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Dietary Effects of 2% Curcumin Supplementation with Two Types of Protein on NMU

Induced Mammary Carcinogenesis in Sprague-Dawley Rats 

ABSTRACT 

Ragini Vittal 

May 2002 

The objectives of this study were to investigate the effects of AIN-93G diets with protein 

provided as either casein or soy with (2%w/w) or without curcumin, on N-nitroso-N

methylurea (NMU)-induced mammary carcinogenesis and on biochemical indices of 

hepatic and renal functions in female Sprague-Dawley rats. One hundred female 

Sprague-Dawley rats (7-wk-old) were injected with NMU (50 mg/kg body weight) via 

the tail vein. At 9 weeks of age they were randomly assigned to one of the four 

experimental diets (n=25) containing 20% casein (C) or soy protein isolate (S) with or 

without curcumin (U) supplementation. At the end of study period (22 weeks post 

NMU), the tumor incidence for groups C, CU, Sand SU were 56%, 87%, 64% and 56%, 

respectively. These results indicate that curcumin supplementation significantly 

increased the tumor incidence when casein was the protein (87%) but not when soy 

(56%) was used. There were no differences in the tumor burden, tumor latency or tumor 

multiplicity. Histopathological diagnoses of the tumor specimens revealed that both 

palpable and non-palpable tumors from all the groups were adenocarcinomas. Curcumin 

levels could not be detected in either the serum or the liver. The lipid profile was 

analyzed by detecting the serum total-cholesterol, HDL-cholesterol and triacylglycerol 
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levels. There were no significant differences found between the groups. To investigate 

the different effects of curcumin supplementation due to protein type, biochemical 

indices of hepatic (aspartate aminotransferase, AST) and renal (blood urea nitrogen, 

BUN and serum creatinine) functions were performed. The results showed that AST was 

significantly lower in group S than group C. Serum creatinine level was not affected by 

either curcumin supplementation or protein type; however, BUN level was significantly 

higher in the rats fed soy-based diets than in those fed casein-based diets regardless of 

curcumin supplementation. These results indicate that 2% curcumin supplementation 

does not inhibit mammary tumor incidence and is higher when casein is the protein 

source. It does not influence normal hepatic and renal function in rats fed casein or soy

based diets. Neither the protein type nor the curcumin supplementation had any lipid 

lowering effect (This study was funded by Human Nutrition Research Fund, Texas 

Woman's University). 
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CHAPTER I 

INTRODUCTION 

Cancer is the second leading cause of death in the US, exceeded only by 

cardiovascular disease. In 2001, about 1,220,100 new cancer cases are expected to be 

diagnosed. The American Cancer Society estimates that this year (2001) about 552,200 

Americans are expected to die of cancer, more than 1,500 persons a day. In the US, one 

in four deaths are from cancer. Nearly five million lives have been lost to cancer since 

1990 (American Cancer Society, 2001). 

Breast cancer is a complex and devastating disease. It not only has very serious 

medical consequences, but also has a major psychological and social impact on an 

individual woman and often on her family. It is the most frequently diagnosed cancer in 

American women and the second major cause of cancer deaths after lung cancer. In 

2001, an estimated 192,200 new cases of invasive breast cancer (Stages I-IV) will be 

diagnosed in this country. Ductal carcinoma in situ (DCIS) accounts for about 39,900 

new cases each year. DCIS (Stage 0) is noninvasive and is the earliest form of breast 

cancer. An estimated 1,500 cases of breast cancer will be diagnosed in men. 

Approximately 40,600 deaths from breast cancer will occur (40,200 among women, and 

400 among men) in year 2001. Death rates from breast cancer declined significantly 

during 1992 to 1996, with the largest decreases in younger women--both white and black. 

These decreases are probably the result of earlier detection and improved treatment. 
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During the 1980s, the breast cancer incidence rate ( a measure of the number of 

new breast cancers per 100,000 women) increased by about 4% per year. During the 

1990s, the incidence leveled off to 110.6 cases per 100,000 women. In Texas alone, 

11,500 new cases of invasive breast cancer will be diagnosed and an estimated 2,600 

deaths will occur in 2001 (American Cancer Society, 2001 ). 

The lifetime risk of a woman's contracting this disease is one in eight 

(approximately 12.6%). This figure includes all age groups in five-year intervals up to an 

open-ended interval of 95 years and over. Each age interval is assigned a weight in the 

calculations based on the proportion of the population living to that age: 

by age 30: 1 in 2,212; 

by age 60: 1 in 23; 

by age 40: 1 in 235; 

by age 70: 1 in 14; 

by age 50: 1 in 54; 

by age 80: 1 in 10; 

and finally in her lifetime, the chances of her ever contracting this disease is one in eight 

(Feuer et al., 1999). 

Carcinogenesis proceeds through multiple discernible but often overlapping 

stages. These are (a) initiation (exposure to carcinogen and subsequent DNA damage), 

(b) promotion (appearance of benign tumors), (c) progression (conversion of benign to 

malignant tumors) and (d) the further evolution to tumors with increasing degrees of 

malignancy. The complexity of this multistage process explains the long time span 

(latency period) between tumor initiation and development of malignant tumors. This 

latency period offers numerous opportunities for intervention before malignant tumors 

develop (Sporn, 1999). 
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Chemoprevention, or chemoprotection, can be defined as the use of specific diets, 

or natural or synthetic chemicals, to reverse, suppress, or prevent the carcinogenic 

progression to invasive cancer. Chemopreventive agents can be classified based on the 

phase in which they exert their protective effects. The categories are: a) the inhibitors 

preventing the formation of carcinogens-especially nitroso compounds, b) the tumor 

"blocking agents" which counteract cancer by interfering with initiation, and c) the tumor 

"suppressors" which intercept promotion or progression, thus suppressing the expression 

of neoplasia in cells (Wattenberg, 1998). Blocking agents play a significant role in 

reducing the accumulation of initiating mutations, but the fact that initiation can occur 

very early in life, confounds clinical chemoprevention strategies based on anti-initiation 

only. Hence, suppression of the development of the initiated cell to a full-blown tumor is 

undoubtedly the strategy of choice in human cancer chemoprevention. 

Numerous epidemiological studies (Castellsague et al., 2000; Feskanich et al., 

2000; Kolonel et al., 2000 and Zhang et al., 2000) show that individuals who consume 

diets rich in vegetables and fruits have a reduced cancer incidence. Many 

chemopreventive agents of current interest such as genistein, curcumin, indole-3-

carbinol, inositols, isothiocyanates, organosulfur compounds (allyl cysteine and allicin), 

resveratrol, retinoids, sulforaphane, squalene, and terpenes are found in the diet, and it is 

likely that these and other phytochemicals have been reported to have a positive effect on 

health (Wattenberg, 1998). 

The National Cancer Institute's chemoprevention drug development program is an 

applied drug development science effort with the goal of identifying safe and effective 

3 



chemopreventive agents for clinical use. Curcumin is one of the 400 agents that have 

entered the program since its inception in 1987 (NCI, 1996). This particular 

chemopreventive agent, curcumin ( 1, 7-bis [ 4-hydroxy-3-methoxypheny 1 ]-1,6-heptadiene-

3, 5-dione), a ~-diketone and a polyphenolic compound, is a good tumor blocking and 

suppressing agent (Gescher et al., 1998). 

Curcumin also known as diferuloyl methane is isolated from the dried and 

powdered root of the plant, Curcuma Longa Linn. Multiple potential chemopreventive 

actions have been demonstrated in skin, colon, oral, forestomach, and duodenal cancer in 

mice and rats. It is capable of scavenging oxygen radicals, modulating signal 

transduction, modulating hormonal/growth factor activity and inducing apoptosis. 

Curcumin has been reported to inhibit DNA adduct formation and to increase the levels 

of the hepatic phase I and phase II detoxifying enzymes. Curcumin was also shown to 

increase the rate of DNA repair (Stoner et al., 1995). 

Studies reported so far have used curcumin during the initiation phase of DMBA

induced (Pereira et al., 1996; Huang et al., 1998; Deshpande et al., 1998a; Singletary et 

al., 1996, 1998) and benzo [a] pyrene and 1,6-dinitropyrene-induced (Singletary and 

MacDonald, 2000) mammary carcinogenesis. The study by Inano et al., (1999) reported 

the use of curcumin in the promotional stage of y-irradiation-induced mammary cancer. 

Several investigators suggested that soy consumption might contribute to the 

relatively lower rates of breast cancer incidence in Asian countries such as China and 

Japan (Setchell et al., 1984; Barnes et al., 1990; Aldercreutz et al., 1990). In 1990, the 

National Cancer Institute (NCI, Bethseda, MD) identified several anticarcinogens in 
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soybeans and recommended that the relationship between soy intake and cancer risk be 

investigated (Messina and Barnes, 1991). Soybeans are a relatively unique dietary source 

of the isoflavone, genistein (5, 7, 4'-trihydroxy isoflavone), which possesses weak 

estrogenic activity. Genistein is a specific inhibitor of protein tyrosine kinases, inhibits 

DNA topoisomerases and other critical enzymes involved in signal transduction (Messina 

et al., 1994). Hawrylewicz et al. (1995) reviewed several studies and reported that soy 

protein is an effective tumor suppressing agent and the histo-pathologic evaluation 

revealed more benign fibroadenomas and lower grade adenocarcinomas in the rats fed 

soy protein than in those fed casein diets. A study by Barnes et al. ( 1990) reported that 

the development ofNMU-induced breast cancers is estrogen dependent. Since 

isoflavonoids can function as estrogen antagonists, the authors suggested that the active 

tumor-inhibiting substances in soybeans are the phytoestrogens. The studies conducted 

by Hawrylewicz (1991) and Barnes (1990), on NMU-induced mammary cancer reported 

a protective effect, the former worked with soy protein isolate and the latter with whole 

soybeans (Messina et al., 1994). 

A single chemopreventive agent probably will not reduce cancer incidences to the 

maximum extent; especially since, some promising agents show toxicity at efficacious 

doses. Hence, the simultaneous or sequential administration of multiple inhibitors may 

increase efficacy and reduce toxicity. Such an approach uses the differences in 

mechanisms of cancer inhibition among the agents to increase efficacy. Verma et al. 

( 1997, 1998) reported synergistic inhibitory effects of curcumin and genistein on growth 

of human breast cancer cells induced by estrogenic pesticides. 
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PURPOSE OF THE STUDY 

Due to its anti-carcinogenic properties and high effectiveness in inhibiting 

tumorigenesis, curcumin has been selected for further evaluation as a chemopreventive 

agent. The study evaluated the effects of 2% curcumin supplementation with two 

different dietary proteins ( casein or soy) on mammary carcinogenesis and hepatic and 

renal function in female Sprague-Dawley rats. 

NULL HYPOTHESES 

1. There will be no differences in the tumor incidence, tumor burden, tumor latency or 

tumor multiplicity among the four groups of rats fed diets containing soy protein or 

casein with or without 2% curcumin supplementation. 

2. There will be no significant differences between the tumor incidence, tumor burden, 

tumor latency and tumor multiplicity and the curcumin levels in the liver and serum 

of rats fed diets containing soy protein or casein with 2% curcumin supplementation. 

3. There will be no significant differences in the biochemical indices of hepatic (serum 

aspartate aminotransferase (AST)) or renal (serum urea nitrogen and creatinine) 

function in rats fed diets containing soy protein or casein with or without 2% 

curcumin supplementation. 

4. There will be no significant differences in the serum lipid profile (serum 

triacylglycerols and serum total and HDL-cholesterol) in rats fed diets containing soy 

protein or casein with or without 2% curcumin supplementation. 
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BREAST CANCER 

CHAPTERH 

REVIEW OF LITERATURE 

Breast cancer is a malignant tumor that develops from cells of the breast. The 

disease occurs mostly in women, but does occur occasionally in men. See Appendix C 

for some terms that describe the most common types of breast cancer and a listing of 

benign conditions. 

Risk Factors 

The risk of developing breast cancer increases with age and is about 100 times more 

common among women than men. The risk of a woman developing breast cancer is 

greater when one or more of the following is true in her case history. 

Family history: Personal or family history of breast cancer, biopsy-confirmed atypical 

hyperplasia, having one first-degree relative (mother, sister, or daughter) with breast 

cancer approximately doubles a woman's risk, and having two first-degree relatives 

increases her risk five-fold. 

Race: White women are slightly more likely to develop breast cancer than are African

American women. However, African Americans are more likely to die of this cancer 

because they are often diagnosed at an advanced stage when breast cancer is harder to 
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treat and cure. Asian, Hispanic, and American Indian women have a lower risk of 

developing breast cancer. 

Menstrual History: Long menstrual history (menstrual periods that started early and 

ended late in life), recent use of oral contraceptives or postmenopausal estrogens 

Onset of Pregnancy: Nulliparous women or women who had late pregnancy (> age 

30yrs), multi-pregnancies are no more protective than a single pregnancy. Since in 

pregnancy there are sustained high circulating levels of estrogens and progestins, the 

epithelial cells of the breast undergo differentiation into milk-producing cells. This 

reduces the proportion of epithelial cells, the targets of carcinogens. These observations 

suggest that a suitable external agent that causes the epithelial cells of the breast to be 

more differentiated may provide a life long reduction in breast cancer risk. 

Lifestyle: Consumption of two or more drinks of alcohol daily, or have higher education 

and socioeconomic status. 

Dietary Pattern: Worldwide, breast cancer incidence rates appear to correlate with 

variations in diet, especially fat intake, although causal factors have not been firmly 

established. Although most of a woman's estrogen is produced by her ovaries, fat tissue 

can change some other hormones into estrogen. Having more fat tissue can increase a 

woman's estrogen levels, and increase her likelihood of developing breast cancer. The 

connection between weight and breast cancer risk is complex. For example, risk appears 

to be increased for women who gained weight as an adult but not among those who have 

been overweight since childhood. In addition, excess fat in the waist area affects risk 
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more than the same amount of fat in the hips and thighs. Researchers believe that fat 

cells in various parts of the body have subtle differences in their metabolism that may 

explain this observation. 

Other Factors: Additional factors that may be related to breast cancer risk (increased or 

decreased) and that are currently being studied include pesticide and other chemical 

exposures, weight gain, induced abortion, physical inactivity, and selective estrogen

receptor modulators (SERMs) such as tamoxifen and raloxifene. 

Breast Cancer Genes: Recent studies have shown that about 10% of breast cancer cases 

are directly due to inherited mutations in breast cancer related genes and that most of 

these result from mutations (changes) of the BRCAI and BRCA2 genes. Normally, these 

genes help to prevent cancer by making proteins that keep cells from growing 

abnormally. However, if a person has inherited a mutated gene from either parent, 

chances of developing breast cancer increase. About 50% to 60% of women with 

inherited BRCA 1 or BRCA2 mutations will develop breast cancer by the age of 70. 

Survival Rate 

The five-year relative survival rate for localized breast cancer has increased from 72% 

in the 1940s to 96% today. If the cancer has spread regionally, however, the survival rate 

is 77%, and for women with distant metastases the survival rate is 21 %. After the 

diagnosis of breast cancer, the survival rate continues to decline beyond five years. 
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Approximately, 71 % of women diagnosed with breast cancer survive ten years, and 57% 

survive 15 years (American Cancer Society, 2001 ). 

CANCER PREVENTION 

Singletary (2000) reported that two major prevention strategies have evolved to 

combat cancer, i.e., cancer chemoprevention and dietary cancer prevention, with 

appreciable overlap existing between them. Generally, cancer chemoprevention is 

recognized as the pharmacologic intervention with synthetic or naturally occurring 

chemicals to prevent, inhibit, reverse carcinogenesis, or prevent the development of 

invasive cancer. On the other hand, dietary prevention is recognized as the changes in 

food consumption patterns necessary to decrease cancer development. 

Cancer Chemoprevention 

During the past 25 years, there has been a remarkable increase in the knowledge 

of the mechanisms whereby normal cells and tissues become malignant. Several 

programs were started to use this fundamental knowledge and develop new approaches to 

synthesize and test new drugs to prevent cancer, as contrasted with classical 

chemotherapy for treatment of existing disease. This new pharmacological approach was 

called "Chemoprevention" and can arrest or reverse the process of carcinogenesis (Sporn 

et al., 1984 ). 
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Carcinogenesis proceeds through multiple discernible, but often overlapping, 

stages. The first stage of carcinogenesis is initiation - an irreversible event that begins 

when a normal cell is exposed to a carcinogen and their genomic DNA is damaged and 

remains unrepaired or misrepaired. In case of chemically induced carcinogenesis, 

initiation involves uptake of a given carcinogenic agent, which is subsequently 

distributed and transported to the target organs and tissues. This is followed by 

interaction of a reactive metabolite with cellular DNA. Subsequent structural alterations 

in the DNA molecule lead to the final fixation of the genotoxic damage to cause 

mutation. The resulting somatic mutation in a damaged cell is reproduced during mitosis, 

which gives rise to a clone of mutated cells. The next stage is called promotion when the 

damaged cells expand and form an actively proliferating multi-cellular pre-malignant 

tumor cell population. This stage is followed by progression. This is an irreversible 

process, which produces a new clone of tumor cells, with increased proliferative capacity, 

invasiveness and metastatic potential (Surh, 1999). The complexity of the multistage 

process explains the long time-span (tumor latency period) between tumor initiation and 

development of malignant tumors. This latency period offers numerous opportunities for 

intervention before the malignant tumor develops (Sporn, 1999). In many major cancer 

targets, human cancer development requires 20-40 years or more (Kelloff et al., 1999). 

Data from laboratory and epidemiological studies suggest that~ 75% of all cancer 

deaths are attributable to lifestyle factors and occupational exposures. The existence of 

major lifestyle determinants such as dietary intake, alcohol consumption, physical 
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activity level and pesticide and chemical exposures represents the potential for 

intervention and prevention of many cancers, including cancer of the breast (Boone and 

Kello ff, 1994 ). 

One intervention strategy is chemopreventive which is possible at different levels. 

Chemopreventive agents are blocking agents and suppressing agents. 

The blocking agents function in one of the four basic ways. Firstly, substances 

that reduce the synthesis of carcinogens, for example - vitamin C - inhibits the formation 

of nitrosamines in the stomach. Secondly, chemicals (phenobarbital, oltipraz, or benzyl 

isothiocyanate in cruciferous vegetables) that inhibit the metabolic activation of Phase I 

or II enzymes. Thirdly, antioxidants that scavenge free radicals, for example - selenium, 

P-carotene and a-tocopherol. Fourthly, the chemicals that trap ultimate carcinogens 

preventing their interactions with DNA, for example, ellagic acid and flavonoids, in fruits 

and vegetables (Setchell, 1998). 

The suppressing agents appear to inhibit the carcinogenic process after initiation. 

They include retinoids, a-tocopherol, many antioxidants present in fruits and vegetables, 

the estrogen analogs, tamoxifen and ralifene, as well as cyclooxygenase (COX) and 

lipoxygenase (LOX) inhibitors. Epidemiological studies (Castellsague et al., 2000; 

Feskanich et al., 2000) show that individuals who consume diets rich in vegetables and 

fruits have a reduced cancer incidence. 

Experimental studies suggest that phytochemicals (plant-derived natural 

compounds) such as organosulfur compounds in garlic and onions, curcumin in 
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turmeric/curry, polyphenols in green tea, and various protease inhibitors as those in soy 

products might be useful in preventing tumor formation. The precise mechanism of 

suppressing agents are unclear but appear to include alterations in gene expression 

(Limtrakul et al., 2001 ), cell proliferation (McIntyre and Sylvester, 1998), and clonal 

expansion (Harmon and Harp, 2001 ), as well as induction of differentiation, senescence, 

or apoptosis (Jiang et al., 1996) in preneoplastic lesions or benign tumors. 

MECHANISMS OF TUMOR SUPPRESSION 

Antioxidant Activity 

Activated oxygen species, i.e. singlet oxygen, peroxy radicals, superoxide anion, and 

hydroxyl radicals, are involved in carcinogenesis. Potentially they act both in the 

initiation and promotion stages of carcinogenesis. The involvement of reactive oxygen 

species (ROS) in promotion and progression is based on the following evidence: 

I. Oxygen radical generating systems, for example superoxide anion generation via 

xanthine oxidase, shows activities in vitro similar to those of known tumor promoters. 

The activities increase in transformation frequencies in fibroblasts and keratinocytes 

and increase in transcription of genes associated with early steps in cell proliferation 

including proto-oncogenes c1os, c-myc, c-jun, and omithine decarboxylase (ODC) 

(Kensler et al., 1992). 

2. Inflammation produces a range of reactive oxygen species such as singlet oxygen 

radical, hydrogen peroxide, hydroxyl radicals and superoxide anion. There is 
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evidence - associating inflammation with cancers in various tissues including 

stomach, esophagus, colon/rectum and bladder (Kensler et al., 1992). 

3. Tumor promoters stimulate the endogenous production of oxygen radicals in 

inflammatory cells and keratinocytes and cause DNA damage and hence initiation. 

4. Tumor promoters inhibit endogenous activities, which protect against oxidative 

damage, such as those of glutathione peroxidase, catalase and superoxide dismutase 

(Kensler et al., 1992). 

5. Free radical-generating agents such as benzoyl peroxide and butylated hydroxy 

toluene hydroperoxide are tumor promoters in mouse skin (Kensler et al., 1992). 

Consistent with the notion that reactive oxygen species are important for growth 

stimulation, a constitutive production of superoxide in Ras-transformed cells activates 

mitogenic pathways that are probably distinct from those activated by extracellular 

growth factors (Irani et al., 1997). Consequently, both genistein and curcumin, potent 

phenolic antioxidants, have this chemoprotective potential of scavenging free radicals 

(Kensler et al., 1992; Hartman et al., 1990; Twentyman et al., 1987). Curcumin 

scavenges oxygen species such as hydroxyl radical (Reddy et al., 1994; Zhao et al., 1989; 

Kunchandy et al., 1990; Tonneson et al., 1992), superoxide anion (Reddy et al., 1994;) 

and singlet oxygen (Subramanian et al., 1994); it also interferes with lipid peroxidation 

(Reddy et al., 1994) and nitrite/nitrogen oxide production (Chan et al., 1998). 
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Modulation of Arachidonic acid Metabolism 

Arachidonic acid (AA) is metabolized to prostaglandins, thromboxanes, leukotrienes 

and hydroxyeicosatetraenoic acids (HETEs) via oxidative enzymes (Marnett et al., 1992; 

Zenser et al., 1992). Activated oxygen species and alkyl peroxy species are formed 

throughout this process. AA metabolism is increased during inflammation. The two 

aspects of AA metabolism associated strongly with carcinogenicity, are both inhibited by 

antioxidants and anti-inflammatory agents. 

1. The prostaglandin (PG) synthetic pathway, which involves the enzyme prostaglandin 

H synthase (PHS). This enzyme has two activities - cyclooxygenase (COX), which 

catalyzes the formation of prostaglandin G2 (PGG2) from AA, and hydroperoxidase, 

which catalyzes the reduction of PGG2 to PGH2• PHS activation is germane to both 

initiation and promotion. The two-fold actions are: 1) PHS hydroperoxidase can 

activate procarcinogens, which act as reducing cosubstrates, to their ultimate 

carcinogens (Plummer et al., 1995). 2) PGH2 and other prostaglandins, products of 

the reaction catalyzed by this enzyme, are involved with signal transduction pathways 

related to promotion (Zenser et al., 1992, Smith et al., 1989, Earnest et al., 1992). 

2. The second aspect of AA metabolism associated with carcinogenesis is the burst of 

PHS and lipoxygenase activity that is seen during inflammation and is stimulated by 

the tumor promoter, 12-0-tetradecanoyl phorbol-13-acetate (TPA). The available 

evidence suggests that the products of lipoxygenase activity, the HETEs and their 

hydroperoxy precursors are as important to tumor promotion as are prostaglandins. 
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The release of AA from membrane phospholipids catalyzed by phospholipases is 

another control point in the AA metabolic pathway. AA can also be released from 

phospholipids via diacylglycerol (DAG) lipase. Control of AA release by these 

enzymes is likely to be mediated via signal transduction pathways. 

