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ABSTRACT

Serum Lipid Concentration during DMBA-Induced Mammary Carcinogenesis
of Rats Fed Diets of Different Types Protein with 20% Dietary Restriction

Jean C. Rim
August, 1993

One hundred and thirty female Sprague-Dawley weanling rats were given free
access of AIN-76 diet until 9 weeks of age. At 8 weeks of age, 10 rats were used to
determine concentrations of total cholesterol (TC), high density lipoprotein cholesterol
(HDL-C) and triacylglycerol (TG). Half of the remaining 120 rats received 7,12-
dimethylbenz(a)anthracene (DMBA) and the other half received sesame oil alone.
Fifty DMBA- and 50 sesame oil-treated rats were randomly assigned to one ad libitum
group, casein diet (C-AL) and four 20% dietary restricted groups fed soy protein
isolate diet, (SPI-R), defatted cottonseed flour diet (CS-R), wheat gluten diet (W-R),
and casein diet (C-R). Serum TC, HDL-C, and TG concentrations were also
determined at one week post DMBA and sesame oil treatment and at the time when
the first tumor from each rat grew to 1-2 cm in diameter, along with their counterpart
in the sesame oil-treated group. The C-AL group exhibited shorter latent period and
higher incidence for rats bearing first palpable tumor > 1 cm. The SPI-R rats
developed the least number of multiple tumors. All the tumors with the size of 1-2 cm
in diameter except one were mammary adenocarcinomas.

No consistent changes in the concentrations of the serum TC, HDL-C, and
TG during the development of mammary adenocarcinomas. The concentration of
serum TC in the SPI-R rats bearing tumors was significantly higher than those
received sesame oil. All groups of rats except the W-R group bearing mammary
adenocarcinomas had elevated TG concentrations in comparison to the baseline
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values.

In conclusion, serum TC, HDL-C, and TG concentrations are not directly
affected by the development of DMBA-induced adenocarcinomas. Feeding a diet
containing plant protein to rats or subjected the rats to 20% dietary restriction could
influence the concentrations of serum lipids as well as the outcome of tumorigenesis.
The changes occurred in the serum lipids were independent to the development of

the tumors.
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CHAPTER|
INTRODUCTION

According to the American Cancer Society, approximately one of every eight
American women will develop breast cancer in 1993 (1). The incidence of breast
cancer has been increasing by about 3% per year since 1980. Breast cancer is now
the second leading cause of death among women in The United States (1). The
principal risk factors for breast cancer include female gender, family history of breast
cancer, early age of menarche, nulliparity, giving first birth after age 30, increasing age,
late age at menopause, previous benign breast disease, obesity, lifestyle, and
environmental risk factors (2, 3). Gender and age are not readily modifiable for the
purpose of risk reduction, but environmental risk factors are. Wynder and Gori (3)
estimated that as much as 80% of human cancers to have been caused by
environmental factors.

Epidemiological studies have shown a positive relationship between breast
cancer incidence and dietary intake of total fat, animal protein and calories from animal
products (4). Higher incidence rates for breast cancer are usually found in Westem
industrially developed nations where diets are rich in fat, animal products and total
calories but low in fiber (5-7). The role of dietary protein, independent of total caloric
intake, dietary fat or animal products, in breast cancer incidence is difficult to establish
from epidemiological studies since it is difficult to delineate the effect of animal protein
intake from total caloric or fat intake (4). Clear evidence of the relationship between

dietary protein and breast cancer may be achieved by using an animal model.



Cancer is defined as unregulated or disorganized proliferation of cell growth
(8). Carcinogenesis is a multi-step process. There are at least two known distinctive
stages: initiation and promotion. Initiation is a relatively short but irreversible step
during which of the carcinogen or its metabolite binds to DNA. The promotion stage of‘
carcinogenesis is @ much longer and reversible process. During this latter stage, the
process of carcinogenesis can be modified. Diet is one factor that can act as a
modifier. Progression is another irreversible stage of carcinogenesis introduced by
Fould (9) during which fast rate of cell growth, invasiveness on target site, capability of
metastasis and biochemical changes occur in the malignant cell.

Although abundant experimental evidence is available in the literature
regarding the relationship between dietary fats and tumorigenesis, relatively few
reports concerning the relationship between dietary protein and tumorigenesis are
available. Information on the effect of the quality of dietary protein on tumorigenesis is
even more scarce. In addition, the results are inconsistent (10-14). In the Department
of Nutrition and Food Sciences at Texas Woman's University, experimentation on the
effect of the quality of dietary protein in carcinogenesis has been conducted during the
past six years. When the dietary intake of the rats was reduced by approximately 20%
during both initiation and promotion, there was a beneficial effect of consuming a good-
quality-protein diet on 7,12-dimethylbenz(a)anthracene (DMBA)-induced mammary
tumor incidence in rats (15). Such effect was not observed when the experimental
diets were fed to the rats only during the initiation phase of DMBA-induced
carcinogenesis (16). It is reasonable to speculate that the beneficial effect may be
related to the consumption of good quality protein at a restricted level during the

promotion phase of carcinogenesis.
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In 1974, Rose et al. (17) tested the hypothesis of blood-cholesterol level as a
predictor of colon cancer. This hypothesis was formed due to the presence of a strong
correlation at a population level between coronary heart disease (CHD) incidence and
mean blood-cholesterol concentration or colon cancer mortality rate. The result on the
test of the hypothesis revealed an inverse relationship between colon cancer mortality
rate and blood-cholesterol concentration. In 1981, Williams et al. (18) assembled
cancer data from 5,209 subjects in the Framingham study and found an inverse
relation between serum cholesterol concentration and colon cancer incidence in man.
Carroll (19) also suggested that fat intake and serum cholesterol concentrations have
a possible causal relationships with breast cancer.

Case-control studies have reported higher (20), lower (21), or similar (22)
plasma cholesterol levels in breast cancer cases compared to the controls. The trend
of lower blood-cholesterol values with more advanced colon cancer was also reported
(23). However, the same trend was not found in breast cancer (24). Boyd and
McGuire (25) reviewed the association between plasma levels of high density
lipoprotein cholesterol (HDL-C) and the risk of breast cancer, and reported low levels
of HDL-C in populations with low breast cancer risk. These authors suggested a need
for further investigation of the relationships between plasma HDL-C levels and breast
cancer risk because if such a relationship truly exists, plasma HDL-C could potentially
be used as a marker to identify subjects at increased risk for breast cancer.
Potischman et al. (21) also found higher plasma triacylglycerol (TG) concentration in
patients with breast cancer than that of the controls. Plasma lipids and lipoproteins
have also been reported to change with dietary protein changes (26).

There have not been experiments in which the concentrations of blood lipids
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were studied during the course of carcinogenesis. The purpose of this study was thus
to determine serum lipids concentrations of rats fed diets containing either a vegetable
or an animal protein with a 20% dietary restriction during DMBA-induced mammary
tumorigenesis.

The null hypotheses were:

1. There would be no differences in the concentrations of serum high density
lipoprotein cholesterol (HDL-C), total cholesterol (TC) and triacylglycerol (TG)
among groups of rats fed different types of dietary protein subjected to 20% dietary
restriction.

2. There would be no relationship between mammary tumor development and

serum levels of HDL-C, TC and TG during the course of carcinogenesis.



CHAPTERII
REVIEW OF LITERATURE

Epidemiological studies have shown a positive association between the intake
of total fat, total saturated fat, total protein or animal protein, and breast cancer
incidence or mortality (5, 7, 27-30). However, these epidemiological studies have
failed to delineate the effect of protein from other dietary factors on breast cancer
incidence or mortality (4, 31). The per capita intake of calories has also been shown to
be indirectly correlated to the incidence of breast cancer in females and colorectal
cancer in males (5, 32). Reduced breast cancer risk was observed in women who
ingested less amount of fat (28% of total calories) (33). A recent review by Adlercreutz
et al. (34) reaffirmed that a Westem diet is the main factor causing the high incidence of
breast cancer.

Experimentation with either mice or rats on caloric intake and tumor
development was first reported in the 1940s by Tannenbaum who showed an inhibitory
effect of caloric restriction in inhibitory to chemically-induced (35-37) or spontaneous
(38-41) tumorigenesis. In 1943, Lavik et al. (42) also reported a reduction of 3-
methlycholanthrene-induced skin tumors in mice fed a diet high in calories but low in
fat. There was a pause in the literature for almost 40 years conceming the effect of
caloric intake and tumorigenesis. Not until the 1980s, studies on the effect of caloric
restriction was rekindled. Kritchevsky and associates showed a significant reduction
in DMBA-induced mammary tumors in rats fed a 40% energy restricted diet during the
initiation and promotion phase (43, 44) or any time during the promotion phase (45).
When DMBA-treated rats were subjected to intermittent ad libitum feeding and caloric

5
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restriction over a four month period, the incidence of tumors correlated with total food
intake, and palpable tumor growth spurted from restriction to free feeding and vice
versa (46). Caloric contribution from fat was suggested to be the major component of‘
the effect of fat on carcinogenesis although the type of fat also exerted an influence
(47). Lowered mammary tumor risk (DMBA-induced) was also observed by Clinton et
al. (11, 12) in the rats that had their energy intake reduced. Klurfeld et al. (44)
concluded that dietary fat is a tumor promoter only when the rats had free access to
food, and that the effect of energy intake is stronger than the effect of dietary fat. The
inhibition of tumor growth was also observed to be proportional to the degree of energy
restriction (44). Cohen, Rose and Wynder (48) in an up-date review of new evidence
from epidemiological, laboratory animal model studies, and preliminary feasibility trials
suggested that a more appropriate dietary goal for breast cancer would be a reduction
in fat intake to 15% of total calories.

Relatively few laboratory studies have examined the relationship between
dietary protein and mammary carcinogenesis. The results on the effect of the quantity
of dietary protein and carcinogenesis have been inconsistent. Increasing dietary
protein intake has been found to have no effect (49, 50), enhancing effect (13, 14, 51)
or inhibitory effect (10,12, 52) on spontaneous or chemically induced tumors in rodents.
Even fewer reports on the effect of the quality of dietary protein on carcinogenesis are
available. Schulsinger et al. (53) reported an inhibition of chemically-induced tumor
incidence in rats consuming a low quality protein diet (wheat gluten diet). When such
diet was supplemented with lysine, the inhibiting effect was reversed. Hsueh et al.
(15) have shown that when rats were fed a reduced amount of a casein diet, the

incidence of DMBA-induced mammary tumors was significantly less than in those fed a



diet with the same amount of a wheat gluten. This study suggested that when the
intake was reduced, the quality of the dietary protein might play an important role in
DMBA-induced carcinogenesis.

Recently, attention has focused on the possible role of soybean consumption in
reducing cancer risk. Two epidemiological studies identified populations consuming
soybean products as their staple diet to have a reduced risk of breast cancer
(29, 54). Bames et al. (55) reported significant inhibitory effect of consuming soy
protein on DMBA-induced mammary tumors in rats. These investigators further
showed isoflavones to compete with estrogens to bind to estrogen receptors.

It was suggested by these authors that the reduced incidence of DMBA-induced
tumorigenesis in rats fed the soy protein diet was due to the isoflavones in the soy
protein. Hawrylewicz et al. (56) also demonstrated a reduction of N-nitrosomethylurea
(NMU)-induced mammary tumor incidence from 80% to 42.3% in rats fed a soy-protein-
isolate diet. In contrast, Carroll (19) did not find any differences in DMBA-induced
mammary tumorigenesis in rats fed diet containing soy protein isolate or casein.
Feeding animals with diet containing plant proteins (e.g. soy, wheat, rice, or
cottonseed), has been shown to lower serum concentration of very low density
lipoprotein-cholesterol (VLDL-C), low density lipoprotein-cholesterol (LDL-C) or
elevate the concentration of high density lipoprotein-cholesterol (HDL-C) in
comparison to those fed a casein diet (26, 57, 58, 59).

