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CHAPTER I
INTRODUCTION

Studies on changes in protein metabolism in tumor-
ous animals are of importance because proteins make up the

basic architecture of cells, and are intimately linked
with essential metabolic and regulatory activities. Most
of the work concerning p-dimethylaminoazobenzene (DAB)
induced tumors has been directed toward either the dietary
or enzymatic ramifications of carecinogenesis. A large
portion of the data related to total protein or nitrogen
alterations appeared to be by-products of other studies.
In some instances it has been difficult to interpret
accurately the data regarding nitrogen alterations in
tumorous liver because it was not stated wi ether the tissue
came from tumorous or non-tumorous areas of the liver.

Some workers have postulated that a tumor 1is a
nitrogen trap because tumors are known to contain large
amounts of nitrogen. Zamecnik and Stephenson (19%7, p.331),
reported an inerease in total nitrogen in hepatomas as
compared to normal liver tissue. Striebich, et. al.,
(1953, p. 281), found that there was slightly less nitro-
gen in the livers of azo dye fed rats than in centrols
on & percentage basis. Tumorous liver tissues have been

reported to contain decreased solid comtents (Griffin,

et. al., 1948, p. 1228). Iivers of rats bearing extra-hepatic







tumors also were shown to have inereased water contents

and decreased solid contents (Green, et. al., 1950, p.773).
These findings suggested that on a percentage basis the
protein content of entire tumorous livers might not be
inereased. £

The purpose of our study was to determine poss-
ible alterations in water, fat, and protein content of
the livers from rats fed DAB for long periods. Aliquots
of the dry, fat-free liver rather than selected areas
were used for the protein determinations.

Studies were also undertaken to compare the
amounts of non-protein nitrogen and ereatinine in the
blood and urine of animals fed DAB with those of rats
fed only the basal diet since differences in the level
of these compounds in the two groups indicates differences

in protein metabolism.







CHAPTER II
SURVEY OF LITERATURE

The first description of atypical growths due
te the injeetion of scarlet red (an azo dye) was published
by Fischer in 1906 (Rusch, et. al., 1945, p. 267). He
found that the injection of scarlet red into the ears of
rabbits caused the formation of atypical epithelial growths
which were difficult to distinguish from cancerous growths.
Unlike true cancers, these growths always receded when
treatment with the chemical compound was discontinued.
In 1924, Schmidt (Rusch, et. al., 1945, p. 267), vwho was
feeding scarlet red toc mice, ncticed that the dye caused
an extensive proliferation of the eplthelial cells of the
liver, which he considered to be both adenomatous and

sarcomatous in nature. According to Sugiura and Rhoads
(1941, p. 3), it was Sasaki and Yoshida in 1935 who first

conclusively demonstrated the carcincgenieity of an aszo
dye. These workers obtalned hepatomas and cholangiomas
in rats by feeding 1 mg. of 2',3~dimethyl-l-aminoazobenzene
per gn. of food for about 300 days.

In the following years many related azo dyes
were also tested for their carcincgenicity. Sugiura and
Rhoads (19%1, p. 3), stated that Kinosita in 1937 demon-
strated that p~dimethylamincazobenzene, commonly known

as putter yellow and hereafter referred to as DAB, was







the most active carcincgen for rats. He was able to
produce liver tumors by feeding DAB for 100-170 days
to rats. This dye and one of its more potent derivatives,
3t-methyl-b-dimethylaminoazobenzene, have been employed
in most of the recent studies on aminoazc dye carcino-
genesis.