Compounds such as genistein and curcumin, block signal transduction at the 

membrane level and may inhibit AA metabolism and thus exert chemoprotection. Thus 

inhibition of AA metabolism may play a role in controlling carcinogenesis both directly 

and indirectly. 

PHS exists as two isoforms, COXl and COX2. COXl is involved in mediating 

the physiologic functions of prostaglandins, whereas COX2 is primarily associated with 

pathological states such as inflammation. COX2 has been shown to be selectively 

overexpressed in human colon, gastric, and breast cancer and may have a role in skin 

cancer (Ristimaki et al., 1997 and Parrett et al., 1997). Thus, inhibition of COX2 

expression may also be an important chemopreventive mechanism. Curcumin has been 

shown to inhibit TNF-a-induced induction of COX2 mRNA in human colon epithelial 

cells (Rao et al., 1995; Gescher et al., 1998). 

Modulation of Signal Transduction 

One of the most significant advances in cancer research in recent years has been 

the increased understanding of the biochemical control mechanisms involved in the 

regulation of cell growth and development. Cells respond to signals from extracellular 
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stimuli via a complicated network of highly regulated events, collectively referred to as 

signal transduction pathways. Stimulation of these pathways results in changes in 

transcriptional activity of genes. Whilst normal cells respond appropriately to 

extracellular stimuli, many precancerous and cancerous cells have lost this ability and 

display aberrant signaling. A variety of steps in deregulated signaling pathways could 

theoretically be targeted as potential sites for intervention by chemopreventive agents 

(Cooper, 1990). 

Key components of these pathways are the protein tyrosine kinases (PTKs ), which 

catalyze the transfer of y-phosphate of ATP to the hydroxyl groups of tyrosine on 

numerous proteins. Loss of PTK-regulatory mechanisms has been implicated in 

neoplastic growth; indeed many oncogenes code for PTKs (Powis, 1994). Two general 

classes of PTKs currently recognized are receptor tyrosine kinases, which receive signals 

directly through their extracellular domains, and cytosolic tyrosine kinases, which are 

downstream signal transducing elements. Specific PTKs activated during development of 

many human neoplasias have been identified. Examples of aberrant expression of 

receptor PTKs in breast cancers are epidermal growth factor receptor (EGFR)-associated 

PTK and platelet-derived growth factor receptor (PDGFR)-associated PTK (Levitzky, 

1994). Both genistein and curcumin inhibit PTK with some specificity for (EGFR)

associated PTK (Akiyama et al., 1987; Liu et al., 1993). 
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Modulation of Hormonal and Growth Factor Activity 

Chemicals may inhibit cell growth associated with carcinogenesis by directly 

regulating the induction and activity of specific hormones and growth factors, which 

initiate steps in signal transduction. This regulation can occur at the level of membrane 

receptors for growth factors, peptide hormones, neurotransmitters, or via cytoplasmic and 

nuclear receptors for the steroid superfamily consisting of estrogen, progesterone, 

retinoid, glucocorticoid and vitamin D (Tsai et al., 1994). 

Transforming growth factor-alpha (TGF-a), insulin-like growth factor I (IGF-1), 

epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF) act as survival 

factors for mammary epithelium. However, transforming growth factor-~ (TGF-P) 

induces apoptosis. Thus, this dynamic pattern promotes the development of mature 

mammary tissue (Danforth and Sgagias, 1996). TGF-~, a growth inhibitory protein, has 

antiproliferative activity in both normal and neoplastic cells in vitro (Roberts et al., 1988) 

and in mammary gland and liver in vivo (Sibrestein et al., 1987; Sporn et al., 1992). 

Neoplastic cells produce TGF-P, but usually in a latent form that cannot bind to its 

receptor; these cells are responsive to antiproliferative effects of activated TGF-P 

(Roberts et al., 1988). Studies in rat intestinal crypt epithelial cells show that TGF-~ may 

promote differentiation (Russell et al., 1988). These observations suggest that chemicals, 

which activate TGF-P could also control proliferation in carcinogenesis. Retinoic acid 

has the ability to induce TGF-P and retinoid receptors and thus inhibit tumor promotion. 
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Thus, these receptors serve as intermediate biomarkers, since it is upregulated by the 

chemopreventive agent. 

Chemopreventive agents may exert their action on tumor necrosis factor-a (TNF

a), which may play a central role in carcinogenesis, probably as an endogenous tumor 

promoter (Suganuma et al., 1996). TNF-a is an important modulator of growth and 

metabolism of many tumor types in vitro and in vivo. It may also regulate cytokine or 

growth factor secretion by tumor cells, controlling growth in an autocrine or paracrine 

manner. Among the most responsive tumor cells are human breast cancer cells. It blocks 

cell cycle progression at G0-G1, prevents estradiol-stimulated progression into S-phase, 

down-regulates the estrogen receptor, and up-regulates the progesterone receptor. TNF-a 

increases secretion of TGF-~ secretion and they act synergistically to inhibit cell 

proliferation (Danforth and Sgagias, 1996). 

Inhibition of Oncogene Activity 

During the course of cell proliferation in carcinogenesis, numerous oncogenes are 

expressed abnormally - possibly functioning as intermediates in signal transduction 

pathways, example protein kinases. In the case of ras oncogene, there are several steps 

during its activation, which can be inhibited, and some data relate such inhibition to 

chemopreventive activity. The EGFR-PTK is involved in ras activation and kinases are 

expected to prevent ras activation. To be activated ras must undergo famesylation. Ras 

oncogenes are involved in mammary gland carcinogenesis induced by methyl nitrosourea 
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(Zarbl et al., 1985). Expression of c-myc occurs early in EGF-induced cell proliferation. 

Topical application of curcumin to mouse skin inhibited IPA-induced expression of c

fos, c-jun and c-myc oncogenes. Orally consumed curcumin significantly inhibited 

DMBA- and TP A-induced ras and fos gene expression in mouse skin (Limtrakul et al., 

2001 ). Curcumin and Genistein (Schultze-Mosgau et al., 1998) can inhibit oncogene 

activity. Tumor suppressor genes are important in human breast cancer since they inhibit 

cell proliferation. 

Induction of Apoptosis and Cell Cycle Arrest 

Effective chemopreventive agents cause growth arrest and in some cases induce 

apoptosis. Both curcumin (Jiang et al., 1996; Moragoda et al., 2001) and genistein (Xu 

and Loo, 2001) are capable of inducing apoptosis, which is characterized by cell 

shrinkage, chromatin condensation and DNA fragmentation. Apoptosis occurs regularly 

during normal growth and development of mammary gland, especially during remodeling 

of the breast that accompanies postlactational involution (Rosfjord and Dickson, 1999). 

Another target for chemopreventive activity is inhibition of ornithine decarboxylase 

activity, a rate-limiting enzyme in polyamine biosynthesis, molecules that are essential 

for cell growth and division. Increased ODC activity has been linked to several systems 

where both enzyme and polyamine levels are increased in tumor compared to non

neoplastic tissue. Curcumin inhibits ODC activity (Rao et al., 1993). 
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CURCUMIN 

Curcumin, a phytochemical, is one among the spectrum of hundreds of potential 

cancer chemopreventive agents recently discovered and characterized. Curcumin (1,7-bis 

[ 4-hydroxy-3-methoxyphenyl]-1,6-heptadiene-3, 5-dione), also known as diferuloyl 

methane, is a P-diketone and a polyphenolic compound. It is a non-nutritive food 

chemical and a yellow pigment, present in turmeric, the powdered dry rhizome of the 

Curcuma /onga (Linn.) plant (Huang et al., 1994; NCI, DCPC, 1996). In India and other 

Asian countries, turmeric and curcumin are widely used as coloring agents and/or spices 

in foods as well as cosmetics and drugs. Turmeric is generally recognized as safe 

(GRAS) but curcumin itself is not on the GRAS list. Turmeric is also an approved food 

additive in the United States and is available commercially at a low cost. Commercial 

curcumin contains approximately 77% curcumin, 17% demethoxy curcumin, and 3% 

bisdemethoxy curcumin (Figure 1 ). The antioxidant activity of the curcuminoids is in the 

order: curcumin > demethoxy curcumin > bisdemethoxy curcumin (Huang, 1997). In a 

chemoprevention study, using AOM-induced colon model in mice, Huang et al., (1997) 

reported that pure curcumin (> 98%) was as effective as the commercial grade containing 

97% curcuminoids (77% curcumin, 17% demethoxy curcumin, 3% bisdemethoxy 

curcumin) (Hanif et al., 1997). 

Curcumin is a potent inducer of Phase II detoxification enzymes. It has two 

structural elements required for high potency: (i) hydroxyl groups at ortho-position on the 

aromatic rings and (ii) the p-diketone functionality. All curcuminoids were found to 
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elevate the activity of quinone reductase in both wild type and mutant cell defective in 

either the aryl hydrocarbon (Ah) receptor or cytochrome P450 lAl activity. Therefore, 

neither binding to this receptor, nor metabolic activation by P450 lAl are required for the 

signaling process originating from this family of electrophiles and ultimately resulting in 

Phase II enzyme induction (Dinkova-Kostova and Talalay, 1999). 

Curcumin is also effective in inducing enzymes involved in the detoxification of 

the electrophilic products of lipid peroxidation which may contribute to the anti

inflammatory and anti-cancer activities of curcumin (Piper et al., 1998). On analyzing 

the content of curcumin (> 98% of diferuloyl methane) in the diet by HPLC, for purity 

and stability, it was found that> 96% of curcumin could be accounted for when feed 

samples were stored in the cold room for 14 days (Rao et al., 1995). 

Preclinical Efficacy Studies 

A significant effort in the NCI, Chemoprevention Branch Program is to identify 

and validate intermediate biomarkers of carcinogenesis and to evaluate the potential of 

chemopreventive agents to modulate these markers. Such studies in animals contribute to 

identification of biomarkers, which are used as surrogate endpoints for cancer in clinical 

trials. 

In 1996, the NCI reported that curcumin was not toxic. Curcumin was not 

mutagenic when tested to the limits of solubility in the Ames Salmonella assay with and 

without metabolic activation (Jensen et al., 1982). Tetrahydrocurcumin, a synthetic 
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curcumin analog, had higher antioxidant activity (Osawa et al., 1994) than curcumin, but 

did not inhibit TPA-induced edema and tumor promotion in mouse skin to a similar 

degree (Huang et al., 1995). 

Mechanistic Effects of Curcumin 

In India and Southeast Asia, curcumin has been used as a naturally occurring 

medicine for the treatment of inflammatory diseases, skin wounds and tumors, and other 

complaints. All these biological effects may reflect the primary pharmacological actions 

of curcumin as both an antioxidant and an anti-inflammatory agent. While the activity of 

curcumin mainly resides in the conjugated-diene moiety, part of the activity has been 

ascribed to the adjacent phenolic groups (NCI, 1996) 

As an antioxidant, it scavenges active oxygen species such as hydroxyl radical, 

superoxide anion, and singlet oxygen, it also interferes with lipid peroxidation, xanthine 

oxidase activity and nitrite/nitrogen oxide production. Curcumin and tetrahydrocurcumin 

were investigated for their antioxidative properties due to the presence of the ~-diketone 

moiety. The inhibitory effects on t-butyl hydroperoxide-induced lipid peroxidation (after 

blocking the antioxidative effects of the phenolic hydroxyl groups by methylation) 

showed a gradual decrease in the unstable intermediate. This strongly supported their 

conclusion that the ~-diketone moiety rather that the phenolic hydroxyl groups must play 

an important role in the antioxidative mechanism of THC (Sugiyama et al., 1996). 
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A study was reported on the pro-oxidant, anti-oxidant and cleavage activities on 

DNA of curcumin (C) and its derivatives, demethoxycurcumin (dmC) and 

bisdemethoxycurcumin (bdmC). The conclusions were (1) the order of activity in their 

ability to degrade DNA is C > dmC > bdmC, in the presence of Cu (II) (2) The three 

curcuminoids generate reactive oxygen species (ROS) mainly the hydroxyl radical (3) 

They exhibit characteristic absorption spectral changes in the presence of DNA ( 4) They 

are capable of inhibiting damage to supercoiled plasmid DNA by hydroxyl radicals. 

Finally, (5) they appear to bind preferentially with sequences of Adenine (A)-Thymidine 

(T) base pairs. The mechanism of DNA cleavage by curcuminoids involves reduction of 

Cu (II) to Cu (I) and the formation of -OH from 0 2-(Ahsan et al., 1999). 

Curcumin inhibits chemical carcinogenesis by scavenging peroxides and 

superoxides. This is due to its antioxidant capacity (Soudamini and Kuttan, 1989). 

Curcumin may exert its anti-inflammatory activity by decreased arachidonic release and 

metabolism via diminished activities of phospholipase A2 (through phosphatidylcholine) 

and Cyl (through phosphatidylinositol 4,5-bisphosphate), ~ 5-desaturase, cyclooxygenase 

and lipoxygenase (NCI, 1996). 

Oxidant stress and prostaglandin synthesis have been linked to both the initiation 

and post-initiation stages of carcinogenesis (NCI, 1996). An investigation of the 

relationship of antioxidant action with the anti-inflammatory action of curcumin, on in 

vitro lipid peroxide formation in rat brain revealed that the demethylated derivative of 

curcumin was found to be the most potent inhibitor of lipid peroxidation. The caffeic 
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acid moiety of curcumin molecule was found to be a potent in vitro inhibitor of lipid 

peroxidation (Sharma, 1976). Curcumin was reported to be a strong inhibitor of P450 

1Al/ 1A2 and OST, a slightly less potent inhibitor of P450 2B1/2B2, and a weak 

inhibitor of P450 2El in rat liver (Oetari et al., 1996). Mukundan et al. (1993) reported 

that 0.03% curcumin in diet fed for a period for 4 weeks inhibits benza [a] pyrene-DNA 

adducts in rat liver. Benza [a] pyrene is bioactivated by P450 lAl. Hence, Oetari's 

study shows that curcumin is also a strong anticarcinogen besides its antioxidant activity. 

Huang et al. (1992) reported inhibition of benza [a] pyrene-DNA adducts on topical 

application of curcumin in epidermis of female CD-1 mice. 

Consistent with its activity, curcumin has demonstrated chemopreventive activity 

during both initiation and post-initiation stages of carcinogenesis. It has been specifically 

shown to inhibit mutagenesis, clastogenesis, and DNA-carcinogen adducts formation. It 

also decreases expression of oncogenes possibly through inhibition of protein kinases, 

inhibit omithine decarboxylase (ODC) activity, and epidermal growth factor receptor 

(EGFR) function, modify cytochrome P450; enhance glutathione-S-transferase activity 

and DNA repair (Piper et al., 1998). It may also have hormonal and anti-viral effects. 

The choleretic and cholagoguic properties of turmeric are attributed mostly to 

curcumin. Curcumin exhibited hypocholesterolemic effect in rats fed dietary curcumin, 

in serum and liver (Rao et al., 1970). Oral curcumin administration on serum peroxides 

and cholesterol levels in human volunteers receiving 500 mg of curcumin for seven days 

resulted in a significant decrease in serum peroxides and total cholesterol and an increase 
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in HDL-cholesterol were noted (Soni and Kuttan, 1992). Curcumin has an anti

atherogenic property in rabbits (Ramirez-Tortosa et al, 1999) and cholesterol-lowering 

potential in diabetic rats (Babu et al., 1997). However, curcumin did not exhibit 

cholesterol-lowering property in rats with radiation-induced mammary cancer (Inano et 

al., 1999). 

Metabolism and Biotransformation of Curcumin 

Although some curcumin was found in the bile after i. v. administration of 

50 mg/kg body weight of [3H]-curcumin in rats, the majority of the radioactivity was 

present in the glucuronide conjugates of tetra hydrocurcumin (THC) and 

hexahydrocurcumin (HHC) in the bile (See Figure 2) (Holder et al., 1978). Curcumin is 

unstable at neutral and basic pH values and is degraded to its alkaline product ferulic acid 

([4-hydroxy-3-methoxycinnamic acid]) and feruloyl methane ([4-hydroxy-3-

methoxycinnamoyl methane]) (Wang et al., 1997). 

After an oral administration of 400 mg of curcumin to rats by gavage, nearly 40% 

of the dose was excreted unchanged in the feces, indicating that 60% of the dose ingested 

was absorbed. Portal blood, liver and kidney showed the presence of only traces of 

curcumin. Curcumin could not be detected in the urine (Ravindranath et al., 1980). 

However, the influence of curcumin administration was observed in the increased 

excretion of conjugated glucuronides and sulfates. At the end of half an hour after 
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administration, about 90% of the compound was found in the stomach and small 

intestine. At this time, curcumin had not yet entered the cecum. At one hour after dosage, 

the concentration of curcumin in the stomach and small intestine decreased and attained a 

perceptible 11 % in the cecum. At the end of 24 hours, only 1 % of the dose was 

remaining in the stomach and small intestine. At this stage, only 3 8% were accounted for 

in the cecum and large intestine, which is close to the amount ( 40%) excreted in the feces 

(Ravindranath et al., 1980). 

When [3H] curcumin was given to rats by oral gavage, the researchers found that 

at 0.5 - 24 hr, 7-14% and 4-5% curcumin was found in blood and liver respectively. 

Measurements of plasma levels with radioactive-labeled isotopes show that curcumin is 

poorly absorbed from the gut. The curcumin is transformed during absorption from the 

intestines, and the transformed product(s), which is (are) more polar and colorless than 

curcumin, enters the serosal side of the intestine (Ravindranath et al., 1982). 

Almost 90% of the curcumin decompose rapidly in buffer systems at neutral-basic 

pH conditions. When 1 g/kg was administered orally, it could be detected in the mouse 

plasma after 15 min (0.13 µg/mL) and reached the maximum concentration at one-hour 

(0.22 µg/mL) and declined to levels below the detection limit (5 ng/mL) within 6 hours. 

When administered intraperitoneally (0.lg/kg), the plasma concentration of curcumin 

reached a maximum (~2 .25 µg/mL) at 15min and declined rapidly after the first hour. 

They reported that curcumin-glucoronoside, dihydrocurcumin-glucoronoside and THC 

are major metabolites of curcumin in vivo (Figure 2). One-hour after (0.1 g/kg) intra-
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peritoneal administration, the highest concentrations of curcumin were found in the 

intestine (117.04 µg/g) but only traces in plasma and brain tissue. The liver had 

concentrations of 26.9 µg/g. Despite the highly lipophilic character of the curcumin 

molecule, body fat did not contain bound curcumin. This may be due to poor absorption 

from the intestine, coupled with a high degree of metabolism of curcumin in the liver and 

its rapid elimination in the bile. All these factors make it unlikely that high concentration 

of curcumin be found in the body for long periods after ingestion (Pan et al., 1998). 

A high dosage of 5% turmeric for a long duration of 90 days caused 

hepatotoxicity, reduction in body weight gain and alterations in absolute and/or relative 

liver weights (Deshpande et al., 1998b). Use ofrestricted feeding for mice contributes to 

an increase in in vivo efficacy. The efficacy of inhibiting nitric oxide synthase was lost 

when diets were fed ad lib (Chan et al., 1998). 

CURCUMIN AND CANCER 

A study with DMBA-initiated/TPA-promoted mouse skin tumor found that 

topically applied commercial curcumin, pure curcumin and demethoxycurcumin were 

equivalent in inhibiting tumor incidence and multiplicity; bisdemethoxycurcumin and 

tetrahydrocurcumin were less active (Huang et al., 1995). Curcumin induces apoptosis in 

immortalized NIH 3T3 and malignant cancer cell lines - sarcoma, colon cancer, kidney 

cancer, and hepatocellular carcinoma. The characteristics of apoptosis - cell shrinkage, 

chromatin condensation, and DNA fragmentation were observed. The results suggest that 
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curcumin induces apoptosis by blocking the cellular signal transduction pathways (Jiang 

et al., 1996). 

Curcumin inhibited cellular proliferation without discriminating between 

transformed and non-transformed cells at equimolar concentrations ranging from 6.25 to 

50µM. The inhibition was concentration-dependent and was not always associated with 

cell death (Gautam et al., 1998). The quantitation of chemopreventive synergism 

between (-)-epigallocatechin-3-gallate (EGCG) (range ~6.0 - 18.0µM concentration) and 

curcumin (range ~3.5 - 5.0µM concentration) in normal, premalignant and malignant 

human oral epithelial cells was studied. The combination of both agents showed 

synergistic interactions in growth inhibition and increased steepness of the dose-effect 

curves, a response that was dose and cell-type dependent. The Dose Reduction Index 

(DRI) was observed to be even higher over Effective Dose (ED) of 50. EGCG blocked 

cells in G1 phase and curcumin blocked the cells in S/G2M stage. The G1 is the pre-DNA 

replication stage, S leads to DNA replication, G2 leads to post-DNA replication and Mis 

the Mitotic stage (Khafif et al., 1998). 

The mechanism of inhibition ofbenzo [a] pyrene (BaP)-induced forestomach 

cancer in mice by 2% dietary curcumin in A/J mice for a 14-day period was studied. 

Curcumin feeding caused a statistically significant increase ( ~2.3-fold) in hepatic epoxide 

hydroxylase ((EH)-converts BaP to its activated form) and glutathione S-transferases 

((GST)-detoxifies the activated form of BaP). However, it did not affect the same 

enzymes in the forestomach (Singh et al., 1998). 
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Several rodent studies show that curcumin significantly inhibits AOM-induced 

colon cancer incidence (Rao et al., 1993; Huang et al., 1994; Pereira et al., 1996; 

Kawamori et al., 1999). Rao et al., (1993) reported that 0.2% curcumin in the diet 

significantly inhibited tumor incidence, tumor multiplicity of invasive, non-invasive and 

total adenocarcinomas and tumor burden by >57%. The formation of by-products due to 

the cyclooxygenase and the lipoxygenase system were reduced in the colonic mucosa. 

Thus, the mechanism may be related to the modulation of the arachidonic acid 

metabolism. 

In a colon cancer model in AOM treated rats, curcumin (1.6%) demonstrated 

activity against proliferation biomarkers - ornithine decarboxylase activity, and protein 

kinase activity (NCI, 1996). ODC is the rate-limiting enzyme involved with polyamine 

biosynthesis. Polyamines are essential for cell proliferation. They are involved in 

regulation of DNA, RNA and protein synthesis (Elitsur et al., 1993 ). In mouse colon 

exposed to the same carcinogen, dietary curcumin inhibited both a histological 

(dysplasia) and proliferation biomarker ([3H]-thymidine incorporation) (Huang et al., 

1992). Thus, curcumin is an effective inhibitor of these biomarkers and thus reduce 

incidence of neoplastic lesions. 

Pereira et al. (1996) studied the effect of the two phytochemicals, curcumin (0.8 

or 1.6%) and quercetin (1.68 or 3.36%), reported dose-dependent inhibition of incidence 

and multiplicity of the adenomas in the rat colon. Kim et al. ( 1998) studied the 

chemopreventive effects of carotenoids (fucoxanthin, lycopene and lutein) and 
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curcuminoids (curcumin-0.5% and its derivative, tetrahydrocurcumin (THC)-0.5% and 

0.2%) on 1,2-dimethylhydrazine-induced colon carcinogenesis in mice in the promotional 

stage. They found that tetrahydrocurcumin (a major metabolite and active form of 

curcumin) at 0.5% level was a more potent chemopreventive agent than curcumin at 0.5% 

level. However, Huang et al. (1995) had already reported that its higher antioxidant 

activity did not help in inhibiting TPA-induced edema and tumor promotion in mouse 

skin to a similar degree as curcumin. Kawamori et al. (1999) observed chemopreventive 

effect of 0.2% synthetic curcumin (purity - 99.9%) administered before, during, and after 

subcutaneous injections of (AOM) inhibited tumor incidence and tumor multiplicity of 

non-invasive and invasive adenocarcinomas and increased apoptosis. The inhibitory 

effects were dose-dependent. Huang et al. (1994) reported administration of 2% 

commercial grade curcumin inhibited tumor incidence three-fold more in the initiation 

than during the post-initiation period. 

Curcumin and Mammary Cancer 

Several studies both in vitro and in vivo have been done on the effects of 

curcumin on mammary cancer and the results are inconclusive. There was 100% 

inhibition when Jax mice were fed 5% turmeric for 6 months (Bhide et al. , (1994). 