Very few studies have reported the relationship between breast cancer and
blood lipids such as HDL-C, total cholesterol (TC) and triacylglycerol (TG ).
Potischman et al. (21) reported lower plasma TC concentration and higher TG

concentrations in patients diagnosed with breast cancer than the controls. Boyd and



McGuire (60) have noted the blood HDL-C concentration in premenopausal

women with mammographic dysplasia to be higher than expected.



CHAPTER i

MATERIALS AND METHODS

Animals and Diets

One hundred and thirty Sprague Dawley female rats, 3 weeks of age, were
purchased from Sasco, Houston, Texas. Upon arrival, the rats were individually
housed in stainless steel cage with suspended wire-bottoms. The animal room was
controlled for temperature (22 + 20 C), relative humidity (55 £ 5%), and light (12-hour
light/12-hour dark). The study protocol was approved by the Animal Care and User
Committee of the Texas Woman's University and the approval form is included in
Appendix A.

All the rats were given free access to the AIN-76 diet (61, 62) until 9 weeks of
age. Atthe age of 8 weeks, 10 rats were randomly selected and killed to study serum
lipid concentrations. One half of the remaining 120 rats were given DMBA
(intragastrically, 5 mg/100 g body weight). The concentration of the DMBA solution
was 5 mg DMBA in 0.1 mL sesame oil. The remaining 60 rats were each given
sesame oil according to their body weights. For example, a rat of 250 grams would
receive 0.25 mL DMBA solution or 0.25 mL sesame oil. The food jars were removed 4
hours prior to and 4 hours after the administration of DMBA or sesame oil to avoid any
interference on the absorption of DMBA. During the week immediately following
DMBA administration, all the rats were kept in disposable cages and housed in the
biohazard area of the animal facility. At the age of 9 weeks, 10 DMBA-administered
and 10 sesame oil-administered rats were killed for the determination of serum lipid

9



10
concentrations. The remaining 50 DMBA-administered and 50 sesame oil-
administered rats were each randomly assigned to 5 dietary treatment groups and fed
the four experimental diets (Table 1). The rats were also retumed to the stainless steel
wire-bottomed cages and the regular animal rooms. The four experimental diets were
modeled after the AIN-76 diet to contain 18% protein, 10% fat, 15% cornstarch, 5%
cellulose, 3.5% AIN-76 mineral mixture, 1% AIN-76 vitamin mixture, 0.2% choline
bitartrate and amount of sucrose to provide 100% of ingredients. These diets were
isocaloric and isoprotein with different type of dietary protein (casein, soy protein
isolate, defatted cottonseed flour, and wheat gluten). The diet composition is shown in
Table 1. The micronutrients of these diets were not adjusted to compensate for the
20% reduction of the intake. In order to compare the results from the present study
and the previous studies, in which these micronutrients were not adjusted, it was
decided that no adjustments were made on the quantities of these micronutrients in the
diets. In addition, a 20% reduction in the intake of these micronutrients would still
meet the requirements of the rats for growth and maintenance (63). The experimental
diets were prepared by the investigator and were sent to Pope Testing laboratories in
Dallas, Texas for proximate analysis. The results of the proximate analysis are
presented in Appendix B. The proximate analyses of the diets indicated that the
amount of the macronutrients were as expected. The first group of rats (C-AL) was fed
the diet containing casein, ad libitum. The remaining 4 groups of rats were fed diets
containing soy protein isolate (SPI-R), cottonseed flour (CS-R), wheat gluten (W-R),
and casein (C-R) respectively. The intake of these 4 groups of rats was 80% of the
intake of C-AL. For example, if the average intake of the C-AL group was 20 grams,
the other four groups of rats would be given 16 grams of their respective diet on the

following day. The feeding pattem is illustrated in Table 2. Food intake of the rats



Table 1 1

Dietary Ingredients and Caloric Density

Ingredient Casein Wheat Soy protein  Defatted cottonseed

gluten [solate flour

g/kg

Casein 197.4 . - -
Wheat gluten? - 251.6 - -
Soy protein isolate3 - . 206.8 .
Cottonseed flour4 - - - 328.4
DL-methionine 3.0 - - -
Sucrose 452.6 401.4 446.2 324.6
Com starch 150.0 150.0 150.0 150.0
Com oil 100.0 100.0 100.0 100.0
Cellulose 50.0 50.0 50.0 50.0
AIN-76 Mineral mix  35.0 35.0 35.0 35.0
AIN-76A Vitamin mix 10.0 10.0 10.0 10.0
Choline bitartrate 2.0 2.0 20 2.0
Caloric density
(kcal/g diet) 4.0 40 4.0 39
1. High nitrogen casein (Teklad Test Diets, Madison, WI) Protein, 91.20%;

carbohydrate 3.10%,; fat, 0.00%.

2. Wheat gluten (ICN Biochemicals, Cleveland, OH) Protein, 71.54%;
carbohydrate, 18.50%; fat, 0.75%.

3 Soy protein isolate (ICN Biochemicals, Cleveland, OH) Protein, 87.06%,
carbohydrate, 2.79%; fat, 0.45%.

4 Defatted glandless cottonseed flour (Rogers Delinted Cottonseed Co., Waco,
TX) Protein, 54.81%; carbohydrate, 25.44%; fat, 2.63%.



Table 2

Feeding Pattem

12

Dietary group

Dietary protein source

Feeding Pattern

C-AL
W-R
SPI-R
CS-R

C-R

Casein
Wheat gluten
Soy protein isolate

Defatted
Cottonseed flour

Casein

Ad libitum

80% intake of C-AL
80% intake of C-AL
80% intake of C-AL

80% intake of C-AL
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was expressed as gram per day. Body weights were measured weekly from 4 to
12 weeks of age and biweekly thereafter (until 26 week of age).

A diagram of the experimental design is shown in Diagram 1. Four weeks after
DMBA administration, each rat was palpated weekly for mammary tumor development.
The location and number of palpable tumors for each rat were recorded and the size of
the first tumor was measured by a vernier caliper (Type 6914; Bel Art, Swizerland).
When the first palpable tumor of each rat measured 1-2 cm in diameter, the rat was
sacrificed and the tumor was excised, measured again, weighed, and preserved in
10% buffered formalin for histopathological examination. Any other palpable or
nonpalpable tumors were also counted, excised, measured, weighed, and preserved

in 10% buffered formalin in a separate specimen jar.

Petermination of Sena Tracyidiusarl (EG). Tatal Chislestarsl (TC)and Hioiibens

Serum lipid concentrations, specifically total cholesterol (TC), high density
lipoprotein-cholesterol (HDL-C), and triacylglycerol (TG) of the rats, were determined at
4 time periods: (a) at the age of 8 weeks - before the administration of DMBA or
sesame oil (baseline); (b) at the age of 9 weeks - one week after the administration of
DMBA or sesame oil but before assigned to the experimental diets; (c) at the time when
the first palpable tumor measured 1-2 cm in diameter (age varied); and (d) at
termination (26 weeks of age) regardless of the presence or absence of mammary
tumor.

All blood samples were drawn after a 14-hour fasting period. The blood was
drawn via cardiac puncture after anesthetized with metofane. Serum was separated

by centrifuging at 2,000 X g for 15 minutes (Sorvall RC-5B Du Pont). Serum TC
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concentration was determined colorimetrically according to the method of Bucolo and
David (64). Serum HDL-C concentration was determined by using the supernatant of
specimen after precipitated out low density lipoprotein (LDL) cholesterol and very low ‘
density lipoprotein (VLDL) cholesterol fractions from serum by means of HDL-C
precipitating reagent (MgCl2 1 mol/L in 1% w/v dextran sulfate) and followed by
colorimetrically according to the method of Allain et al (65). Serum TG concentration

was determined colorimetrically according to the method of Warnick et al.(66).

Statistical Analysi

Body weights and food intakes were statistically analyzed using a repeated
measures analysis of variance (ANOVA). The effect of dietary treatment on latent
period (week bewteen DMBA administration and detection of the first palpable tuomr)
as well as all the parameters on mammary tumorigenesis were analyzed by Kruskal-
Wallis one way analysis of variance (ANOVA). The student-Newman-Keuls test was
the post hoc test to determine statistical significances between and among the groups.
The level of significance was at 5%.

Concentrations of serum total cholesterol, HDL-cholesterol and triacylglycerol
were analyzed by one way analysis of variance (ANOVA). The student-Newman-
Keuls procedure was the post hoc test. The level of significance for serum lipid
concentration test was also at 5%. Pearson product-moment correlation coefficient
was used to determine the correlation between the serum lipoprotein lipids and
parameters of mammary tumorigenesis. The level of significance for the Pearson

product-moment correlation coefficient test was at 1%.



CHAPTER IV
RESULTS

Bodt Weight

The present study was conducted to determine the serum lipid concentrations
of rats during the course of DMBA-induced mammary carcinogenesis. During the 4
weeks prior to the DMBA administration (from 4 weeks to 8 weeks of age) and the
one week immediately after the administration of DMBA, all the rats were fed the AIN-
76 diet, ad libitum. These 5 weeks are generally recognized as the initiation phase of
carcinogenesis in experimentations using rats. Starting from the second week after
the administration of DMBA until the development of malignant tumors, it is
considered as the promotion phase of carcinogenesis. This promotion phase usually
is @ much longer period than the initiation phase and it could be as long as 18 to 26
weeks depending upon the type and dosage of the carcinogen administered. It was
during the promotion phase of DMBA-induced mammary carcinogenesis that the rats
in the present study were fed diets containing different protein-quality and were also
subjected to 20% dietary restriction.

The mean body weights of the 5 groups of the rats during the initiation phase
(4 to 9 weeks of age) are shown in Table 3. Since these rats had free access to the
same AIN-76 diet, all the rats had similar body weight gain as expected. During the
promotion phase, the experimental diets were fed to the 5 groups of rats. Each
dietary group consisted of 20 rats, one half was administerd with DMBA while the
other half received sesame oil. The mean body weights of the rats are presented

16
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separately presented according to the treatment of DMBA or sesame oil. The mean
body weights (from 9 to 13 weeks) of the 5 groups of rats treated with DMBA are
shown in Table 4. One week after consuming their respective experimental diet, thé
rats that were fed the wheat gluten diet with 20% dietary restriction (W-R-D) began to
show a significant slower growth (p<0.05) than those fed the casein diet ad libitum (C-
AL-D). After the age of 10 weeks, all 4 groups of rats that were subjected to 20%
dietary restriction regardless of the quality of dietary protein (SPI-R-D, CS-R-D, W-R-
D and C-R-D) weighed less than the C-AL-D group (p<0.05). The body weights of
the rats that were treated with sesame oil (C-AL-S, SPI-R-S, CS-R-S, W-R-S and C-
R-S) followed the same growth pattern as those treated with DMBA (Table 5).
Throughout the entire promotion phase, the same growth pattem was seen in the 5
group of rats. The mean body weights (from 14 through the 20th week of age) of the
5 groups of rats treated with DMBA or sesame oil are shown in Table 6 and Table 7,
respectively.

