in intact tube-fed rats. 

Effects of corltisone and insulin. Averages for 6 rats per group. 

Effects of cortison'e and insulin. Averages for 6 rats per group. 

rats. Effects 'of cortisone and insulin. Averages for 6 rats per group. 

Effects of coptisone and insullin. Averages for 18 rats per group. 
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in either the presence or absence of tumor. 
The tumor caused some suppression of uri- 
nary nitrogen toward the end of the experi- 
mental period. Calculation of standard errors 
of meaus and of differences in mean values 
between groups with and without insulin show 
that insulin failed to significantly suppress 
urinary nitrogen. 

Tumor weights. Cortisone significantly in- 
hibited the growth of the tumor, but insulin 
failed to significantly affect the average 
weight of tumors in the presence or absence 
of cortisone. 

Organ weights. Data on weights of adre- 
nals, thymus and spleen illustrate the well- 
known atrophy of the adrenal cortices, thy- 
mus and spleen during administration of cor- 
tisone and the hypertrophy of adrenal cor- 
tices and spleen and some regression of thy- 
mus in tumor hosts. The hypertrophy of 
adrenal cortices in tumor hosts is blocked and 
hypertrophy of spleen is partially blocked by 
treatment with cortisone. The administration 
of insulin did not significantly affect weights 
of these organs under conditions studied here. 
The data in Table I are frolm Experiments 
2 and 3. 

Experiments 5, 6 and 7 were identical in 
design to those described above except that 
Walker Carcinoma 256 was used. ?"he re- 
sults (Table 11) are very similar to those 
obtained with Jensen Sarcoma; insulin failed 
to normalize tumor growth or to suppress 
nitrogen loss in rats with or without cortisone. 

Discussion. The changes from normal in 
metabolism and growth in animals with pan- 
creatic diabetes are corrected by treatment 
with insulin. Steroid diabetes is different. 
Although glycosuria of steroid diabetes in 

rats is not abolished by treatment with in- 
sulin, it is markedly reduced. Insulin either 
fails to suppress the abnormally high level 
of urinary nitrogen in rats with steroid dia- 
betes or the effect is small. Insulin doles not 
prevent the effects of cortisone over-dosage 
on adrenals, thymus and spleen. Similarly, 
insulin either fails to stimulate the growth of 
the Walker and Jensen tumors in the presence 
or absence of cortisone or the effect is small. 
This is a further example of a dissociatioln 
between the overt effects of insulin upon the 
utilization of glucose and effects on nitrogen 
balance and growth (4). 

Summary. Sexually mature male rats in 
metabolism cages were adapted to the tube- 
feeding of a medium carbohydrate diet. Some 
rats were treated with cortisone acetate and 
with glucagon-free insulin, separately and in 
combination and in the presence and absence 
of implanted tumor. ?"he severity of the 
glycosuria was proportional to the dose of 
cortisone. Glycosuria was markedly sup- 
pressed by insulin, but there was no sup- 
pression of the level of urinary nitrogen in 
the presence or absence of cortisone. Corti- 
sone suppressed the growth of Walker Car- 
cinoma 256 and of Jensen Sarcoma and 
caused atrophy of the adrenals, thymus and 
partial atrophy of spleen. None olf these 
effects of cortisone overdosage were prevented 
by insulin. 
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