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CHAPTER I 

INTRODUCTION 

The possibility that eating red meat might cause colon cancer has received much 

attention by the popular press. An article in Time magazine carried the headline "Red 

Alert on Red Meat" (Toulexis, 1990). Additionally, a cartoon accompanying a New York 

Times column showed a man using a saw to cut away the section of a dining table that 

held a platter of steak. When articles and pictures such as these are appearing in major 

newspapers and magazines, it is understandable that people have become concerned or 

even fiightened about eating red meat and rightly so as cancer is second only to heart 

disease as the leading cause of death in the United States (American Cancer Society, 

1992). Colorectal cancer is the third leading cancer in both men and women (Figures 1 

and 2) and accounted for 11% of all cancer deaths in males and 13% in females in 1992 

(Anonymous, 1992). 

Recent epidemiological studies have implicated red meat consumption as a risk 

factor for colon cancer in both men and women. A recent analysis of mortality data has 

identified animal fat in particular as the factor most strongly correlated with the risk for 

colon cancer (McKeon-Eyssen et al., 1984). The association between animal fat and 

colon cancer was said to be largely due to red meat consumption. However, a 

comparative study by Kinlin (1982) of strict religious orders in Britain showed that colon 

cancer mortality was not lower in religious orders that consumed no meat as compared to 

orders that regularly consumed meat as part of their dietary intake. Furthermore, it has 



been difficult to separate the effects of meat as a protein source ft-om the accompanying 

fat content of the diets analyzed in these studies. Very little information has been 

published on the dietary effects of beef consumption on experimental colon cancer, so the 

issue still remains controversial. Therefore, the goal of this study was to rigorously study 

the effects of beef as a protein source, and the effects of fat source (beef tallow and com 

oil) at fat levels of 5 and 20%> and their contributions as dietary factors, as either 

promoters that increase the risk or protectors that reduce the risk, for colon 

carcmogenesis. 
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Figure 1. New cancer cases and deaths: 1992 Estimates for males. American Cancer 

Society 1992. 
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Figure 2. New cancer cases and deaths: 1992 estimates for females. American Cancer 
Society 1992. 



CHAPTER II 

LITERATURE REVIEW 

A significant alarm has sounded among the general public in the past few years, 

based on the findings of Willett et al. (1990), that eating red meat will cause human colon 

cancer. Based on their findings, women who consumed a large amount of red meat 

(greater than or equal to once a day) as compared with non-consumers of red meat (less 

than once a month) had an increased risk of 2.5 times of developing colon cancer. 

Additionally, Giovanucci et al. (1992) reported that, in a study of colorectal adenomas in 

men (n = 7,284), saturated fat, as well as the ratio of intake of red meat to the intake of 

chicken and fish, was positively correlated with adenomas, which are considered the 

precursors of colon cancer. An even more recent study from Giovanucci (1994) 

examined the intake of fat, meat and fiber in the Health Professionals Foliow-Up Study 

Cohort and found that men who ate red meat (beef, pork, or lamb) as a main dish five or 

more times per week had a relative risk of developing colon cancer of 3.75 times greater, 

compared to men who ate these foods less than once a month. This association was not 

confounded appreciably by other dietary factors, physical activity, body mass, alcohol 

consumption, cigarette smoking, or aspirin use. However, Goldbohm et al. ( 1994) 

observed no trends in relative rates of colon cancer for intake of energy or for the energy-

adjusted intake of fats, protein, fat fi"om meat and protein from red meat. Thus, this most 

recent study does not support the role of fresh meat and dietary fat in the etiology of 



colon cancer in the Dutch population. Therefore, we see conflicting results in 

epidemiological studies that relate red meat consumption to colorectal cancer risk. 