Beginning at the age of 18 weeks, some of the rats in the various groups that
had developed palpable tumors to greater than 1 cm in diameter. These rats were
thus sacrificed according to the original design of the study. The number of rats in
each group in Table 6 reflected that some of the rats had already been killed for the
removal of their first palpable tumors. For example: None of the rats in any group
had their first tumor grown to 1 cm in diameter at the age of 16 weeks, but by the age
of 18 weeks, two rats in the C-AL-D group had been killed because their respective
first palpable tumor had grown to be 1 cm in diameter. Each time when a DMBA-
treated rat was killed, a sesame oil-treated rat with comparable body weight was also

killed to serve as a control. As a result the number of rats treated with DMBA
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(Table 6) and those treated with sesame oil (Table 7) in the same dietary treatment
groups were matched. By the end of 21 weeks of age, all the rats in the CS-R-D and
CS-R-S groups were killed whether they were bearing tumors or not. At the initiatioh
of this experiment, this investigator was aware that the available supply of the
defatted cottonseed flour in our laboratory was only sufficient to feed 20 rats until they
were 20 weeks of age. Due to the difficulty of locating more defatted cottonseed
flour for experimentation, it was decided then that the group of rats to be fed the
cottonseed flour diet would be included in the study with the understanding that this
group of rats might have to be terminated earier than the remaining 4 groups. This
was exactly what happened. While one half of the 10 rats in the C-AL-D group were
already killed because their first palpable tumors had reached 1 cm or greater in
diameter at 20 weeks of age, only 2 of the 10 rats in the CS-R-D were in the same
condition. Since there was no defatted cottonseed flour diet left, all the rats that were
fed such diet were killed by 21 weeks of age. The remaining four groups of rats were
carried until 26 weeks of age as originally designed. The rats that were subjected to
20% dietary restriction regardless of the type of dietary protein weighed consistently

less (p<0.05) than those fed the casein diet (Table 8 and Table 9).

Eood Intake

The mean daily feed intakes of the experimental diets during the promotion
phase of DMBA-induced mammary tumorigenesis are shown in Tables 10, 11, and
12. The mean intake of the C-AL group was calculated from the intakes of all the
rats consuming the casein diet ad libitum (DMBA-treated and sesame oil-treated)

and 80% of that mean intake was given to the other four groups of rats on the



24

-abe Jo SHoem | g 1e paoyudes aiam dnoib syl ul slede

‘uogouysas Auejeip
%02 UM 18Ip Uleseo=H-0 ‘uonouisal Aiejaip %02 Yim 1a1p uainib yeaym=4-M ‘uogouisal Aiejaip %0g UM 1eip Jnoy
Pa8suUON00-palejep=y-SD ‘uonoulsas AIejaip % 0Z Uim 1aip ajejos! uisjoid Aos=H-|dS ‘wnjqi| pe Jaip uesed=1v-Oz

-ainpaosoud ooy isod siney uewmaN juapnig buisn ‘o0>d 1e

wasayip Apueoyiubis are mos swes ay) ul yduosiedns Jens| uowwod e Buueys Jou senfeA ‘Q'S ¥ SUBSW 8Je SAN[eA

(e=u) (2=u) (8=u) (2=u)
q8'S} ¥8'¥2¢ qO€lL F¥'1GE - q6'LL F €8VE el 98 F |L'SEV 92
(9=u) (6=u) (6=u) (y=u)
q0'8l FE'6EE qO'Sl FE€°6€€ ; q8'SL ¥ L'66€ e€'69F 9°/8€ ve
(8=u) (01=u) (6=u) (g=u)
q0'22 * §'62¢ qQOvL F L'IEE ] q8'¥l FGEEE eSVSF L28E 22
wb wb wb wb wb
a-y-0 a-4-m ed-H-SO a-y-1ds a-v-o (sxoem)
aby
zdnoin

| Slelp [eyuswuadxe pay siel pajeall-ygna Jo abe Jo sxesm 9g o1 gz wouy siyblem Apoq uespy

8 318Vl



25

-abke Jo syeoMm | g 1e pedyuoes asem dnosb siy ul siede

‘uogoulsas Aiejaip

%02 UM 181p ulaseo=Y-0 ‘uonouisal AIejaip %0z UM 191p uain|b jeaym=-M ‘uonouises Aiejeip %0g Uim 1aip noy
poasUON00-paNejep=H-SO ‘uonouisal KIejalp % 0z UM 1a1p alejos! utajoid Aos=H-|dS ‘wnuqy pe ‘joip uleseo=1y-Oz

-ainpasoid ooy 1sod sinay uewman wepnmg buisn ‘o 0>d

1e uasayip Apueoyiubis ase mos swes ay) ul 1dudsiedns Jajs| uowwod e Buueys Jjou seneA Q'S ¥ sueaw ale saneA

(e=u) (2=u) (8=u) (g=u)
q98LF L€E q8'8} F L'2ve - q991 F 1'2ee e0'8E F 266V 92

(9=u) (6=u) (6=u) (p=u)
Ll F LYYE qc 9l F 82ee - q0'61 F 0°2€€ e9'EY F 0°02F ve

(8=u) (01=u) (6=u) (s=u)
q6'6+ ¥ 6€EE QS+ T ZEee - q8'LL ¥ ¥'92¢ e6EV F 99LY 22

wb wb wb wb wb

S-H-0 S-H-M £S-H-SO S-H-1dS S-v-0 (s>oem)
aby
zdnoin

| SIeIp [elUsWUadxe paj Sies pajeal)-|io awesas jo abe Jo syeam 9g 0} gz woyj siybiem Apoq uesyy

6 318Vl



26

‘S}jel pajeal)-|lo awesss pue yga uioq Buipnjoui=g+Q "uonoulsal
AIeloIp %02 UM 181p Ulaseo=H-0 ‘uonouisal AIBlalp %02 Yim 1aip usinib Jeaym=H-m ‘uonouisal AIejaip %0 Uim 1a1p
INOJ} PEBSUOHOO-PaNEJEP=H-S D) ‘UoNOLISaI AIBIBIP %02 UliM JaIp ale|os! utejoid A0S=H-|dS ‘Wniiql| Pe 1eIp UeSeI=1V-Og

-ainpaooid ooy 1sod sinayy uewman uapnig Buisn ‘G0 0>d e Juaiayip
Apueoyiubis are mos swes ay) ul yduosiadns Jaya| uowwod e Huueys Jou san[eA "siel 0g JO "Q’S ¥ sueaw ale saneA |

qc0 ¥ 091 q€’0 ¥ 091 qc0 * 8'GI q80 ¥ 9'GI e9¢ F¥ 902 ch-11
QS0 ¥ v'GI g80 * €°Gl qs0 * G'Gi qS0 * ¥'Si e8’lt ¥ L6l LL-0L
qt’t ¥2Gli g6¢ ¥ L€l qQS't ¥ 9vi g’ F ¥yl e9'l ¥ 202 OL-6
Keppwb Keppwb Kep/wb Keppub Keppwb
(s+q) (s+q) (s+q) (s+q) (s+Q)
"-0 H-M H-SO "-1dS -0 (sxoem)
aby
zdnoio

0L 318avL

| S1elp [ejuswuadxe paj sies Jo abe Jo s)eam g| O} 6 WOJ) OYEIUl PasS) UBS



~
N

"SjeJ pajeall-|lo swesas pue ygWa uioq buipnpui=s+Q "uonouisal
Aieleip %0z UM 181p uieseo=y-9 ‘uonouisal AJejaip %02 Yim 1a1p uain|b Jeaym=4-M :uonduisal Aiejaip %02 UM 1a1p

INO}} PEBSUOH0O-PaYIeJEP=Y-SD ‘UonoUISal AIelaIp %02 WM 1aIp 8je|os! utelold A0S=H-IdS ‘Wwnyql| Pe 18I UIeSeI=y-Og

‘ainpaoosd ooy 1sod s|nay uewman juspnis buisn ‘s 0>d
1e waiayip Apueoyiubis ase mos swes ayj ul 1dudosiadns sans| uowwod e Buueys Jou seneA "Q'S F Sueaw aJe seneA

(91=u)

(oz=u) (91=u) (81=u) (01=u)
qe0 Fevh €0 F I'vl q20 F L'yl ql'0 F 6°€El bl F 6L 0Z-8l
(91=v) (oz=u) (0z=u) (81=v) (91=v)
q€0 F 9¥lL qS0 F S¥I qS0 F 9V S0 F vyl e6’l F 18I 81 -9l
(0z=v) (02=v) (oz=u) (oz=u) (oz=u)
qv’0 F LY qv’0 F LYl qS0 F 8V qS0 F G¥lI e6'l F L8l 9L -1
(02=v) (og=u) (o2g=uv) (o2g=v) (02=v)
q80 F 191 q0't ¥ 091 q80 F 191 80 ¥ 8Gl eb’t F ¥02 vL-21
Aeppwb Aeppwub Keppwub Keppwb Aeppub
(s+q) (s+q) (s+q) (s+q) (s+q)
-0 H-M 4-sO y-1dS -0 (sxoem)
aby
zdnoin

L 378Vl

| S1aIp [eluswuadxa pej siel Jo abe Jo s)eem (Z O} Z| WOly d)ejul pady UBspy



28

-abe Jo sxaam | Z e pajiny a1am dnaib siy) ut sies 8yl (Ivg

'Sjel paeal-loeweses pue vana wiog buipnjpu=s+Q “uonoulsas
KieiaIp %02 UM 191p Ulaseo=y-0 ‘uonoulsal AIelalp %0z Uim 1a1p uainib jeaum=H-M ‘uonouisal Aiejeip %02 UM 1aip

INOJ} PEBSUCHOO-PENEJEP=H-S D ‘UoNouISal AIBIBIP %02 UM JaIp ajelos! uialoid A0S=H-|dS ‘Wniiql Pe 1eIp ulesed=1y-Og

ainpasoid o0y }sod siney uewman wapnig buisn ‘5o 0>d
1e uasayip Apuedyiubis ase mos sawes ay) ul Jdudsiadns Jajia] uowwod e Buueys Jou seneA "Q'S ¥ suesw aJe sanjep

(9=u) (p1=u) (91=u) (¥=v)
qS0 F 0¥ qt'0 F 2¥L - q?’0 ¥ 8¢l el F L8l 92 - ¥2

(21=u) (81=u) (81=u) (8=v)
q€0 F 9¥1 @90 F eVl . qv’0 F 2Vl ed? F €8l ve-22

(91=u) (og=u) (81=u) (01=u)
q90 F €Vl q¥’0 F €Vl . q90 F 0¥l el’? F v8i 22-02

Keppwub Kepywb Keppwub Keppwib

(s+q) (s+q) (s+q) (s+q) (s+q)
H-0 H-M ed-SO Y-IdS -0 (so0m)

aby
zdnoio

| SIeIp [eluawuedxa paj sies Jo 86k Jo syeam gz O} 0Z WOl) B3EIUl Pea) UBSIN

¢l 3Ngvl



29
following day. The intake of C-AL group was significantly higher (p<0.05) than
those of the SPI-R, CS-R, W-R and C-R as expected since those latter 4 groups were
subjected to a 20% dietary restriction. Consequently, no statistically significant \
differences were observed among the groups of rats subjected to 20% dietary

restriction.

Tumor Development

Table 13 presents several parameters related to tumor development. The
mean latent period (time between DMBA administration and the detection of the first
palpable tumor) for the five groups of rats ranged from 9.7 to 13.5 weeks which were
not significantly different. The average latent period was the longest for the W-R
group and shortest for the C-AL group. The average time for the tumor to grow to 1-
2 cm in diameter was not different among the five groups of rats. The CS-R group
exhibited the shortest time period which was 0.7 weeks. At the time when all the CS-
R rats had to be killed (21 weeks of age), about half of the 10 rats in the C-AL or the
CS-R group had tumors measured 1-2 cm in diameter. Only one of the 10 rats in
either SPI-R or C-R had a tumor greater than 1 cm in diameter while none in the W-R
group had tumors of the same size. At termination, four additional rats in each of the
C-AL, SPI-R, and W-R groups had tumors measured 2 1 cm while 6 more rats in the
C-R groups developed tumors of 2 1 cm. This brought to a total of 9, 5, 4, and 7 rats
in C-AL, SPI-R, W-R, and C-R respectively having their first palpable tumors
measured = 1 cm when the study was terminated.

At necropsy (26 weeks of age), all palpable and nonpalpable tumors were

excised, counted, measured with a caliper, and weighed. The data are presented in



Number of first palpable tumors measured 1-2 cm in diameter in rats fed
experimental diets

TABLE 13

Group!