Dietary administration of 1 % T/0.05% ETE showed strong chemopreventive activity 

during initiation as well as post-initiation phases of DMBA-induced rat mammary 

tumorigenesis while 1 % CF ATE was found to be weakly active only when it was 
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administered during the post-initiation phase. This suggests that curcumin is the effective 

component in the turmeric compound (Deshpande et al., 1998). 

Pereira et al. (1996), Singletary et al. (1996, 1998); Huang et al. (1998) studied the 

effects of curcumin on DMBA-induced mammary cancer at the initiation stage and 

reported lack of inhibition. However, !nano et al. (1999, 2000) reported potent inhibitory 

effects in y-radiation induced (at day 20 of pregnancy) mammary cancer in both 

promotion and initiation stages of carcinogenesis. Pereira et al. (1996) fed 2% and 1 % 

curcumin and quercetin respectively, and reported no significant inhibition of incidence 

or multiplicity of the tumors, but a significant increase in tumor latency. Singletary et al. 

(1996) reported no inhibitory effect on mammary tumorigenesis by 2% curcumin 

administration by gavage in Sencar mice. However, i.p. administration of 0.1 % or 0.2% 

once a day for 5 days before DMBA treatment significantly inhibited formation of [3H] 

DMBA-mammary gland DNA adducts, tumor incidence and multiplicity. Singletary et 

al. (1998) studied the effect of 1 % curcumin, 0.1 % dibenzoylmethane, 0.5% 

dibenzoylmethane or 1 % dibenzoylmethane at 5 weeks of age. Twenty-four hours after 

DMBA administration at seven weeks, they were fed with control diet for the rest of the 

study period of 15 weeks. At the 1 % level, they reported that dibenzoylmethane, but not 

curcumin, was an effective inhibitor of in vivo DMBA-induced mammary tumorigenesis. 

Huang et al. (1998) reported 1 % dibenzoyl methane to be a more effective inhibitor than 

2% curcumin. 
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Inano et al. ( 1999) studied the effect of 1 % curcumin during the promotional 

stage. The DES (diethylstilbestrol) pellet was used as a tumor promoter at one month 

after weaning for the control group. For the experimental group, diet containing 1 % 

curcumin was fed immediately after weaning and received a DES pellet at one month 

after termination of nursing. The pellets were replaced every 8 weeks. They reported 

reduced tumor incidence, multiplicity, !ball's Index, mammary adenocarcinoma and ER 

(+) PgR (+) tumors; and ovarian and body weights, but an increase in liver weight in the 

treatment group; inspite of a similar calorie intake in both curcumin-fed and control 

groups. Curcumin did not have any effect on the concentration of free cholesterol, 

cholesterol ester and triglyceride. An analysis of serum concentration of curcumin and 

tetrahydrocurcumin (6.0±2.0 ng/mL and 112.0±27.0 ng/mL, respectively) revealed a 

concentration of ~20-fold higher of the latter than the former. They found an increase in 

tetrahydrocurcumin, arachidonic acid and eicosapentanoic acid and a significant decrease 

in thiobarbituric acid reactive substances (TBARS). Thus, Inano et al report that the 

tumor inhibitory effects of curcumin at I% level would involve both endocrinological 

and pharmacological effects. Inano et al. (2000) also reported inhibitory effects of I% 

curcumin at the initiation stage. 

Curcumin was reported to have antiproliferative effect specific towards breast 

tumor cell lines and found normal cells relatively resistant to the toxic effects (Mehta et 

al., 1997; Ramachandran and You, 1999). Former reported a correlation with inhibition 

of ODC activity. Curcumin preferentially arrested cells in the G/S phase of cell cycle. 
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The latter researchers reported that apoptosis is involved in the curcumin-induced 

inhibition of tumor cell growth, and genes associated with cell proliferation and apoptosis 

may be playing a role in the chemopreventive action of curcumin. 

The phytochemicals, dibenzoylmethane and sulphoraphane showed inhibitory 

effects on benzo [a] pyrene- and 1,6-dinitropyrene-DNA adduct formation in human 

mammary epithelial cells. In addition, the effects on the hepatic phase II detoxifying 

enzymes were studied. The inhibitory effect was not explained by changes in the phase II 

detoxifying enzymes (Singletary and MacDonald, 2000). 

SOY AND BREAST CANCER RISK 

The chemopreventive agents present in soybeans are also referred to as 

phytoestrogens. Phytoestrogens are a broad group of phytochemicals with non-steroidal 

structure and can behave as estrogen mimics. Rich sources of the major classes of 

phytoestrogens - lignans and isoflavones, are flaxseeds and soybeans respectively. A 

conspicuous feature of the chemical structure of phytoestrogens is the presence of 

phenolic ring, which with a few exceptions is a prerequisite for binding to the estrogen 

receptor. This key finding led to the proposal that a diet containing soybeans may be 

beneficial in the treatment of hormone-dependent diseases because of the presence of 

these bioactive nutrients. In 1990, NCI (Bethesda, MD) workshop identified several 

anticarcinogens in soybeans and recommended that relation between soy intake and 

cancer risk be investigated (Messina, 1991 ). Therefore, the therapeutic property of soy 
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isoflavonoids has been studied with the objective of chemoprevention rather than cure , 

largely due to the desire to halve the death rate of cancer in the USA by the year 2000. 

Epidemiological Studies with Soy 

Several investigators (Setchell et al., 1984, Barnes et al., 1990; Aldercreutz et al., 

1990) suggested that soy consumption might have contributed to the lower rates of these 

cancers in Asian countries such as China and Japan. An estimated typical consumption 

for Asian population consuming a traditional diet~ 20 mg/day of genistein or 0.3-1.1 

mg/kgwt/day (Aldercreutz et al., 1993, Barnes et al., 1995). Particularly noteworthy was 

the presence of these isoflavonoids in soybeans. Western diets, which customarily do not 

include soy products, are almost completely lacking in isoflavones. In Britain, the intake 

had been estimated to be <1 mg/day (Jones et aL, 1989). Adding soy to the typical 

Western diet increases urinary isoflavone levels as much as 1000 fold (Setchell, 1984). 

In the USA and Western Europe, the incidence of death from breast and prostate 

cancers (both of which are hormone-dependent), substantially exceed rates observed in 

most of Southeast Asia (Greenwald et al., 1989, Dunn et al., 1975; Gray et al., 1979). 

Migration studies have indicated that the differences in these rates have dissipated after 

one generation following emigration from Southeast Asia to USA (Shimidzu et al., 1991 ). 

Epidemiological studies show a significant inverse association between breast cancer risk 

and soy products (Wu et al., 1996; Lee et al., 1991 and Nomura et al., 1998). 
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Animal Studies with Soy 

The first laboratory evidence that dietary soy contributed to a lowering of cancer 

came from the pioneering work of Troll et al. (1980). He showed that rats that were 

subjected to X-ray irradiation developed 30% lesser mammary tumors when fed a diet 

containing whole soybeans compared with those fed a casein diet. However, the body 

weights of animals fed soybeans were lower than the ones fed casein. 

A question arose whether this was due to unintentional caloric restriction or to 

anticarcinogen components in the soybean. This question was answered by later studies 

in which the caloric nitrogen intake was carefully controlled by replacing casein in the 

AIN-76A (American Institute of Nutrition) diet with powdered whole soy or isolated soy 

protein. Both soy products were found to increase tumor latency and reduce tumor 

multiplicity induced by the carcinogens - NMU and DMBA (Barnes et al., 1990, 1994). 

The study conducted by Hawrylewicz et al., (1991) on NMU-induced mammary 

carcinogenesis, reported a protective effect with a 50% decrease in tumor incidence and 

marked increase in latency when they used a diet containing lower amount of methionine. 

Both tumor incidence and latency were significantly different from casein fed controls. 

Hawrylewicz et al., (1995) reviewed several studies, which used the standard 

semipurified AIN-76A diet containing 20% protein (w/w) and substituted the control 

protein source, casein with various forms of soy protein. They reported soy protein as an 

effective tumor suppressing agent and the histopathologic evaluation revealed higher 

benign fibroadenomas and lower grade adenocarcinomas in the soy protein group. 

38 



Barnes et al., (1990) pointed out that the development ofNMU-induced breast cancers is 

estrogen dependent. Since isoflavones can function as estrogen antagonists, the authors 

suggested that the active tumor-inhibiting substances in soybeans are the phytoestrogens 

and protect against NMU-induced mammary cancer in rats. 

On the other hand, Carroll et al. (1975) and Hsueh et al. (1989) reported no effect 

of soy protein isolate on DMBA induced mammary cancer in Sprague Dawley rats. 

Baggott et al., ( 1990) reported no protective effect of miso on DMBA induced mammary 

cancer in Sprague Dawley rats. Other researchers have investigated the effect of 

isoflavones in soy and have reported that soy isoflavones might be responsible for their 

antioxidant potential and their ability to induce phase II enzymes but not chemically

induced mammary tumor inhibition (Appelt and Reicks, 1999; Cohen et al., 2000). 

Active Principles in Soy 

There are several soy components, which have been experimented in cell culture 

experiments to inhibit growth of tumor cells or appearance of mammary tumors in 

suitable animal models. These include the Bowman-Birk inhibitor (a trypsin inhibitor), 

isoflavones, phenolic acids, phytic acid, phytosterols and saponins. Isoflavones are one 

of the two major classes of phytoestrogens of current interest from the nutritional and the 

health perspective. The soy isoflavonoids isolated so far are genistein (5, 7, 4'

trihydroxyisoflavone), daidzein (7, 4'-dihydroxyisoflavone) and glycitein (7, 4'

dihydroxy-6-methoxyisoflavone) (See Figure. 3 ). 
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Figure 3 

Structures oflsoflavones (the active principles in Soy) 

A - Genistein - 5, 7, 4'-trihydroxyisoflavone 

B - Daidzein - 7, 4'-dihydroxyisoflavone 

C - Glycitein - 7, 4'-dihydroxy-6-methoxyisoflavone 
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Metabolism of Genistein 

Genistein is biotransfonned in the intestines by the action of bacterial enzymes to 

aglycones and absorbed. This is then conjugated by glucuronides and sulfates to form 

glycoside conjugates. 

Bioavailability and Effect of Processing on Genistein and Other Soy Isoflavones 

Smaller amounts of glycitein conjugates are often found in soy proteins whereas 

very high concentrations of conjugates of glycitein are found in hypocotyledon/germ. 

The malonyl and acetyl glycosides are susceptible to heat and readily convert to the more 

stable ~-glycoside; therefore, depending on the extent of processing of the soybean, the 

relative proportion of these conjugates can vary considerably among different soyfoods. 

This complex array of isoflavones in soyfoods is less apparent from many of the earlier 

analyses of soy proteins that used HPLC for separation because rigorous extraction 

methods involving heat and organic solvents were used or the isoflavone glycosides were 

reduced to the respective aglycones by acid/enzymatic hydrolysis. The individual 

glycosidic conjugates of isoflavones are readily hydrolyzed by intestinal bacteria, which 

suggest that it would be difficult to directly assess their activity in vivo. The role of 

conjugates may be important in influencing the bioavailability of the aglycone structure 

as found by Setchell (1995). 

Isoflavones are found in soybeans as their 6"-0-malonyl-glucoside conjugates 

(See Table I). Soy protein isolate had higher genistein levels than soy flour. Toasted 
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Table 1 

Isoflavone Concentration in Soy Products after Cold 80% Aqueous Methanol Extraction 

( expressed in terms of µg/ g) 

Food Daidzein Genistein Glycitein 

Toasted Soy Flour 1343.4 1509.5 242.5 

Soy Flour 829.7 834.4 142.9 

Soy Protein Isolate 789.3 1258.0 114.2 

Textured vegetable Protein 919.7 1092.1 98.4 

Table 2 

Effect of Low-Fat Processing Technology on Isoflav.one Concentration in Soymilk and 
Tofu 

Food Daidzein Genistein Glycitein 

Regular soymilk (mg/L) 41.4 53.2 1.4 

Low-fat soymilk (mg/L) 17.1 24.2 0.6 

Non-fat soymilk (mg/L) 5.1 6.5 ND 

Regular tofo (µg/g) 133.1 169.0 20.9 

Low-fat Tofu (µg/g) 98.9 153.2 8.8 
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Soy Flour/ Soy Flour: Processing techniques such as grinding to produce flour and 

hexane extraction to remove fats does not alter glucoside conjugation. Textured 

Vegetable Protein: Dry heat or extrusion causes formation of carbon dioxide and leads to 

formation of substantial amounts of 6"-0-acetyl glucoside conjugates. Tofu or soymilk: 

Hot aqueous extraction results almost entirely in the formation of ~-glucoside conjugates. 

Miso and Tempeh: Fermentation causes many glycosides to form aglycones. Cooking 

further alters the composition. Baked food: Contains ~-glucoside conjugates. Fried 

Products: Contains 6"-0 acetyl glucoside conjugates. Normal cooking conditions: Total 

isoflavone concentration is unaffected. Thus, processing plays an important role in the 

composition, which in tum would alter the rate of absorption and possibly the 

bioavailability (Coward et al., 1998). Soy products vary considerably depending on the 

initial content of the ingredient soybeans and on the processing methods (See Table 2). 

Fermented soybean products like miso (fermented bean paste) and natto (fermented 

soybeans) were significantly higher in isoflavones than in the unfermented products such 

as tofu and soymilk (Slavin et al., 1998). The authors suggested that the ~-glycosyl bond 

of genistein is cleaved to produce genistein by microbes during fermentation to yield 

miso and natto. 

Animal Studies and Genistein 

A conspicuous feature of their structure is the presence of the phenolic ring that, 
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with few exceptions, is a prerequisite for binding to the estrogen receptor. For this 

reason, phytoestrogens can act as estrogen agonists or antagonists. Their actions at the 

cellular and molecular level are influenced by many factors; such as cellular 

concentration, receptor status, presence or absence of endogenous estrogens and the type 

of target organ or cell. Genistein is a far better ligand for the P-estrogen receptor than for 

the classical estrogen receptor also known as the a-estrogen receptor. The P-estrogen 

receptor is distributed in ovary, prostate, uterus, bladder, and lung. Thus, a marked surge 

of interest in soyfoods had occurred because of reports on the soybean isoflavone -

genistein. Genistein is a potent inhibitor of enzymes, which phosphorylate tyrosine 

residues on key proteins, involved in signal transduction events in normal and tumor cells 

(Akiyama et al., 1987). Hence, genistein was recognized as a specific inhibitor of protein 

tyrosine kinases (PTK), required for the growth factor signaling for many of the protein 

products of human oncogenes. 

Isoflavones were suspected to act as antiestrogens (Folman and Pope, 1966). 

Estrogenic compounds can be agonistic or antagonistic to estradiol- l 7P when they act on 

target tissues simultaneously. Messina et al. (1994) reviewed that in vitro and in vivo 

assays show genistein to be a very weak estrogen, exerting an estrogenic effect ranging 

from approximately Ix 10·3 to 1 x 10·5 that of diethylstilbestrol (DES) or estradiol. The 

apparent equilibrium dissociation constant of genistein for the estrogen receptor 

determined in competitive binding is experiment is 100-10,000 times higher that that of 

estradiol and DES. 
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In animal models, genistein can function as an anti-estrogen. Injections of 300-

900µg of genistein when administered simultaneously with estradiol, reduces mouse 

estradiol uptake by 71 % and 95% respectively and vaginal estradiol uptake by 70% and 

89% respectively. Genistein when administered subcutaneously at 0.5g/kg body weight 

significantly increased latency and reduced tumor incidence and multiplicity following 

DMBA administration at 50 days of age at 80 mg in sesame oil/g body weight by oral 

gavage. In the neonatal period, it exerted its chemopreventive action by acting directly to 

enhance maturation of terminal ductal structures and by altering the endocrine system to 

reduce cell proliferation in the mammary gland (Lamartiniere et al., 1995). 

There are several other pathways explaining the mechanism of action of genistein. 

Genistein inhibits estradiol - as well as epidermal growth factor-stimulated growth of 

tumor cells (Brown et al., 1998). This fact suggests that growth factor signaling pathways 

can trigger inhibition of proliferation. The other mechanisms have been postulated to be 

inhibition of DNA topoisomerases (Ciesielski and Fenstermaker, 1999), cell cycle 

progression (Nakagawa et al., 2000), the effects of reactive oxygen species (Chan and Yu, 

2000), and expression of the DNA transcription factors c-fos and c-jun (Watanabe et al., 

1993). Recently, a mechanism based on genistein's regulation of the level of 

transforming growth factor-P (TGF-P), an inhibitor of the G/S phase of cell cycle control 

has been identified (Kim et al., 1997). 

The timing of exposure to genistein has been crucial in exerting chemopreventive 
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effects. If genistein is administered neonatally at days 2, 4 and 6, but not at any time after 

that, the tumor latency increased and the tumor incidence and multiplicity were reduced. 

Similarly, when genistein was administered prepubertally on days 16, 18 and 20 only, 

mammary multiplicity was reduced. Histological examination of the mammary glands at 

different times after the exposure to genistein revealed that it was acting as an estrogen, 

causing initially a proliferative effect followed by an increasingly more differentiated 

epithelial cell population (Barnes et al., 1997). 

CANCER, CURCUMIN AND SOY PROTEIN 

A 1 0µM concentration of both curcumin and genistein were synergistically able 

to inhibit growth of human breast cancer cells induced by estrogenic pesticides. They 

may either block the estrogen receptor binding sites or interfere with the processes that 

are induced after binding of estrogenic pesticides or estrogens with the receptors. The 

alternative mechanism may be that they might inhibit protein kinases that are involved 

with the phosphorylation of the hormone receptor (Verma et al., 1997). A combination of 

curcumin and genistein were able to inhibit cell growth by drastically changing the 

morphological shapes of ER-positive human breast cancer cells (MCF-7 and T47D) and 

ER-negative MDA-MB-231 cells induced by the pesticide o', p'-DDT and the 

environmental pollutants 4-nonylphenol and 4-octylphenol. This indicates that a mixture 

of curcumin and genistein is a potent inhibitor against the growth of human breast tumor 

cells (Verma et al., 1998). 
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Since the efficacy of soy protein in inhibiting mammary cancer has been shown in 

several studies with animal models, various ways have been developed in order to 

incorporate soy protein in daily diet. Thus, soy food is being widely accepted as an 

alternative to meat and is a good source of vegetable protein. Several studies have 

successfully proven the efficacy of curcumin in inhibiting tumorigenesis in colon cancer 

models in all phases of carcinogenesis. In case of breast cancer, positive results have 

been achieved in all in vitro studies but in animal models, the chemopreventive effect is 

still inconclusive. Therefore, in this study design, the combined effect of curcumin with 

soy protein was expected to effectively inhibit tumorigenesis in mammary gland. 
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Animals and Diets 

CHAPTER III 

MATERIALS AND METHODS 

One hundred female Sprague Dawley rats (6-week-old) were purchased from 

Sasco Inc. (Houston, TX). Upon arrival, they were given the AIN-93G purified diet and 

housed individually in stainless steel suspended cages in an animal facility room with 

controlled conditions of 12-hour light/dark cycle, temperature (22±2°C) and relative 

humidity (55±5%). All animal procedures were approved by the Animal Care and Use 

Committee, Texas Woman's University (See Appendix A for the ACUC Approval form). 

Commercial technical grade curcumin (turmeric type 97; containing 77% 

curcumin, 17% demethoxy curcumin and 3% bisdemethoxy curcumin) was obtained 

from Kalsec, Inc., Kalamazoo, Ml. Technical grade curcumin was used in this study 

because purified curcumin has not been proven to be a better cancer-preventive agent. 

Rao et al. ( 1995), analyzed the content of technical grade curcumin (>98% of diferuloyl 

methane) in a semi-purified AIN-76A diet by HPLC for purity and stability. Their results 

indicated that >96% of curcumin could be accounted for in feed samples stored in the 

cold room for 14 days. 

All ingredients of the purified AIN-93G diet were obtained from Dyets Inc. 

(Bethlehem, PA) and stored at -4 °C until preparation of the experimental diets. 

Experimental diets were prepared by including curcumin in the AIN-93G diet (Table 1). 

All control and experimental diets were prepared on a biweekly basis, filled in Ziploc 
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freezer bags, and stored in the freezer at 0°C. Weighed amounts of diets were stored in 

individual Ziploc bags in the refrigerator at 2-6°C. These bags were labeled with the 

corresponding animal ID. Thus food intake was monitored at weekly intervals after 

adjusting for the food left in the feed jar and the bag, and the food spilled through the 

cages. 

Chemicals and Diagnostic Kits 

N-Nitroso-N-Methyl Urea (NMU) was purchased from Sigma (St Louis, MO). 

Curcumin for the HPLC analyses was purchased from Sigma (St Louis, MO) which has a 

purity >97%. Serum triacylglycerides (Catalog No. 2150-430) and total and I-IDL

cholesterol (Catalog No. 1010-225) concentrations were analyzed using Stanbio 

diagnostic kits. Serum urea nitrogen (BUN) (Catalog No. 640A), serum creatinine 

(Catalog No. 555A) and serum aspartate aminotransferase (Catalog No. 505 OP) were 

analyzed using Sigma diagnostic kits. 

Experimental Design 

When the rats were seven weeks old, they were injected with a single dose of 

(NMU) (50mg/kg-body wt) via the tail vein. The NMU was dissolved in 0.9% saline 

solution (concentration of IOmg/mL), and adjusted to pH 5.0 with 3% acetic acid (See 

Appendix V for NMU dosage and corresponding body weights). The standard AIN-93G 

diet was continued for the next two weeks. When the rats were nine weeks old, they 
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C Casein diet. The standard American Institute of Nutrition purified rodent diet 
AIN-930 (Reeves et al, 1994 ). Serves as control. 

CU Casein diet with 2% curcumin (replaced cornstarch). 

S Soy protein diet. Formulated similar to casein diet except for type of protein. 

SU Soy protein diet with 2% curcumin (replaced cornstarch). 

Figure 4 

Illustration of the Experimental Diet Groups (n=25/group) 
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Table I 

Com2osition of the Ex2erimental Diets t 

Ingredient C cu s SU 

Cornstarch* 397.49 377.49 397.49 377.49 

Casein 1· * 200.00 200.00 

Soy Protein Isolate 2· * 200.00 200.00 

Dextrinised cornstarch* 132.00 132.00 132.00 132.00 
(90-94% tetrasaccharides) 

Sucrosef 100.00 100.00 100.00 100.00 

Soybean oil (no additives)* 70.00 70.00 70.00 70.00 

Fiber* 50.00 50.00 50.00 50.00 

Mineral Mix (AIN-93O)* 35.00 35.00 35.00 35.00 

Vitamin Mix (AIN-93O)* 10.00 10.00 10.00 10.00 

L-Cystine* 3.00 3.00 3.00 3.00 

Choline Bitartarate* 2.50 2.50 2.50 2.50 

Tert-butyl hydroquinone* 0.01 0.01 0.01 0.01 

Curcumin# 20.00 20.00 

1 Protein - 90.15%; 2 Protein - 85.69% 

tEstimated minimal nutrient composition (Reeves et al., 1993) expressed in units/kg diet: 
Total Energy (kcal) - 3766; Carbohydrate% - 64; Protein%- 19.3; Fat% - 16.7 

*Dyets Inc., Bethlehem, PA 

fKrogers, Denton, TX 

#Kalsec Inc., Kalmazoo, MI 
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were randomly assigned to one of the four dietary groups (n=25). The groups were 

(Figure 4): AIN-93G control (C); 20% (w/w) casein with 2% curcumin (CU); 

AIN-93G with casein substituted for soy protein isolate (S); and 20% (w/w) soy protein 

isolate with 2% curcumin (SU). 

After two weeks on the experimental diets or five weeks post-NMU 

administration, the animals were examined for palpable tumors on a weekly basis. All 

animals were maintained on their experimental diets (Table 1) until the termination of the 

study (22 weeks post-NMU injection). Throughout the study period, the rats had free 

access to food and water. Food consumption and body weights were recorded at weekly 

intervals. At the end of the study, the animals were fasted overnight and the body weight 

was recorded. The rats were then anesthetized using Methofane and blood was collected 

by cardiac puncture. Serum samples were obtained from the blood by centrifuging at 

3 500xg for 5 minutes and were aliquoted and stored at -70°C until required for analyses. 

