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Inhibition of Azo Dye Carcinogenesis by Adrenalectomy and Treatment
With Desoxycorticosterone Trimethylacetate.*t (23564)

W. J. EVERSOLE}
Department of Biology, University of New Mexico, Albuquerque

Symeonidis, Mulay and Burgoyne(1) re-
ported that adrenalectomy or overdosage of
intact rats with desoxycorticosterone acetate
(DCA) prevented azo dye carcinogenesis. On
the other hand Griffin, Richardson, Robert-
son, O’Neal and Spain(2) got just the oppo-
site results. The former authors employed
4-dimethylaminoazobenzene (DAB) and sub-
cutaneous implants of pellets of DCA while
the latter workers used 3’-methyl-4-dimethyl-
aminoazobenzene (3’-Me-DAB), and subcu-
taneous injections of DCA in oil. The amount
of steroid given per month by either group
was approximately the same, making it highly
unlikely that differences in methods of ad-
ministration of DCA accounted for the diver-

* Desoxycorticosterone trimethylacetate was sup-
plied by Dr. Robert Gaunt, Ciba Pharmaceutical
Products.

t Aided by grant from Am. Cancer Soc.

! The author wishes to acknowledge the technical
help of Dr. F. A. Giere, Miss Emma Romero, and
John DaVanzo. Also, we wish to thank Dr. Guido
Daub, Chemistry Dept., U. N. M., for preparation
of 3’-methyl-4-dimethylaminoazobenzene.

gent findings. Also, it seems highly unlikely
that the use of different carcinogens could
account for the discrepancies since the effects
produced by carcinogenic azo dyes are quali-
tatively the same(3); 3’-Me-DAB is a more
rapidly acting hepatic carcinogen than is
DAB(4). During the past 5 years, we have
been attempting to determine the effects of
adrenal steroids on the course of azo dye
carcinogenesis and have followed the work of
the above authors with considerable interest.
We find, as did Symeonidis et al.(1), that
treatment of totally -adrenalectomized rats
with 11-desoxycorticosterones prevents azo
dye carcinogenesis, but unlike these workers,
we find that overdosage of intact rats with
11-desoxycorticoids fails to prevent the car-
cinogenic process. Furthermore, we find that
the presence of accessory or regenerated ad-
renal cortical tissues inhibits the protective
effect of adrenalectomy and hormonal treat-
ment. The basis of these conclusions is re-
ported here.

Methods and materials. Male rats of the
Long-Evans strain weighing approximately
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TABLE I. Effect of Adrenalectomy and DCT Treatment on Body and Liver Weights of Male
Rats Fed 3'-Me-DAB for 4 Months.

Liver wt, Liver wt, g
Body wt g/100 g - ~
gain, g body wt  Non-nodulart Nodular
Group Treatment —  Mean+SE—-v————
la Intact, food ad lib 1 +19% 9.2+ 34 105+ .3 11.2+12.1
(6) (3) (5) (4)
b ! 10 g food/day} IR+ 8 8.2+ 1.4 149 + 3.1 44+ 29
(6) () (6) )
2a ” food ad lib, 250 mg DCT 61 + 11 8.1+ 1.0 15.1 + 1.0 7.9+ 39
(16) (15) (15) 9)
b ’ 10 g food/day, 250 mg DCT 41+ 9 8.7 + 1.7 129 1.8 84+ 42
(5 (3) (5) G
3a Adrx,, food ad lib, 250 mg DCT 38 + 4 4.1+ .1 108+ .5 None
(8, (8) (8)
b 710 g tood/day, 250 mg DCT 68 = 5 42+ 2 118+ .6 ”
($ (3 (3)
4 Subtotal adrx., 250 mg DCT 36+ 9 5.2+ .8 145 + .7 §
(2 from fed group) (5 (3) (5)
(3 from ad lib group)
| =& 7 t Non-nodular refers to liver tissue other than dissectable,
*SE ==+ | . neoplastic nodules. In grossly tumorous livers, non-nodular tis-
Y n(n-1) sue contained seattered lesions and tiny nodules.

$ In groups 1 b, 2b and 3 b amt of food was 15 g/day for 2

wk, thereafter 10 g/day.

§ Nodules too small to be dissected and weighed.