C-AL SPI-R CS-R2 W-R CR
Total number of rats 10 10 10 10 10
given DMBA
Latent periods3 (weeks)*  9.7+2.2  13.2¢3.9 10.84#2.1 13.5¢1.3 11.8+2.8

(n=9) (n=5) (n=4) (n=4) (n=7)
Mean weeks for tumorsto  3.1+2.3 2.61.5 0.740.6 3.0+0.6 2.0+1.4
reach > 1cm in diameter4 (n=9) (n=5) (n=4) (n=4) (n=7)
Number of rats bearing 5/10 1/10 4/10 0/10 1/10
first palpable tumor of 21 cm
in diameter before 21
weeks of age
Number of rats bearing 4/5 4/9 . 4/10 6/9

first palpable tumor 21 cm in
diameter after
21 weeks of age

1C-AL=casein diet, ad libitum; SPI-R=soy protein isolate diet with 20% dietary
restriction; CS-R=defatted-cottonseed flour diet with 20% dietary restriction;

W-R=wheat gluten diet with 20% dietary restriction; C-R=casein diet with 20%

dietary restriction.

2All rats were sacrificed at 21 weeks of age due to the shortage of the cottonseed flour

diet.

3Weeks between DMBA administration and detection of the first palpable tumor.

4values are mean + S.D. Values are not significantly different among the five

treatment groups.
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Table 14. Since all the CS-R rats were sacrificed about five weeks earlier than the
other 4 groups of rats, no data from CS-R are in Table 14. Neither the number of
palpable tumor per tumor-bearing rat nor the weight of the first palpable tumor when it
was greater than 1 cm in diameter was significantly different among the four groups of
rats.

Data on multiple tumor development are presented in Table 15. More than
80% of the rats that were fed a diet containing wheat gluten of 20% dietary restriction
developed multiple tumors. On the other hand, 50% of the tumor-bearing rats
consuming defatted cottonseed flour diet and 29% of the soy protein isolate diet rats
developed multiple tumors. The number of multiple tumors per tumor-bearing rat
was similar among the five groups of rats although rats that were fed the soy protein

diet (SPI-R) seemed to have more multiple palpable tumors per tumor-bearing rat.

Histopathological Examination of T

Histopathological examination of all the first palpable tumors that most of them
had reached at least 1 cm in diameter were conducted by Texas Veterinary Medical
Diagnostic Laboratory in Bryan, Texas. Table 16 presents the results of the
pathological analysis. All the tumors examined except one were mammary
adenocarcinoma. One of the tumors from the W-R group was a mammary
fibroadenoma. A copy of the original report of the histopathology analysis is
included in Appendix C.

Serum Total Cholesterol (TC) Concentrations

The concentrations of serum total cholesterol (TC), high density lipoprotein-



TABLE 14

Tumor counts and weight of the first tumor from rats fed diets of different protein
and subjected to 20% dietary restriction

Group!

C-AL

SPI-R

CS-R2

Number of rats 10
bearing palpable
tumors and non-
palpable tumors

at necropsy

Total number of 21
palpable tumors

Total number of 11
nonpalpable
tumors

Number of pal- 2.0 +1.2
pable tumors (n=10)
per tumor-

bearing rat3

Weight (gm) of 1.8 10.9
first palpable (n=9)
tumor (2 1 cm

in diameter)

per tumor-

bearing rat3

13

1

1.8 £08
(n=6)

1.7 £ 0.8
(n=4)

17

1C-AL=casein diet, ad libitum; SPI-R=soy protein isolate diet with 20% die_tary
restriction; CS-R=defatted-cottonseed flour diet with 20% dietary _restrfctuon;
W-R=wheat gluten diet with 20% dietary restriction; C-R=casein diet with 20%

dietary restriction.

2All rats were sacrificed at 21 weeks of age due to the shortage of the cottonseed flour

diet.

3values are mean + S.D. Values are not significantly different at p<0.05 among the 4

dietary groups.



TABLE 15

Multiple tumor development in rats fed experimental diets

Group?

C-AL SPI-R CS-R W-R C-R

Numberof rats  7/10 (70%) 2/7 (29%) 2/4 (50%) 5/6 (83%) 5/8(62%)
bearing multiple

palpable and

nonpalpable.

tumors

Number of 2.8 4.0 2.0 2.3 2.8
multiple palpable

tumors per tumor-

bearing rat

Number of 3.7 5.0 2.0 22 3.6
multiple (palpable

+ nonpalpable)

tumor per tumor-

bearing rat

1C-AL=casein diet, ad libitum;
SPI-R=soy protein isolate diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20%dietary restriction.



TABLE 16

Summary of histopathologic examination of first palpable mammary

tumors from rats fed experimental diets1

Group2

C-AL SPI-R CS-R W-R C-R
Total number of first 10 7 4 6 8
palpable tumors (10) (7) (4) (6) (8)
examined (number
of rats)
Number of mammary 10 7 4 5 8
adenocarcinomas (100%) (100%) (100%) (83.3%) (100%)
(%)
Number of mammary 0 0 0 1 0
fibroadenoma (0%) (0%) (0%) (16.7%) (0%)

1Tumors were examined by Texas Veterinary Medical Diagnostic
Laboratory in Bryan, Texas.

2C-AlL=casein diet, ad libitum;
SPI-R=soy protein isolate diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.
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cholesterol (HDL-C) and triacylglycerol (TG) were determined before DMBA
administration (baseline-8 weeks of age), one week after DMBA administration (9
weeks of age), at the time when the first palpable tumor measured 1-2 cm in
diameter, and at the termination of the study (26 weeks of age). Fasting blood
samples were drawn via cardiac puncture and sera were separated by centriifuging at
4,000 x g for 20 minutes. Table 17 presents the concentrations of serum TC at
baseline and one week post DMBA-administration. The mean serum TC
concentration of the rats treated with DMBA (2.17 mmol/L) was significantly lower
(p<0.05) than that of the rats either treated with sesame oil (2.44 mmol/L) or at the
baseline (2.60 mmol/L). No significant difference was found in the TC concentrations
of rats at the baseline and those treated with sesame oil.

Table 18 presents the serum total cholesterol (TC) concentrations of rats
bearing first palpable tumor of 1-2 cm in diameter and those did not bear any tumors
(treated with sesame oil). Rats in the C-AL group showed the highest TC
concentration whether they were treated with DMBA or sesame oil and these TC
concentrations were significantly higher (p<0.05) than those fed diets containing soy,
cottonseeds or wheat gluten. Rats in the SPI-R group showed the lowest TC
concentration in both DMBA- and sesame oil treated groups. When the rats were
treated with the sesame oil their mean TC concentrations was significantly different
(p<0.05) from those treated with DMBA and fed the same soy protein diet. No
significant difference (p <0.05) was found in the concentrations of serum TC of rats in
the C-AL group and the C-R group regardless of the treatment. Serum TC
concentration of rats in the C-AL group bearing tumors of 1-2 cm in diameter was

significantly higher than that of the rats at the baseline (prior to DMBA administration),



TABLE 17

Serum total cholesterol concentrations of rats at baseline
and one week post DMBA or sesame oil-treatment?.2
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Baseline 1 week post the administration of
( 8 weeks of age ) ( 9 weeks of age )
DMBA Sesame oil
mmol/L mmol/L mmol/L
2.60 + 0.482 2.17 £ 0.400 244 + 0.534
(n=10) (n=9) (n=10)

1values are means + S.D. Values not sharing a common letter superscript are

significantly different at p<0.05 using Student Newman-Keuls post hoc procedure.

2|l rats were fed the AIN-76 diet.



Serum total cholesterol concentrations of rats bearing first tumor measured
1-2 cm in diameter induced by DMBA

TABLE 18
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Treatment

Group2

DMBA Sesame oil
(Diameter of first tuomr 2 1cm) (No tumor) P

mmol/L mmol/L

C-AL 3.54 + 1.08 3.31 + 0.402 N. S.
(n=9) (n=9)

SPI-R 2.37+ 0.82b 1.09 + 0.59b <0.05
(n=5) (n=5)

CS-R 242+ 0.31b 253 + 057C N.S.
(n=4) (n=4)

W-R 228+ 0.29b 256 + 0.28C N.S.
(n=4) (n=4)

C-R 2.79 + 0.302 3.01 + 0.80aC N.S.
(n=7) (n=7)

1values are means + S.D. Values not sharing a common letter superscript within a
column are significantly different at p<0.05 using Student Newman-Keuls post hoc

procedure.

2C-AlL=casein diet, ad libitum;

SPI-R=soy protein isolate diet with 20% dietary (estn'ction; o
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;

W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.
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one week after DMBA administration or subjected to 20% dietary restriction (Table
19).

A number of rats in each dietary group either did not develop any tumor or had
their first palpable tumor measured less than 1 cm in diameter. The TC
concentrations of these rats are presented in Table 20. Consuming diets containing
different type of protein did not affect the TC concentration if the rats bearing either no

tumor or tumors that were smaller than 1 cm in diameter.

S High Density Lipoprotein-Chal C ,

Serum HDL-C concentrations of rats at baseline and one week post DMBA
administration are shown in Table 21. A significant reduction of the HDL-C
concentrations (p<0.05) was seen in the rats at 9 weeks of age regardless of
treatment.

Table 22 presents serum HDL-C concentrations of rats bearing their first
palpable tumors of 1-2 cm in diameter and of rats treated with sesame oil. Neither
the type of dietary protein nor the imposition of 20% dietary restriction had an effect
on the serum HDL-C concentrations if the rats were treated with DMBA. In the
sesame oil-treated group, rats that were fed the casein diet ad libitum (C-AL) showed
a significantly higher serum HDL-C concentration (p<0.05) than those subjected to
20% dietary restriction (SPI-R, CS-R, W-R and C-R). With the same dietary
treatment, no difference was found on the serum HDL concentrations between the
rats treated with DMBA and those treated with sesame oil.

Statistical comparisons were also made on HDL-C concentrations at different

time periods (Table 23). One week after DMBA administration, serum HDL-C



TABLE 19

Serum total cholesterol (TC) concentrations of rats fed diets containing different
protein-quality after DMBA administration

Diet2
Time period (group) Restriction TC concentration .
mmol/L
Baseline AIN-76A none 2.60 + 0.482
(n=10)
1 week post AIN-76A none 2.17 + 0.402
DMBA (n=9)
administration
First palpable Casein none 3.54 + 1.080
tumor > 1 cm (C-AL) (n=9)
in diameter
Soy protein 20% 2.37 + 0.822
isolate (n=5)
(SPI-R)
Defatted 20% 2.42 + 0.314
cottonseed (n=4)
flour
(CS-R)
Wheat gluten 20% 2.28 + 0.292
(W-R) (n=4)
Casein 20% 2.79 + 0.302
(C-R) (n=7)

1values are means + S.D. Values not sharing a common letter superscript within a
column including baseline with each column are significantly different at p<0.05
using Student Newman-Keuls post hoc procedure.

2C-AL=casein diet, ad libitum;
SPI-R=soy protein isolate diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.



TABLE 20

Serum total cholesterol (TC) concentrations of rats bearing first palpable tumor
less than 1 cm in diameter or no tumors!

TC concentrations of Rats

DMBA-Treated Sesame oil-treated

Group2
First palpable tumor No tumors No tumors
< 1cm in diameter
mmol/L mmol/L mmol/L
C-AL 3.12+ 0.00 - 3.13 + 0.00
(n=1) (n=1)
SPI-R 222+ 0.21 2.00 + 0.27 2.54 + 0.63
(n=2) (n=3) (n=5)
CS-R - 2.54 + 0.68 2.75 + 0.60
(n=6) (n=6)
W-R 2.70+ 0.97 2.62 + 0.37 2.25 + 0.23
(n=2) (n=4) (n=6)
CR 3.03+ 0.00 2.62 + 0.06 2.36 £ 0.61
(n=1) (n=2) (n=3)

1values are means + S.D. None of the values within a column are significantly

different at p<0.05.

2C-AL=casein diet, ad libitum; o
SPI-R=soy protein isolate diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;

CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.



