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CHAPTER I
INTRODUCTION

Protein is basic to the structure and function
of protoplasm. ZEngzyme systems which regulate the
rate of cellular reactions are primerily composed of
protein and many of these ensymatic systems influence
the metabolism of less specialized proteins that form
the major structural material of protoplasm. It is
believed that experimental procedures which modify
protein composition of cells may also influence the
activity of intra-cellular enzymes. In experimental
liver cancer, it has been shown that the activities
of a number of oxidative enzymes are modified as the
carcinogenic process proceeds (Richmond, 1955, pe 38).
Furthermore, it has been demonstrated that endoecrine
function influences carcinogenic processes. Moon,
et al. (1951, p. 539) reported that long-term adminis-
tration of growth hormone to hypophysectomized rats
did not produce the numerous neoplasms that developed
in control rats. Hormones of the adrenal cortex
are intimately involved in the regulation of protein
metabolism, and Umbriet (1951, p. 574) showed that
cortisone influences enzyme systems that aid in the
degradation of cellular protein. BSuch studies
indicate that more work is needed on the effects of
adrenal hormones on protein composition and activity
during carcinogenesis.,

Symeonidis, et al. (1954, p. 811) have reported
that certain modifications of adrenal function in-
hibit liver tumor formation that occurs after the
feeding of the azo dye para-dimethylaminocazobenzene
(DAB).






The present study was undertaken to determine
whether modification in adrenal function would affect
the protein composition of the liver of rats fed the
potent azo dye 3'-methyl-4-dimethylaminoazobenzene
(3'-Me-DAB). Attempts were made to correlate these
findings with changes in enzyme activity that have
been reported by others,







CHAPTER II
SURVEY OF LITERATURE

Atypical growths due to azo dyes were first
described by Fischer in 1906 (cited by Rusch gf al.,
1945, p. 267). The injection of Scarlet red into the
ears of rabbits resulted in atypicol epithelial
growths, These growths receded when the chemical
was withdrawn. In 1924, Schmidt (Rusch et al., 1945,
D. 267) observed a proliferation of the epithelial -
cells of the liver when feeding Scarlet red to mice.
These growths were considered by Schmidt to be both
adenomatous and sarcomatous in nature. Yoshida, in
1933 (Rusch et al., 1945, p. 267), conclusively
denonstrated the carcinogenicity of azo dyes. Hepa~-
tomas were obtained by feeding 1 mg of 2' 3-dimethyl-
4-gminoagzobenzene per gram of food for several months,
In 1937, 4-dimethylaminoazobenzene was reported to be
the most active carcinogen for rats (Kinosita 1937
as cited by Sugiura and Rhoads, 1941, p. 3). The
diet used in this study was brown rice, carrots,
olive oil, and the carcinogen. When wheat bread was
introduced into the diet, the tumor incidence dropped
markedly. T. Ando, in 1938, found that adding yeast
to the diet of dye-fed animals decreased tumor incidencej
also, Nakahara et al., found that beef liver added
to the diet of DAB-fed animal reduced tumor incidence
(Sugiunra and Rhoads, 1941, p. 3). These findings
of the Japanese were confirmed in this country
(Sugiura and Rhoads, 1941, p. 15).

The above findings provided another tool for
cancer research. Liver tumors are now easily produced
and are markedly affected by dietary ingredients.







As it was apparent that a dietary influence
was involved in tumor induction with azo dyes, puri-
fied diets were used to study these influences ot

vitaming, proteins, fats and specific agents on thb

carcinogenic process. A

The protein content of the diet was demonsttnted
to be a factor in tumor induction of dye-fed aninala.
Griffin end Baumann, (1949, p. 86)“noted that if the
dietary protein (casein) was raised to 24% as com-
pared to a 127 contrel diet the tumor incidence drngpod.
Other dietary constituents were also observed to have
an influence on DAB-fed animals. OCorn oil at the
20% level in the diet produced tumors in 53-64% of
the rats in six months. Hydrogenated cocoanut oil
in the diet reduced the tumoxr ircidence to 8% in the
same period ¢f time (Miller et al.y 1949, pe¢ 158).
Kline (1946, p. 4)/showed that the addition of 20%
corn ¢il to the basal diet would produce more tumors
than a diet containing 5% corn oil. These findings deron=-
strated that the amount and kKind of fat present im the
diet would influence tumor development.,