210 g initially were fed a semisynthetic diet,
patterned after Price et al.(5), containing
0.0589% 3’-Me-DAB for 126 days. The di-
etary ingredients were:

Dextrose 620  g/kg
Salt mixture (Wesson) 40

Vit. test casein 240

Corn oil 100
Thiamin (Ch 3 mg/kg
Riboflavin 1.5
Pyridoxine (HCl) 2.5

Ca pantothenate 7
Choline (CI) 30
3’-Me-DAB 580
Halibut liver oil 300
Tetracycline-Vet 100

The diet was similar to that used by others
working on azo dye carcinogenesis except that
it contained a higher percentage of casein.
Also, an antibiotic, (Pfizer, Tetracycline-Vet),
was added in hopes that it would reduce res-
piratory infections that commonly occur in
rats fed purified diet containing azo dye.
Sixty rats, all of which were fed the carcino-
genic diet, were divided into 3 groups: group
1, 12 rats, served as intact controls; group 2,
24 intact rats, received desoxycorticosterone
trimethylacetate (DCT); group 3, 24 adren-
alectomized rats, received DCT. Each major

group was subdivided into 2 subgroups as
given in Table I. Desoxycorticosterone tri-
methylacetate (DCT), a long-acting adrenal-
like steroid(6), was injected intramuscularly
in 3 mg doses immediately following adrenal-
ectomy. One week later, after the healing of
incisions, the rats were injected with 70 mg
DCT and placed on the carcinogenic diet.
One month later, 75 mg of the steroid was
given, followed with 50 mg at the beginning
of the second and third months. Intact rats
received DCT in a manner and time sequence
similar to adrenalectomized ones; each
treated rat received a total of 250 mg of the
corticoid. The animals were sacrificed after
they had been on the diet for approximately
4 months (120-126 days). At sacrifice, the
animals were weighed and injected with a
lethal dose of Nembutal. The blood vascular
system was perfused with physiological saline;
the liver was removed, examined, photo-
graphed and weighed. Small pieces of the
left lateral lobe were removed for histological
and enzyme studies. Nodules of neoplastic
tissue, when present, were dissected, weighed
and saved for nitrogen determinations. His-
tological, nitrogen, and enzyme studies will
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TABLE II. Effect of DCT on Adrenal and Thymus Weights in Male Rats Fed 3’-Me-DAB for 4 Months.

Adrenal wt, % change Thymus wt, % change
mg/100 g body wt, from mg/100 g body wt, from
Group Treatment mean + S.E, control mean + S.E. control
1 Intact control 15.5 + 1.3 (11) 46.0 + 3.4 (10)
2 Intact, 250 mg DCT 11.0 = .5 (20) —29 42.4 + 3.9 (20) - 78
3 Adrx., 250 mg DCT 65.5 + 8.8 (11) +42.4
4 Subtotal adrx., 250 mg DCT 3.0+1 (5) -81 54.2 + 5.4 +17.8

be reported later. The adrenals (when pres-
ent) and thymi were weighed. In adrenalec-
tomized rats the perirenal sites were examined
for accessory cortical tissue grossly; when
such tissue was found it was saved for histo-
logical study.

Results. Untreated intact rats feeding ad
lib. showed the poorest weight gain. Treat-
ment of rats, either intact or adrenalectom-
ized, with DCT markedly improved weight
gain and physical appearance. Hormonal
treatment resulted in significant weight gain
both in rats on a restricted and ad 57b. diet.

None of the intact, non-treated rats died
during the experimental period; two of the
24 intact animals treated with DCT, and
eight of the 24 adrenalectomized rats treated
with DCT, died.

Five of the 16 “adrenalectomized” survi-
vors had adrenal cortical tissue. Such cases
were classified as being subtotally adrenal-
ectomized. As seen in Table II, the accessor-
ies were small, averaging 3 mg/100 g body
weight. From previous work it is known that
when rats are maintained for awhile on sup-
portive therapy after adrenalectomy, appre-
ciable numbers develop adrenal accessories
and survive indefinitely(6).

Intact rats, including those on hormonal
treatment had livers that were markedly en-
larged (Table I) averaging about twice the
weight of livers from adrenalectomized rats.
Livers from intact rats fed the azo dye con-
tained abnormal nodular growths, ranging in
diameter from approximately 1 to 20 mm.
The nodules were whitish in color and firm in
texture. It was possible to dissect, by ordi-
nary means, several nodules from most of
these livers; such nodules, when examined
histologically, were hepatomatous.

Adrenalectomized rats, without adrenal ac-
cessories, receiving hormonal treatment had

normal appearing livers that were slightly
larger than livers from intact rats fed a
stock diet. Apparently the purified diet con-
taining azo dye caused some liver enlarge-
ment, even in livers protected from the car-
cinogenic influence of the dye. The mean
liver weight of adrenalectomized rats treated
with DCT was significantly less than the
mean liver weight of intact rats in either of
groups 1b, 2a and 2b (P <0.05 in each analy-
sis).