TABLE 21

Serum high density lipoprotein-cholesterol (HDL-C) concentrations of rats
at baseline and one week post DMBA or sesame oil-treatment!:2

Baseline 1 week post the administration of
( 8 weeks of age ) ( 9 weeks of age )
DMBA Sesame oil
mmol/L mmol/L mmol/L
145 + 0.432 0.89 + 0.24b 1.07 + 0.25P
(n=10) (n=9) (n=10)

1values are means + S.D. Values not sharing a common letter superscript are
significantly different at p<0.05 using Student Newman-Keuls post hoc procedure.

2|l rats were fed the AIN-76 diet.



42
TABLE 22

Serum high density lipoprotein cholesterol (HDL-C) concentration of rats
treated with DMBA or sesame oil!

Treatment
Group2
DMBA Sesame oil P
(Diameter of first tumor 2 1 cm) (No tumor)

mmol/L mmol/L

C-AL 1.85 + 0.88a 2.02+ 0.192 N. S.
(n=9) (n=9)

SPI-R 1.09 + 0.592 1.15+ 0.360 N.S.
(n=5) (n=5)

CS-R 1.27 + 0.342 1.30+ 0.54b N.S.
(n=4) (n=4)

W-R 0.93 + 0.182 1.09+ 0.370 N.S.
(n=4) (n=4)

CR 1.14 + 0.272 1.43+ 0.44b N. S.
(n=7) (n=7)

1values are means + S.D. Values not sharing a common letter superscript within a
column are significantly different at p<0.05 using Student Newman-Keuls post hoc

procedure.

2C-AL=casein diet, ad libitum; -
SPI-R=soy protein isolate diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restrction;

W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.
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concentration of DMBA-treated rats was significantly lowered (p<0.05) in comparison
to the C-AL group bearing first palpable tumor of > 1 cm in diameter.

Table 24 included HDL-C concentrations from rats bearing tumors smaller
than 1 cm in diameter or no tumors at the end of the study. None of the values in
Table 24 are significantly different from each other indicating neither the treatment of
DMBA nor the bearing of smaller or no tumors had an effect on the concentration of

serum HDL-C.

S Traclval LIG)C trati

The serum triacylglycerol (TG) concentrations of rats at baseline and one
week post DMBA or sesame oil administration are presented in Table 25. The TG
concentration of the rats did not change after DMBA treatment. However rats treated
with sesame oil had elevated their TG concentrations significantly (p<0.05).

At the time when their first palpable tumors were greater than 1 cm in
diameter, serum TG concentration was affected by neither the quality of dietary
protein nor dietary restriction (Table 26). On the other hand, rats that were fed the
soy protein isolate diet or cottonseed flour diet (SPI-R or CS-R) and were treated with
sesame oil demonstrated a significantly lowered concentration of serum TG
compared to those fed the casein ad libiitum diet (C-AL).

Data on TG concentration at different time periods are presented in Table 27
to examine whether there was a change in this lipid during the course of tumor
development. At the time the first DMBA-induced palpable mammary tumor grew to
> 1cm in diameter, rats fed the casein diet ad libitum (CA-L) showed significantly

elevated (p<0.05) serum TG concentrations than those at the baseline or



TABLE 23

Serum high density lipoprotein-cholesterol (HDL-C) concentrations of rats fed diets
containing different protein-quality after DMBA administration’

Diet
Time period (group) Restriction HDL-C concentration
mmol/L
Baseline AIN-76A none 1.45 £ 0.432
(n=10)
1 week post AIN-76A none 0.89 + 0.24€
DMBA (n=9)
administration
First palpable Casein none 1.85 + 0.88a.b
tumor > 1 cm (C-AL) (n=9)
in diameter
Soy protein 20% 1.09 + 0.592
isolate (n=5)
(SPI-R)
Defatted 20% 1.27 + 0.34@
cottonseed (n=4)
flour
(CS-R)
Wheat gluten 20% 0.93 + 0.18d
(W-R) (n=4)
Casein 20% 1.14 £ 0.27C
(C-R) (n=7)

Tvalues are means + S.D. Values not sharing a common letter s_.uperscript within a
column including baseline with each column are significantly different at p<0.05

using Student Newman-Keuls post hoc procedure.



TABLE 24

Serum high density lipoprotein-cholesterol (HDL-C) concentrations of rats
bearing first palpable tumor less than 1 cm in diameter or no tumors
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HDL-C concentrations of Rats

DMBA-Treated Sesame oil-treated
Group2
First palpable tumor No tumors No tumors
< 1cm in diameter
mmol/L mmol/L mmol/L
C-AL 0.88+ 0.00 - 0.94 £ 0.00
(n=1) (n=1)
SPI-R 0.83+ 0.19 0.68 + 0.12 0.89 + 0.22
(n=2) (n=3) (n=5)
CS-R - 0.88 + 0.29 1.06 £ 0.16
(n=6) (n=6)
W-R 1.07+ 0.16 0.87 £ 0.15 0.68 + 0.08
(n=2) (n=4) (n=6)
CR 0.86+ 0.00 0.68 £ 0.00 0.86 + 0.24
(n=1) (n=2) (n=3)

1values are means + S.D. None of the values within a column are significantly

different at p<0.05.

2C-AL=casein diet, ad libitum; o
SPI-R=soy protein isolate diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;

CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.



TABLE 25

Serum triacylglycerol concentrations of rats at baseline
and one week post DMBA or sesame oil-treatment?.2
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Baseline 1 week post the administration of
( 8 weeks of age ) (9 weeks of age )
DMBA Sesame oil
mg/dL mg/dL mg/dL
70.0 + 15.22 80.6 + 20.48 112.7 + 28.3P
(n=10) (n=9) (n=10)

1Values are means + S.D. Values not sharing a common letter superscript are

significantly different at p<0.05 using Student Newman-Keuls post hoc procedure.

2 Al rats were fed AIN-76 diet.
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TABLE 26

Serum triacylglycerol concentrations of rats bearing first tumor measured 1-2 cm in
diameter during the promotion phase on DMBA-induced tumorigenesis’

Treatment

Group?

DMBA Sesame oil P
(Diameter of first tumor 2 1 cm) (No tumor)

mg/dl mg/dL

C-AL 144.4 +69.92 167.1 + 82.02 N.S.
(n=9) (n=9)

SPI-R 95.5 +37.82 77.4 + 30.00 N.S.
(n=5) (n=5)

CS-R 91.7 19.7@ 86.3 + 26.70 N. S.
(n=4) (n=4)

W-R 73.6 133.12 839 + 17.9a,b N.S.
(n=4) (n=4)

CR 102.3 +41.82 123.7 + 35.8a.b N. S.
(n=7) (n=7)

1values are means £ S.D. Values not sharing a common letter superscript within a
column are significantly different p<0.05, using Student Newman-Keuls post hoc

procedure.

2C-AL=casein diet, ad libitum; . o
SPI-R=soy protein isolate diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;

C-R=casein diet with 20% dietary restriction.
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one week after the administration of DMBA. Rats in the SPI-R, CS-R, and C-R group
also showed elevated serum TG concentration at the time the tumor grew to the size
of > 1 cm in diameter in comparison to the baseline concentration (p<0.05). On the
contrary, rats that were fed the wheat gluten diet (W-R) did not significantly changed
their serum TG concentration after their tumors became greater than 1 cm in
diameter.

Serum TG concentration of those rats whose first palpable tumors did not
grew to 1 cm or greater in diameter or did not develop any tumor at the time the study
was terminated (26 weeks of age) are presented in Table 28. Only one DMBA-
treated rat was in the C-AL group and this rats had extremely high concentration of
serum TG which became significantly higher (p<0.05) than those in the other three
groups. No significant difference were found in the TG concentrations in the rats

bearing no tumors.

Correlation Coefficient Analysi

Correlation coefficient was determined between serum lipid concentrations
and tumor parameters of rats fed experimental diets after DMBA administration
(Table 29). Significantly negative correlations (p<0.01) were found between the
latent period (time between the appearance of the first tumor and the administration
of DMBA) and the serum HDL-C concentration of the rats when the first
palpable tumor was > 1cm (r = -0.4416); and between the size of the tumor and the
latent period (r = -0.4531). There was also a significant negative correlation (p<0.01)
between tumor size and the time when the rats were sacrificed.

S Amino Acids C trati

The concentrations of nine essential amino acids in the serum of the rats
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TABLE 27

Serum triacylglycerol concentrations of rats fed diets containing
different protein-quality after DMBA administration’

Diet
Time period (group) Restriction TG concentration
mg/dL
Baseline AIN-76A none 70.0 + 15.22
(n=10)
1 week post AIN-76A none 80.6 + 20.4b
DMBA (n=9)
administration
First palpable Casein none 144.4 + 69.9€
tumor> 1 cm (C-AL) n=9)
in diameter
Soy protein 20% 95.5 + 37.8bC
isolate (n=5)
(SPI-R)
Defatted 20% 91.7 + 9.7bC
cottonseed (n=4)
flour
(CS-R)
Wheat gluten 20% 73.6 + 33.1abc
(W-R) (n=4)
Casein 20% 102.3 + 41.8b.C
(C-R) (n=7)

1Values are means + S.D. Values not sharing a common letter s_uperscript within a
column including baseline with each column are significantly different at p<0.05
using Student Newman-Keuls post hoc procedure.



TABLE 28

Serum triacylglycerol (TG) concentrations of rats bearing first palpable tumor
less than 1 cm in diameter or no tumors?

&

TG concentrations of Rats

DMBA-Treated Sesame oil-treated
Group2
First palpable tumor No tumors No tumors
< 1cm in diameter
mg/dL mg/dL mg/dL
C-AL 432.0 +0.02 - 131.0+ 0.02
(n=1) (n=1)
SPI-R 719+ 1.30 73.0 + 51.42 68.3 + 22.52
(n=2) (n=3) (n=5)
CS-R i 106.7+ 37.22 98.2 + 19.32
(n=6) (n=6)
W-R 75.3+ 41.00 78.3 + 23.04 78.3 + 30.94
(n=2) (n=4) (n=6)
C-R 80.9+ 10.0 80.9 + 10.08 83.6 +22.82
(n=1) (n=2) (n=3)

1values are means + S.D. Values not sharing a common letter superscript within a
column are significantly different at p<0.05 using Student Newman-Keuls post hoc
procedure.

2C-AL=casein diet, ad libitum;
SPI-R=soy protein isolate diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.



TABLE 29
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Correlations between serum lipid concentrations and tumor parameters
of rats fed experimental diets after DMBA treatment

Palpable

Total HDL- Triacyl- tumor size

cholesterol  cholesterol glycerol (diameter)

(r) (n) (n (r)

Latent period (weeks) -0.3190 -0.4416" -0.0770 -0.4531"
Number of palpable tumor 0.1179 0.1391 -0.1120 -0.1676
Total palpable tumor weight 0.1120 0.2565 -0.1275 -0.7783
Number of non-palpable tumor  0.0943 0.0230 -0.0864 -0.1160
Total non-palpable tumor weight 0.1042 0.0358 -0.0904 -0.1204
Time at sacrifice 0.0837 -0.1605 0.0862 -0.4946"

(weeks post DMBA administration)

1r = correlation coefficient.