In Kinosita's experiments the azo dyes were

added in olive oil to a basal diet of brown rice and
carrots to correspond to the staple food of the rice-

eating countries of the orient. The use of this nutri-
tionally poor diet was very important because the add-
ition of wheat bread reduced liver tumor formation.
According to Sugiura and Rhoads (19%1, p.3), Ando in
1938 first observed that rats fed DAB did not develop
liver tumors if yeast were added to the rice diet. In
the same year, Nakahara, Mori, and Pujiwara (Sugiura

and Rhoads, 1941, p.3), reported that dried beef liver
inhibited the carcinogenic action of DAB. These classic
findings of the Japanese were confirmed by investigators

in this country (Sugiura and Rhoadsy 1941, p.15). The
specificity of these dyes for the liver in rodents and

the relative ease with which the production of tumors
occurred made this a valuable tool in the study of the

fundamental nature of the carcinogenic process. Moreover,

the hepatomas induced by the amincazo dyes seemed to be







of added interest since dletary factors affected the
primary carcinogenesis.

The experiments cited above indicated that
liver tumor development could be partially controlled and
further biologieal investigations, particularly enzyme
studies, were undertaken. 8Studies of this type offered
a new approach to clarification of the factors determin-
ing induction and growth of tumors.

In general the liver of the rat was found to
be the most susceptible to the carcinogenic action of DAB,
the livers of other animals were found to be more resist-
ant. It was shown that mice would develop liver tumors
if the length of the dye feeding period was twice that
used in rats. Price, et. al. (1951, p.528), showed that
mouse liver, which is slightly susceptible to the carcino-
genic action of DAB, was altered considerably the the in-
gestion of this aminoazo dye for % months. There were
decreased levels of protein and pentosenuclelc acid in
the large granules (mitochondria) comparable to those
levels previously found in rats fed DAB. It was also
shown that guinea pigs, rabbits, cotton rats, and chickens
were resistant to the carcinogenic action of DAB (Miller,
E.C.s and Miller, J.A., 19%7, D.479).

The effect of the diet on the incidence of DAB
induced hepatcomas has been extensively studied. ZIarlier







workers added an oil solution of 0.06# DAB to a basal diet
of unpolished rice. Later workers developed purified

diets in which the protein, fat, carbohydrate, and vitamin
contents could be varied. Conflieting results were obtained
when workers began to vary the amount of dietary protein
(casein) in the diets. Harris, et. al. (1947, p.169),
reported that the addition of casein caused no delay in
tumor development. Griffin, et. al. (1949, p.87), concluded
that rats usually developed fewer tumors if the casein
content was 2% rather than 12%.

These differences have been explained on the
basis of the riboflavin supplement in the diet, The add~-
ition of casein and riboflavin together markedly inhibited
tumor development according to Kensler, et. al. (1941,
P.309). Other workers have shown effects of varying the
casein intake on riboflavin content of liver and urine.
An increase in the dietary casein was found to produce a
deecrease in the urinary excretion of riboeflavin in the
rat (Sarett, et. al., 1942, p.30%). Increasing the casein
content was also found to produce an inereased retention
of riboflavin in the liver (Sarett, et. al., 1943, p.181).
Apparently high levels of casein were needed Tor the
optimum utilization of riboflavinP¥ the liver; this has
an inhibitory effect on tumor development.

The kind and level of fat added to the DAB diet







seemed to have a marked effect on the rate at which tumors
developed. When rats were fed DAB in a diet centaining
corn oil, the incidence of hepatlic tumors at 6 months was
53-64%. However when hydrogenated coconut oil was added
to the diet in place of the corn oil the tumor incidence
fell below 8% (Miller, J.A., et. al., 19%%, p.158). Kline,
et. al. (19462, p.%), also reported protection with hydro-
genated coconut oil or the fatty acids of coconut oil and
inereased incidence with corn oil or its fatty acids.
The addition of 5% corn oil caused a ten fold increase
in tumor incidence as compared to animals fed the hydrc-
genated coconut oil. Ingestion of 20% corn oil resulted
in a tumor ineidence of 100% (Kline, et. al., 1946, p.6).
The histological changes that take place in the
livers of animels fed DAB have been extensively studied
and variously classified. Opie (19%#, p.239), classifled
the tumors that are produced by DAB as follows: 1. Trabecular
hepatomas, 2. Adenchepatomas, 3. Cyst-adenomas, and
L, Cholangiomas. These terms are in part deseriptive of
the histological characters of the lesions and in part
jndicate their origin. The term hepatoma has been applied
to tumors composed in a large part of cells resembling
those of the parenchyma of the liver, whereas cholangiomas
maintain the form of blle duets. Cyst-adenomas are derived







from the cystic duects.