The livers were excised and weighed after the non-hepatic tissues were removed and 

were stored at -70°C (Figure 5). The carcass was palpated and examined for presence of 

other mammary tumors, which were not discovered at the time of palpation. 

Tumor Development 

Starting at 6 wk after the NMU administration (13-wk-old), each rat was palpated 

once weekly for mammary tumors. Upon detection, the position and date of appearance 

of the tumors were recorded on a grid. Moribund rats were anesthetized and all tumors 
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6-wk old Female Sprague-Dawley Rats (N=IO0) 

-1, 

Acclimatize for 3-7 days 

Feed AIN-93O diet until 7 wk old 

Inject NMU (50mg/kg-body wt) via tail vein 

-1, 

Continue with AIN-93O diet until 9 wk old, and then start the Experimental Diets 

Palpate weekly for tumor. Record location on grid 

Remove feed overnight, Record body weight, Anesthetize 

Collect blood by cardiac puncture, harvest liver tissue. 

Store liver and blood (as serum) at -70°C, Analyze for tissue curcumin and other 

biochemical parameters. 

Excise tumors and examine histopathologically 

Figure 5 

Flow Diagram of the Experimental Design 
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were excised, counted, weighed and fixed in I 0% buffered formalin. Twenty-two weeks 

after NMU administration, all surviving rats were similarly necropsied. All tumors were 

coded and examined histologically by a board-certified pathologist at University of 

Arizona, Tucson, AZ. Tumor incidence1, tumor latency2, tumor multiplicit/ and tumor 

burden 4 (Appelt and Reicks, 1999) were calculated for all rats. 

Biochemical Parameters 

Tissue Curcumin Levels: The biological tissues used were the serum, liver and tumor 

samples of the animals. As per the method by Pan et al., (1999) and Alberts et al., (2001) 

curcumin analyses was performed by High Performance Liquid Chromatography (HPLC) 

using a mobile phase with 70% tetrahydrofuran and 30% glacial acetic acid. The flow 

rate was maintained at lmL/min in an isocratic system, the injection volume was 1 0µL 

and the sample detection was achieved at 425nm. (For Procedure, see Appendix P). 

Note: 

1 % of rats that developed histologically confirmed mammary tumors in each group/total 

number of rats given carcinogen treatment 

2 Mean time period between carcinogen administration and the initial appearance of the 

histologically confirmed palpable tumor 

3 Mean weight of the tumors (g)/tumor-bearing rat 

4 The mean number of tumors/tumor-bearing rat 
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Lipid Profile: The serum triacylglycerides, total-cholesterol and HDL-cholesterol (For 

Procedures, See Appendix T, U) were analyzed. 

Biochemical indices of the liver and kidney functions: Serum urea nitrogen, serum 

creatinine and serum aspartate aminotransferase (AST) concentrations; (For Procedures, 

See Appendix Q, R, S) were also measured in the sera of eight randomly selected rats 

from the tumor-bearing and non-tumor-bearing groups. 

Statistical Analyses 

The effects of protein type (casein, soy) and addition of curcumin (2%) on the 

response variables (body weight, dietary intake, tumor burden, tumor multiplicity, and 

tumor latency) were analyzed using a 2 x 2 factorial design with a Univariate Analysis of 

Variance (ANOV A). Tumor incidence was analyzed by the chi-squared test. The 

statistical comparison for the biochemical parameters among the multiple groups was 

carried out using Univariate Analysis of Variance (ANOVA). The factorial design 

allowed for investigation of interaction effects. Bonferroni' s post hoc test was used to 

identify the groups with significant differences. The level of significance was set at 

P < 0.05. The statistical package used was Statistical Package for Social Sciences (SPSS) 

for Windows, version 10.0.5, 1999. 
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CHAPTERIV 

RESULTS 

One hundred female Sprague Dawley rats were studied for NMU-induced 

mammary cancer. They were fed AIN-93G based diet ad libitum with two types of 

proteins - casein or soy with or without 2% curcumin supplementation for a period of 22 

weeks after NMU injection. The results are categorized as general animal observation 

data, tumorigenesis data and biological parameters which were tissue curcumin levels (in 

serum and liver), serum lipid profile - triacylglycerols, total-cholesterol and HDL

cholesterol and the biochemical indices of liver and kidney function - serum urea 

nitrogen, serum creatinine and serum aspartate aminotransferase (AST) concentrations. 

GENERAL ANIMAL OBSERVATION 

Body Weights 

The body weights were first recorded at the time of NMU administration and 

were similar for the four groups (See Appendix V for NMU dosage for the corresponding 

body weight) . Two weeks after NMU-administration (7 weeks of age), the body weights 

were recorded and the rats (9 weeks of age) were started on the expe1imental diets . The 

body weights were then recorded routinely on a weekly basis and growth trend monitored 

(Table 4, Figure 6). 
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Table 4 

Mean body weights of rats fed two types of protein , casein or soy with or without 2% 
curcumin during the promotion phase of carcinogenesis for a 22-week period 1 

Dietary Groupsz 

Parameters C cu s SU 
(n=25) (n=23) (n=25) (n=25) 

Initial Body 192.6±3.2 a 206.6±3.0 a 188.8+3.0a 188 .4±3 .0 a 
Weight(g}3 (171.5-232.0) (165.0-210.8) (163.6-231.2) (167.4-226.2) 

Final Body 258.2±3,9a 241.1±4.6 b 255.4+4.4 ab 244.0+4 .3 ab 

Weight(g)4 (224.1-293 .6) (169.1-270.9) (214.4-299.5) (216.3-291.4) 

Weight Gain(g)5 65.7±4.l a 52.7±4.5 a 66.6+3.3 a 55.3+3 .5 a 

(37.0-115 .6) (-21.0-89.6) (32.4-89 .2) (29 .2-84.2) 

1 Values are expressed in terms of Mean± SEM with range in parenthesis. Statistical 
analysis using 2x2 ANOV A indicated that two groups were significantly different at a 
significance level of 0 .05. Groups within the parameter having the same superscript are 
not significantly different, P < 0.05. 

2 The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, soy 
protein+ 2% curcumin 

3 Mean body weight of the rats at 9 weeks of age at start of experimental diet 

4 Mean body weight of the rats before sacrifice 

5 Mean difference between initial and final body weights 
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There were no significant differences amonu the groups in the initial bodv weiohts
0 .; O 

however, the mean final body weight for group CU was significantly lower than group C 

(P = 0.00 l) (See Appendix H for Uni variate ANOV A summary table). There were no 

significant differences in the mean body weight gain among the groups (Table 4). 

Liver Weights 

There were no significant differences in absolute liver weights, but the mean 

relative liver weights (expressed as% final body weight) in S were significantly lower 

than SU and CU (Table 5). (See Appendix I for Univariate ANOV A summary table). 

Food intake 

Food intake ranged between 14.7 - 15.2g/rat/day. Statistical analyses did not 

show any significant difference among the four dietary groups. The curcumin consumed 

was approximately 300µg/rat/day in both the treatment groups. Therefore, there were no 

differences in the food intake due to the two types of protein - casein or soy. Hence, 

neither the type of protein nor the chemopreventive agent, curcumin affected the 

palatability of the diets in the four different groups. 
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Table 5 

Mean liver weights of rats fed two types of protein, casein or soy with or without 2% 
curcumin during the promotion phase of carcinogenesis for a 22-week period 1 

Parameters 

Absolute Liver 
Weight (g) 

Relative Liver 
Weight(g)3

C 

(n=25) 

6.6±0.2 a 

2.6+0.l ab

(1.88-3.43) 

Dietary Groups2 

cu 

(n=23) 

6.6+0.2 a 

2.7±0.1 b 

(2.08-3.66) 

s SU 

(n=25) (n=25) 

6.1±0.2 a 6.7±0.2 a

2.4+0. l a 2.8±0.1 b 

(1.88-3.42) (2.18-3.63) 

1 
Values are expressed in terms of Mean± SEM with range in parenthesis. Statistical 

analysis using 2x2 ANOV A indicated that two groups were significantly different at a 
significance level of 0.05. Groups having the same superscript are not significantly 
different, P < 0.05 

2 
The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, soy 

protein + 2% curcumin 

3 Expressed as% Final Body Weight 
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Table 6 

Mean daily dietary intake for rats fed two types of protein, casein or soy with or without 
2% curcumin during the promotion phase of carcinogenesis for a 22-week period 1 

Dietary groups2

Parameters C cu s SU 

(n=25) (n=23) (n=25) (n=25) 

Food Intake (g) 15.2+0.8 14.7±1,40 14.8+ 1.0 14.9±1.0 

Energy (Kcal) 57.1+0.02 55.4±1.20 55.6+0.80 56.4+0.70 

Carbohydrate (g) 9.6±0.10 9.2+0.20 9.3+0.10 9.4±0.10 

Protein (g) 3.0±0.04 2.9+0.10 3.0+0.04 3.0+0.04 

Fat (g) 1.1±0,02 1.0±0.02 l.0+0.02 1.0+0.02 

Fiber (g) 0.8+0.01 0.7±0.01 0.7±0,01 0.7±0.01 

Curcumin (g) 0.0 0.3±0.01 0.0 0.3+0.004 

1 

Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2 ANOV A

indicated that no two groups were significantly different at a significance level of 0.05.

2

The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, soy

protein+ 2% curcumin 
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Table 7 

Tumorigenesis data for rats fed two types of protein, casein or soy with or without 2% 
curcumin during the promotion phase of carcinogenesis for a 22-week period' 

Parameters C 
(n=25) 

Tumor Incidencey 56% a

Tumor 2.4 ± 0.33

Multiplicity4

Tumor Burden
5 5.5± 2.1 

(0.06-23.3) 

Tumor Latency
6 16.9 + 1.3 

Dietary 

cu 

(n=23) 

87% 0

1.4 ± 0.2a

3.5 +0.8 
(0.09-12.47) 

16.4 ± 1.01 

Groupsi

s SU 
(n=25) (n=25) 

64% a 56% 3

2.2 ± 0.43 1.8 ± 0.33

5.3 ±1.9 6.3 ±1.4 
(0.14-23.8) (0.7-17.6) 

16.5 ± 1.22 17.1 ± 1.34 

1 

Values are expressed in terms of Mean± SEM with range in parenthesis. Statistical 
analysis using 2x2 ANOV A indicated the two groups that were significantly different at a 
significance level of 0.05. Groups within the parameter having the same superscript are 
not significantly different, P < 0.05. 

7 

-The groups were: C, casein; CU, casein + 2% curcumin; S, soy protein and SU, soy
protein+ 2% curcumin

3 Percentage of rats with tumors/ total number of rats given the carcinogen in each group:
*P value= 0.027 (x2 test)

4 Total number of tumors/ total number of tumor-bearing rats in each group.

5 

Mean weight of tumors/ total number of tumor-bearing rats in each group.

6 

Mean period between NMU administration and appearance of first palpable tumor/ total
number of tumor-bearing rats per group. 
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TUMORIGENESIS DAT A 

Tumor Incidence 

At the end of the 22-week experimental period, the tumor incidence in CU was 

significantly higher than C, Sand SU groups (P = 0.027) (See Appendix J for Chi

squared Summary Table) (Table 7, Figure 7). 

Tumor Multiplicity 

The total number of tumors were 35, 29, 36 and 25 for C (n=25), CU (n=23), S 

(n=25) and SU (n=25), respectively (Table 8). The mean tumor multiplicity (Total 

number of tumors/ total number of tumor-bearing rats in each group) was 2.4 ± 0.31, 1.45 

± 0.17, 2.19 ± 0.41 and 1.79 ± 0.26 for the groups C, CU, Sand SU, respectively (Table 

7, Figure 8). Statistical analyses revealed that no two groups were significantly different 

(See Appendix K for Univariate ANOV A summary table). 

Tumor Burden 

Tumor burden (the mean weight of the tumors/total numbers of tumor-bearing 

rats in each group) in the four groups were 5.48±2.13, 3.46±0.77, 5.28±1.91 and 

6.32±1.41 for the groups C, CU, S and SU, respectively (Table 7). There were no 

significant differences among the four experimental groups. 
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Table 8 

Results from the histopathological examination of the tumors excised for rats fed two 
types of protein, casein or soy with or without 2% curcumin during the promotion phase 

of carcinogenesis for a 22-week period 

Dietary Groups 1 

Parameters C cu s SU 

Total Number of Rats at 25 23 25 25 
Beginning of Experiment 

Total Number of Rats at 22 23 25 23 
End of Experiment 

Total Number of Tumors2 35 29 36 25 

Total Number of Tumors 35 29 36 ,..,-_:, 

Examined 

Total Number of 35 29 36 25 
Adenocarcinomas ( % ) (100%) (100%) (100%) (100%) 

The groups were: C, casein; CU, casein+ 2% curcumin: S, soy protein and SU, 
soy protein+ 2% curcumin 

') 

-includes both palpable and non-palpable tumors 
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Figure 7. Tumor incidence over the 22-week experimental period of the rats fed the two 
types of protein with or without 2% curcumin in AIN-93G based diet. Each point 

represents the % of tumors detected for the week within the group. NMU administration 
was at the age of seven weeks. 

65 



Tumor Latency 

The latency period (mean time period between the carcinogen administration and 

the appearance of the first palpable tumor) ranged between 16-17 weeks (Table 7). There 

were no significant differences in the mean tumor latency among the four experimental 

groups. There were also no significant differences in the survival length (total number of 

rats alive at the end of the experiment) of the rats in the four treatment groups. 

Regression of Tumors and Other Observations 

Throughout the experimental period, palpable tumors were recorded on a weekly 

basis on an animal grid. On such occasions, when a palpable tumor disappears the 

following week and does not reoccur thereafter, then the tumor is considered as 

regressed. 

Only one animal in the CU group had a regressed tumor early during the study 

period. This animal was counted as part of the non-tumor bearing group, since there was 

no appearance of any tumors until the end of the study period. All the animals were 

constantly monitored for any unusual occurrences with the help of the TWU animal 

facility veterinarian, Dr. Stacy Fowler. 
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Histopathological Report 

All the excised tumors were preserved in 10% phosphate buffered formalin 

solution and sent for histopathological examination by the pathologist at University of 

Arizona, Tucson, Arizona. Histopathological analyses revealed that tumors harvested 

from all four dietary groups were adenocarcinomas (100% malignant tumors) (See Table 

8 and Appendix B for Pathologist's Report). Russo et al. (1990) defined a mammary 

adenocarcinoma as a malignant tumor that often infiltrates the adjacent skeletal muscle 

cells. It is defined as a subcutaneous mass that varies in size and contains increased 

cytoplasm, large nuclei and many glands and ducts. 

BIOCHEMICAL PARAMETERS 

The rats (29 weeks of age) were sacrificed 22-weeks after NMU administration. 

The blood collected was allowed to coagulate for two hours, centrifuged at 3500xg for 

5 minutes and the serum were aliquoted and stored at -70°C. Sera from eight tumor

bearing and eight non tumor-bearing rats from each dietary group were randomly 

selected. Three samples were obtained from the CU group since there were only three 

non tumor-bearing rats in this group. The samples were then analyzed for lipid profile 

and biochemical indices of hepatic and renal functions. The liver specimens were 

harvested, examined for presence of fat globules or other extraneous tissues, washed in 

saline solution, blotted dry with cotton gauze, weighed and stored immediately at -70°C. 
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Serum and Hepatic Curcumin Levels 

Serum and hepatic tissue samples of all the rats in the treatment groups, CU and 

SU were processed as per the procedure by Pan et al. (1999). The processed samples 

were then injected into a HPLC system with a mobile phase of tetrahydrofuran and 

glacial acetic acid (70:30) ratio. The system was unable to detect any curcumin peaks at 

425nm in both the serum and hepatic samples. 

Serum Urea Nitrogen (BUN) and Creatinine Concentrations 

The normal reference values for BUN and serum creatinine, according to the 

Research Animal Resources, University of Minnesota database (2000), are 10-25mg/dL 

and 0.5-1.0mg/dL, respectively. In the present study, the data of the mean serum urea 

nitrogen (BUN) concentrations for the combined groups (tumor-bearing and non-tumor

bearing) was converted to natural logarithm (ln). This helped to correct for outliers and 

among-group differences in size of standard deviations, before testing for statistical 

significance. BUN concentration in the group S was significantly higher than the group 

C. In addition, BUN in the S group was significantly higher than the SU group. There

was no significant difference between the groups consuming casein. (See Figure 9, 

Appendix L for Univariate ANOVA summary table). When the tumor-bearing rats were 

separated from the non-tumor-bearing ones, BUN concentration was significantly higher 

in the group S than in group C, regardless of curcumin supplementation (See Figure 9,

Table 10). 
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Table 9 

Mean serum urea nitrogen (BUN), creatinine and aspartate amino transferase (AST) 
concentrations of randomly selected rats from groups fed two types of proteins, casein or 
soy with or without 2% curcumin during the promotion phase of carcinogenesis for a 22-

week period 1 

Dietary Groups2

Parameters C cu s SU 
(n=16) (n=ll) (n=16) (n=16) 

Blood Urea Nitrogen 25.03+ 1.003 25.4±0.88ab
45.26±1.34

c 35.47±3.76d

(mg/dL) 
3

Serum Creatinine 0.43+0.14 a 0.51±0.08 a 0.45±0.15 a 0.45±0.13 a
(mg/dL) 

Serum Aspartate Amino 49.6±4.65 a 35.3±4.2 ab 34.7±3.15 b 39.4±5.9 ab 

Transf erase (AST) 
(Units/L) 4

1 
Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2 ANOV A 

indicated that two groups were significantly different at a significance level of 0.05. 
Groups within the parameter having the same superscript are not significantly different, 
P < 0.05. 

2 
The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, 

soy protein+ 2% curcumin 

3 Significant differences between Protein (P value= 0.000), Curcumin (P value= 0.004)
and Protein type and Curcumin (P value= 0.002) 

4Significant differences between Casein and Soy groups (P value= 0.035) 
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Table 10 

Mean serum urea nitrogen (BUN) concentrations of tumor-bearing and non tumor
bearing rats from groups fed two types of proteins, casein or soy with or without 2% 

curcumin during the promotion phase of carcinogenesis for a 22-week period 1

Parameters C 

(n=16) 

Tumor -Bearing 25.37±1.1 ab 
Group 

24.7+0.95 ab 
Non-Tumor -Bearing 
Group 

Dietary 

cu 

(n=ll) 

25.65±1.18 ab 

24.7±0.88 ab 

Groups2

s SU 

(n=16) (n=15) 

46.15±l.6cd 41.56±4.03 cd 

44.37+ 1.03 C 29.39±1.87 abd 

1 

Values are expressed in terms of Mean ± SEM. Statistical analysis using 2x2x2 
ANOV A indicated the two groups that were significantly different at a significance level 
of 0.05. Groups within the parameter having the same superscript are not significantly 
different, P < 0.05. 

2 

The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, 
soy protein + 2% curcumin 
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Figure 9. Mean serum urea nitrogen (BUN) concentrations of tumor -bearing and non
tumor -bearing rats from groups fed two types of proteins, casein or soy with or without 
2% curcumin fed an AIN-930 based diet. Values represent means, bars, SD. Groups 

having the same superscripts are not significantly different, P value< 0.05. 
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Table 11 

Mean serum creatinine concentrations of tumor -bearing and non-tumor -bearing rats fed 
the two types of proteins with or without 2% curcumin during the promotion phase of 

carcinogenesis for a 22 -week period 1

Dietary Groupsz,., 

Parameters C cu s SU 

Tumor -Bearing 0.5+0.03 0.47+0.05 0.45+0.02 0.42+0.05 
Group 

Non-Tumor -Bearing 0.58±0.01 0.49±0.04 0.51±0,03 0.54+0.02 
Group 

1 

Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2x2 
ANOV A indicated that no two groups were significantly different at a significance level 
of 0.05. 

2 

The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU,
soy protein + 2% curcumin 

3 Tumor-bearing rats: 
Non-Tumor-bearing rats: 

C (n=8), CU (n=8), S (n=8), SU (n=8) 
C (n=8), CU (n=3), S (n=8), SU (n=8) 
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Table 12 

Mean serum AST concentrations of tumor -bearing and non-tumor -bearing rats fed the 
two types of proteins with or without 2% curcumin during the promotion phase of 

carcinogenesis for a 22-week period 1

Dietary Groupsi'5

Parameters C cu s SU 

Tumor -Bearing 50.4+4.77a 35.58±5.53 a 38.64+3.44 a 41.34±10.46 a 

Group 

Non-Tumor -Bearing 48.72+8.37 a 34.4±5.9 a 30.78+5.l 1 a 35.94±5.27 a 
Group 

1 

Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2x2 
ANOV A indicated that no two groups were significantly different at a significance level 
of 0.05. 

2 

The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and 
SU, soy protein+ 2% curcumin 

3Tumor-bearing group: 
Non-Tumor-bearing group: 

C (n=8), CU (n=8). S (n=8), SU (n=8) 
C (n=8), CU (n=3), S (n=8), SU (n=8) 
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There was no significant difference in mean serum creatinine concentrations (Tables 10 

& 11) among the groups. 

Serum Aspartate Amino Transferase (AST) concentrations. 

According to the Research Animal Resources, University of Minnesota database 

(2000), the normal serum AST concentrations, is 54-298 Units/L. The mean serum AST 

concentrations (±SEM) (See Table 10) of group C was significantly higher than group S 

(See Appendix M for Univariate ANOVA Summary table). The mean serum AST 

concentrations (±SEM) for the tumor-bearing group and the non tumor-bearing group 

were (See Table 13) not significantly different from each other (See Appendix M for 

Univariate ANOV A Summary table). 

Serum Triacylglycerol concentrations 

According to the Research Animal Resources, University of Minnesota database 

(2000), the normal serum triacylglycerol concentration is 26-145 mg/dL. There were no 

significant differences in mean serum triacylglycerol concentrations among the groups

(Table 13; Table 14; Appendix N for Univariate ANOVA summary table).

Serum Total-cholesterol concentrations 

According to the Research Animal Resources, University of Minnesota database 

(2000), the normal serum total-cholesterol concentration is 40-130 g/dL.
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Table 13 

Mean serum triacylg1ycerols, total cholesterol and HDL cholesterol concentrations of 
randomly selected rats from groups fed two types of protein, casein or soy with or 
without 2% curcumin during the promotion phase of carcinogenesis for a-22-week 

period 1 

Dietary Groups2 

Parameters C cu s SU 
(n=16) (n=lO) (n=16) (n=15) 

Serum Triacylglycerols 59.2±7 a 56.9±8,3 a 55.7+5 .l a 57.7+7.0 3 

(mg/dL) 

Serum Total Cholesterol 72.5+3.la 82.4±5.la 63.2+5 .83 62.7+4.53 

(mg/dL) 

Serum HDL-Cholesterol 35.4±4.5 a 24.55±5.4 a 27.8+4.3 a 33.4+4.9 a 

(mg/dL) 

1 Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2 ANOVA 
indicated that no two groups were significantly different from each other. 

2 
The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, 

soy protein + 2% curcumin 
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Table 14 

Mean serum triacylglycerols concentrations of tumor -bearina and non-tumor -bearina 
0 0 

rats fed the two types of proteins with or without 2% curcumin during the promotion 
phase of carcinogenesis for a 22-week period 1 

Dietary Groups2,3 

Parameters C cu s SU 

Tumor -Bearing 60.5+10. l 65 .6±6,6 61.6±8.3 70.1±12.5 
Group 

Non-Tumor -Bearing 57.9+7 48.4+4. l 0 .5±3.6 46.8±3 .6 

Group 

1 Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2x2 
ANOVA indicated that no two groups were significantly different from each other. 