Vitamin content in diets of DAB-fed animals:
was also studied. Ribofla&in'was denonstrated to be
the most significant in liﬁer tumor inhibition.
Kensler et al., (1941, p. 309)vf1rst obtained marked
inhibition of liver tumors by adding riboflavin to
the basal diet. “ubsquentﬁy riboflavin became well
established as an inhibi“or;of azo dye -carcinogenesis,

In addition the role of diefary constituents in 1iveF
tumor induction by azo dyes has been demonstrated to

exert an effect upon the reteéntion and utilization of
riboflavin in the liver. Griffin and Beumann (1946,
D. 475)Bhowed that 24% casein in the diet increased







the retention of riboflavin, Fat in the diet also
influences the liver's capacity to retain riboflavin.
Retention of riboflavin in the liver is less when

20% corn oil is included in the basal diet than when
5% corn oil is used (Miller et al., 1948, p. 92)5’
Riboflavin retention is increased by the use of hydro-
genated cocoanut oil in the diet (Griffin and Baumann,
1548, p. 282){' The location of riboflavin in the
liver cell became a point of investigation. Price

et al. (1950, p. 27)/showed a decrease in riboflavin
content of the large gramule fraction (mitochondria)
of liver tumors compared to normal livers.

One hypothesis advanced to explain the car=
cinogenic action of the azo dyes involves the depletion
of liver protein by a dye binding process (Miller et
al.y 1947, p. 479) They observed that, preceding
tumor formation, protein bound derivatives of the
azo dyes are found in the liver; protein bound dyes
are found only in species which are susceptible to
azo dye c¢arcinogenesis. They suggested that, "In any
event p-dimethylaminoazobenzene might initiate the
carcinogenic process through sublethal combinations
of this dye or its metabolites with critical proteins
in normal cells and their descendents. The autonomous
tumor may be the eventual outcome of some of the
danaged liver cells through a permanent alteration
or loss of proteins essential for the control of
growth but not for life."™ This concept is supported
by the observation that protein bound dyes are absent
in tumors formed during dye feeding.

That the endocrine system may be involved in
azo dye carcinogenesis is based upon the observation
of Moom, et al. (1951, p. 539)¢ They noted that







the long-term administration of growth hormone to

hypophysectomized rats did not produce the numerous
neoplasme that developed in control rats. Griffin
ot al. (1953, p. 79)“Feported that hypophysectomy
inhibited liver tumor induction in rats fed 3'-!04ﬂll.
Histological examination (Richardson et al., 1953¢
Ps 1029) of completely hypophysectomized rats fed
3'-Me-DAB revealed atrophy of adrenals, testes, ,
prostate, and thyroid. In incompletely hypophysecto-
nized rate, histological examination revealed cirrhosis
and concomitant changes associated with 3'-Me~DAB
induced tumors. Administration of adrenocortico-
tropic hormone (ACTH) to hypophysectomized rats
receiving 3+lie~-DAB resulted in the formation of
liver tumors (Robertson, et al., 1954, »p. 551}1'
Various hormones have been given to hypophysectomized
rats receiving the >'-Me~DAB by Richardson et g}y
(1954, p. 1047 They found that ACTH and sro'l:h
hormone administered simultaneously were the most
effective in restoring the activity of the carcinogen.
Gonadotropin and thyrotropin were less effective
in restoring this aetivity. Cortisone, testesterone,
and desoxycorticosterone acetate (DCA) were not
effective in tumor restoration. In addition they
point out that changes in adreral lipoid of hypo=-
physectomized rats given hormones indicate that
pituitary-adrenal relationships may be a prerequisite
to the process of tumor induction.