Harris, et. al. (1947, p.167), described the
malignant tumors as ®"a wide variety of types ranging
from well differentiated adenocerecinoma through mixtures
of adenocareinoma ard aziignant hepatoma (a very common
type), to a pure malignant hepatoma, and to a completely
undifferentiated type of tumor composed of masses of
small basophillic cells.™

They found that the tumors varied from micro-
scopic lesions to macroscopic nodules. Ocecasionally
several large tumors, a few een*imetors in diameter, of
the same or of different types occured in the same liver.

White, et. al. (1942, p.554%), described the
history and pathology of rat hepatoma 31. The tumor, a
malignant hepatoma, arose in the liver of an Osborne-
Mendel rat fed DAB and was found to be readily trans-
plantable in the homologous strain of rat. It was very
suitable for studies in which liver and a tumor of hepatiec
parenchymal cell origin were tec be compared,

Many researches have been concerned with protein
changes of the intracellular components. The Wisconsin
group (Price, et. al., 1948, p.348), reported a decrease
in liver protein in rats fed DAB which was almost entirely
localized in the large granule (mitochondrial) fraction.

Increases of protein and desoxypentosemucleic acid in the







nuclear fractions, and decreases in the amounts of these
constituents in the large granule fraction along with an
inerease of the acid in the supernatant fluld fraction
were also reported by the group (Frice, et. al., 1950,
p.27). Price, et. al., (1949, p.101), also reported a
protein increase of 52% in the nuclear fraction of the
tumors and a 6379 decrease in protein for the large
granule fraction as compared to corresponding fractions
of the normal liver. This work was also conducted on
related azo dyes (Price, et. al., 19%9a, p.398).

Sucecinoxidase activity values were found to
correlate most clearly with the values for mitochondrial
protein, in accordance with the idea that the enzyme 1is
loeated in the mitochondria (Potter, et. al., 1950, p.3%).
Numerous other enzyme studies were undertaken to show
possible alterations in tissues with tumors induced by
DAB ingestion (Greenstein, 1943, p.k23).

Yaekal and Tobilas (1951, p.831), suggested that
there may be a linear, direct relationship between the
amount of nitrogen in the liver and the total mass of
the organism in which the liver functions. They stated
that the liver size of the normal rat, more particularly
ite protein content, varied with the body size. If the
tissves of the host were augmented by a neoplasm, however,

alterations in the liver nitrogen content occured. Rats
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bearing extra-hepatic tumors (mammary) induced by sub-
cutaneous injections of methylcholanthrene were used in
thelr experiments.

The most recent suggestion concerning the mode
of action of the aminoazo dyes in the carcinogenic pro-
cess was made by Miller, et. al. (1949, p.3%2), who re-
ferred to it as the Protein Depletion Hypotheses. This
arose from the observation that the formation of liver
tumors in the rats fed DAB, or any of its carcinogenic
derivatives, is preceded by the accumulation of protein-
bound derivatives of the dye in the liver. These bound=-
dyes have only been detected in the livers of specles
susceptible to azo dye carcinogenesis (Miller, E.C., and
¥iller, J.A., 1947, p.479). They suggested "that the
dye-binding phase represented a period during which the
liver cells could synthesize the proteins which were
bound to the dye faster than they were removed by the
dye-binding process and in amounts sufficient for the
normal functioning of the tisswe." However, once the
level of bound-dye starts to fall with continued dye
feeding, the dye-binding might have affected specific
synthetic mechanisms in the cells to such an extent that
they could no longer keep pace with the combined demands
of normal function and removal of protein by the carcinc-

gen ., Viable cells might finally result which would







have completely lost those systems controlling normal
crowth and would represent the Initial tumor cells. Such
a concept is in agreement with the observed absence of
protein bound-dye in liver tumors formed during the con=-

tinuous feeding of the azo dye.