2 The groups were: C, casein ; CU, casein+ 2% curcumin; S, soy protein and SU, 
soy protein + 2% curcumin 

3 . 
Tumor-beanng group: 
Non-Tumor-bearing group: 

C (n=8), CU (n=8), S (n=8), SU (n=7) 
C (n=8) , CU (n=2), S (n=8) , SU (n=8) 
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Table 15 

Mean serum total cholesterol concentrations of tumor -bearing and non-tumor -bearing 
rats fed the two types of proteins with or without 2% curcumin during the promotion 

phase of carcinogenesis for a 22-week period 1 

Dietary Groups2·j 

Parameters C cu s SU 

Tumor -Bearing 70.02±4.17 a 83.72+5.2 a 61.0+4.0 a 61.1±9.1 a 

Group3 (11.8) (14.8) (11.3) (23.9) 

Non-Tumor -Bearing 74.9±4.8 a 77 .2±8.6a 65 .5±11.2 a 64.2±4.2 a 

Group3 (13 .6) (27.4) (31.6) (10.9) 

1 Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2x2 
ANOV A indicated that no two groups were significantly different at a significance level 
of 0.05. 

2 The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, 
soy protein+ 2% curcumin 

3Tumor-bearing group: 
Non-Tumor-bearing group: 

C (n=8), CU (n=8), S (n=8) , SU (n=7) 
C (n=8), CU (n=2), S (n=8), SU (n=8) 
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Table 16 

Mean serum HDL cholesterol concentrations of tumor -bearing and non-tumor -bearing 
rats fed the two types of proteins with or without 2% curcumin during the promotion 

phase of carcinogenesis for a 22-week period 1 

Dietary G ,1 roups-·· 

Parameters C cu s SU 

Tumor -Bearing Group 34.5±7.3 25.5±5.7 28.5±6.1 26.3±5.5 
(20.3) (16.0) (17.5) (17.7) 

Non-Tumor -Bearing 36.3±5.9 36.1 +5.3 24.3+3.7 39.6±6.8 
Group (16.6) (7.6) (11. 7) (18.9) 

1 Values are expressed in terms of Mean± SEM. Statistical analysis using 2x2x2 
ANOV A indicated that no two groups were significantly different at a significance level 
of 0.05. 

2 
The groups were: C, casein; CU, casein+ 2% curcumin; S, soy protein and SU, 

soy protein+ 2% curcumin 

3 . 
Tumor-beanng group: 
Non-Tumor-bearing group: 

C (n=8), CU (n=8), S (n=8), SU (n=7) 
C (n=8), CU (n=2), S (n=8), SU (n=8) 
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There were no significant differences in the mean serum total cholesterol 

concentrations among the groups (Table 13; Table 15; Appendix O for Univariate 

ANOV A summary table). However, the mean cholesterol concentration of group SU was 

24% lower than that of group CU. 

Serum HDL-cholesterol concentrations 

Statistical analyses revealed no significant differences in the mean serum HDL

cholesterol concentrations among the groups (Table 13 & Table I 6). 
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CHAPTERV 

DISCUSSION 

The National Cancer Institute, Chemoprevention Branch has been directing its 

attention on identifying several chemopreventive substances capable of inhibiting, 

retarding, or reversing the multi-stage carcinogenesis. A wide array of phenolic 

substances, particularly those present in dietary and medicinal plants are reported to 

possess anticarcinogenic and antimutagenic activities. The present study focused on 

testing the anticarcinogenic effects of 2% curcumin in combination with soy protein on 

NMU-induced mammary cancer in female Sprague Dawley rats. 

In the present study, supplementing the diet of rats with curcumin significantly 

increased the tumor incidence when casein but not SPI was the source of protein. Verma 

et al ( 1997, 1998) reported that combining curcumin with genistein produced a potent 

tumor inhibitory effect due to the synergistic action in human mammary epithelial cell 

lines. In the present study, when AIN 93-G-based diet was used, tumor incidence in the 

SU, S (containing ~1258µg of genistein lg of soy protein isolate) and C groups was not 

significantly different. Cohen et al (2000) also reported lack of inhibitory effect when 

AIN-93G-based diets containing 10 or 20% SPI were fed to rats with NMU-induced 

mammary cancer. Appelt and Reicks (1999) reported that soy and soy isoflavones act as 

antioxidants and phase II enzyme inducers, but not as tumor inhibitors. Pereira et al. 

(1996) reported a lack of tumor inhibitory effect AIN-76A-based diets were 

supplemented with 1 % or 2% curcumin during the initiation phase of DMBA-induced 
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mammary carcinogenesis. However, these researchers reported that the curcumin 

supplementation increased tumor latency period. The present study did not find any 

differences in tumor latency, tumor burden or tumor multiplicity among the four groups 

of rats. 

On histopathological examination, I 00% of the tumors were adenocarcinomas . 
. -•-

This was in accordance with the observation by Robert Clarke (1997) who reported that 

NMU is a "direct" acting carcinogen and hence can be metabolized by the proliferating 

terminal end buds of the mammary glands. NMU produces lesions that are 

predominantly adenocarcinomas, although doses suboptimal for tumor formation also 

produce a high proportion of adenocarcinomas. Hence, this might explain the absence of 

any benign lesion. 

There was a significant difference in body weights observed between the casein

based curcumin-supplemented group (CU) and its control (C). In addition, the body 

weight of SU was lower than the C group. This observation of decreased body weight is 

consistent with previous observations (Rodriguez-Burford et al., 1999). Depression of 

body weight gain is frequently employed as a non-specific indicator of toxicity in animal 

chemoprevention studies. In the evaluation of potential chemopreventive agents in 

rodent mammary cancer models, it has generally been accepted that a final body weight 

gain depression of 15% or below is tolerated in animals receiving the agent (i.e. the 

tumorigenesis results are affected positively). A moderate reduction (9-15%) in body 

weight gain, in particular, when occurring during initiation and early promotion stages 

can greatly affect cancer multiplicity (Rodriguez-Burford et al. 1999). In the present 
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study, although, there was a similar caloric intake among the four groups, significant 

differences in final body weight did have a significant effect in tumor multiplicity. Kim 

et al. (1998) reported a significant reduction in body weights and significantly lower 

tumor multiplicity when the mice were fed 0.2% tetrahydrocurcumin in a colon cancer 

model. They found no histopathological evidence of toxicity in the liver and kidneys. 

Inano et al. (1999) reported a significant (7.3%) reduction in body weight when I% 

curcumin was added to the diet fed to rats with radiation-induced mammary cancer. 

However, they reported that tumor incidence was significantly inhibited but multiplicity 

was not significantly reduced. Pereira et al. ( 1996) reported 9. 7% and 6.4% reduction in 

final body weight when I% or 2% curcumin was added to a AIN-76A-based diet but a 

lack of effect on tumor multiplicity and tumor incidence. Similar amounts of dietary 

intake indicate that addition of chemopreventive agent, curcumin, did not affect the 

palatability of the diet. 

In the present study, final body weight depression between C and SU was 5.9% 

and S and SU was 5.2%. However, this was not high enough to affect the tumor 

multiplicity. Deshpande et al. (1998b) reported significant reductions in body weight 

when fed 5% turmeric for 90 days and showed focal necrosis in both kidney and liver. 

The present study reports results on biochemical indices of liver and kidney function tests 

were performed to eliminate the chances of toxicity effects. 

Serum urea nitrogen concentrations were higher in case of groups fed soy protein 

than casein fed groups with or without curcumin supplementation. In the non tumor

bearing soy protein fed rats with curcumin supplementation had levels 34% significantly 
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lower levels than soy protein group. Urea is synthesized by hepatocytes from ammonia 

generated by catabolism of amino acids derived either from digestion of proteins in the 

intestines or from endogenous tissue proteins. Concentrations of BUN are dependent 

upon hepatic urea production ( digestion and catabolism of protein) and renal tubular flow 

rate (high BUN levels are seen with decreased GFR of any cause). BUN will be 

increased with a normal creatinine in the following situations: Increased production of 

urea, e.g. protein catabolism. 

Mariotti et al. (1999) have reported that true oro-ileal digestibility of SPI nitrogen 

was 9 1  %. The amount of absorbed SPI amino acids used for nonoxidative disposal, i.e., 

postprandial biological value, was 86% 8 hours after meal ingestion. Hence, net 

postprandial protein utilization of SPI was 78%. Compared to previous data that were 

assessed under the same condition in humans, the nutritional value of SPI is 92% of that 

in milk protein concentrate. Hence, in the present study, high biological value of soy 

protein is associated with higher levels of BUN with normal levels of creatinine. The 

serum creatinine was normal with no significant differences. The mean serum AST 

levels in casein groups were higher than in soy groups. However, the absolute liver 

weights of all groups remained the same. Hence, this shows that there were no signs of 

gross toxicity in liver or kidney functioning. 

Curcumin has an antiatherogenic and cholesterol-lowering potential in 

atherogenic rabbits and diabetic rats (Ramirez-Tortosa et al, 1999 and Babu et al., 1997).

However, curcumin did not exhibit cholesterol-lowering effects in rats with radiation

induced mammary cancer (Inano et al., 1999). Diets containing soybean protein 
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generally induce low levels of serum cholesterol in experimental animals, when 

compared with diets containing casein. The hypocholesterolemia in animals fed soybean 

protein is associated with increased rates of fecal excretion of bile acids and neutral 

steroids, low liver cholesterol concentrations, increased numbers of hepatic apo B/E 

receptors, increased rates of hepatic cholesterol synthesis, increased rates of bile acid 

synthesis and decreased rates of lipoprotein cholesterol output by the liver (Beynen, 

1990). Hence, serum lipid profile was analyzed. In the present study, curcumin 

supplementation did not show any significant lipid-lowering effect inspite of a significant 

body weight lowering effect between the groups CU and C. 

Serum and hepatic curcumin levels were non-detectable. This was in 

concordance with Pan et al. (I 999). When these investigators had administered 0.0 I% of 

curcumin i.p., the concentration reached a maximum at 15 mins. It then declined rapidly 

within the first one hour. Furthermore, the concentration values were considerably higher 

after i.p. injection than after oral administration. This indicates that oral administration of 

curcumin results in very low absorption into the blood. Inspite of the strong lipophilic 

character of the molecule, one would expect a high concentration in the body fat. The 

following conditions make it unlikely that high concentration of the substance would be 

found in the body for long periods of time after ingestion: I) Poor absorption from the 

intestine into the blood; 2) The high degree of metabolism of curcumin in the liver and its 

rapid elimination from the bile in the form of glucuronide conjugates of 

tetrahydrocurcumin and hexahydrocurcumin. 
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Results from the present study show that curcumin combination with soy protein 

is ineffective in inhibiting tumorigenesis. The dosage level (2%) does not have any toxic 

effects. There were no significant lipid-lowering effects due to either curcumin or soy. 
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CHAPTER VI· 

SUMMARY AND CONCLUSIONS 

Recently, attention has been focused on identifying dietary phytochemicals, 

which have the ability to inhibit the processes of carcinogenesis. Curcumin is a major 

constituent of turmeric, the dried rhizome of Curcuma longa (Linn.), which is commonly 

used as a yellow coloring and flavoring agent in food in Asian countries. This agent has 

been reported to selectively inhibit tumor cells, whereas normal cells were found to be 

relatively resistant. The present study focused on the effects of 2% curcumin 

supplementation along with two types of proteins - casein and soy in an AIN-93G based 

diet on NMU-induced mammary carcinogenesis in female Sprague Dawley rats. 

One hundred female Sprague-Dawley rats (7-wk-old) were injected with NMU 

(50 mg/kg body weight) via the tail vein. One week later, they were randomly assigned 

to one of the four experimental diets (n=2 5) containing 2 0% casein (C) or soy protein 

isolate (S) with or without curcumin (U) supplementation. At the end of study period (22 

weeks post NMU), the tumor incidence for groups C, CU, S and SU were 56%, 87%, 

64% and 56%, respectively. These results indicate that curcumin supplementation 

significantly increased the tumor incidence when casein was the protein but not when soy 

was used. However, the group SU did not significantly differ from the group S. There 

were no significant differences in tumor multiplicity, tumor burden or tumor latency. 

There were also significant reductions in the final body weight and the relative liver 

weights (expressed as% final body weight) in the curcumin-supplemented groups. 
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To investigate the different effects of curcumin supplementation due to protein 

type, biochemical indices of hepatic (AST) and renal (BUN and serum creatinine) 

functions were performed. The results showed that AST was affected by protein type. 

Group C was significantly higher than group S. In the non tumor-bearing group, soy 

protein fed rats with curcumin supplementation had levels 34% significantly lower than 

soy protein group. Neither curcumin supplementation nor protein type affected serum 

creatinine level; however, BUN level was significantly lower in the rats fed casein-based 

diets than in those fed soy-based diets regardless of curcumin supplementation. These 

results indicate that 2% curcumin supplementation does not influence normal hepatic and 

renal function in rats fed casein or soy-based diets. Therefore, the depression of body 

weight did not seem to affect the survival rate of the rats or cause any gross signs of 

toxicity. The serum triacylglycerols, serum total-cholesterol and serum HDL-cholesterol 

concentrations did not significantly differ among the groups. Serum or hepatic curcumin 

levels were not detectable in the HPLC system. 

In conclusion, curcumin was unable to inhibit mammary cancer incidence. There 

were no differences in tumor multiplicity, tumor burden or tumor latency. Curcumin 

levels were not detectable in the tissues. Curcumin did not have a lipid lowering effect 

and serum urea nitrogen levels were higher in the groups fed soy protein regardless of 

curcumin supplementation. Group S had lower AST levels than group C. The results 

from the present study suggest that curcumin and soy does not have a potent inhibitory 

effect on NMU-induced mammary cancer in Sprague-Dawley rats. 
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TWU ANTh'lAL RESEARCH FACILITY 

Date Protocol Application was Received by IACUC: (Mo/Day/Yr) 5- I :l.- qq

Project Title: The Effect Of Curcumin With Soy Protein On N-Methyl Nitrosourea-Induced 
Mammary Tumors In Rats 

Investigators/Instructors (Indicate Principal Investigator/Instructor with an Asterisk): 
*Victorine Imrhan Ragini Vittal 

Department: Nutrition and Food Sciences 
Email address of PI F Imrhan@twu.edu 

Phone Ext.: 2650 

Proposed Duration of Project: (Mo/Day/Yr) From 6/1/1999 

Funding Source or Proposed Funding Source: Human Nutrition 

Project Classification: (Check any that apply.) 
__ A. Grant Proposal/external source 

X New Proposal or Pilot Project 
__ M. odification of Ongoing grant 
__ Competitive Renewal 
__ Grant Supplement 

To 02.'2000 

__ Noncompetitive Continuation (indicate significant changes only)

_K_ B. Local Research (list funding source) Human Nutrition, Dem Nutrition & Food Sc 
__ C. Thesis/Dissertation Project 

D. Course--

By whom was/will peer review be accomplished? Human Nutrition Review Committee 

Previously assigned Protocol No. : Not Applicable 
(if application is other than a new proposal or pilot project) 

IACUC REVIEW (For Committee Use Only) 

__ Approved 
__ Approved Contingent Upon ____________________ _ 

Returned for Revision 1--

I __ Disapproved 
Other Comments: 

Additional Review Required: __ No 
__ Safety 

1 
__ Radiation 

Biohazard 1--

IACUC A roval 

Yes (If yes, check all that apply.) 
--

104 PT's N:.mi> 

Date 6 - Z-i { 



Form 1998A Protocol Number: l 00 o - 0 3 
(For Office Use Only) 

USE OF VERTEBRA TE ANIMALS 
TWU ANIMAL RESEARCH FACILITY 

Date Protocol Application was Received by IACUC: (Mo/Day/Yr) / - cl 5 - 00 
Project Title: The Effect Of Curcumin With Soy Protein On N-Methyl Nitrosourea-Induced 
Mammary Tum ors In Rats 

Investigators/Instructors (Indicate Principal Investigator/Instructor with an Asterisk): 
•Victorine Imrhan Ragini Vittal 

Department: Nutrition and Food Sciences 
Email address of PI F lmrhan@twu.edu 

Phone Ext.: 2650 

Proposed Duration of Project: (Mo/Day/Yr) From 02/2000 To 08/2000 

Funding Source or Proposed Funding Source: Research Enhancement Program, TWU 

Project Classification: (Check any that apply.) 
A. Grant Proposal/external source
__ New Proposal or Pilot Project
__ Modification of Ongoing grant
__ Competitive Renewal
__ Grant Supplement
__ Noncompetitive Continuation (indicate significant changes only)

_ X_B. Local Research (list funding source) . Human Nutrition, Dept Nutrition & Food Sc
_ C. Dissertation Project 
_ D. Course 

By whom was/will peer review be accomplished? Research Enhancement Program Committee

Previously assigned Protocol No. : 1999-07 
(if application is other than a new proposal or pilot project)

v-:.= IACUC REVIEW (For Committee Use Only)
_Approved
_Approved Contingent Upon _____________________ _

_ Returned for Revision 
_Disapproved 
Other Comments: 

Additional Review Required: __ No 
_safety 
_Radiation 
_Biohazard 

Yes (If yes, check all that apply.) 
--

Date :2

PI's Name _______ _ 



APPENDIXB 

PATHOLOGY REPORT OF THE TUMOR SPECIMENS 



THE UNMRSITY OF 

C.11ll1'.!_'.<'. ol l'.kuirn1�
Drp�rimcnl nl 1-'atholu!:� ARfZONA,r; 

HEALTH SCIENCES CENTlR 

June 1, 200 l 

To Ragini Vittal 
Doctoral Studem in Nutrition 

·:vr

Department of Nutrition and Food Sciences 
Texas Woman's University 
Denton, TX 76204 

From Dr. Tangella Krishnarao, M.D. 
Pathology Resident 

Subject: Histopathological Diagnosis of Rat Mammary Tumors 

1)011': ( .. m1phdiAvr..
P.O. P.t>>- 2450<13 
Tu�,.uu, An.::ucw 8'.:i72-+ S04J
ldrphnnr. (52ll) 6211-li!O()
FAX (520) l\2b·IOH

Excised tumors of female Sprague-Dawley rats were placed in 10% phosphate 

buffered formalin solution. The 123 samples were sent to me with absolute numbers 

labeled on their vials. The only knowledge l had of this study design was that the rats had 

heen induced with mammary tumors by injection of a carcinogen through the tail vein, 

and have been given different dietary treatments. With the help of my laboratory, I had 

processed the tissut!s for histological examination. The specimens (3-5mm thick) were 

fixed in formol l 0% and embedded in paraffin blocks. If the specimen size was too large, 

then several st!ctiuns were obtained. The slices of 3-4pm were subsequently stained with 

hematoxylin and eosin for microscopic examination. 

Therdhre, this is a blind study and an examination of the slides reveals the following 

diagnoses: 

All the tumors in this study have been diagnosed as having adenocarcinoma. /\ 

wide range of histological patterns was observed in this set of mammary tumors 

Although Russo et al. (I 989, I 990) and van 7weiten et al. ( 1994) have proposed sever.RI 

classifications of rat mammary tumors, the ultimate diagnosis is simply 

"adenocarcinoma" without any descriptive modifiers, $UCh as invasive or non-invasive 

and also if they are papillary, intrnductal, cribiform, tubular, comedo etc. This is due to 

the :,;tatement in a pa11icular reference that -«a classification hased histologic features has 

not been biologically meaningful in standard long-term toxicity and carcinogenicity 

107 



C.<>llcgc ol Med1.:1nr 
llrpmmrn1 ol P,11hul0�y 

THE UN!VER.5ITY OF 

ARIZONA,., 
HtALTH SCIENCES CE.NTIR 

-0-

l'iCll N. Lamrhdl i\vc. 
P.<.l, Rnx "l·l'ilH l 
Tuc,on. Ariwn,1 H'i7H-;1)4� 
T ckphum: (:i2Cl) (12◊· r, I llll 
h'\X ('320) ti2t,-l027 

*studies" (van Zwciten et al. 1994). This can simply be concluded as further

subclassification of benign and malignant tumors is of no value. 

I am sending the blocks and the slides back for the sake of maintaining records 

and future references. 

REFERENCES 

Russo, J, Russo, l.H., van Zweiten., M.J., et al. Classification ofNeoplastic and 
Nonneoplastic Lesions of the Mammary Gland. ln Jones, TC, Mohr, U, and 
Hunt, R.D. (eds.) Monograp�s OJ1 Pathology of _ _Labpratory Animals Integument 
and Mammary Glands. Springer-Verlag, Berlin, pp. 275-304, 1989 

2. Russo, J, Russo, t.H., Rogers, A.E, van Zweiten, M.J. and Gusterson, B. Tumors
of the Mammary Glands ln Pathology ofJumors ofLaboratory_Animals, Vol. 1.
Tumors of the Rat (IARC, Scientific Puhlication No.99). E<litc,r: VS Turusov.
lnternational Agency for Research on Cancer, I ,yon, J 990.

3. Van Zwciten, M.J., HogenEsh, H., Majka, JA, and Boorman, G.A
Nonneopla�iic and Neoplastic Lesions in the Mammary Gland. In. Pathology of
the Aging Rat Vol 2. International Life Sciences Institute (!LSI), Washington,
D.C., pp 459�475, 1994.
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APPENDIXC 

BENIGN AND MALIGNANT PATHOLOGICAL CONDITIONS IN THE BREAST 



BENIGN BREAST CONDITIONS 

FIBROCYSTIC CHANGES: Fibrocystic change includes a range of changes within the 

breast involving both the glandular and stromal components. Fibrocystic changes are 

most common in women of child-bearing age, but can affect women of any age. Its 

typical symptoms are - cysts, lumpiness, areas of thickening, tenderness, or pain. 

Fibrosis: As the term "fibrocystic" suggests, the two main features are fibrosis and cysts. 

Fibrosis refers to the prominence of fibrous tissue, the same material that ligaments and 

scar tissue are made of. Fibrosis has no impact on a woman's breast cancer risk and does 

not require any special treatment. 

Cysts: Cysts are fluid-filled spaces lined by breast glandular cells. They start out as 

accumulation of fluid inside breast glands. Microcysts are too small to feel, and are 

found only when tissue is viewed under the microscope. If fluid continues to build up, 

macroysts are formed. Having cysts does not affect a woman's risk of later developing 

breast cancer. 

Epithelial hyperplasia: Epithelial hyperplasia (also known as proliferative breast disease) 

is an overgrowth of the cells that line either the ducts or the lobules. When hyperplasia 

involves the duct, it is called a ductual hyperplasia or duct epithelial hyperplasia. When 

it affects the lobule, it is referred to as lobular hyperplasia. Based on how it looks under 

the microscope, hyperplasia may be classified as usual type (without atypia) or atypical.

Usual hyperplasia indicates a very slight increase in a woman's risk of developing breast

cancer (1. 5 _ 2 times, the risk of women in the general population), while atypical
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hyperplasia indicates a moderate increase in risk (4 - 5 times). About 10% (1 in 10) of 

women with atypical ductal hyperplasia will develop invasive carcinoma within ten years 

of their biopsy. About 70% of biopsies done for benign breast conditions do not contain 

any hyperplasia. About 26% have usual hyperplasia and only 4% have atypical 

hyperplasia. 

Adenosis: Adenosis is a common finding in biopsies of women with fibrocystic changes. 

Adenosis refers to enlargement of breast lobules, which contain more glands than usual. 

If many enlarged lobules are found near one another, this collection of lobules with 

adenosis may be large enough to be felt. There are several names for this condition, 

including aggregate adenosis, tumoral adenosis or adenosis tumor. It is important to 

realize that even though this tenn contains the word "tumor," this condition is completely 

benign and is not a cancer. Sclerosing adenosis is a special type of adenosis in which 

there. is distortion of the enlarged lobules by scar-like fibrous tissue. Calcifications

(deposits of mineral material) may fonn in adenosis, in sclerosing adenosis, and in 

· cancers, further confusing the situation.

Fi broadenoma : Fibroadenomas are benign tumors made up of both glandular breast

tissue and stromal (fibroconnective) tissue. They are most common in young women in

their twenties and thirties, although they may occur at any age. African-American

women are affected more often than women of other racial or ethnic groups. Some

fibroadenomas are too small to feel and can be seen only under the microscope. At the
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other extreme, some are several inches across. They tend to be round and have borders 

that are distinct from the surrounding breast tissue. 

Phyllodes tumors : Phyllodes (also spelled phylloides) tumors are a rare type of breast 

tumor that, like a fibroadenoma, contains two types of tissue -- stroma (connective tissue) 

of the breast and gl,
andular breast tissue. In contrast, carcinomas (the usual type of breast 

cancer) develop in the ducts or lobules of the breast's glandular tissue. The difference 

between phyllodes tumors and fibroadenomas is that there is an "overgrowth" of the 

fibro-connective tissue portion of the tumor in the former. The cells that make up the 

fibro-connective tissue portion can be abnormal appearing under the microscope. 