"Significant at p<0.01
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received DMBA or sesame oil are presented in Tables 30 and 31, respectively. The
concentration of tryptophan is not presented because tryptophan was destroyed
during the process of acid hydrolysis. For the purpose of convenience, values in the
C-AL group are arbitrarily assigned as 100%. Data from the other four dietary
groups are then calculated as percentage of the values of the C-AL group. The
concentrations of the nine essential amino acids in the serum of DMBA-treated rats in
the C-AL group (Table 30) except threonine were similar to those of sesame oil-
treated rats in the C-AL group (Table 31). The concentration of serum threonine of
the C-AL-S rats (sesame oil-treated) was about 28% less than that of the C-AL-D
(DMBA-treated) rats. In the DMBA-treated rats (Table 30), most of the essential
amino acid were lower in concentration in the rats subjected to 20% dietary restriction
than the ad libitum fed group (C-AL-D). In general, the pattems of the concentration
of the serum essential amino acids are similar in rats treated with DMBA and those
treated with sesame oil. The concentrations of the essential amino acids in the
serum of the rats reflected the diets that they consumed. For example, the
concentration of methionine in the rats consuming soy protein isolate diet was either
similar or slightly less than those consumed the casein diet. Rats that were fed the
defatted cottonseed flour diet showed less amount of branched amino acids and
higher amount of arginine in their sera which is reflective of the amino acid contents
of the cottonseed protein (67). On the other hand, rats that were fed the wheat
gluten diet had less amount of lysine in their sera. The purpose of determining the
concentration of the essential amino acids was no other than to see if the diets that

were fed to the rats were indeed reflected in the amino acid pools of the rats. Data in



TABLE 30

Fastipg serum essential free amino acid concentrations of rats fed experimental
diets containing casein or plant protein with 20 % dietary restriction after

DMBA administration?

Group?
Amino acid C-AL-D SPI-R-D CS-R-D3 W-R-D C-R-D
pmol/L

Lysine 900(100%)  780(86%) 690(77%) 750(83%) 760(84%)
Histidine 60(100%) 50(83%) 50(83%) 50(83%) 70(117%)
Arginine 220(100%) 240(109%)  250(114%) 160(73%) 210(95%)
Threonine 880(100%)  650(74%) 570(65%) 600(68%) 800(91%)
Valine 300(100%)  260(87%) 230(77%) 230(77%) 250(83%)
Methionine 70(100%)  70(100%) 70(100%) 60(86%) 70(100%)
Isoleucine 16(100%)  14(87%) 13(81%) 13(81%) 14(87%)
Leucine 260(100%)  230(88%) 200(77%) 210(81%) 220(85%)
Phenyalanine  100(100%) 90(90%) 90(90%) 80(80%) 90(90%)

1values represent one pooled sample from 10 rats for each dietary group.

2C-AL=casein diet, ad libitum;

SPI-R=soy protein isolate diet with 20% dietary restriction;

CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20%dietary restriction.



TABLE 31

Fasti_ng serum .essential free amino acid concentrations of rats fed experimental
diets containing casein or plant protein with 20 % dietary restriction after

sesame oil administration?

Group?
Amino acid C-AL-S SPI-R-S CS-R-S W-R-S C-R-S
pmol/L

Lysine 850(100%)  760(89%) 650(76%) 770(90%) 830(98%)
Histidine 50(100%)  50(100%) 50(100%) 50(100%) 50(100%)
Arginine 230(100%)  190(83%)  270(117%) 190(83%) 220(96%)
Threonine 640(100%) 660(103%)  540(84%) 600(94%)  710(111%)
Valine 280(100%)  230(82%) 230(82%) 240(86%) 260(93%)
Methionine 80(100%) 70(87%) 80(100%) 70(87%) 70(87%)
Isoleucine 16(100%) 13(81%) 12(75%) 13(81%) 15(94%)
Leucine 250(100%)  210(84%) 210(84%) 210(84%) 240(96%)
Phenyalanine  100(100%)  90(90%) 90(90%) 90(80%) 100(100%)

Tvalues represent one pooled sample from 10 rats for each dietary group.

2C-AL=casein diet, ad libitum;
SPI-R=soy protein isolate diet with 20% dietary restriction;
CS-R=defatted-cottonseed flour diet with 20% dietary restriction;
W-R=wheat gluten diet with 20% dietary restriction;
C-R=casein diet with 20% dietary restriction.



Tables 30 and 31 showed that our purpose was achieved. The report from the
Genetic Screening and Counseling Service (GSCS) in Denton, Texas is included in

Appendix D.
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CHAPTER V
DISCUSSION

The present study was designed to determine the serum lipid concentration 6f
female rats that were fed different types of dietary protein and subjected to 20% dietary
restriction after the administration of DMBA. The body weights of the animals that were
subjected to 20% dietary restriction regardiess of the type of protein in their diets were
significantly reduced (p<0.05) in comparison to those fed a casein diet, ad libitum during
the 18-week study period. The degree of the reduction in the body weight was
approximately from 15 to 25%. During the first half of the study period, the degree of
the reduction in the body weight was about 15% (Table 4 to Table 7). As the study
progressed, the degree of the reduction in the body weights of those rats subjected to
20% dietary restriction increased to about 25% of those fed the casein diet ad libitum
(Tables 8 and 9). Under normal condition when the intake of the rats was ad libitum, the
growth of the rats was usually retarded if the diet was a poor protein diet (15, 16, 53).
Caloric restriction has been well documented to cause growth retardation (34, 35, 42, 43,
44, 69). In the present study, the quality of the dietary protein did not have any effect on
the growth of the rats when 20% dietary restriction was imposed upon them.

Since the protocol of the study called for a 20% dietary restriction to be imposed
on four of the five dietary groups, it was expected that the intake of the four restricted
groups consumed less feed than those fed ad libitum. The difference in the intake was
statistically significant (p<0.05). There was a slight difference between the actual and
the intended percentage of restriction among the four dietary restricted groups. This
difference of about 1-2% was due to spillage and it was not statistically significant .
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SPI-R group had the greatest spillage. The same phenomenon was also observed by

Handy (16).

JTumor Development and Growth

The results of the present study showed that DMBA-induced mammary tumor
development was delayed in those rats that were subjected to 20% dietary restriction.
At the age of 21 weeks (Table 13), five of 10 rats consuming casein diet ad libitum (C-
AL) developed their first palpable tumors to the size of 1-2 cm in diameter. Fewer rats
in the four groups of restricted rats developed their first mammary tumors to the size of
1-2 cm in diameter. Forty percent of the rats (4/10) consuming cottonseed flour diet
(CS-R) had tumors grown to 1-2 cm in diameter while 10%, 0% and 10% of the rats
consuming soy protein isolate diet (SPI-R), wheat gluten diet (W-R), and casein diet (C-
R), respectively, had tumor size of 1-2 cm in diameter (Table 13). Although these
percentage are not statistically significantly different, it is obvious that a substantial delay
in the development and growth of the mammary tumor was present in the rats subjected
to 20% dietary restriction. It is also interesting to note that tumors from the rats
consuming the cottonseed flour diet took less than one week to grow to 1-2 cm in
diameter (Table 13). Cottonseed protein contains high concentration of arginine (67)
which has the characteristic of stimulating growth (68). It is possible that the growth of
the tumor was stimulated by the arginine in the cottonseed flour.

By the age of 26 weeks (at termination), additional 4 rats in the C-AL group had
tumors greater than 1 cm in diameter which gave a total of 90% of the rats in this group
having the size of the tumors greater than 1 cm in diameter. Additional rats in the SPI-
R, W-R, and C-R groups also developed tumors of the same size. At termination, 50%

of the rats in the SPI-R and W-R groups had their first palpable mammary tumors grown
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to 1-2 cm in diameter compared to the 70% of the C-R group. There are no data in the
literature on tumor size in relation to feeding different dietary protein during
tumorigenesis. It was unfortunate that in the present study, the CS-R group was not
carried to termination due to the lack of the cottonseed flour diet. Longer latent period
was also observed in the groups of rats subjected to 20% dietary restriction (Table 13).
However, the latent period was not equally extended among these groups indicating not
only 20% dietary restriction but also the quality of dietary protein had an effect on the
latent period.

The average number of palpable tumors developed in each tumor-bearing rat
(Table 14) was not different among the five groups of rats. This was not surprising
since the criteria used to sacrifice the rats was at the time when the first tumor reached
1-2 cm in diameter. Therefore, it was not a long enough time period for more tumor to
develop. Fifty percent of the tumor-bearing rats in the CS-R group or 29% in the SPI-R
group developed multiple tumors while more than 80% of the tumor-bearing rats in the
W-R group developed multiple palpable tumors (Table 15). Unlike the number of rats
developed tumors of > 1 cm in diameter (in which the W-R group was the least), as
many as 80% of the W-R rats developed multiple tumors. This observation was in
agreement with the observations by Handy (16) and Bamer (70). The reason for this
phenomenon is unknown. Soy, cottonseed and wheat are all plant proteins. Although
the former two are better in quality than the latter one, it is not known whether the amino
acid composition or some other factors of these two better quality plant proteins are the
reason for developing less multiple tumors. Since the intention of the present study was
to examine the serum lipid concentrations at the time the rats were bearing DMBA-
induced tumors, the number of the rats in each dietary group in the present study was

not sufficient to study tumorigenesis. Therefore, no further discussion related
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discussion related to the dietary protein and tumorigenesis will be provided. Suffice to
say that dietary protein in combination with 20% dietary restriction probably will have an
influence on both the development and the growth of DMBA-induced mammary tumors.
Possibly, a better quality plant protein will be a favorable one as far as tumorigenesis is

concerned. Further studies are definitely warranted.

S Lipids G _

Serum total cholesterol concentration (TC) and high density lipoprotein-
cholesterol (HDL-C) concentration were significantly (p<0.05) lowered at one week after
the administration of DMBA in comparison to the baseline concentrations (Table 17 and
Table 21). Serum triacylglycerol (TG) concentration was not changed after DMBA
administration (Table 25). The reason for the change or no change in these serum lipid
concentrations is not clear. Since the dietary intake was not measured during the week
after the administration of DMBA, it is not certain that these changes in TC and HDL-C
concentrations are due to dietary intake. Serum TC concentration of the rats (Table 17)
was not changed one week after the administration of sesame oil. However, serum
HDL-C concentrations of these rats were lowered (p<0.05, Table 21) while the
concentration of TG was significantly (p<0.05) elevated (Table 25). The administration
of sesame oil is unlikely to have any effect on these parameters unless there was stress
due to the intubation procedure. The intubation procedure took only one minute per rat
and those rats were very calm during the procedure. Therefore, the produce of
intubation did not seem to be a factor in changing these serum lipid concentrations.

At the time when the first palpable tumor of the rats grew to 1-2 cm in diameter,
the serum concentration of TC of the rats that were fed the casein diet, ad libitum (C-AL)

was significantly higher than those fed plant proteins and subjected to 20% dietary
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restriction (SPI-R, CS-R and W-R) but similar to those fed the same casein diet
with 20% dietary restriction (C-R) (Table 18). These results demonstrated that the
lowered concentration of serum TC in the rats bearing tumors was not due to dietary
restriction rather by consuming diets containing plant proteins. In the sesame oil-treated
rats, same trend of changes was observed indicating that it was the dietary treatment,
not the development of the tumors that were influencing the concentrations of serum TC.
Furthermore, rats that were fed the soy protein diet and received sesame oil had an
even lower concentration of TC than those received DMBA and bearing tumors (Table
18). This further indicates the effectiveness of soy protein in lowering serum cholesterol
concentration which has been known for sometime (55-58). Both the AIN-76 diet and
casein experimental diet contained casein as the sole protein source. When the serum
TC concentrations of the rats consumed AIN-76 diet or C-AL were compared, a
significantly elevated (p<0.05) TC concentration was seen as tumor development
advanced (Table 19). The TC concentration in the restricted groups with advanced
tumor development did not show such elevation indicating that it is the ad libitum intake
of the casein diet that has an influence on the serum TC concentration. In some case-
control studies, serum TC concentration of patients with breast cancer was shown to be
significantly higher (p<0.05) than those in the control group (20, 71). In the present
study, rats that were fed the soy diet showed a significant difference (p<0.05) in the
serum TC concentration between the rats bearing adenocarcinomas and those received
sesame oil (control). This difference in the TC concentration probably cannot attribute
to the presence of the tumors but rather to the cholesterol lowering effect of soy protein
since the TC concentration of tumor-bearing rats was not elevated.