CHAPTER III
METHODS AND MATERIALS

A total of 48 Sprague-Dawley rats of both sexes,
ranging in weight from 158 to 290 gms. were used in these
experiments. These were housed in groups of four in wire-
bottomed screen cages, in an air conditioned room maintained
at approximately 75° Pahrenheit.

The animals were fed a high-fat, low-protein
diet following Kline, et. al. (1946, p.5). The composition
of this semi-synthetic diet is shown in Table I. The
hepatic carcinogen, p-dimethylaminoazobenzene, was added
in guantity enough to make the final carcinogen concentra-
tion 0.06% of the total diet. The diet was compounded
in 10Kg. lots and refrigerated until used. The contrel
diet was the same as the DAB diet except for the addition
of the carcinogen. Unless otherwise stipulated the animals
were always allowed food and water ad 1libitum.

After a period of 6 to 11 months on the described
regimen the animals were sacrificed and the livers were
removed and weighed. In cases where the animals died the
carcasses were refrigerated until autopsy and liver exam-
ination could be completed.

The extirpated, blotted livers were weighed to
the nearest tenth of a milligram and dried in an oven at
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105o C. The livers were then ground in a mortar and dried
to constant weight, between weighings they were allowed
to equilibrate with room temperature in a dessicator con-
taining calcium chloride. The water content was calculated
from the wet and dry liver weights.

Total 1lipid content of the dried liver samples
was then determined by a2 modification of the Saxton fat
extraction procedure as given by Kolmer and Boener (1941,
p.249). Two ml. of concentrated hydrochloric acid and
20 ml, of distilled water were added to each sample and
the mixture was stirred. Twenty ml. of purified ether
were added, the mixture was occasionally stirred and then
allowed to stand for 5 minutes. Twenty ml. of ethyl
aleohol wers added, the mixture was stirred and allowed
to stand until the ether layered out on the surface. This
layer, containing the lipids, was aspirated into a 250
ml. Erlenmeyer flask; three consecutive washings were
made of the original mixture by adding 5 ml. of purified
ether, agitating, and aspirating the ether layer into the
flask.

Twenty ml. of purified ether were added tc each
samrle and the above procedure was repeated in order to
remove all the fat. The ether was distilled off over a
water bath and 30 ml, of petrocleum ether were added to







1%

the residue. The flask was stoppered with a cork and
allowed to stand overnight. The petroleum ether sclution
was filtered, the filter paper washed several times with
petroleum ether and the filtrate collected in a tared

100 ml. beaker. The solvent was evaporated over a hot
plate and the residue was dried in an oven at 100°¢.,
cooled in a dessicator and weighed to constant weight.

The nitrogen content of the dry, fat-free livers
was determined by a semi-micro modifiecation of the
EKjeldahl procedure as given by Marcali and Riemann (1946,
p.709). Precautions were taken to remove phosphorous in
order to inecrease the accuracy of the procedure as
suggested by Marcali and Riemarm (1948, p,381). tne-half
gm. aliguots of the fat-free dried livers were used in X
all nitrogen determinations. Repeated checks on this
procedure using nitrogen containing compounds and normal
rat liver extablished it to be both accurate and precise.
Protein concentrations were computed as nitrogen content
times the factor 6.25.