Depending on their appearance under the microscope, phyllodes tumors may be classified 

as benign, malignant, or of uncertain malignant potential. Phyllodes tumors are usually 

benign but on very rare occasions may be malignant, rarely having the potential to 

metastasize (spread). In the past, both benign and malignant phyllodes tumors were 

referred to as cystosarcoma phyllodes. Benign phyllodes tumors are successfully treated 

by removing the mass and a 2 cm (about 1 inch) margin of normal breast tissue. A 

malignant phyllodes tumor is treated by removing it along with a wide margin of normal

tissue, or by mastectomy if necessary. Malignant phyllodes tumors do not respond to

hormonal therapy, chemotherapy or radiation therapy. 

Intraductal papilloma : Jntraductal papillomas are wartlike growths of gland tissue and 

.fibrovascular tissue (fibrous tissue and blood vessels). Papillomas often involve the large 

milk ducts near the nipple. These result in a bloody nipple discharge. Papillomas may 
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also be found in small ducts in areas of the breast distant from the nipple, where they are 

often multiple and commonly associated with epithelial hyperplasia. The usual treatment 

is to remove the papilloma and a segment of the duct it is found in, usually through an 

incision at the edge of the areola (the pigmented zone of the surrounding the nipple). 

Granular cell tum�r..: Granular cell tumors occur rarely in the breast. Most are found in

the skin or the mouth, although they are uncommon even in those locations. They are 

almost always benign. Granular cell tumors are more common among African-American 

women than among other racial or ethnic groups. Most granular cell tumors of the breast 

can be felt as a movable, finn lump. They are usually about 1 inch across. This tumor 

should be surgically removed together with a margin of nonnal breast tissue. This 

treatment is curative. Granular cell tumors are unrelated to a woman's risk of later 

developing breast cancer. 

Fat necrosis: Fat necrosis occurs when an area of the fatty breast.tissue becomes 

damaged. This is usually the result of injury to the breast. However, it can occur 

following surgery or radiation therapy. As a result of the body attempting to repair the 

damaged tissue, the area becomes replaced by finn scar tissue. Some areas of fat 

necrosis can have a different response to injury. Instead of scar tissue forming, the fat 

cells die and release their contents, forming a sac-like collection of greasy fluid called an 

oil cyst. Oil cysts can be diagnosed by fine needle aspiration, which also serves as a 

treatment. 
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Mastitis: Mastitis is an infection that most often affects women who are breast-feeding. 

Cracking of the skin around the nipple allows bacteria from the skin surface to enter the 

breast duct where they grow and attract inflammatory cells. The inflammatory cells 

release substances that fight the infection, but also cause tissue swelling and increased 

blood flow. This condition is treated with antibiotics. Some cases of mastitis lead to a 

breast abscess or c�llection of pus (inflammatory cells and fluid). Abscesses are treated 

by surgically draining the pus. 

Duct Ectasia: Duct ectasia is a common condition that tends to affect women in their 40s 

and 50s. with a symptom of green or black, often thick, sticky discharge. 

TYPES OF BREAST CANCERS : Understanding some of the key words used to 

describe different types of breast cancer is important because these types vary in their 

prognosis (the outlook for chances of survival) and their treatment options. An 

alphabetical list of terms, including the most common types of breast cancer, is given 

below: 

Adenocarcinoma: This is a general type of cancer that starts in glandular tissues 

anywhere in the body. Nearly all breast cancers start in glandular tissue of the breast and, 

therefore, are adenocarcinomas. The two main types of breast adenocarcinomas are 

ductal carcinomas and lobular carcinomas. There are also several subtypes of 

adenocarcinoma, some of which have important implications for prognosis and treatment. 

Ductal carcinoma in situ (DCIS): This is breast cancer at its earliest stage (stage 0). 

Ductal carcinoma in situ (also known as intraductal carcinoma) is the most common type 
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of noninvasive breast cancer. There are cancer cells inside the ducts but they have not 

spread through the walls of the ducts into the fatty tissue of the breast. Nearly 100% of 

women diagnosed at this early stage of breast cancer can be cured. The best way to find 

DCIS is with a mammogram. 

Infiltrating (or invasive) ductal carcinoma (IDC): Starting in a milk passage, or duct, of 

the breast, this cancer has broken through the wall of the duct and invades the fatty tissue 

of the breast. At this point, it has the potential to metastasize, or spread, to other parts of 

the body through the lymphatic system and bloodstream. Infiltrating ductal carcinoma 

accounts for about 80% of invasive breast cancers. 

Infiltrating (or invasive) lobular carcinoma (ILC): ILC starts in the milk-producing 

glands. Similar to IDC, this cancer has the potential to spread (metastasize) elsewhere in 

the body. About 10% to 15% of invasive breast cancers are invasive lobular carcinomas. 

ILC may be more difficult to detect by mammogram than IDC. 

Inflammatory breast cancer: This rare type of invasive breast cancer accounts for about 

1 % of all breast cancers. Inflammatory breast cancer makes the skin of the breast look 

red and feel warm, as if it was infected and inflamed. The skin has a thick, pitted 

appearance that doctors often describe as resembling an orange peel. Sometimes the skin 

develops ridges and small bumps that look like hives. Cancer cells blocking lymph 

vessels or channels in the skin over the breast cause these symptoms.

In situ: This term is used for an early stage of cancer in which it is confined to the 

immediate area where it began. Specifically in breast cancer, in situ means that the 
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cancer remains confined to ducts (ductal carcinoma in situ) or lobules (lobular carcinoma 

in situ). It has not invaded surrounding fatty tissues in the breast nor spread to other 

organs. 

Lobular carcinoma in situ (LCIS): While not a true cancer, LCIS (also called lobular 

neoplasia) is sometimes classified as a type of noninvasive breast cancer. It begins in the 

milk-producing glands, but does not penetrate through the wall of the lobules. 

Medullary carcinoma: This special type of infiltrating breast cancer has a relatively well 

defined, distinct boundary between tumor tissue and normal tissue. It also has some other 

special features, including the large size of the cancer cells and the presence of immune 

system cells at the edges of the tumor. Medullary carcinoma accounts for about 5% of 

breast cancers. 

Mucinous carcinoma (or Colloid carcinoma): This rare type of invasive breast cancer is 

formed by mucus-producing cancer cells. The prognosis for mucinous carcinoma is 

better than for the more common types of invasive breast cancer. 

Paget's disease of the nipple: This type of breast cancer starts in the breast ducts and 

spreads to the skin of the nipple and then to the areola, the dark circle around the nipple.

It is a rare type of breast cancer, occurring in only 1 % of all cases. The skin of the nipple

and areola often appears crusted, scaly, and red, with areas of bleeding or oozing. The

woman may notice burning or itching. Paget's disease may be associated with in situ 

carcinoma, or with infiltrating breast carcinoma.
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Phyllodes tumor: This very rare type of breast tumor forms from the stroma (connective 

tissue) of the breast. Phy II odes (also spelled phylloides) tumors are usually benign but on 

rare occasions may be malignant (having the potential to metastasize). Benign phyllodes 

tumors are successfully treated by removing the mass and a narrow margin of normal 

breast tissue. A malignant phyllodes tumor is treated by removing it along with a wider 

margin of normal tissue, or by mastectomy. 

Tubular carcinoma: Accounting for about 2% of all breast cancers, tubular carcinomas 

are a special type of infiltrating breast carcinoma. They have a better prognosis than 

usual infiltrating ductal or lobular carcinomas. 

REFERENCES 

1. Harris JR, Hellman S, Henderson IC, Kinne DW. Breast Diseases. Philadelphia: JB

Lippincott; 1991.

2. Marchant D. Breast Disease. Philadelphia: Saunders; 1997.
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APPENDIXD 

WEEKLY MEAN BODY WEIGHTS 



Weeks Casein Casein + 2% Curcumin Soy Sov + 2% Curcumin 

12 

3 

4 
5 

6 

7 

8 

9 193 207 189 188 

10 202 219 198 195 

11 213 226 205 202 

12 222 232 214 207 

13 230 238 221 215 

14 233 244 224 217 

15 237 242 230 218 

16 239 238 233 220 

17 242 240 233 219 

18 247 240 238 219 

19 249 250 239 220 

20 250 252 240 225 

21 251 254 238 224 

22 252 258 237 226 

123 254 264 242 235 

24 258 270 249 241 

25 254 274 252 243 

26 256 271 251 239 

27 263 273 253 244 

28 260 269 253 241 

129 260 245 250 237 
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APPENDIXE 

TUMOR MULTIPLICITY 



Distribution of More than One Tumors in the Groups 

Number 
of 
rrumors Casein Casein + 2 % Curcumin Soy Soy + 2 % Curcumin 

3 12 9 7 

4 6 1 4 

3 5 0 2 2 

4 1 1 1 1 

15 1 0 3 0 

Cumulative Incidence of Tumors 

!Weeks C cu s SU 

16 1 2 2 

17 1 2 3 3 

18 2 6 3 4 

19 4 10 7 4 

120 7 10 9 6 

121 9 11 12 7 

122 13 12 14 10 

123 14 14 15 11 

124 16 15 15 12 

25 18 16 16 12 

26 20 20 24 15 

27 24 26 26 20 

28 25 27 26 22 

129 35 29 36 25 

121 
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APPENDIXF 

TUMORIGENICITY AND BODY WEIGHTS 



PROTEI'TREA TMI 

CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CONTROL 
CASEIN CURCUMil 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMIJ 
CASEIN CURCUMil 
CASEIN CURCUMil 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMil 
CASEIN CURCUMU 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN CURCUMI 
CASEIN. 

----

CURCUMI 
CASEIN CURCUMJ 
--·---

CASEIN CURCUMI 
CASEIN CURCUMI 

INCID EMULTIPWRDENIODYWTBSLIVELLIV INIBWTFINBWT T GAIN
0 .00 .00 252.40 
0 .00 .00 244.10 
1 2.00 .78 252.70· 
1 2.00 .69 269.50 
1 2.00 .18 267.20 
0 .00 .00 274.50 
1 5.00 20.89 225.80 
I 3.00 23.30 245.10 
l 2.00 .08 276.70 
0 .00 .00 293.60 
I 1.00 .26 230.10 
0 .00 .00 244.70 
0 .00 . 00 262.60 
l 3.00 .59 233.40 
l 1.00 .06 268.40 
I 4.00 3.10 289.70 
0 .00 .00 250.00 
0 .00 .00 237.50 
l 1.00 .40 245.50 1 

I 3.00 11.70 291.80 
1 3.00 5.30 224.10 
I 3.00 9.40 270.90 
0 .00 .00 275.50 
0 .00 .00 260.70 
0 .00 .00 256.60 
0 .00 .00 226.50 
l 1.00 5.36 235.20
1 1.00 5.31 233.40 
1 4.00 1.63 259.10 
0 .00 .00 214.30 
0 .00 .00 242.40 
l 2.00 .09 · 243.90 
l 2.00 4.47 226.10 
l 2.00 8.13 255.90
l 2.00 12.47 242.80
I 1.00 3.52 201.60 
l 1.00 .20 233.80 
1 1.00 . 12 250.00 
1 1.00 9.71 270.10 
l 1.00 4.90 239.10
l 1.00 .30 270.90 
l 1.00 3.10 267.20
1 1.00 1.60 264.80 
l 2.00 .80 242.70 
1 1.00 1.00 242.60 
1 1.00 .60 252.60 
l 1.00 2.20 225.50
1 2.00 3.70 231.00 

123 

5.55 
5.12 
5.76 
6.95 
5.50 
6.22 
7.88 
8.26 
7.64 
6.93 
5.70 
6.37 
5.62 
5.24 
6.01 
8.30 
6.40 
7.10 
6.00 
6.60 
6.20 
6.50 
6.70 
7.40 
9.20 
6.44 
5.19' 
5.71 
6.96 
5.00 
6.21 
6.52 
5.63 
8.02 
7.42 
5.73 
6.03 
5.20 
7.51 
7.00 
6.50 
7.10 
9.70 
6.20 
6.00 
8.60 
6.30 
5.70 

2.20· 
2.10 
2.28 
2.58 
2.06 
2.27 
3.49/ 
3.37 
2.76 
2.36 
2.48 
2.60 
2.14 
2.25 
2.24 
2.87 
2.56 
2.99 
2.44 
2.26 
2.77 
2.40 
2.43 
2.841 
3.591 
2.841 
2.21 i 
2.45 
2.69! 
2.33 
2.56 
2.67 
2.49 
3.13 
3.06 
2.84 
2.58 
2.08 
2.781 
2.93 
2.40! 
2.66 
3.66 

180.50 289.70 109.20 
205.90 250.00 44.10 
183.60 237.50 53.90 
208.50 245.50j 37.00 
176.20 291.801 115.60 
183.20 224.101 40.90 
232.00 270.90 38.90 
212.70 275.50 62.80 
214.50 260.70 46.20 
206.00 256.60 50.60 
172.30 252.40 80.10 
177 .00 244.10 67.10 
180.60 252.70 72.10 
196.20 269.50 73.30 
194.90 267.20 72.30 
187.50 274.501 87.00 
171.50 232.60 61.10 
186.00 251.30 65.30 
209.20 276.70 67.50 
210.70 293.60 82.90 
191.60 230.101 38.50 
180.70 244.70 64.00 
196.00 262.60 66.60 
175.50 233.40 57.90 
181.30 268.40 87.10 
180.20 226.50 1 46.30 
181.40 235.20 53.80 
167.80 233.40 65.60 
202.60 259.10 56.50 
165.00 214.30 49.30 
187.10 242.40/ 55.30 
178.00 243.901 65.90 
173.30 226.IOi 52.80
190.00 262.90 72.90 
184.40 242.80, 58.40 
190. l 0 169.101 -21.00
186.00 1 233.801 47.80 
198.00 250.00 52.00 
210.801 270.101 59.30 
192.00 
191.10 

�-
�

:±_7 .10
270.90 79.80 

177.60 267.20i 89.60 --
194.00 264.801 70.80 

--

2.55 _188�99 242.701 54.70 
60.50 2.47 yQ.19[ 242.60

1 

3.40 209.801 252.60 42.80 
2.79 196.40[ 225�50 29.10 
2.47 -207. iof"23160 >-- 2� 

J 
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I I I 
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I 

I 
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IPRO'ft_;J TK.EATMJUNCID.EMULTit'>URDENIUIJYW'l BSLIVE}:Llv IINHSw 1'F'INBw1 ·1 GAIN
SOY CONTROL 0 .00 .00 255.30 5.89 2.31 190.80 255.30 69.80 

��y 
CONTROL l 5.00 1.85 260.90 6.53 2.50 228.10 260.90 72.40 

_ Y CONTROL l 1.00 .14 274.80 5.49 2.00 189.80 274.80 85.00 
SOY CONTROL 0 .00 .00 258.50 4.89 1.89 187.90 258.50 70.60 
SOY CONTROL 0 .00 .00 277.60 6.04 2.18 197.20 277.60 80.40 
SOY CONTROL 1 1.00 9.34 251.70 7.74 3.08 170.501 253.501 83.00 
SOY CONTROL O .00 .00 233.50 4.40 1.88 164.00 233.50 69.50 
SOY CONTROL 1 1.00 4.50 219.50 5.14 2.34 184.60 219.50 34.90 
SOY CONTROL 1 5.00 .99 267.90 5.78 2.16 181.10 267.90 86.80 
SOY CONTROL 1 3.00 23.83 277.00 7.13 2.57 201.00 279.70: 78.70 
SOY CONTROL 0 .00 .00 239.40 5.33 2.23 175.90 239.40 63.50 
SOY CONTROL 1 1.00 .84 259.40 4.95 1.91 208.40 259.40 51.00 
SOY CONTROL 0 .00 .00 214.40 5.59 2.61 163.60 214.40 50.80 
SOY CONTROL 1 1.00 .89 225.70 4.97 2.20 176.20 225.70 49.50 
SOY CONTROL l 3.00 3.20 262.40 6.20 2.36 191.80 262.40 70.60 
SOY CONTROL 1 5.00 22.90 281.00 9.60 3.42 194.90 281.00 86.10 
SOY CONTROL 1 1.00 .40 263.20 6.00 2.28 182.20 263.20 81.00 
SOY CONTROL 1 2.00 8.20 233.00 6.20 2.66 181.10 233.00 51.90 
SOY CONTROL l 4.00 6.40 275.20 6.50 2.36 186.00 275.20 89.20 
SOY CONTROL 0 .00 .00 222.30 5.50 2.47 189.90 222.301 32.40 
SOY CONTROL 0 .00 .00 241.10 6.10 2.53 196.80 241.10 44.30 
SOY CONTROL 1 1.00 .30 254.90 5.30 2.08 178.30 254.901 76.60 
SOY CONTROL 0 .00 .00 281.00 5.80 2.06 213.00 281.00 68.00 
SOY CONTROL 1 1.00 .40 299.50 8.30 2.77 231.20 299.50 68.30 
SOY CONTROL 1 1.00 .20 251.70 6.70 2.66 200.60 251.70 51.10 
SOY CURCUMI 0 .00 :00 223.00 5.77 2.59 187.50 223.00 35.50 
SOY CURCUMU l 1.00 3.18 251.70 6.74 2.68 179.50 251.70' 72.20 
SOY CURCUMI 0 .00 .00 269.90 6.63 2.46 202.40 269.90 67.50 
SOY CURCUMI 0 .00 .00 240.40 5.69 2.37 174.60 240.40 65.80 
SOY CURCUMI 1 2.00 .71 246.90 6.60 2.67 190.10 246.90 56.80 
SOY CURCUMI l 1.00 5.68 223.10 7.54 3.38 189.80 225.40! 35.60 
SOY CURCUMI 1 1.00 2.14 223.10 5.07 2.27 167.40 223.IOi 55.70
SOY CURCUMI 1 3.00 10.84 269.30 7.44 2.76 211.60 274.40 62.80 
SOY CURCUMI 0 .00 .00 237.60 6.79 2.86 204.60 241.30 36.70 
SOY CURCUMI 0 .00 .00 218.50 5.18 2.37 183.20 237.601 54.40 
SOY CURCUMI 0 .00 .00 216.30 5.51 2.55 189.30 218.50 29.20 
SOY CURCUMI 1 1.00 12.75 251.80 7.48 2.97 186.30 216.30 1 30.00 
SOY CURCUMI l 2.00 6.57 219.40 5.82 2.65 195.90 237.80 41.90 
SOY CURCUMI 0 .00 .00 247.20 6.00 2.43 185.50 219.40 33.90 
SOY CURCUMI o .00 .00 258.20 7.00 2.71 178.90 258.20 79.30 
SOY CURCUMI 1 2.00 17.60 259.30 9.40 3.63 1 175.10 259.301 84��
SOY CURCUMI l 2.00 1.00 244.30 6.20 2.54 167.40 244.30, 76.90 
SOY CURCUMI I 3.00 11.50 246.80 8.00 3.24 174.90 246.80\ 71.90 
SOY CURCUMI l 4.00 8.30 291.40 6.50 2.23 187.00 220.10 33. IO
SOY CURCUMI 0 .00 .00 252.10 7.00 2.28 226.20 2CJl.40i ?5.2Q 
SOY CURCUMI o .00 .00 235.70 6.50 2.76 214.10 252.101 38 00 
SOY CURCUMI 1 I.00 1.30 222.30 7.50 3.37 174.00 235.7or-6! 70 
SOY CURCUMI I 1.00 6.10 267.20 6.20 2.32 175.10 222.301 47.20_ 

soy CURCUMI o .00 .00 271.20 7.60 2.80 193.70 267.20 �� 

SOY CURCUMI I 1.00 .80 216.30 8.10 3.74 196.70 27 J.20! 74.50 
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APPENDIXG 

EXPERIMENTAL DATA ON SERUM UREA NITROGEN, CREATININE, AST, 

TRIACYLGL YCEROLS, TOT AL AND HDL-CHOLESTEROL CONCENTRATIONS



TUMOR NO /PROTEIN 
TUMOR 
TUMOR 

�--

TUMOR 
TUMOR 
-·- --- . 

TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 
TUMOR 

!CASEIN
!CASEIN
CASEIN 
CASEIN 

. .. 

CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
CASEIN 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 
SOY 

ITREATMEN UREA ICREATINI GOT 
CONTROL 24.26 .391 67.20 
CONTROL 25.00 .41 58.56 
CONTROL 27.69 .51 31.20 
CONTROL 23.52 .64 36.48 

I 

CONTROL 26.85 .55 45.12 
CONTROL 22.96 .46 41.76 
CONTROL 21.48 .53 58.56 
CONTROL 31.20 .49 64.32 
CURCUMIN 20.00 .47 26.88 
CURCUMIN 26.94 .36! 18.24 
CURCUMIN 22.41 .32 46.56 
CURCUMIN 25.56 .48! 37.44 
CURCUMIN 30.93 .491 39.36 
CURCUMIN 25.28 .441 21.12 
CURCUMIN 26.20 .421 28.80 
CURCUMIN 27.87 .821 66.24 
CONTROL 43.21 .421 24.96 
CONTROL 42.05 .44! 32.16 
CONTROL 42.55 .56i 34.08 
CONTROL 42.88 .44 48.00 
CONTROL 48.68 .49 49.44 
CONTROL 55.30 .46 28.80 
CONTROL 48.01 .33! 48.00 
CONTROL 46.52 .44 43.68 
CURCUMIN 31.00 .36i 19.68 
CURCUMIN 34.89 .11\ 16.80 
CURCUMIN 36.89 .45 19.68 

CURCUMIN 47.44 .51 I 47.04 

CURCUMIN 32.89 .48 21.60 
CURCUMIN 33.11 .471 44.64 
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TUMOR_NO PROTEIN /TREAT.MEN UREA /CREA TINI 1 GOT 
NO-TUMOR !CASEIN CONTROL 21.02 .39 47.52 
NO-TUMOR CASEIN CONTROL 22.13 .44 30.72 
NO-TUMOR CASEIN CONTROL 23.80 .58 35.04 
NO-TUMOR 

·-

CASEIN CONTROL 23.70 .121 42.24 >-·---

NO-TUMOR /CASEIN CONTROL 26.76 .52 53.28 
NO-TUMOR CASEIN CONTROL 27.04 .37 103.20 
NO-TUMOR CASEIN CONTROL 24.17 .41 29.28 
NO-TUMOR CASEIN CONTROL 28.98 .14 48.48 
NO-TUMOR CASEIN CURCUMIN 25.00 .62 36.48 
NO-TUMOR CASEIN CURCUMJN 23.06 .37 23.52 
NO-TUMOR CASEIN CURCUMJN 26.11 .56 43.20 
NO-TUMOR CASEIN CURCUMTh 26.20 .46 43.20 

NO-TUMOR CASEIN CURCUMTh 24.01 .44 24.96 
NO-TUMOR SOY CONTROL 42.05 .51 38.88 
NO-TUMOR SOY CONTROL 49.34 .48 25.44 
NO-TUMOR SOY CONTROL 47.68 .56 38.88 
NO-TUMOR SOY CONTROL 44.54 .62 38.88 
NO-TUMOR SOY CONTROL 40.73 .32 34.08 
NO-TUMOR SOY CONTROL 42.38 .43 I 11.52 
NO-TUMOR SOY CONTROL 43.54 .36 8.64 
NO-TUMOR SOY CONTROL 44.70 .43/ 49.92 
NO-TUMOR SOY CURCUMJN1 31.56 .60! 18.24 
NO-TUMOR SOY CURCUMTh 25.44 .441 42.24 

NO-TUMOR SOY CURCUMTh 20.89 .47 30.72 
NO-TUMOR SOY CURCUMIN 31.00 .44 41.76 
NO-TUMOR SOY CURCUMIN 27.56 .47 24.96 
NO-TUMOR SOY CURCUMIN 26.56 .42 24.96 
NO-TUMOR SOY CURCUMIN 36.67 .50 38.88 
NO-TUMOR 1SOY CURCUMIN 35.44 .47 65.76 
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APPENDIXH 

ANOV A SUMMARY TABLE FOR BODY WEIGHTS AND WEIGHT GAIN 



Tests of Between-Subjects Effects 

Dependent Variable· BODYWT 

Type Ill Sum 
Source of Sauares df Mean Sauare F Sia. 
Corrected Model 4426.5498 3 1475.516 3.603 .016 
Intercept 6108694.325 1 6108694.325 14914.921 .000 

PROTEIN 2.255 1 2.255 .006 .941 

CURCUMIN 4328.443 1 4328.443 10.568 .002 

PROTEIN * CURCUMIN 116.756 1 116.756 .285 .595 

Error 38499.518 94 409.569 

Total 6167176.090 98 

Corrected Total 42926.067 97 

a. R Squared= .103 (Adjusted R Squared= .074)

Tests of Between-Subjects Effects 

Dependent Variable· FINBWT 

Type Ill Sum 

Source of Sauares df Mean Sauare F Sia. 