Some influences of adremsl cortical hormones.
in liver tumor induction using DAB were reported
by Symeonidis et al. (19544 p. 811)5/ They indicate
that adreralectomized animals, fed DAB, treated or
not treated with DCA, failed to develop liver tumors.







This evidence is contrary to that reported by Griffin
et el. (1955, p. 1625) Griffin and his co-workers
using 3'-Me~DAB as the carcinogen found that tumors
were not inhibited in adrenalectomized animals,

with or without treatment with cortisone or DCA.
Griffin, et al. (1955, p. 1629) also reported that
hypophysectomy did not inhibit tumors produced by

the carcinogens benzpyrene, dibenzanthracene, and
methylcholanthrene.,

It has been established that total adrenalectomy
invariably results in death. However, life can be
maintained by administration of proper types and
quantities of preparations. (Turmer, 1955, pe 166)7
Two types of synthetic preparations were used in
the present study, desoxycorticosterone trimethyl-
acetate and cortisone acetats. Desoxycorticesterone
trimethylacetate is a chemical modification of
desoxycorticosterone, the steroid hormone secreted
by the adrenal cortex. Desoxycorticosterone has
been studied extensively and plays an importent role
in the retention of sodium and chloride by the kidney
(Turner, 1955, p. 173)¥ Desoxycorticosterone tri-
methylacetate administered in single small doses has
been established to be especially effective in long-
term maintenance of totally adrenalectomized animals
(Gaunt et al., 1952, p. 530)?’ Cortisone acetate is a
chemical modification of the natural steroid hormone
(cortisone), and is primarily effective in earbohﬁdratoA
and protein metabolism; its effects on water and
electrolyte metabolism are about one-~thirtieth
that of desoxycorticosterone (Turner, 1955, pe 173)¥







CHAPTER III
METHODS AND MATERIALS

In these experiments 72 female Long-Evans
rate were housed 6 to a cage in animal quarters
with the temperature controlled from 73-769 F.

At the time of operation the rats weighed
between 180 and 200 grams. All animals were ovari-
ectomized because it has been reported that female
rats are more resistant to liver tumor induetiom
by azo dyes (Rumsfeld et al., 1951, p. 818). Twelve
animals, used as controls, were left with the advenals
intact. In experimental animals; the ovariectomy"
and adrenalectomy were performed at the same time.
The adrenalectomized animcls received either desoxy-
corticosterone triwethylacetate (DCT) oxr cortiaon.
acetate or both hormones subsutanecously throughout
the course of the experiment. Dosage, type, and time
intervals involved in hormonal treetment of the
various groups are shown in Table 1, All enimals
which received cortisone acetate were inaectéd with
5 mg of DCT at the time of operation. Rats receiving
DCT were allowed to select botween 5% dextrose
solution and tap water. Oortisone acetate treated
animals were maintained on a drinking solution which
contained dextrose, sodium chloride, and potassiunm
chloride: 25, %, and 2 grams per liter, respectively.

Animals were fed, ad libitum, a purified
diet (Table 2) similar to the one used by Price
et al. (1952, p. 193), and modified b; Richmond
(1955, p. 19). In this study an antibiotiec _
(Tetracycline-Vet, Pfiszer) was added to the dietjj

e e e







After 126 days on the diet the animals were
sacrificed by decapitaetion. Iivers were removed,
washed in physioclogical saline, blotted and weighed
to the neerest tenth of a milligram. Liver tissnj
containing tumors was then dissected from the non-
tumorous tissue or, as in many cases, the least
tumorous tissue. The livers were then dried to
constant weight at 110° C. and the percentage water
calculated from the wet and dry liver weights.

Livers were ground in a Waring Blender and
the lipid content was determined according to =
modification of the Saxon fat extraction procedure
by Richmond (1954, p. 30).