Another experiment devised to study protein
metabolism in tumor bearing animals as compared to non-
tymorcus controls was conducted. PFive male animals fed
the DAB regimen end five male controls fed the basal
diet for ninc months were used. They were paired as to
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welght and general external condition and were pair-fed
over a period of 20 days. On the twentieth day the rats
were placed in metabolism cages equipped with glass
funnels which separated the urine from the feces. The
urine was collected under tolulene during an 18 hour
fasting period. Water was allowed gd libitum during the
fasting period and the quantity consumed was measured.
At the end of the fast and urine collection perilod the
animals were sacrificed by decapitation and the blood
from the trunk was collected in a heparinized syringe,
barrel removed, with the aid of a small funnel. The
blood proteins were precipitated with sodiuvm tungstate
and sulfuric acid. Urinary proteins were precipitated
with 15¢ trichloracetic acid (4% of the diluted urine
volume) in order to obtain accurate non-protein nitrogen
values. The latter step was taken because of a report
that male rats excrete appreciably more urinary protein
than do females (Sellers, et. al., 1950, p.667).
Linkswiler, et. al. (1952, p.507), had also reported
high urinary protein concentrations in rats bearing liver
tumors induced by azo dye feeding.

The blood and urine non-protein nitrogen con-
centrations were determined colorimetrically according
to the method of Koch and McMeelin (192%; p.2066). All
original urine dilutions were 1:100. 4 blank and standard
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were used for each determination. Blood creatinine
determinaticns were made as described in the Klett-
Svmmerson Clinical Manual., Urinary creatinine values

were determined colorimetrically on § ml. of a 1:100
dilution of the cellected urine. A Klett-Summerson photo-
electric colorimeter was used for 2ll the colorimetric

determinations.
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CHAPTER IV
RESULTS

A. OTUDIES ON LIVER COMPOSITION (See Table 2).

Results of the analyses of livers from rats
maintained on the previocusly described dietary regimens
(Chapter III) are given below. Results were considered
to be significant when the p value was 0.05 or less.

Water Content. The livers of animals maintained
on the control diet contained an average of 74.7% water
as compared to 78.04 for the livers of animals fed the
DAE diet (Table 2). This difference was found to be sig-
nificant (p=0.01). When the percentage water in livers
was plotted against the entire liver weight it was apparent
that the liver water tended to increase with the liver
size but not in a linear fashion (Figure 1). \hen the
liver weight in grams was plotted against the water weight
in grams there was a linear increase in water content with
an increase in liver size (Figure 2).

Solids., The liver solids content of the DAB
maintained animals was 22.1% as compared to 25.3% for the
control animals., This difference was found to be signif-
icant (p=0.01). The relationship of the weight of liver
solids to total liver weight was determined. As can be

seen in Figure 3, there was a near linear inecrease in liver
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solids with an increase in liver weight. In other words
the total solids increased in the livers but the percent-

age solids decreased with an increase in size.
Lipids. No significant difference was found

between the percentage liplds in the livers of the two
groups of animals (Table 2). In general, as would be

expected, the total fat content increased with an increase

in liver size.

Liver nitrogen and protein. The total liver
nitrogen and total liver protein wvalues were found to be

higher in the DAB fed animals than in the controls (Table
2, and Figure %).

Percentage liver protein was calculated on the
basis of the protein content of the wet liver, the dried
liver, and the defatted dry liver. Regardless of how
expressed, the percentage protein content was significantly
smaller for the livers from the DAB fed animals (Table 2).
The greatest difference was obtained on a wet liver weight
basis, 17.1 and 13.47 respectively for animals on the
basal and DAB regimens. The relationship between the per-
centage protein and liver wet weight is shown in Figure 5.

The total hepatic protein content of the rats
maintained on the DAB and basal regimens was plotted (log
scale) against the total liver weight and the dry liver

weight (Figure 6). This plot shows that increase of pro-
tein in animals fed DAB occurs with increase in liver size
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regardless of the amount of water in the liver. However,
as shown previously, the water content doces affect the
percentage protein values.

Body weight, liver weight, and liver condition.
The livers of all the rats maintained on the DAB diet
from six to eleven months showed some type of abnormality.
In some livers macroscopic nodules were absent, in some
they were small and diffusely scattered, and in others
only one or several large nodular areas were present,
The nodular areas va}ied in texture as well as in size.
Some were firm masses, others appeared somewhat glandular,
and still others were fluid filled cysts. In those livers
lacking nodules there was either enlargement or discolor-
ation.