Corrected Model 5208.1268 3 1736.042 3.887 .011 

Intercept 6099446.684 1 6099446.684 13657.036 .000 

CURCUMIN 5058.762 1 5058.762 11.327 .001 

PROTEIN .213 1 .213 .000 .983 

CURCUMIN * PROTEIN 182.998 1 182.998 .410 .524 

Error 41981.874 94 446.616 

Total 6163093.380 98 

Corrected Total 47190.000 97 

a. R Squared = .11 O (Adjusted R Squared = .082)
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Dependent Variable: FINBWT 

Bonferroni 

Mean 
Difference 

Multiple Comparisons 

95% Confidence Interval 

(I) protein (J) protein (1-J) Std. Error Sia. Lower Bound Uooer Bound 
C cu 17.1136* 6.1060 .037 .6566 33.5706 

s 2.8280 5.9774 1.000 ·13.2825 18.9385 

SU 14.4720 5.9774 .104 ·1.6385 30.5825 
cu C -17.1136* 6.1060 .037 -33.5706 ·.6566

s -14.2856 6.1060 .129 -30.7426 2.1714

SU -2.6416 6.1060 1.000 -19.0986 13.8154 
s C -2.8280 5.9774 1.000 -18.9385 13.2825 

cu 14.2856 6.1060 .129 -2.1714 30.7426 

SU 11.6440 5.9774 .326 -4.4665 27.7545 

SU C -14.4720 5.9774 .104 -30.5825 1.6385 

cu 2.6416 6.1060 1.000 -13.8154 19.0986 

s -11.6440 5.9774 .326 -27.7545 4.4665 

• · The mean difference is significant at the .05 level.

Tests of Between-Subjects Effects 

Dependent Variable· WT GAIN

Type Ill Sum 
Source of Sauares df Mean Sauare F Sia. 

Corrected Model 3647.472a 3 1215.824 3.302 .024 

Intercept 353468.305 1 353468.305 959.961 .000 

CURCUMIN 3584.793 1 3584.793 9.736 .002 

PROTEIN 76.145 1 76.145 .207 .650 

CURCUMIN • PROTEIN 16.778 1 16.778 .046 .831 

Error 34611.831 94 368.211 

Total 393957.230 98 

Corrected Total 38259.303 97 

a. R Squared= .095 (Adjusted R Squared= .066)
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APPENDIX I 

ANOVA SUMMARY TABLE FOR RELATIVE LIVER WEIGHT 



Tests of Between-Subjects Effects 

Dependent Variable· RELLIV 

Source 
Type Ill Sum 
of Sauares df Mean Square F Sia. 

Corrected Model 1.9688 3 .656 4.145 .008 

Intercept 661.133 1 661.133 4177.546 .000 

PROTEIN .129 1 .129 .813 .370 

CURCUMIN 1.463 1 1.463 9.242 .003 

PROTEIN * CURCUMIN .354 1 .354 2.238 .138 

Error 14.876 94 .158 

Total 677.817 98 

Corrected Total 16.844 97 

a. R Squared = .117 {Adjusted R Squared = .089)

Multiple Comparisons

Dependent Variable: COMPUTE relliv = (absliv / finbwt) * 100 (COMPUTE)

Bonferroni 

Mean 95% Confidence Interval 
Difference 

(I) protein (J) protein (1-J) Std. Error Sig. Lower Bound Upper Bound 

C cu -.1493 .1115 1.000 -.4497 .1512 

s .1902 .1091 .508 -.1040 .4843 

SU -.1951 .1091 .463 -.4892 9.907E-02 

cu C .1493 .1115 1.000 -.1512 .4497 

s .3394* .1115 .018 3.895E-02 .6399 

SU -4.5815E-02 .1115 1.000 -.3463 .2547 

s C -.1902 .1091 .508 -.4843 .1040 

cu -.3394* .1115 .018 -.6399 -3.8946E-02

SU -.3852* .1091 .004 -.6794 -9.1087E-02

SU C .1951 .1091 .463 -9.9069E-02 .4892 

cu 4.581E-02 .1115 1.000 -.2547 .3463 

s .3852* .1091 .004 9.109E-02 .6794 

• · The mean difference is significant at the .05 level.
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APPENDIXJ 

CHI-SQUARED SUMMARY TABLE FOR TUMOR INCIDENCE 



� 

ti = 1 (FILTER) * diet* CURCUMIN Crosstabulation

CURCUMIN 
no ti - 1 (t-lLI Ct() Not ;:,eIecteo t;ount 

Expected Count 
% within ti = 1 (FILTER) 
% within diet 
% of Total 

Selected Count 
Expected Count 
% within ti = 1 (FILTER) 
% within diet 
%of Total 

lotal Count 
Expected Count 
% within Ii = 1 (FILTER) 
% within diet 
% ofTotal 

cure ti = 1 (FILTER) Not Selected count 
Expected Count 
% within ti = 1 (FILTER) 
% within diet 
% of Total 

·selecteo t;ount 
Expected Count 
% within Ii = 1 (FILTER) 
% within diet 
% of Total 

lotal Count 
Expected Count 
o/o within Ii = 1 (FILTER) 
% within diet 
o/oofTotal 

Chi-Square Tests 

df CURCUMIN Value 
. .J.>J 1 nu -c.,, ,un 1.,nI-::,quare 

Continuity Correction a .083 1 

Likelihood Ratio .334 1 

Fisher's Exact Test 
Linear-by-Linear .327 1 

Association 
N of Valid Cases 50 

1 cure Pearson cn,-::;quare 5.557" 
1 Continutty Correction a 4.159 

Likelihood Ratio 5.841 1 

Fisher's Exact Test 
Linear-by-Linear 5.441 1 

Association 
N of Valid Cases 48 

a. Computed only for a 2x2 table 
b · · m expected count is 10 00 · O cells (.0%) have expected count Jess than 5. The m1mmu · · 

c O T · ·mum expected count is 6.71 . · cells (.0%) have expected count less than 5. he m,m 
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diet 
casein soy 

11 9 

10.0 10.0 
55.0% 45.0% 
44.0% 36.0% 
22.0% 18.0% 

14 16 
15.0 15.0 

46.7% 53.3% 
56.0% 64.0% 
28.0% 32.0% 

25 25 
25.0 25.0 

50.0% 50.0% 
100.0% 100.0% 
50.0% 50.0% 

3 11 
6.7 7.3 

21.4% 78.6% 
13.0% 44.0% 
6.3% 22.9% 

20 14 
16.3 17.7 

58.8% 41.2% 
87.0% 56.0% 
41.7% 29.2% 

23 25 
23.0 25.0 

47.9% 52.1% 
100.0% 100.0% 
47.9% 52.1% 

Asymp. Sig. 
(2-srded) 

_:,o.<! 

.773 

.563 

.568 

.018 

.041 

.016 

.020 

Total 
20 

20.0 
100.0% 

40.0% 
40.0% 

30 
30.0 

100.0% 
60.0% 
60.0% 

50 
50.0 

100.0% 
100.0% 
100.0% 

14 
14.0 

100.0% 
29.2% 
29.2% 

34 
34.0 

100.0% 
70.8% 
70.8% 

48 
48.0 

100.0% 
100.0% 
100.0% 

Exact Sig. Exact Sig. 
(2-srded) (1-S1ded) 

.n3 .387 

.027 .019 
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CURCUMIN •Tl• protein Crosstabulation 

Tl 
protein No Tumor Tumor Total 
casein �GUIVlll'l no count 77 14 i!l 

Expected Count 7.3 17.7 25.0 
% within CURCUMIN 44.0% 56.0% 100.0% 
%within Tl 78.6% 41.2% 52.1% 
% of Total 22.9% 29.2% 52.1% 

cure Count 3 20 23 

Expected Count 6.7 16.3 23.0 

% within CURCUMIN 13.0% 87.0% 100.0% 

%within Tl 21.4% 58.8% 47.9% 

% ofTotal 6.3% 41.7% 47.9% 

1otal Count 14 34 48 

Expected Count 14.0 34.0 48.0 

% within CURCUMIN 29.2% 70.8% 100.0% 

% within Tl 100.0% 100.0% 100.0% 

% ofTotal 29.2% 70.8% 100.0% 

soy UJRCUMIN no count 9 16 25 

Expected Count 10.0 15.0 25.0 

% within CURCUMIN 36.0% 64.0% 100.0% 

%within Tl 45.0% 53.3% 50.0% 

% of Total 18.0% 32.0% 50.0% 

cure count 11 14 25 

Expected Count 100 15.0 25.0 

% within CURCUMIN 44.0% 56.0% 100.0% 

%within Tl 55.0% 46.7% 50.0% 

% of Total 22.0% 28.0% 50.0% 

1otal count 20 30 50 

Expected Count 20.0 30.0 50 0 

% within CURCUMIN 40.0% 60.0% 100.0% 

% within Tl 100.0% 100.0% 100.0% 

% ofTotal 40.0% 60.0% 100.0% 

Chi-Square Tests 

Asymp. Sig. Exact Sig Exact Sig 

protein Value df 12-sided) (2-sidedl (1-sided) 

wo�I -ce11�v11 l.,r h::,yuart: :,_:,:,/" 1 .Ul<l 

Continuity Correction . 4.159 1 .041 

Likelihood Ratio 5.841 1 .016 
027 019 

F1she(s Exact Test 
Linear-by-Linear 5.441 1 .020 
Association 
N of Valid Cases 48 

soy 1-'earson cnI-::,quare .333' 1 .564 

Continuity Correction . .083 1 .773 

Likelihood Ratio .334 1 .563 
773 387 

F1she(s Exact Test 
Linear-by-Linear .327 1 .568 
Association 
N of Valid Cases 50 

a. Computed only for a 2x2 table 
b 

O cells (.0%) have expected count less than 5. The minimum expected count is 6.71. 

c
. 0 cells (.0%) have expected count less than 5. The minimum expected count 15 1o.oo. 
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APPENDIXK 

ANOVA SUMMARY TABLE FOR TUMOR MULTIPLICITY 



Tests of Between-Subjects Effects 

Dependent Variable· TUMMUL T 

Source 
Type Ill Sum 
of Sauares df Mean Square F Sia. 

Corrected Model 1.862a 3 .621 2.643 .058 

Intercept 15.027 1 15.027 63.986 .000 

PROTEIN .294 1 .294 1.250 .268 

CURCUMIN .325 1 .325 1.382 .245 

PROTEIN * CURCUMIN 1.267 1 1.267 5.393 .024 

Error 13.621 58 .235 

Total 30.000 62 

Corrected Total 15.484 61 

a. R Squared = .120 (Adjusted R Squared = .075)

Multiple Comparisons

Dependent Variable: TUMMUL T 

Bonferroni 

Mean 95% Confidence Interval
Difference 

(I) protein (J) orotein (1-J) Std. Error Sia. Lower Bound Uooer Bound 

C cu .4357 .1704 .079 -2.9188E-02 .9006 

s .3482 .1789 .338 -.1400 .8365 

SU .2857 .1848 .764 -.2185 .7900 

cu C -.4357 .1704 .079 -.9006 2.919E-02 

s -8.7500E-02 .1640 1.000 -.5350 .3600 

SU -.1500 .1704 1.000 -.6149 .3149 

s C -.3482 .1789 .338 -.8365 .1400 

cu 8.750E-02 .1640 1.000 -.3600 .5350 

SU -6.2500E-02 .1789 1.000 -.5507 .4257 

SU C -.2857 .1848 .764 -.7900 .2185 

cu .1500 .1704 1.000 -.3149 .6149 

s 6.250E-02 .1789 1.000 -.4257 .5507 
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APPENDIXL 

ANOV A SUMMARY TABLE FOR SERUM UREA NITROGEN 



Tests of Between-Subjects Effects 

Dependent Variable· LNUREA

Type Ill Sum 
Source of Sauares df Mean Sauare F Sia. 
Corrected Model 3.585a 3 1.195 71.110 .000 
Intercept 687.290 1 687.290 40898.244 .000 
CURCUMIN .425 1 .425 25.309 .000 
PROTEIN 2.475 1 2.475 147.280 .000 
CURCUMIN * PROTEIN .493 1 .493 29.345 .000 
Error .924 55 1.680E-02 
Total 700.993 59 

Corrected Total 4.509 58 

a. R Squared= .795 (Adjusted R Squared= .784)

Multiple Comparisons 

Dependent Variable: LNUREA 

Bonferroni 

Mean 
Difference 95% Confidence Interval 

(I) curcumin (J) curcumin {1-J) Std. Error Sia. Lower Bound Uooer Bound 
C cu -1 .8068E-02 5.473E-02 1.000 -.1681 .1320 

s -.5738* 4.868E-02 .000 -.7072 -.4404 

SU -.2410* 5.218E-02 .000 -.3841 -9.8018E-02

cu C 1.807E-02 5.473E-02 1.000 -.1320 .1681 

s -.5557* 5.407E-02 .000 -.7040 -.4075 

SU -.2230* 5.725E-02 .002 -.3799 -6.6055E-02

s C .5738* 4.868E-02 .000 .4404 .7072 

cu .5557* 5.407E-02 .000 .4075 .7040 

SU .3328* 5.149E-02 .000 .1917 .4739 

SU C .2410* 5.218E-02 .000 9.802E-02 .3841 

cu .2230* 5.725E-02 .002 6.605E-02 .3799 

s -.3328* 5.149E-02 .000 -.4739 -.1917 

* · The mean difference is significant at the .05 level.
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Tests of Between-Subjects Effects 

Dependent Variable· urea 

Type Ill Sum 
Source of Sauares df Mean Sauare F Siq. 
Corrected Model 4061.697a 7 580.242 37.734 .000 

Intercept 57846.460 1 57846.460 3761.835 .000 

TUMOR 79.683 1 79.683 5.182 .027 

DIET 2665.395 1 2665.395 173.334 .000 

SUPPL 519.496 1 519.496 33.784 .000 

TUMOR• DIET 38.657 1 38.657 2.514 .119 

TUMOR • SUPPL 25.048 1 25.048 1.629 .208 

DIET• SUPPL 559.149 1 559.149 36.362 .000 

TUMOR • DIET • SUPPL 23.154 1 23.154 1.506 .226 

Error 768.860 50 15.377 

Total 64283.372 58 

Corrected Total 4830.556 57 

a. R Squared = .841 (Adjusted R Squared = .819)
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Multlple Comparisons 

Dependent Variable: LNUREA 
Bonferroni 

Mean 
Difference 95% Confidence Interval 

(I) curcumin (Jl curcumin 1I-J) Std. Error Sia. Lower Bound 
T-C T-CU 

Uooer Bound 
-9.5930E-03 6.215E-02 1.000 -.2149 .1957 

T-S -.6006. 6.215E-02 .000 -.8060 -.3953 
T-SU ._3472· 6.712E-02 .000 -.5689 -.1254 
NT-C 2.558E·02 6.215E-02 1.000 -.1798 .2309 
NT-CU 6.238E-03 8.415E-02 1.000 -.2718 .2843 
NT-S ._5535• 6.215E-02 .000 -.7688 -.3581 
NT-SU -.1386 6.215E-02 .849 -.3439 6.673E-02 

T-CU T-C 9.593E-03 6.215E-02 1.000 -.1957 .2149 
T-S -.5911· 6.215E-02 .000 -.7964 -.3857 
T-SU ._3375• 6.712E-02 .000 -.5594 -.1158 
NT-C 3.518E-02 6.215E-02 1.000 -.1702 .2405 
NT-CU 1.583E-02 8.415E-02 1.000 -.2622 .2939 
NT-S ._5539• 6.215E-02 .000 -.7592 -.3485 

NT-SU -.1290 6.215E-02 1.000 -.3344 7.632E-02 
T-S T-C .6006· 6.215E-02 .000 .3953 .8060 

T-CU _5911· 6.215E-02 .000 .3857 .7964 

T-SU .2535. 6.712E-02 .012 3.170E-02 .4753 

NT-C .6262. 6.215E-02 .000 .4209 .8316 

NT-CU .6069. 8.415E-02 .000 .3289 .8849 

NT-S 3.720E-02 6.215E-02 1.000 -.1681 .2425 

NT-SU .4620· 6.215E-02 .000 .2567 .6674 
T-SU T-C _3472• 6.712E-02 .000 .1254 .5689 

T-CU _3375• 6.712E-02 .000 .1158 .5594 

T-S -.2535. 6.712E-02 .012 -.4753 -3. 1697E-02 

NT-C .3727" 6}'12E-02 .000 .1510 .5945 

NT-CU _3534• 8.789E-02 .006 6.301E-02 .6438 

NT-S -.2163 6.712E-02 .063 -.4381 5.498E-03 

NT-SU .2086 6.712E-02 .088 -1.3236E-02 .4303 

NT-C T-C -2.5584E-02 6.215E-02 1.000 -.2309 .1798 

T-CU -3.5177E-02 6.215E-02 1.000 -.2405 .1702 

T-S -.6262. 6.215E-02 .000 -.8316 -.4209 

T-SU -.3727" 6.712E-02 .000 -.5945 -.1510 

NT-CU -1.9346E-02 8.415E-02 1.000 -.2974 .2587 

NT-S -.5890. 6.215E-02 .000 -.7944 -.3837 

NT-SU -.1642 6.215E-02 .309 -.3695 4.115E-02 

NT-CU T-C -6.2382E-03 8.415E-02 1.000 -.2843 .2718 

T-CU -1.5831E-02 8.415E-02 1.000 -.2939 .2622 

T-S -.6069. 8.415E-02 .000 -.8849 -.3289 

T-SU ._3534• 8.789E-02 .006 -.6438 -6.3008E-02 

NT-C 1.935E-02 8.415E-02 1.000 -.2587 .2974 

NT-S -.5697" 8.415E-02 .000 -.84n -.2917 

NT-SU -.1448 8.415E-02 1.000 -.4229 .1332 

NT-S T-C _5535• 6.215E-02 .000 .3581 .7688 

T-CU _5539• 6.215E-02 .000 .3485 .7592 

T-S -3.7195E-02 6.215E-02 1.000 -.2425 .1681 

T-SU .2163 6.712E-02 .063 -5.4980E-03 .4381 

NT-C .5890. 6.215E-02 .000 .3837 .7944 

NT-CU _5597• 8.415E-02 .000 .2917 .84n 

NT-SU .4248. 6.215E-02 .000 .2195 .6302 

NT-SU T-C .1386 6.215E-02 .849 -6.6729E-02 .3439 

T-CU .1290 6.215E-02 1.000 -7.6322E-02 .3344 

T-S -.4620· 6.215E-02 .000 -.6674 -.2567 

T-SU -.2086 6.712E-02 .088 -.4303 1.324E-02 

NT-C .1642 6.215E-02 .309 -4.1145E-02 .3695 

NT-CU .1448 8.415E-02 1.000 -.1332 .4229 

NT-S . .4240• 6.215E-02 .000 -.6302 -.2195 

•. The mean difference is significant at the .05 level. 
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APPENDIXM 

ANOV A SUMMARY TABLE FOR SERUM ASP AR TA TE AMINOTRANSFERASE 



Tests of Between-Subjects Effects 

Dependent Variable· GOT 

Source 
Type Ill Sum 
of Squares df Mean Sauare F Sia. 

Corrected Model 2110.936a 3 703.645 2.233 .094 

Intercept 98138.400 1 98138.400 311.416 .000 

PROTEIN 1361.761 1 1361.761 4.321 .042 

CURCUMIN 234.506 1 234.506 .744 .392 

PROTEIN * CURCUMIN 441.034 1 441.034 1.400 .242 

Error 17962.728 57 315.136 

Total 119149.602 61 

Corrected Total 20073.664 60 

a. R Squared = .105 (Adjusted R Squared = .058)

Multiple Comparisons 

Dependent Variable: GOT 
Bonferroni 

Mean 95% Confidence Interval 
Difference 

(I) curcumin (J) curcumin (1-J) Std. Error Sio. Lower Bound Uooer Bound 

C cu 14.1709 6.1923 .157 -2.8016 31.1435 

s 15.8188* 5.5068 .035 .7252 30.9125 

SU 12.0123 5.9033 .281 -4.1681 28.1927 

cu C -14.1709 6.1923 .157 -31.1435 2.8016 

s 1.6479 6.1177 1.000 -15.1200 18.4159 

SU -2.1586 6.4769 1.000 -19.9111 15.5939 

s C -15.8188* 5.5068 .035 -30.9125 -.7252 

cu -1.6479 6.1177 1.000 -18.4159 15.1200 

SU -3.8065 5.8249 1.000 -19.7721 12.1591 

SU C -12.0123 5.9033 .281 -28.1927 4.1681 

cu 2.1586 6.4769 1.000 -15.5939 19.9111 

s 3.8065 5.8249 1.000 -12.1591 19.7721 

• · The mean difference is significant at the .05 level.
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Tests of Between-Subjects Effects 

Dependent Variable· GOT 

Type Ill Sum 
Source of Squares df Mean Sauare F Siq. 
Corrected Model 2743.6528 7 391.950 1.199 .320 

Intercept 97927.955 1 97927.955 299.491 .000 

PROTEIN 1395.104 1 1395.104 4.267 .044 

CURCUMIN 211.417 1 211.417 .647 .425 

TUMOR_NO 5.076E-03 1 5.076E-03 .000 .997 

PROTEIN • CURCUMIN 414.377 1 414.377 1.267 .265 

PROTEIN • TUMOR_NO 263.643 1 263.643 .806 .373 

CURCUMIN 
TUMOR_NO 

340.958 1 340.958 1.043 .312 

PROTEIN • CURCUMIN 
17.887 1 17.887 .055 .816 

*TUMOR_NO

Error 17330.012 53 326.981 

Total 119149.602 61 

Corrected Total 20073.664 60 

a. R Squared = .137 (Adjusted R Squared = .023)
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Multiple Comparisons 

Dependent Variable: GOT 

Bonferroni 

Mean 

(I) curcumin /JI curcumin 
Difference 95% Confidence Interval 

11-J) Std. Error Sia. 
T-C T-CU 

Lower Bound Uooer Bound 
14.8200 8.1684 1.000 -12.1696 41.8096 

T-S 11.7600 8.1684 1.000 -15.2296 38.7496 
T-SU 13.9267 8.8229 1.000 -15.2254 43.0788 
NT-C 1.6800 8.1684 1.000 -25.3096 28.6696 
NT-CU 15.5200 11.0601 1.000 -21.0241 52.0641 
NT-S 19.6200 8.1684 .564 -7.3696 46.6096 
NT-SU 14.4600 8.1684 1.000 -12.5296 

T-CU T-C 
41.4496 

-14.8200 8.1684 1.000 -41.8096 12.1696 
T-S -3.0600 8.1684 1.000 -30.0496 23.9296 
T-SU -.8933 8.8229 1.000 -30.0454 28.2588 