Feeding different dietary proteins to the rats since the administration of DMBA

until the development of the first palpable mammary tumor to 1-2 cm did not have a
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significant effect on the serum HDL-C concentrations (Table 22). When the rats did not
develop any tumor (i.e. received sesame oil instead of DMBA), a 20% dietary restriction
significantly lowered (p<0.05) the serum HDL-C concentration of the rats regardless of
the type of dietary protein (Table 22).

Serum HDL-C concentration was found to be low in breast cancer patients (71,
72). No animal studies have examined the serum HDL-C concentration while the
animals developed tumors. The results on HDL-C concentration from the present study
did not indicate that bearing DMBA-induced mammary tumor would result in lower HDL-
C concentration. The results only suggest that feeding different dietary protein or
imposing a 20% dietary restriction could lower serum HDL-C concentration regardless of
the presence of tumors.

Serum TG concentrations were elevated (p<0.05) one week after the
administration of sesame oil but not DMBA (Table 25). The reason for such change
after the administration of sesame oil is not clear. A continual increase in the serum TG
concentration was observed in the rats bearing tumors except those fed the wheat gluten
diet (W-R) (Table 27). Rats that were fed the casein diet, ad libitum and received
sesame oil also increased their serum TG concentrations significantly although these
rats did not bear any tumors (Table 26). These results indicate that it was the free
access of the casein diet which elevated the TG concentration in the serum. When the
casein diet was consumed on the restricted basis (C-R group), the TG concentration in
the serum of these rats was also elevated but not as high as those in the C-AL group
(Table 27). By restricting the intake of the rats by 20%, the serum TG concentration
was suppressed (Table 27). However, soy protein was most effective in suppressing
the serum TG concentration when the rats did not receive DMBA (Table 26). Itis

possible that soy protein would suppress the TG concentration even though there was
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the presence of tumor. However, due to the small sample size in the present study no
statistically significant difference was found (Table 26). At the time the study was
designed, we did not expected such low percentage of rats in the soy protein and wheat
gluten dietary groups to have tumors of > 1 cm in diameter 18 weeks after the
administration of DMBA. One could extend the study beyond 26 weeks of age (18
weeks post DMBA administration) and waited until all the rats in these groups of rats had
developed tumors to the size of greater than 1 cm in diameter. However, we would
have to justify the age differences in the rats of the experimental groups in order to
compare the effect of diet on the TG concentration. It is not known whether age has an
effect on serum TG concentration. Since the TG concentration of the rats received
sesame oil and bore no tumors exhibited the same pattern among the different dietary
groups (Table 26), it is reasonable to suggest that feeding plant proteins to rats would
lower serum TG concentration and bearing tumors is not a factor in influencing serum
TG concentration. Feeding rats a diet containing animal protein (casein) certainly had a
profound effect in elevating the serum TG concentrations (Table 26 and Table 27).

A significant negative correlation was found between the latent period and the
serum HDL-C concentration (r = -.4416) which indicates the shorter the latent period the
higher the HDL-C concentration at the time the tumor was greater than 1 cm in diameter.
Latent period is defined as the time between the DMBA administration and the
appearance of the first palpable tumor. Since the HDL-C concentration was not
determined at the time the first tumor was palpable, it is difficult to interpret this negative
correlation between the latent period and the HDL-C concentration when the tumor was
already 1 cm in diameter. There was also a significantly negative correlation between
the latent period and tumor diameter (tumor size). The shorter the latent period, the

larger the tumor was when it was excised. The time when the rats were sacrificed and
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their tumors were excised was also significantly (p<0.01) negatively correlated to the
size of the tumor.

These thrée negative correlations seem to point to the direction that the early the
palpable tumor developed, the faster this palpable tumor grew. Different dietary
treatments may influence the latent period thus influence the growth of the tumor.

Data presented in the present study are the first systematic determinations of the
serum lipid concentration in rats induced by DMBA. No information on the same
subjects is available in the literature. This investigator hopes that as time passes on,

there will be more information available.



CHAPTER VI
SUMMARY AND CONCLUSION

The purpose of the present study was to investigate the serum lipid
concentrations during DMBA-induced mammary carcinogenesis of rats fed diets of
different types of protein with 20% dietary restriction. One hundred and thirty female
Sprague-Dawley weanling rats were fed the AIN-76 diet, ad libitum until nine weeks of
age. At 8 weeks of age, blood sera of 10 rats were analyzed for the concentrations of
total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), and triacylglycerol
(TG). For the remaining 120 rats, 60 rats were intragastrically administered with DMBA
(5 mg/100 g body weight) and 60 rats were given sesame oil alone.

At nine weeks of age, sera from ten DMBA and ten sesame oil-treated rats were
analyzed for TC, HDL-C and TG. The remaining 50 DMBA- and 50 sesame oil-treated
rats were randomly assigned to one of the five dietary treatments. Each dietary group
consisted of 10 DMBA-treated and 10 sesame oil-treated rats. The C-AL group was fed
the casein diet, ad libitum. Groups SPI-R, CS-R, W-R and C-R were fed diets containing
soy protein isolate, defatted cottonseed flour, wheat gluten, and casein, respectively.
These four groups of rats were also subjected to 20% dietary restriction, i. e. they were
given 80% of the intake of the C-AL group.

When the first palpable tumor grew to 1-2 cm in diameter, the tumors were
excised for pathological examination. At the same time, blood was drawn via cardiac
puncture for the determination of serum TC, HDL-C, and TG concentrations.

The defatted cottonseed flour diet was only sufficient to carry the study until the rats
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were 21 weeks of age. Our previous experience indicated that by the age of 21
weeks, all of the rats would have developed DMBA-induced mammary tumors. By the
age of 21 weeks, five rats in the C-AL group and four in the cottonseed flour diet group
(CS-R) group had developed tumor and were killed for the removal the tumors. Only
one in each of the soy protein (SPI-R) and casein restricted (C-R) groups was killed and
none in the wheat gluten group had developed tumor of 1 cm in diameter. The CS-R
group had to be terminated at 21 weeks of age because of the lack of the diet and the
remaining four groups were carried until 26 weeks of age. At termination, 90% of the
rats that were fed the casein diet, ad libitum had tumors of > 1 cm in diameter while
approximately 50% of the rats in each of the restricted groups had tumors of the same
size. Among the four restricted groups fewer rats in the cottonseed flour diet and soy
protein diet groups developed multiple tumors. All but one pathologically examined
tumors were identified as adenocarcinomas.

There was no consistent changes in the concentrations of the serum total
cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), and triaclyglycerol (TG)
when the rats developed DMBA-induced mammary adenocarcinomas. There was no
change in the TC concentrations of the rats except those consuming casein diet ad
libitum which exhibited an elevation of TC concentration when they developed
adenocarcinoma. In general, rats that were subjected to 20% dietary restriction and fed
the plant protein diets showed a significant lower (p<0.05) serum TC concentration than
those fed the casein diet, either ad libitum or restricted. In the groups of rats consuming
the soy protein diet of restricted amount, there was a significant increase in the TC
concentrations in those developed mammary adenocarcinomas compared to those
received sesame oil and did not develop any tumors. Such effect was probably due to

the profound cholesterol lowering effect of the soy protein.



Bearing mammary adenocarcinomas did not change the serum HDL-C
concentrations of the rats. It was the feeding of a plant protein diet or the introducing of
a 20% dietary restriction that lowered the HDL-C concentrations.

All the dietary groups except the W-R group had elevated TG concentration in
comparison to the baseline value. Tumor-bearing did not have an effect on the TG
concentration. However, dietary restriction could lower serum TG concentration of the
rats.

A significant (p<0.05) negative correlation was found between the latent period
and the HDL-C concentration or the size of the tumor. The reason(s) underlying the
relationship is not clear. Further exploration of the mechanism is indeed warranted.

In conclusion, serum lipids such as TC, HDL-C, and TG concentrations are not
directly affected by the development of DMBA-induced adenocarcinomas. Feeding a
diet containing plant protein to rats subjected to 20% dietary restriction could influence
the concentrations of serum lipids of the rats. The changes occurred in the serum lipids

were independent of the development of the tumors.
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Proximate Analysis of Diets
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POPE Teeriug L ABORATORIES, Inc.

CONSULTING ANALITICALL CHEMISTS
AMD TESTING ENGINEERS

fOODS. FECOS. DAIRY PROON.
WATEA, MISCL. ANALYSES

OFFICIAL CHEMISTS
r.0 vox 9032 WEICIICNE AND IHHSPFLCTONS
o UATL, COTTONSCEDO PNODUCTS ASS N
COTNeNEER0 FROOUCHS DALLAS, TEXAS 75221
FACHING 1HOUSE FHODUCTS

NEFENCE CHEMISTS

AC 214 7-2.8401 AMENICAIC OIL CHEMISTS SOCILTY

March 19,.1992

Rec'd.: 3-13-92
I'.0. No.: n1498-2-0015

Texas Woman's University
Dept. of Nutrition and Food
.0, LBox 24134

Denton, Texas 76204

Sclences

Report of Tests on: Casein
I'rotein Fat Carbo-
Sample No. Moisture (N x 6.38)  (Acid llydrol.) TFiber Ash hydrates
Caseiry) b4, 91.3% 0.3% 0.1% 0.9% 3.0%
Caseinyy 4.5 yl.1l 0.3 0.3 0.6 3.2

kAkkhkhhkhkkkAkkhkhkhkkk

Respectfully submitted,

POPE TESTING LABORATORIES, THC.

2K :./(/’Wk s

Leon llunter

Lab No. 28505-06 Incl.
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OFFICIAL CHEMIBTS
WECIOENS AlD INSPECTONS

WATEN, MISCL. AMALYSES r.O.bOX 903
COTION SELD rNODUCTS
FACKING HOUSE FRODUCTS

MATL. COTIONSELO FNODUCTS ASS N.
DALLAS. TEXAS 75221 HEFEREE CHEMISTS

AC 214 742.0401 ) AMENICAI OIL CHLUMISTS SOCICTY

March 19° 1992

Rec'd.: ) 3-13-92
P.0. No.: 41498-2-0015

Texas Woman's University

Dept. of Nutrition and Food Sciences
P.O. Box 24134
Denton, Texas 76204

Report of Tests on: Diets (Wheat Gluten and Soy Protein Isolate)
Protefin Fat .
Sample Noi Moisture (N x 0.38) (Ether Extr.) Fiber Ash

Spr {13 5.3% 88.8% 0.5% 0.3% 4.5%
1

SpI ta 5.1 89.0 0.4 0.2 4.0

We 5 1.9 9.8 0.8 0.3 1.0

WG 16 8.0 80.4 0.7 0.4 0.9

*hAkARARAKRAAA KAk

Respectfully submitted,

4 POPE TESTING LABORATORIES, INC.

<i2£§:<uzzéd/f%2§2:2¢‘;;ZZE;\;

Leon llunter

Lab No. 28501-04 Incl.

Carbo-

hydrates
0.6%
1.3

10.2

9.0
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POPE Testieg LABORATORIES, Inc.