The liver weights of these animals ranged from
8 ~ 71 gm. and averaged 29 gm. None of the livers removed
from the control rats appeared abnormal.

Although sex differences may be a factor in-
fluencing liver protein content in DAB fed animals no
attempts were made to establish such differences in these

studies.

B. STUDIES ON NOR<PROTEIN NITROGEN AND CREATININE (See
Table 3).
Blood creatinine. Although the blood creatinine
level tended to be higher in the DAB fed animals (1.6 mg. %)






than in the control animals (1.5 mg. %), the difference
was not found significant. |

Urine creatinine. The concentration of creat-
inine was significantly higher (p=0.01) in the urine of
the DAB fed animals (346 mg. %) than in the urine of the
control animals (179 =z. $). However the total amount
excreted was significantly lower (p=0.005) in the urine
of the DAB fed animals as compared to the urine of the
contrel rats; 1.7 and 2.6 mg./18 hr,./100 gm. body weight
respectively.

Blood non-protein pitrogen. The non-protein
nitrogen concentration was slightly lower, but not sig-
nificantly so, in the blood of the DAB maintained animals
(55.8 mg. £) as compared to the control animals (56.6 mg. %).

Urine non-protein nitrogen. The concentration
of non-protein nitregen was found to be higher, although
not significantly so, in the urine of the control animals
(288 mg., 4). However the total amount excreted was sig-
nificantly lower (p=0.001) in the urine of the DAB fed
animals as compared to the urine of the control animals;
2.1 and 3.7 mg./18 hr./100 gn. body welght respectively.

sdater consumption and urine exereticn. Both
groups of animals consumed equal amounts of water (2.9
ml./18 hr./100 gm. body weight). The DAB fed animals







excreted a significantly (p=0.01) smaller volume of urine
than the control animals; 0.5 and 1.8 ml./18 hr./100 gm.
body weight respectively.

Body weight, liver welght, and liver condition.
Although the average weight at sacrifice was the same
(278 gm.) for the control and experimental animals, the
liver weirht was significantly greater (p=0.005) for the
DAB fed animals (Table 3. The livers of the 5 experimental
rats used in the urinary creatinine and non-protein
nitrogen excretion studies were examined after the animals
were sacrificed. None of these livers contained any large
nodular areas but each was enlarged in size and pale in
color, The control animals were found to have normal
livers with no apparent changes in size, color, or texture.







CHAPTER V
DISCUSSION

Several workers, some of whom used control an-
imals fed a stock dlet in carcinogenic studies, reported
that the liver water content of such animals was aprrox-
imately 70% of the liver weight (Kosterlitz, 1947, p.198;
Robertson and Kahler, 19%l, p.596; Maver, 1941, p.281).
Griffin, et. al. (1948, p.1227), found the liver water
to range from 7% - 764 in their control rats fed the basal
ration lacking the carcinogen. These figures are in
agreement with the wvalues found in the present study (See
table 2). These workers also found that after an azo-
dye feeding period of 8 weeks the liver water content of
rats ranged from 75 - 78% (Griffin, et. al., 1943, p.1228).
The average liver water content of rats fed DAB in our
prolonged study was found to be 78% (Table 2).

It has been generally accepted that the presence
of atypical hepatic growth due to azo-dye ingestion caused
inereased content of liver water. Greenstein (1943, p<&30)
suggested that, "the proportion of water in hepatomas
jrrespective of origin, strain, or species of animal
appears to be distinetly greater than in normal liver".

Tt has also been found that the livers of animals bearing
extra-hepatic tumors (lalker Carcinoma 266) contained an






increased water content (Green, et. al., 1950, p.773).
MeEwen and Haven (1941, p.150), also reported that the

percentage of water in the livers of rats bearing car-
cinosarcoma 256 was found to be significantly higher than
that in the livers of normal rats. The inecrease in liver
water oceured independently of the diets used and was not
accounted for by a decrease in the dry residue.