The nitrogen content of the dry, fat-free
livers was determined by a modification of the
Kjeldahl procedure as given by Marcali and Riemann
(1946, p. 709). Fhosphorus was algo resoved from
the sample as suggested by Marcali and Riemann
(1948, p. 387); one~helf gram aliquots of the tissue
was used for these determinations. Protein content
was determined by multiplying the nitrogen content
by the factor 6.25.
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CHAPTER IV
RESULTS

liaintensnce of sdrenalectomized animals with
adrenal steroids

After one week on a stock diet (Purina
Chow) adrenalectomized rats tre-ted with cortisone
acetate were trarsferred to a purified diet
containing 3'-Me-DAB., Previous experiments
had indicated that cortisone acetate alone will
not maintain adrenalectomized rats and it was
deemed advisable to supplement cortisone treat-
ment with salt solutions. Therefore, animals
were allowed to choose between tap water and
a mixture of sodium chloride snd potassium
chloride (0.5% each)j they selected salt solution,
became edematous, and several animals died. ‘
In attempts to improve their health, survivors
were allowed to select from solutions of dextrose
(5%), sodium chloride (1%), and potassium chloride
(1%)« Dextrose and sodium chloride were selected
in larger quantities than potassium chloride,
This regime ameliorated the edema and slightly
improved the appearance of the animals. On the
basis of this information, the animals were allowed
to drink a mixture of dextrose, sodium chloride,
and potassium chloride (25, 4, and 2 grams per
liter respectively) for a number of weeks., Some
rats did not recover their lost weight and, because
of poor condition and high mortality, it was
deemed advisable to inject a steroid that had
good life-maintaining properties. Therefore,
50 days after adrenalectomy, DCT was again injected.







B.

After DCT injection the rats were allowed to
choose, as drinking fluid, between dextrose

and tap weter. The rats selected dextrose solu-
tion, drank little water, gained weight, and
were in good physical condition when sacrificed.
Figures 1, 2, and 3 show The relationship of

the hormonal treatment to weight changes. |

Desoxycorticosterone trimethylacetate,

a long-acting adrenal steroid known to be good
for life maintenance of adrenalectomized animals
fed a stock diet, did not appear very effective
in meintaining adrenalectomized rats fed a
purified diet containing the carcinogen. Of
twelve rats given 25 mg of DCT each at one injeec~
tion, six died during the first month. The six
survivors were then injected again with 25 mg of
DCT andallowed to choose between dextrose
solution and water. They selected dextrosey
drank little water, but improved in health and
were in good condition when sacrificed.

Many animals receiving cortisone aceéetate
died during the course of the experiment. Those
which had received large doses (50 mg per month)
of cortisone revealed, upon auntopsy, pulmonary
infections, adhesions in the pleursl cavity, and
a general edena of tissues. Water content of ;
the livers of these animals was high (78%).
Macroscopic appearance of the livers

All control livers were tumorous, exhibit-
ing vesicular bodies and nodules. In most cases
these abnormal structures were diffusely secat-
tered throughout the substance of the liver, but
in a few cases the posterior surface of the liver
was more affected than were other areas.
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Tumorous livers of animels receiving DOT were
different in sppearance from control tumorous
livers. They were darker in color, appeared
more compact, and lacked wvesicular bodies.

Tumorous livers of group II; the group
receiving the highest amount of cortisone acetate
relative to DOP, were pale snd contained numerous
vesicular bodies. Other groups, i.e., those
groups receiving a low ratio of cortisone acetate
to DOT, had livers similar in appearance teo
control livers. :

Table 3 gives the tumor incidence in the
various groups. I¥ can be seen that those groups
which received DCT aloney or a low ratio of
cortisone acetate to DCT, tended to show a lower
tumor incidence, All animels receiving a high
dose of cortisone acetate (Group II) had tumorous
livers,

Liver is
Data on the analyses of experimental and

control livers are given in Table 4, The dif-
ference of two means under comparison was con-
sidered to be significant when the p value was
.05 or less.
a. Percen of solida, water, and lipid

tumorous livers

Treaotment of adrenalectomized rats with

adrenal steroids increased the percentage of
solids above the control value, and this
increase was significantly greater ingeoups
III through VI (p 0l1). There was little

or no correlation between percentage of solids
and treatment with different ratios of DOT







b.
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to cortisone acetate

Those livers which had significantly
higher percentage of solids also showed a de-
crease in percentage of water (p .05). Other
experimental groups studied showed no differ—
ences in percentage of solids when compared
to control values. The percentage of lipid
in the livers was not chenged by hormonal
treatment. .
Protein content of the tumorous livers