NT-C -13.1400 8.1684 1.000 -40.1296 13.8496 

NT-CU .7000 11.0601 1.000 -35.8441 37.2441 

NT-S 4.8000 8.1684 1.000 -22.1896 31.7896 

. 
NT-SU -.3600 8.1684 1.000 -27.3496 26.6296 

T-S T-C -11.7600 8.1684 1.000 -38.7496 15.2296 

T-CU 3.0600 8.1684 1.000 -23.9296 30.0496 

T-SU 2.1667 8.8229 1.000 -26.9854 31.3188 

NT-C -10.0800 8.1684 1.000 -37.0696 16.9096 

NT-CU 3.7600 11.0601 1.000 -32.7841 40.3041 

NT-S 7.8600 8.1684 1.000 -19.1296 34.8496 

NT-SU 2.7000 8.1684 1.000 -24.2896 29.6896 

T-SU T-C -13.9267 8.8229 1.000 -43.0788 15.2254 

T-CU .8933 8.8229 1.000 -28.2588 30.0454 

T-S -2.1667 8.8229 1.000 -31.3188 26.9854 

NT-C -12.2467 8.8229 1.000 -41.3988 16.9054 

NT-CU 1.5933 11.5519 1.000 -36.5757 39.7624 

NT-S 5.6933 8.8229 1.000 -23.4588 34.8454 

NT-SU .5333 8.8229 1.000 -28.6188 29.6854 

NT-C T-C -1.6800 8.1684 1.000 -28.6696 25.3096 

T-CU 13.1400 8.1684 1.000 -13.8496 40.1296 

T-S 10.0800 8.1684 1.000 -16.9096 37.0696 

T-SU 12.2467 8.8229 1.000 -16.9054 41.3988 

NT-CU 13.8400 11.0601 1.000 -22.7041 50.3841 

NT-S 17.9400 8.1684 .919 -9.0496 44.9296 

NT-SU 12.7800 8.1684 1.000 -14.2096 39.7696 

NT-CU T-C -15.5200 11.0601 1.000 -52.0641 21.0241 

T-CU -.7000 11.0601 1.000 -37.2441 35.8441 

T-S -3.7600 11.0601 1.000 -40.3041 32.7841 

T-SU -1.5933 11.5519 1.000 -39.7624 36.5757 

NT-C -13.8400 11.0601 1.000 -50.3841 22.7041 

NT-S 4.1000 11.0601 1.000 -32.4441 40.6441 

NT-SU -1.0600 11.0601 1 000 -37.6041 35.4841 

NT-S T-C -19.6200 8.1684 .564 -46.6096 7.3696 

T-CU -4.8000 8.1684 1.000 -31.7896 22.1896 

T-S -7.8600 8.1684 1.000 -34.8496 19.1296 

T-SU -5.6933 8.8229 1.000 -34.8454 23.4588 

NT-C -17.9400 8.1684 .919 -44.9296 9.0496 

NT-CU -4.1000 11.0601 1.000 -40.6441 32.4441 

NT-SU -5.1600 8.1684 1.000 -32.1496 21.8296 

NT-SU T-C -14.4600 8.1684 1.000 -41.4496 12.5296 

T-CU .3600 8.1684 1.000 -26.6296 27.3496 

-2.7000 8.1684 1.000 -29.6896 24.2896 

T-S 

T-SU -.5333 8.8229 1.000 -29.6854 28.6188 

-12.7800 8.1684 1.000 -39.7696 14.2096 

NT-C 
1.0600 11.0601 1.000 -35.4841 37.6041 

NT-CU 
5.1600 8.1684 1.000 -21.8296 32.1496 

NT-S 



APPENDIXN 

ANOV A SUMMARY TABLE FOR SERUM TRIACYLGL YCEROLS 



Tests of Between-Subjects Effects 

Dependent Variable· TRIGLCER 

Type Ill Sum 
Source of Squares df Mean Square F Sig. 
Corrected Model 4587.922a 7 655.417 1.082 .389 

Intercept 132288.668 1 132288.668 218.490 .000 

PROTEIN 143.540 1 143.540 .237 .628 

CURCUMIN 869.467 1 869.467 1.436 .236 

TUMOR_NO 3729.579 1 3729.579 6.160 .016 

PROTEIN * CURCUMIN 521.723 1 521.723 .862 .358 

PROTEIN * TUMOR_NO 299.665 1 299.665 .495 .485 

CURCUMIN * 
1416.413 1 1416.413 2.339 .132 

TUMOR_NO 

PROTEIN * CURCUMIN 
1010.966 1 1010.966 1.670 .202 

*TUMOR_NO

Error 30273.442 50 605.469 

Total 220196.099 58 

Corrected Total 34861.363 57 

a. R Squared = .132 (Adjusted R Squared = .010)
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APPENDIXO 

ANOVA SUMMARY TABLE FOR SERUM TOTAL CHOLESTEROL AND 

HDL-CHOLESTEROL 



Tests of Between-Subjects Effects 

Dependent Variable· TOTAL CH 

Source 
Type Ill Sum 
of Sauares df Mean Sauare F Sia. 

Corrected Model 4106.7098 3 1368.903 3.574 .020 

Intercept 266736.568 1 266736.568 696.474 .000 

PROTEIN 3745.190 1 3745.190 9.779 .003 

CURCUMIN 106.561 1 106.561 .278 .600 

PROTEIN • CURCUMIN 720.001 1 720.001 1.880 .176 

Error 20680.989 54 382.981 

Total 291932.163 58 

Corrected Total 24787.698 57 

a. R Squared = .166 (Adjusted R Squared = .119)

Tests of Between-Subjects Effects

Dependent Variable· TOTAL CH 

Source 
Type 111 Sum 

Mean Sauare F Sia. 
of Sauares df 

Corrected Model 4809.5358 7 687.076 1.720 .126 

Intercept 219949.003 1 219949.003 550.474 .000 

PROTEIN 2770.106 1 2770.106 6.933 .011 

CURCUMIN 37.271 1 37.271 .093 .761 

TUMOR NO 133.406 1 133.406 .334 .566 

PROTEIN • CURCUMIN 449.604 1 449.604 1.125 .294 

PROTEIN • TUMOR_NO 206.765 1 206.765 .517 .475 

CURCUMIN 19.130 1 19.130 .048 .828 

TUMOR NO 
PROTEIN • CURCUMIN 226.017 1 226.017 .566 .456 

*TUMOR NO
Error 19978.163 50 399.563 

Total 291932.163 58 

Corrected Total 24787.698 57 

a. R Squared = .194 (Adjusted R Squared = .081)
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APPENDIXP 

ANALYSIS OF CURCUMIN IN BIOLOGICAL TISSUES USING HPLC 



HPLC grade reagents and Chemicals required are: 

Curcumin from Sigma Cat#; Methanol (MeOH); Acetonitrile (ACN); Tetrahydrofuran 

(THF); Ethyl acetate (EAc), Propanol (PrOH); Hydrochloric acid (HCI); and Acetic acid. 

Materials 

The equipments required for this procedure are an HPLC system with UV/vis detector, 

Waters ODC C18 column (250x4. 6mm, 5µm particle size); The system was set to a flow 

rate of lmI.Jmin and read at 475nm. with an injection volume of lOµL. 

Other materials required are 0. 22µm cellulose membrane filters, vacuum filter pump, 

Centrifuge, Polytron, pH meter, and a Mechanical Shaker 

Preparation of solutions 

1. Mobile phase - 70% THF, 30% glacial acetic acid, deaerate through the vacuum filter

pump for at least 5 minutes

2. 6N HCl - To prepare lL of this solution, add 219 mL of HCI and make it up to

lO00mL using Milli Q Water.

3. Ethyl acetate/Propanol - 9:1 (v/v)

4. Phosphate buffer -

Preparation of standards: 

1. Prepare stock standard of curcumin by dissolving 10mg of curcumin in lOmL of THF

with a concentration of lmg/mL, Store in tightly capped amber bottle in the freezer

2. Prepare working standards from this stock solution at three different concentrations. I

had prepared 1 µg/mL, 1 0µg/mL, and 1 00µg/mL.
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Preparation of samples 

A. Curcumin in Blood:

1. Serum was acidified to pH 3. 0 with 6N HCI and extracted two times with equal

volumes of Ethyl acetate/Propanol - 9: 1 (v/v) by mechanical shaking for 3 min

2. Plasma samples were separated by centrifugation at 5000g for 10 min and filtered

through 0. 22µm cellulose membrane filter.

B. Curcumin inTissues:

l. A sample of liver tissue was cut and homogenized in 3 volumes of phosphate buffer

with a glass rod in a cryogenic vial.

2. An aliquot of homogenate was transferred to a microcentrifuge tube and acidified to

pH 3. 0 with 6N HCI, and extracted two times with equal volumes of Ethyl

acetate/Propanol - 9: 1 (v/v) by mechanical shaking for 3 min

3. Centrifuge at 5000g for 20 min

4. Use supernatant for HPLC analysis

152 



APPENDIXQ 

MICRO ASSAY FOR UREA NITROGEN USING SIGMA KIT#640 



1. Identify wells as blank, standard or sample #

2. Make a 2x urease solution by reconstituting a vial of urease buffer reagent

Cat#640-5 with 15mL Milli Q water. This solution is stable at 4C and longer

when frozen.

3. Add 8. 33µL of the 2x urease solution to each well.

4. Dilute serum samples and standard solutions (Cat#535-30/Cat#535-l 50) by

adding 60µL of Milli Q water to 2. 5µL of serum/standards. Mix well.

5. Add 8. 67µL of Milli Q water to blank wells.

6. Add 8. 67µL of standards/serum to the respective wells.

7. Mix contents by gently shaking on a orbital shaker.

8. Incubate at room temperature for 15-20mins while urea is hydrolyzed to

ammonia.

9. Add 33. 33µL of Phenol Nitroprusside solution (Cat#640-l). Mix.

10. Add 33. 33µL of Alkaline Hypochlorite solution (Cat#640-3). Mix.

11. Add 166. 67µL of Milli Q water.

12. Allow color to develop at a room temperature for 20-30mins.

13. Read at 550nm on plate reader. Color is stable for one hour.

14. This gives the total urea nitrogen

Calculations = 

Urea nitrogen concentration of the serum = 

Absorbance of the serum x • Concentration of the standard 

Absorbance of the standard 
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Principle: 

• Creatinine as well as other chromogens in the sample reacts with alkaline picrate

to develop a yellow/orange-colored solution

• The colored solution is acidified, and the color of creatinine-picrate is faded

• The change in the absorbance in the alkaline and acidic solution represents the

absorbance of the creatinine present in the sample

Procedure 

1. Turn ON the spectrophotometer to allow it to warm up.

2. Prepare alkaline picrate by mixing 5 parts of color reagent (Catalog#555-l) to one

part of 1. ON sodium hydroxide (Catalog#930-65). Alkaline picrate is stable if

stored at room temperature in the dark or an opaque container.

3. Remove the serum samples from freezer; place in order and thaw

4. Label the cuvettes and locate the necessary pipettes and tips

5. Pipette 400µL alkaline picrate solution in each cuvette

6. Set the spectrophotometer to read at 500nm, Select read average time of 0. 05

seconds; Select autosampler and specify cell to be read, Locate timer, Kim-wipes

and vortex machine.

7. Necessary time for the second stage is 5 minutes; so divide the number of samples

by 300 seconds to determine the interval.

8. Vortex the samples first, standard and then the blank(water)

9. Pipette 40µL of water into the first cuvette previously filled with alkaline picrate

solution and start the timer.

10. Invert the cuvette three times with a Para film after the sample is added.
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11. Pipette aliquots of the respective samples at the appropriate time interval

Stage II 

1. At 10 minutes from the addition of the first sample, read the first sample (Initial

A), then immediately add 13. 33µL acid reagent (Catalog#555-2) to the cuvette.

2. Invert the cuvette covered with Para film three times to mix after addition of the

acid reagent

3. Read the next sample at the interval determined at the first stage (same time

interval followed at Stage I or ten minutes after addition of the sample)

4. Continue the addition of the acid reagent until all cuvettes are read and combined

with acid reagent (Final-A). This stage should be completed at 15 minutes.

Stage ID 

1. Read the first cuvette at 15 minutes

2. Continue until all samples are read at the predetermined interval

3. Print absorbance values from the spectrophotometer

Calculation of Creatinine concentration (mg/dL) = 

(Initial A test - Final A test) -
(Initial A blank - Final A blank) 

(Initial A standard - Final A standard) -
(Initial A blank - Final A blank) 

x Concentration of Standard 
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APPENDIXS 

PROCEDURE FOR THE DETERMINATION OF SERUM ASPARTATE AMINO 

TRANSFERASE (AST) 



Preparation of Reagents: 
1. Sodium Hydroxide Solution {0.4N): Dissolve 16g of anhydrous sodium hydroxide in

l000mL of milli Q water. Store in small polyethylene or pyrex bottles to avoid
exposure to atmosphere.

2. Sigma prepared substrate:Catalog No. 505-1: DL-Aspartate, 0.2 mol/L and alpha keto
glutaric acid, 1.8 mmol/L in phosphate buffer, pH 7.5. Chloroform added as

preservative. Store at 2-6°C.

3. Sigma Color Reagent: Catalog No.: 505-2: 2,4-Dinitrophenyl hydrazine (DNP),
~20 mg/dL in acid solution. Store at 2-6°C.

4. Calibration solution for Transaminase : Catalog No. 505-10: Sodium Pyruvate 1.5
mmol/L in phosphate buffer, pH 7.5. Store at 2-6°C. 

5. Alanine alpha keto glutarate substrate: Catalog No. 505-51: DL-alanine, 0.2 mol/L,
and alpha ketoglutaric acid, 1.8 mmol/L in phosphate buffer, pH 7.5. Store at 2-6°C.

Preparation of samples: Serum GOT/ AST is stable for at least 2 weeks when 
refrigerated and longer when frozen. Serum GPT/ ALT is stable for 1 week when 
refrigerated and loses activity when frozen. 

Procedure: 
Start GPT/ALT assays 30 minutes after GOT/AST reaction. 

GPT/ALT 
1. Pipet 1.0 mL alanine alpha-keto glutarate in a test tube

2. Incubate at 37°C water bath to warm.
3. Add 0.2 mL serum, shake gently to mix, leave in water bath.
4. Exactly 30 minutes after adding serum, add 1.0 mL color reagent, shake gently

and leave at room temperature.

5. Exactly 20 minutes after adding color reagent add 10 mL of 0.4N NaOH solution.

Mix by inversion.
6. Wait at least 5 minutes more, READ at 505nm.

GOT/AST 
1. Pipet 1.0 mL prepared substrate in a test tube
2. Incubate at 37°C water bath to warm.
3. Add 0.2 mL serum, shake gently to mix, leave in water bath.

4. Exactly one hour after adding serum, add 1.0 mL color reagent, shake gently and

leave at room temperature.

5. Exactly 20 minutes after adding color reagent add 10 mL of 0.4N NaOH solution.

Mix by inversion.
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6. Wait at least 5 minutes more, READ at 505nm.

Preparation of serum blank: 
1. Add 1.0 mL of either of the substrate+ 1.0 mL of color reagent + 0.2 mL serum
2. Incubate for 20 mins at 25±5°C
3. Add 10 mL of 0.4 NaOH solution
4. Wait for 5 minutes and READ absorbance as reference at 505nm

For the Calibration Curve: 

Tube ID Calibration Sigma Water Serum GOT 

l 

2 
3 
4 
5 
6 

Solution Substrate Activity (SF 

(µL) (µL) (µL) Units) 

0 100 20 

10 90 20 

20 80 20 

30 70 20 

40 60 20 

50 50 20 

1. Prepare test tubes as described below for GOT/ AST and GPT/ AST.

2. Add 100 µL Sigma Color reagent.

3. Shake gently and leave at room temperature for 20 minutes

4. Add 1.0 mL of 0.4 N NaOH
5. Mix by inversion and let it sit for 5 minutes

6. Read between 490 and 520 nm.

Calculations: 

Serum GPT 
activity (SF 
Units) 

l. Plot a curve and determine concentrations from the graph in Sigma Frankel Units (SF

Units).
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APPENDIXT 

PROCEDURE FOR DETERMINATION OF SERUM TRIACYLGLYCERIDES 



Principle: 
lipase 

Triacylglycerides--------------------------------➔ glycerol + fatty acids 

Glycerol kinase 
Glycerol + ATP---:------------------------➔ glycerol-3-phosphate + ADP 

Glycerylphosphate oxidase 
Glycerol-3-phosphate + 02-------------➔ dihydroxy acetone phosphate + H2O2 

peroxidase 
H2O2+ 4-aminopyrine + 4-chlorophenol----------➔ quinoneimine + HCJ +4H2O 

Procedure: 

I. Pipet into cuvets the following volumes

Reagent Blank (RB) 

Activated reagent l.OmL

Standard -

Serum -

2. Cover with parafilm and mix by inversion.

Standard (S) 

l.OmL

IOµL 

-

3. Incubate at 37°C for 5min or room temperature for IOmin

4. Read at 500nm

Normal values: 30-150mg/dL 

Calculations= 

Triacylglyceride concentration of the serum = 

Absorbance of the serum 

Absorbance of the standard 

X Concentration of the standard 
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APPENDIXU 

PROCEDURE FOR THE DETERMINATION OF SERUM TOT AL AND 

HDL-CHOLESTEROL CONCENTRATION 



Stanbio Diagnostic Kit (Catalog No. 1010-225). 
Principle: 
a. Total Serum Cholesterol

Enzymatic reactions involved in this procedure are as follows:

Cholesterol Esters + H2O 

Free Cholesterol + 02

Cholesterol Esterase 

-------------> Free Cholesterol + Fatty acids 

Cholesterol Oxidase 

------------- > Cholest-4-en-3-one + H2O2

Peroxidase 

2H2O2 + 4-Aminophenazone + phenol ------------> H2O + O-Quinoeimine dye 

HDL-Cholesterol Precipitating Reagent (Catalog No. 0599-020) 
Dextran sulfate and Mg ions precipitate LDL and VLDL, leaving the HDL fraction in 
solution. Cholesterol concentration in HDL fraction is then assayed by an enzymatic 
method. (HDL Cholesterol Reagent contains active ingredients like Dextran sulfate, Mg 
ions, buffer, and nonreactive stabilizers and fillers). 

Procedure:--Determination of serum total and HDL Cholesterol 
1. Pipette 300 µl serum into microfuge tube and add 30 µl HDL precipitating regent
2. Vortex for 10 seconds.
3. Let stand for 5 minutes.
4. Centrifuge @ 1500 rpm for 10 minutes.
5. Add 1.0 ml of Enzymatic Cholesterol Reagent to each tube, then add the

following

Blank 
50mg/dL CHOL 
lO0mg/dL CHOL 
200mg/dL CHOL 
TOTAL CHOL 
HDLCHOL 

10 µl H20 
10 µl std 
10 µl std 
10 µl std 
10 µl serum 
10 µl supernatant 

6. Vortex for few seconds
7. Incubate for 10 minutes @ 37°C
8. Read absorbance@ 500 nm
9. Plot a standard curve for serum total cholesterol (concentration vs. absorbance)
10. Reading should be completed within 30 minutes

Calculation: TOTAL and HDL-CHOLESTEROL (mg/dl) = [(Aunk)/(As1ct)] x Cs1ctl 
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APPENDIXV 

NMU Dosage and Body Weights of the Rats 



r I 
Dosaee of NMU Given to Each Rat in the Four Experimenuil Diet Groups 

Dosa!e Calculated as SOm!!llu! bodv wei!ht 
Dietarv Group RatID Body Wei!ht (in !rams) I NMll (inmL) 

CASEIN 1 133.5 0.67 
CASEIN 2 146.8 0.73 
CASEIN 3 147.8 0.74 
CASEIN 4 152.7 i 0.76 
CASEIN 5 153.1 0.77 
CASEIN 6 158.7 0.79 

CASEIN 7 158.8 0.79 

CASEIN 8 138.0 0.69 

CASEIN 9 148.9 0.74 

CASEIN 10 149.0 0.75 

CASEIN 11 152.0 0.76 

CASEIN 12 152.2 0.76 

CASEIN 13 160.9 0.80 

CASEIN 14 161.4 0.81 

CASEIN 15 164.5 0.82 
-· 

CASEIN 16 168.7 0.84 

CASEIN 17 156.7 0.78 

CASEIN 18 160.9 I 0.80 

CASEIN 19 153.3 0.77 

CASEIN 20 146.7 0.73 

CASEIN 21 146.9 0.73 

CASEIN 22 179.0 0.90 

CASEIN 23 154.2 0.77 

CASEIN 24 157.2 0.79 

CASEIN 25 149.0 0.75 

CASEIN+2% CURCUMIN 1 136.1 0.68 

CASEIN+2% CURCUMIN 2 143.8 0.73 

CASEIN+2% CURCUMIN 3 148.1 0.74 

CASEIN+2% CURCUMTN 4 151.9 0.76 

CASEIN+2% CURCUMIN 5 153.4 0.77 

CASEIN+2% CURCUMIN 6 158.6 0.79 

CASEIN+2% CURCUMIN 7 158.9 0.79 

CASEIN+2% CURCUMIN 8 143.6 0.72 

CASEIN+2% CURCUMIN 9 148.6 
' 0.74 

CASEIN+2% CURCUMTN 10 149.4 0.75 

CASEIN+2% CURCUMIN 11 151.3 0.76 

CASEIN+2% CURCUMTN 12 153.5 0.77 

CASEIN+2% CURCUMIN 13 158.9 0.79 

CASEIN+2% CURCUMTN 14 162.0 0.81 

CASEIN+2% CURCUMIN 15 157.6 0.79 

CASEIN+2% CURCUMTN 16 148.1 0.74 
·-

CASEIN+2% CURCUMTN 17 152.9 0.76 

CASEIN+2% CURCUMTN 18 127.9 0.64 

CASEIN+2% CURCUMTN 19 165.7 0.83 

CASEIN+2% CURClJMIN 20 169.l 0.85 

CASEIN+2% CURCUMTN 21 158.7 0.79 
----

CASEIN+2% CURClJMfN 22 148.5 0.74 
-··· ---

CASEIN+2% CURClJMfN 23 147.1 0.74 
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Dosaee ol'NMU Given to Each Rat in the Four Experimental Diet Grouos 

! Dosate Calculated as SOn-.a:fkl! body wei2ht 
Dietary Group Rat ID Body Wei2ht (in l'rams) NMll (inmL) 

SOY 1 139.5 0.70 
SOY 2 145.3 0.73 
SOY 3 149.8 0.75 
SOY 4 151.9 0.76 
SOY 5 156.6 0.78 
SOY 6 158.1 0.79 
SOY 7 161.8 0.81 
SOY 8 145.1 0.73 
SOY 9 147.1 0.74 

-

SOY 10 150.1 0.75 
SOY 11 151.2 0.76 
SOY 12 154.6 0.77 
SOY 13 157.4 0.79 
SOY 14 162.1 0.81 
SOY 15 157.4 0.79 
SOY 16 159.8 0.80 
SOY 17 160.2 0.80 
SOY 18 162.1 0.81 
SOY 19 147.8 0.74 

SOY 20 154.1 0.77 

SOY 21 168.9 0.84 

SOY 22 150.0 0.75 

SOY 23 155.9 0.78 

SOY 24 147.6 0.74 

SOY 25 152.4 0.76 

SOY+2% CURCUMIN 1 142.0 0.71 

SOY+2% CURCUMIN 2 143.8 0.72 

SOY+2% CURCUMIN 3 150.1 0.75 

SOY+2% CURCUMIN 4 150.2 0.75 

SOY+2% CURCUMIN 5 157.3 0.79 

SOY+2% CURCUMIN 6 158.0 0.79 

SOY.+2% CURCUMIN 7 163.4 0.82 

SOY+2% CURCUMIN 8 145.6 0.73 

SOY+2% CURCUMIN 9. 145.7 0.73 

SOY+2% CURCUMIN 10 150.6 0.75 

SOY+2% CURCUMIN 11 155.6 0.78 

SOY+2% CURCUMIN 12 157.3 0.79 

SOY+2% CURCUMIN 13 163.5 0.82 

SOY+2% CURCUMIN 14 164.3 0.82 

SOY+2% CURCUMIN 15 155.2 0.78 

SOY+2% CURCUMIN 16 149.2 0.75 

SOY+2% CURCUMIN 17 155 8 0.78 

SOY+2% CURCUMIN 18 147.3 0.74 

SOY+2% CURCUMIN 19 146.5 0.73 

SOY+2% CURCUMIN 20 168.4 0.84 

SOY+2% CURCUMIN 21 158.4 0.79 

SOY+2% CURCUMIN 22 156.0 0.78 

SOY+2% CURCUMIN 23 153.7 0.77 

SOY+2% CURCUMIN 24 1445 0.72 

SOY+2% CURCUMIN 25 140.7 0.70 
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