From our data we concluded that as the liver
enlarges, dve to atypical growth, large guantities of
water accumilate and in general a greater water content,
both total and percentage-wise, is associated with an in-
creased liver size. ILivers with huge tumors contained
as much as 55 gm. of water, an amount equivalent to the
weight of approximately 6 entire normal livers. Increase
in water content with increased liver size was found for
the livers of control animals but no percentage change
occurred,

In studies of the type reported here it is perti-
nent to stress the importance of feeding control animals
the same dletary ingredients, excepting the carcinogen,
as the experimental animals, It was noticed while survey-
ing the literature on liver water in azc dye fed rats that

the difference in water content between stock-fed and

basal-diet fed animals was not emphasiized. Other workers
in our laboratory have cobserved this difference and have







found it to be of significance in expressing the activity
of certain enzyme systems (Richmond, D.R. and W.J. Everscle,
1953). Apparently the importance of these differences
has not been recognized in many azo dye studies.

The results of this experiment alsc indicate
that a decrease in the percentage of total liver solids
is associated with increase in liver size. A significant
diff'erence was found between the percentage solids contents
of the DARB fed and the control animals. The percentage
solids eontent was significantly lower in the livers of
the DAB fed rats (Table 2). Robertson and Kahler (1941,
1.596), while measuring hepatic riboflavin levels, reported
that the percentage solids content was lower in the livers
of DAB fed animals than in the control livers. This has
also been found by the workers cited above in the discuss-
ion on liver water.

The results of our experiments show that there
is no significant difference in the percentage fat content
of the livers of rats fed DAB as compared to the livers
of control emimals. Domnan (1950, p.%l6), found that
hepatomas from rats fed DAB gave low percentage fat values,
but sinece the range of Values for the remaining tissues
of normal appearance was wide, the decrease was not sig-
nificant. It appeared from her work thet different areas
of the livers from DAB fed animals have essentially the
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same fat content. From these data we concluded that no
alteration in the percentage liver fat content results
from feeding rats a DAB containing diet.

We found a decreased percentage protein content
in the livers of DAB fed animals as compared to control
animals. The decrease in percentage protein on a dry as
well as wet liver weight basis indicated that the change
was not due entirely to the increased water content of
the liver (Table 2). It is possible that there was a
relative increase in some undetermined liver constituent,
possibly ecarbohydrate. In general, most investigators
who have worked with the protein content of livers from
azo-dye fed rats have selected tumorous portions for anal-
yses. Mills and Smith (1951, p.691), while working on
the B-glucuronidase activity of chemically induced rat
hepatomas, noted that there was less protein in the
tumor eells than in normal liver cells and that the per-
centage protein content decreased in the tumcrous livers
as compared to control livers. Although they used small
groups of rats, they found that the control livers averaged
157 protein whereas the tumorous livers averaged 12§ pro-
tein after a DAB feeding period of 21 weeks.

price, et. al. (1948, p.348), worked on the intra-
cellular distribution of protein in the livers of rats







fed DAB for 4 weeks. Differential centrifugation methods
were used to isolate the intra-cellular components. They
reported that there was less protein per gm. of wet liver
tissue in the DAB fed animals than in the livers of the
control animals, Striebich, et. al. (1953, p.281), worked
with liver homogenates and reported that there was only
a slightly reduced percentage of nitrogen in the livers
of azo-dye fed rats.

Many investigators have been primarily concerned
with the nitrogen content of the hepatomas rather than
the entire livers from rats fed DAB. Maver, et. al. (1941,
n.281), found only a slight total nitrogen increase in
the dried hepatoma tissune over the remaining normal tissue
of the liver. Apparently there was little difference in
nitrogen content between the hepatoma and the remainder
of the liver. This suggested that the alteration in pro-
tein is not restricted to the malignant areas but is
manifest throughout the entire liver, Criffin, et. al.
(1948, p.1228), reported that the percentage nitrogen in
the hepatoma was lower than in the control liver. These
nitrogen data for the hepatoma were found to correlate
with our findings for the entire liver, that is, an in-
creased total content but a decreased percentage content,