The protein content in the livers was
determined by dividing the total grams of
protein by the total weight of the liwver.
The values are expressed either as percent-
age of the wet weight or as percentage of
the fat~free dry weight. Trestment of
adrenalectomized rats with 100 mg or more
of adrenal steroids (groups I, II, and III)
resulted in inereases in the percentage liver
protein in the dry fat-free livers, and
these differences were highly significant
in groups I and II (p .0l1). Administration
of less than 100 mg of the steroid hormones
failed to elevate the percentage of liver pro-
tein, and the probable effect of small doses
(52-62 mg) was to decrease the percentage of
liver protein. There appeared to be no
correlation between the ratios of the two
sterocids used and the response obtained.
On a wet weight basis the percentage of pro—
tein was significantly elevated in only the
group treated with DCT alone.







ified grossly as "tumorous" and"non-tumorous.”
J

’ Areas of the diseased liver were class-
| : .
| Comparison of percentage of protein from these

: areas revealed no differences,
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CHAPTER V
DISCUSSION

The results of this investigation indicate that
adrenalectomized rats fed a puritiodAoarcinsguﬁia '
diet cannot be maintained routinely with desoxy-
corticosterone trimethylacetate or cocrtiscne acetate.
Supplementation of stercid treatment with special
salt solutions and dextrose solutions, when done
selectively, will allow for long-term survival
under such dietary conditions. It was impossible
to maintain adrenalectomized rats for long periods
of time with cortisone acetate slone, bat small
doses of DCT and special drinking fluids conteining
dextrose, sodium chloride, and potassium chloride
did permit long-term maintenance under these con-
ditions, Reasons for this may be related to the
"protein sparing action of dextrose"™ and the re-
placement of urinary loss of sodium and potassiam
(Bversole, 1956, p. 60).

It was of some interest that the adrenalectomized
rats fed the carcinogenic diet and treated with
DCT showed improvement in general physical cendition
when they were allowed access to dexbtrose solution.
The reason for this is not clear, but is probadly
related to the fact that normal rats lose weight
during the first moath of feeding the carcinogeniec
diet. In other words the glucose treatment may have
had a sparing effect on body protein catebolism
under these carcinogenic and dietary conditions,

Pulmonary infection subsequent to cortisone
treatmert of intact rats has bdeen reported by other
investigators (Hoch~Iigetti, 1955, p. 1633).  The
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dosage used by Hoch~Ligeti was 15 mg of cortisone
per week, a dosage which is higher tham any used in
the present study. These findings sre in keeping
with the concept that cortisone inhibits the in-
flammatory process (Turner, 1955, p. 197) and hence
the animals are more susceptible to infections.

In studies, the results of which are not shown
in tables, those animals which died while receiving
cortisone acetate treatment showed a high percentage
of water in the liver (78%). BSuch animals also
showed gross edema. Although cortisone may have been
a causative agent in the high water content of the
livers, dietary factors are probably also involyi&.
Richmond (1954, p. 22) has reported that rats fed a
purified diet lacking a carcinogen show a higher
percentage of water in the livers than the values
reported for animals fed a stock diet.

Symeonidis et al. (1954, p. 811) reported that
adrenalectomized and inteet rats treated with DOA
did not develop hepatomas when fed DAB., These investi-
gators also reported an absence of tumors in adreral-~
ectomized rats that did not receive any adrenal
steroid treatment. The findings of this study are
not in strict agreement with those of Symeonidis
et al. However, in the present study a more potent
carcinogen was used and there were differences
in the chemical nature and methods of asdministration
of the steroid. Other workers have failed to inhibit
liver tumors by treatment with adrenal steroids
(Griffin et al., 1955, p. 1629). In the present
study failure to obtain 100% tumors in groups re-
ceiving DCT alone, and in groups receiving low doses
of DCT and cortisone acetate in about equal propereim

. - s_-"
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would indicate that possible inhibitory effects
with 1l-desoxy steroids may be dosage dependent.
This possibility is now under investigation in ﬁhes.
laboratories.