CONSULTING ANALYITICAL CHEMISTS
AND TESTING ENGINEERS

OFFICIAL CrLmiuTs

ot L AEALYSLY ¥ O LOX 90 WEIGHEAS AND IS PLCTONS
PR LS . ” NATL COTTONSELO FHOOUCTy auw 14
ot L DALLAS. TEXAS 75221\
ot NOPEHLE Crelmais ity
AC 214 742.84u1 AMLMICAN OIL CHit Iz (s 5O Ly

Apvil 2, 1992
Rec'd.: 3-30-92
P.0. No.: 41498-2-0014

Texas Woman's University

Nutriticn and Food Sciences Department
P. O. Box 24134

Denton, Texas 76204-2134

Report of Tests on: Diets
Calories

Sample No. Moisture Protein Fat Fiber Ash Carbohydrates Per 100 Grams
1 2.9% 18.0% 9.6% 2.3% 4. 2% 63.0% 410
2 4.2 19.9 10.1 2.6 4.4 58.8 406
Cs 3 4.6 18.1 11.0 3.5 4.3 58.5 405
C-AL 4 3.1 18.0 9.8 1.8 2.7 64 .6 419
WG -5 4.1 20.5 10.1 1.6 2.4 61.3 418
SPI ¢ 3.2 18.0 10.0 1.5 3.3 64.0 418
C-AL 5 3.2 18.0 9.9 1.8 2.4 64 .7 420
WG g 3.8 19.9 10.0 1.6 3.0 61.7 416
WG9 3.0 18.2 9.8 2.1 2.7 64 .2 418
SPT o0 3.3 17.9 10.1 2.3 3.2 163.2 415
c-an 11 3.1 18.1 9.7 1.9 3.0 64.2 417

Kxhkhkhkkhhkhkhkhhhkhkkkhkhkrk

Respectfully submitted,

POPE TESTING LABORATORIES, INC.

e = 20—

Leon llunter

l.ab No. 29160-70 Incl.
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POPE Yestieg LABORATORIES, Inc.

CONSULTING ANALYITICAL CHEMISTS
AND TESTING ENGINEERS
FOOOS. FLLOS, DAIRY FROOS
WATER, MISCL. ANALYSES P. 0. BOX 903
COTION SEED FRODUCTS DALLAS, TEXAS 75221
PACKING HOUSE PRODUCTS

AC 214 742.8401

August 13, 1992

OFFICIAL CHEMISTS
WEIGHERS AND INSPECTORS
NATL. COTTONSELDO FPAODUCTS ASS'N.
REFEREE CHEMISTS

AMERICAN OIL CHEMISTS 8OCIETY

8-11-92

30910-2-0070
Carbo- Calories
hydrates Per 100 Crams
62.3% 408
64.3 416
60.3 410
63.2 414
60.0 408
64.4 415
63.8 413
63.9 414

Rec'd. :
P.0. No.:
Texas Woman's University
NHutrition and Food Sciences Dept.
P.0. Box 24134
Denton, Texas 76204
Report of Tests on: Diets
Sample No. Moisture Protein Fat Fiber Ash
1 3.0% 17.8% 9.7% 2.6% 4.6%
#2 3.0 18.0 9.6 2.1 3.0
#3 4.0 19.8 9.9 1.8 4.3
4 2.9 18.2 9.8 2.0 3.9
S 3.7 19.8 9.9 1.8 4.8
16 2.9 17.4 9.8 2.5 3.0
c-aL 17 2.9 18.1 9.5 2.6 3.1
whs #8 3.0 18.0 9.6 ° 3.0 2.5
Kkokkkkkkkokhkokk

Respectfully submitted,

POPE TESTING LABORATORIES, INC.

Leon Hunter

Lab No. 35457-64 Incl.
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POPE Teatiny LABORATORIES, Inc.

CONSULTING ANALYITICAL CHEMISTS

Y AND TESTING ENGINEERS
rONDY FECO3. DAY FROOS OFFICIAL CHEMISTS
AVED KISy AALY S P O DOX 903 WUEIGHERS AND INSPECTORS
Cotran fEe TnnouUcTs DALLAS. TEXAS 75221 MAYL. COTTONSELD FRODUCTS ASS N
FacrtG WoUSE FROBUCTS . REPZAEE CHEMISTE
AC 214 742.8401 AMERICAN OIL CHEMISTS BOCIETY

September 3, 1992

Rec'd.: 8-31-92
P.0. No.: 30910-2-0070

Texas Woman's Unfversity

Dept. of Nutrition & Food Sciences
P.O. Box 24134

Denton, Texas 76204

Report of Tests on: Diets

Carbo- Calories
Sample No. Moisture Protein Nitropgen Fat Fiber Ash hydrates Per 100 Grams
WG 1 3.7% 19.47% 3.10% 10.0% 2.47% 2.7% 61.87% 415
"G 2 3.5 19.6 3.14 9.9 1.7 2.7 1 62.6 418

Kk ok kok ok kok ok ok ok ok A ok ok ok

Respectfully submitted,

POPE TESTING LABORATORIES, INC.

(S e a/%%

Leon llunter

Lab No. 36190-91 Incl.
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OFFICIAL CHEMISTS

P.O. BOX 903

WEIGHERS AND INSPECTORS

NATL. COTTONSEED PRODUCTS ASS'N.
REFEREE CHEMISTS

DALLAS, TEXAS 75221
AC 214 742.8491

AMERICAN OIL CHEMISTS SOCIETY

Calorics

Per 100 Gyamg

5

november 23, 1992
Ree'do: 11-138-92
P.os Hoo: 1Y-03651012
P-4344
{
Texas Vohan's UbivurSLty
Hutvition and Food Sclences Department
Box 24134, TUU Stacion
Denton, Texas 70204
leport of Tests on: bicts
Carbo-
sample No. Hoisture Protein Fac YFiber  Ash  hLydrates
-l
y 7.8 %4 oA 2.2 7% 2.1 % 65.1 %
_AL 1 3:3 % 17.8 7 )
C-AL 2 2.5 17.4 lu.0 1.7 2.9 v4.7
Respectfully submitted,
POPLE TESTING LABORATORIES, IN
':/)<1Gc%‘k5/22§?63>!5‘52¥:::7\
f.eon Hunter
Lab ilo._ 39375-76 Incl.
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POPE 7eczzus LABORATORIES, Inc.

FOODS, FLEDS, DAIRY PRODS
WATER, MISCL. ANALYSES
COTTON SELED PRODUCTS
PACKING HOUSE PRODUCTS

CONSULTING ANALYITICAL CHEMISTS
AND TESTING ENGINEERS
P.O. BOX 903
DALLAS, TEXAS 75221
AC 214 742.8491

December 14, 1992
Rec'das
P.0. No.

Texas'Woman's University
Hutrition mnd Food Sciences Department

Box 24134

Denton, Texas 76204

Report of Tegtd oni

!

Diets

Number Molsture Protein Nitvogen Fat Fiber Ash
c-aLl 2.8 % 18.3 % 2.9 % 9.9 % 1.8 % 2.9 %
e 2 3.3 19.5 3.1 0.1 2.5 2.7

4
WG 3 3.6 19.5 3.1 10.1 2.1 3.0
C-AL 4 3.1 18.0 2.9 9.6 2.3 2.8

Fvere Rk STk vk ek ok kR

Respectfully subnitted,

OFFICIAL CHEMISTS
WEIGHERS AND INSPECTORS
NATL. COTTONSEED PRODUCTS ASS'N.
REFEREE CHEMISTS

AMERICAN OIL CHEMISTS SOCIEYY

12-11-92
19-0381012
P-5437

Dr. Andi lsueh

Carbo Calories
hydrates Per 100 Grams

64.3 % 420

61.9 417
61.7 416
64,2 415

POPE TESTING LABURATORIES, INC.

WM

Leon ilunter

Lab No, 40305-08 Incl.




APPENDIX C

Histopathological Reports of Tumors Examined by the
Texas Veterinary Medical Diagnostic Laboratory, Bryan, Texas



Telephone
409/845-3414
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Accession #: C93144209

TEXAS VETERINARY MEDICAL DIAGNOSTIC LABORATORY
Draver 3040, (ollege Station, Texas 77841-3040

FINAL REPORT - VETERINARIAN'S COPY

Date Shipped:
Date Received: 05/24/93

Owner Name:
Rim, Jean C.
Dept of Nutrition & Food Sc.

i ]
Prelim Report Dates:
Telephone/Fax Dates:
Final Date: 05/26/93

ASSIGNMENTS :
CS = TOX: BAC: CPT: PAR: HIS:
AM = TOX: BAC: CPT: PAR: HIS:

SPECIMENS SUBMITTED:
35 rat mammary tumors. /mb

TESTS REQUESTED:
histopath

SPECIES: Exotic
BREED: RAT

SEX: Unknown

AGE: Unknown

WT: Unknown

CONCLUSION:

Vet. Acct. Number: 16238
Vet. Phone Number: (817) 898-2656

Veterinarian's Name:
TEXAS WOMAN'S UNIVERSITY
P.. BOX 22906

C. BARNER - #19-0381012

DENTON TX 76204-0906
i '
VIR: NEC: THR: RAB:
VIR: NEC: THR: RAB:

§ANIMALS IN GROUP:

#ANIMALS SICK:
{1ANIMALS DEAD:

DATE OF DEATH LOSS:
ILLNESS DURATION: Unknown

COORDINATOR: Dr. Fiske

See lab results, coordinator's comments and/or

conclusions at end of report.

SE===============z=z===z==============. CHARGES
Necrop: Bact:
Path: $350.00 Serol:
Therio Ph/Fax
Bus Other

desn't inclide professicnal service fees by yaur Veter-
irarian or oosts of preparing, packaging, ad shipping
of the speciners.

Cl Path: Parasit:
Toxic: Virol:
Ctn Rtn: Pick~-up:

BUIID TO VEIXRINWIAN - You are advisad to aasult
your Veterinarian for his amalysis of this repoct
ard for any treatment that might be indicated.
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Accession #: C93144209

***HISTOPATHOLOGY REPORT
5/26/93

05/25/93 70/35

CAL GROUP (10)

CAL-1DA Mammary adenocarcinoma
CAL-2DA " "

CAL-3DA T "

CAL-4DA 1 B

CAL-5DA i i

CAL-1DB ) "

CAL-2DB 1 "

CAL-3DB T "

CAL-4DB b "

CAL-5DB ' "

CS-R GROUP (4)

CS-R-2DA Mammary adenocarcinoma
CS-R-3DA ! "
CS-R-1DB " "
CS-R-4DB " "

SPI-R GROUP (7)

SPI-R-1DA Mammary adenocarcinoma
SPI-R-3DA " "
SPI-R-5DA ! "
SPI-R-1DB " "
SPI-R-2DB " "
SPI-R-3DB " "
SPI-R-4DB " "

W-R GROUP (6)

W-R-1DA Mammary adenocarcinoma
W-R-2DA ¢
W-R-3DA " "
W-R-4DA " "
W-R-5DA N "
W-R-1DB Mammary fibroadenoma
W-R-5DB Mammary adenocarcinoma
C-R GROUP (8)

C-R-1DA Mammary adenocarcinoma
C-R-2DA " "
C-R-3DA " "
C-R-4DA " "
C-R-1DB " "
C-R-2DB ” !
C-R-4DB " !
C-R-5DB " !

COMMENT: All specimens except W-R-1DB were mammary adeno-
carcinomas. All of the adenocarcinomas fit the following general
description with the only difference being the proportions of the
components.



Accession #§:

***HISTOPATHOLOGY (CONTINUED):

The tumors are nonencapsulated but well-demarcated. They are
expansive rather than invasive. The consist of tubular, acinar,
papillary, microcystic and cystic structures formed by large
generally cuboidal epithelial cells averaging 1-3 cells show
excessive nucleus:cytoplasm ratio and have hyperchromic nuclei
with generally inconspicuous nucleoli. There is mild aniso-
karyosis. Cells generally have good polarity though in some areas
the pile upon one another. The areas between organized epithelial
structures are filled with a stroma of solid sheets of similar
cells. The tumor are vaguely subdivided into partial lcbules

by fine fibrovascular septa which are infiltrated with variable
numbers of lymphocytes and plasma cells.

Specimen W-R-1DB is a mammary fibroadenoma which is well demarcated
and noninvasive. It consists of clusters of small tubules formed
by well-differentiated uboidal epithelial cells with approximately
1 mitotic figure per hpf. The tubular clusters are contained

within an extensive stroma with moderate numbers of well-differen-
tiated fibrocytes.

CONCLUSION: Mammary adenocarcinoma (34 specimens), mammary
fibroadenoma (1 specimen).
--DR. FISKE/mm

87
C93144209



APPENDIX D

Report on the Fasting Serum Amino Acid Concentrations from the

Genetic Screening and Counseling Service in Denton, Texas
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