Livers from subtotally adrenalectomized
rats weighed, on the average, more than livers
from totally adrenalectomized animals, but
less than livers from intact rats fed azo dye.
The carcinogenic process appeared to be de-
layed in livers from subtotally adrenalectom-
ized rats.

As seen in Table II, DCT treatment in in-
tact animals resulted in a significant decrease
in mean adrenal weight, but had little or no
effect on thymus weight. The mean thymus
weight of treated adrenalectomized rats was
significantly greater than that of treated or
untreated intact rats (P <0.05). Thymus
gland weights of treated, subtotally adrenal-
ectomized rats were essentially the same as
those taken from intact controls. In other
words, DCT treatment resulted in an ex-
pected atrophy (presumably due to ACTH
suppression) of adrenal glands when present,
but probably had little or no effect upon
thymus weight.

Discussion. Results of these experiments
indicate that 3’-Me-DAB carcinogenesis is in-
hibited by a combination of total adrenal-
ectomy and treatment with desoxycorticos-
terone trimethylacetate. The presence of
small amounts of adrenal cortical tissue al-
lows the carcinogenic process to proceed, even
when animals are treated with large doses of
11-desoxycorticoid. Preliminary data from
our laboratory offer fragmentary evidence in
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support of the report by Symeonidis et al.
(1) that total adrenalectomy. without steroid
treatment. prevents azo dve carcinogenesis.
It is extremely difficult to keep the carcinogen-
fed. untreated. adrenalectomized rat alive for
several months: mortality is extremely high.
even when saline is given as drinking fluid.
Also. many of the “‘adrenalectomized” ani-
mals that survive the experimental period
have adrenal cortical nodules with concomi-
tant hepatomas: such factors complicate ex-
periments and make it difficult to gather suffi-
cient numbers to prove unequivocally that
total adrenalectomy alone will prevent azo
dyve carcinogenesis. [t may be. in our experi-
ments. that the function of DCT was to keep
the animal alive in the absence of other tvpes
of adrenal hormones. whereas. total adrenal-
ectomy was the important factor in prevent-
ing carcinogenesis.

Controlling the daily intake of food was of
little importance in these experiments since
restrictive feeding or ad [ib. feeding gave
essentially the same results. During the first
4-6 weeks on the diet several adrenalec-
tomized. DCT-treated animals died. but the
survivors ate well. gained weight and were in
good physical condition when sacrificed. Ap-
parently DCT-treatment in either intact or
adrenalectomized rats stimulated appetite:
animals on the restrictive feeding regimen
would have eaten more of the diet than was
given. It is likely, in the ad lib. feeding
experiments. that treated adrenalectomized
rats ate more of the azo dye than did the in-
tact controls. In other words, the amount of
azo dye consumed by the rats with normal
appearing livers was as great as in animals
not protected from the carcinogenic process.
Adrenalectomy (and DCT treatment?) ap-
parently made it possible for the liver to re-
ject the carcinogenic influence of 3’-Me-DAB.

Treatment of intact rats with DCT caused
significant atrophy of the adrenal cortex but
had little or no effect on thymus weight.
Totally adrenalectomized rats treated with
DCT had large thymuses, but this was prob-
ably due to lack of atrophy in the absence of
the adrenals rather than to hormonal treat-
ment. Such results are consistent with the
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findings of others who have studied adrenal
and thymus weights in adrenalectomized rats

and in intact and adrenalectomized rats
treated with 11-desoxycorticoids(7). The
finding that 29% reduction in adrenal

weight induced by DCT had no influence
upon the carcinogenic process is consistent
with the finding that even small amounts of
adrenal tissue support carcinogenesis. Total
adrenalectomy is apparently the key factor in
inhibiting azo dye carcinogenesis.

Summary. 1) Feeding of a semi-synthetic
diet containing 0.058 percent 3’-methyl-para-
dimethylaminoazobenzene (3’-Me-DAB) to
intact rats for four months resulted in liver
enlargement and development of large neo-
plastic nodules in 100 percent of the cases.
2) dd lb. or restrictive feeding of azo
dye were equally effective in inducing liver
carcinogenesis. 3) Treatment of dye-fed, in-
tact rats with large doses of desoxycorticoster-
one trimethylacetate (DCT), over a 4-month
period, had no effect on liver carcinogenesis.
4) Treatment of dye-fed, totally adrenal-
ectomized rats for 4 months with large doses
of DCT prevented marked liver enlargement
and inhibited development of macroscopic
lesions and neoplastic nodules. 5) The pres-
ence of small amounts of adrenal cortical tis-
sue allowed the carcinogenic process to pro-
ceed in rats fed azo dye and treated with
large doses of DCT.
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