Richmond (1954, p. 23) found that DAB-fed nnhals
showed decreased solid and increased water perccnbngos
in tumorous livers. It is generally accepted thue the
water content of hepatomas is increased (Greensﬁpin,
1943, p. 430). The results of the present study
indicate that some undetermined liver constituent in-
creases in the tumorous livers of animels treatpdmpith
low doses of adrenal steroids,

The values for percentage of protein in thn I!vtrs
of control animals of this study are in agreement tdth
those obtained by Richmond (1954, p. 41). The d0~
crease in percentage protein in the tumorous lints
represents a true decrease in concentration of
liver protein. The results of the present study
indicate that concentration of protein in eancerom(
liver can be modified by treatment with adrenal
steroids. ~'

The effect of DOT favoring the deposition of
protein in the tumorous liver is in agreerent with
the known action of this steroid on normal liver
tissue. Symeonidis et al. (1955, p. 557) have showmn
that rats under prolonged treatment with DCA regen-—
erate a greater liver nass after partial hepatectomy
than do untreated rats. This increase in liver mass
was shown to be associated with an increase in total

protein.

There is an indication that cortisone acetate
does not exhibit protein catabolic effects on the
liver during azo dye carcinogenesis. The group

W T RPN e e,






treated with 120 mg of cortisone acetate and 29 mg
of DCT (group II) showed protein values that were
significantly high. d
The results of the present study indicate that
he changes in per cent protein of the livers
in those groups treated with both adrenal steroids
(groups II through VI) are dependent upon the total
steroids administered to the animals. Attention is
invited to the faect that the groups which received
the lowest total steroids (groups V and VI) also revealed
the lowest protein values.

In this discussion it is pertinent to point out
that the interpretation of the results are made from
the viewpoint that supplementation of hormonal
treatment with special salt or sugar solution had
little or no influence on the carcinogenic process
or on liver composition. It is believed that™
changes in liver composition reported here are
due to hormonal changes rather than to differences
in fluid supplementation,







CHAPTER VI
SUMMARY AKD CONCLUSIONS

Under the experimental conditions of this

study, it has been found thab:

1.

e

Je

4,

5.

Adrenalectomized rats treated with adrenal
steroids and fed carcinogenic diets require,

for survival, supplementation of hormonal treat-
ment with either special salt or sugar solntians
or both.

Tumor formation could not be completely sup-
pressed with the amounts of DCT used, but there
was some evidence that inhibition msy be ob-
tained with larger doses of the steroid.

Hormonal treatment does not influence the
percentage of lipid in liver tumors.

Administration of large doses of DCT alone I;vaén
an increase in percentage of protein in tumorous
livers.,

Increases in the percentage of protein in tumorous
livers of animals treated with both DCT and cortisone
acetate appears to be dependent upon the total dose
of the steroid administered.

Increased solids, due to treatment with less
than 100 mg of steroid, is & result of an 1n¢roaso
in some undetermined liver constituent. :
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TABLE 2

Dietary ingredients (per Kg of diet)
Dextrose (Cerelose)
Casein (vitamin free)
Salt mixture (Osborne-lendel)
Corn oil (Mazola oil)
Thiamine chloride

Riboflavin
Pyridoxine hydrochloride
Calcium pantothenate
Choline chloride
Halibut oil
3'-Me=DASB

Antibiotic (Tetracycline-Vet, Pfizer)

ML MNTMITMIIY ANWTN AT ATYINIT7TINNR
3 =-METHYL=li«DIMETHYLAMINCAZOBENZENE

grams
620
210
110
100
0.003
0,0015
0.0025
0.007
0.030
0.300
0.580
0,100

(3'-Me=DAB)
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damage of this volume. If lost or damaned, it
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