The results of ithe experiment concerned with






urinary non-protein nitrogen and creatinine exeretion
must be interpreted with caution. The concentration of
both these materiale inereased (per unit volume) in the
DAB fed animals. This apparently represented a faster
breakdown of nitrogenous products, metabollcally'spoaking,
as compared to the control values. However, when the
total amount of ereatinine and non-protein nitrogen ex-
ereted was caleculated (mg./18 hr./100 gm. body weight)

1t was apparent that the DAB fed animals lost smaller
amounts of both these materials than did the controls.

The Aifference between the values expressed on
concentraticn bases was obviously due to the difference
ir the volumes of urine exereted by the two groups of
animalg. The DAB fed animals excreted significantly
smaller volumes of urine than did the control animals.

In the ehemical determination of non-protein
nitrogen and creatinine it was noted that large amounts
of protein were precipitated from the urine excreted by
the DAS fed animals. This suggested that aside from an
important alteration in the metabolism of protein by the
liver, a seccondary alteration in kidney function resulted
from DAE ingestion, Edvards and White (19%1, p.177), re-
ported the presence of & brown granular pigment in the

tubular cells and macrephages of the renal cortex as a
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result of feeding DAB to rats. It was apparently identi-
cal, according to them, to the pigment found in the kidneys
of rats receiving compounds of lead. This seemed to be
added evidence that renal changes occur in DAB feeding.

It was decided that chronic experiments would
have to be condueted to determine whether DAB fed animals
consistantly exerete such small volumes of urine. This
work will be repeated on larger numbers of rats, half of
vhich have been maintained for the past five months on
the DAR containing diet. The animals will be forced-fed
2 liguid diet so as to control the ecalorie and liquid

intake.







CHAPTER VI
SUMMARY AND CONCLUSIONS

1. In comparison with control animals the percentage
water in livers of Sprague-Dawley rats fed DAR for 6 -« 11
months was significantly increased, whereas the percente
age liver sclids content was significantly decreased.

2. The total liver nitrogen (protein) content of rats
maintained on the DAB regimen, under the conditions of
this experiment, increased as the size of the liver in-
creased, but the percentage protein in wet or dry livers
was significantly lower than the control values.

3. The percentage fat content in the livers of the DAB
fed animals was the same as the control valmwes.

4. Under the stated experimental conditions, the urine
of DAB fed animals showed higher coneentrations of non-
protein nitrogen and creatinine as compared to the urine
of control animals. However the total output of non-protein
nitrogen and creatinine /18 hr./100 gm. body weight was
lower in experimental animals. This was related to a

reduced urine volume.
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TABLE 1

CARCINOGENIC DIET USING p- DIMETHYLAMINOAZOBENZENE

ACCORDING TC KLINE

CERELOSE - GLUCOSE MONOHYDRATE (GENERAL BIOCHEMICALS, INC)

GASEIN ~ VITAMIN FREE (G B I)
+ SALTS MIXTURE
CORN OIL (MAZOLA)

++p-DIMETHYLAMINOAZOBENZENE (EASTMAN ORGANIC CHEMICALS)

THIAMINE HYDROCHLORIDE Gax
RIBOFLAVIN "
PYRIDOXINE HYDROCHLORIDE "
CALCIUM PANTOTHENATE X
CHOLINE CHLORIDE "
#HALIVER OIL {PARKE - DAVIS)

+ MODIFICATION OF THE ORIGINAL OSBORNE-MENDEL SALT
ACODROING TO WESSON (1932, p 339

+4 NOT INCLUDED IN THE BASAL CONTROL DIET
# ADMINISTERED ORALLY, ONE DROP PER RAT PER MOKTH

TABLE 1.

MIZTURE

CARCINOGENIC DIET USING

p=-DIMETHY LAMINOAZOBENZENE (DAB)

am/ Ky
6400
1200
400
2000

o6

™/ Ke
30
20
28
70
300
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