Researchers have reported conflicting results from rodent feeding studies, with no 

firm conclusions of the colon-cancer promoting effects of meat, because most studies 

have only examined the effects of dietary saturated animal fat as a component of meat 

consumption. Newbeme and Nauss (1986) have summarized data from 28 different 

experimental studies published by 9 laboratories examining the influence of dietary fat on 

chemically-induced colon cancer in rodents, 13 of which dealt with the effect of saturated 

animal fat. Five of the studies showed increased frequency of tumors, four showed 

increased incidence and five showed no change. 

Experimental studies that examine the effects of feeding red meat as a protein 

source and the ensuing effects on colon carcinogenesis are limited. Reddy et al. (1976) 

reported that, when fi-eeze-dried beef hamburger protein was increased from a level of 

25% to 60%, an increase in colon tumors was evident. However, they also reported that 

beef was no more tumor promoting than soybean protein. In another experimental study 

using BALB/c mice, Nutter et al. (1983) examined the responses to 1,2 dimethyl-

hydrazine dihydrochloride (DMH) in mice fed milk or beef protein and found that those 

mice fed beef as a protein source had fewer colon tumors and appeared to develop them 

at a later time than did the mice fed the milk protein diets. 



Role and Contributions of Meat to the Diet 

Meat makes many positive contributions to the human diet. Helen Bishop 

MacDonald (MacDonald, 1991) from the University of Calgary Health Science Center in 

Alberta, Canada, wrote, 'The nutritional consequences to those who follow the trendy 

admonition to 'avoid red meat' (beef, pork, and lamb) are many and potentially serious. 

The focus on fat and cholesterol in animal products has tended to obscure the nutrient 

density of meat and milk"(p. 332). Thus, many health conscious individuals of today's 

society have been lured into an acceptance of saturated fats from vegetable sources and 

consequently reject nutrient dense foods from meat. 

The protein content of meat is a major nutritional factor because it is 97% 

digestible and has about 40% of the essential amino acids needed to maintain proper 

health. In conjunction with meat's content of many important vitamins, it also is a good 

source of minerals that are essential to a healthy diet. One essential mineral of 

importance is iron and a more important factor is its bioavailability. Approximately 15% 

of the heme iron found in meat is absorbed, while only about 8% of plant or non-heme 

iron is absorbed. Iron is a nutrient that is often lacking in the diets of young children, 

women of childbearing age, and athletes. Iron deficiency anemia is an important health 

problem in the United States and internationally. This disease could become even more 

common if the highly available heme iron in red meat were to be eliminated from the 

diet. Zinc is another important mineral that is essential in wound healing and the immune 

system, and meat provides highly bioavailable zinc compared to that derived from plant 

sources. 



Several prominent nutritionists have expressed concern, due to the Nurses" Health 

Study (Toulexis, 1990) findings that American consumers, particularly women, might 

undermine their nutrifional well being by totally eliminating meat from their diets. Mary 

Abbott Hess, former president of the American Dietetic Association, commented that, 

"Meat is the single richest source of iron and zinc and contributes significant amounts of 

vitamins. Women consume relatively few calories compared with men, and eliminating 

meat means that they'll have a hard time getting those nutrients elsewhere"' (Toulexis, 

1990, p. 70). 

Similarly, Dr. Agnes Heinz of the American Council on Science and Health 

(American Council on Science and Health, 1991) warned that, "It would be a mistake for 

women, particularly those of childbearing age, to avoid red meat in fear of a potential 

increased risk of colon cancer. Meat is high in available iron, vitamin B12, and high 

quality protein, which are important nutrients needed by all people, particularly young 

women" (p. 46). 

The U.S. Government's Dietary Guidelines for Americans recommend two or 

three servings daily (a total of about 170 g) of meat or meat alternatives (USDA/HHS, 

1990). Furthermore, the newly adopted Food Guide Pyramid recommends 2 to 3 (85 g) 

servings daily of either meat or meat alternatives. Consumers are advised to trim the fat 

and to select lean meats to limit fat consumption while still taking advantage of the high 

quality protein, vitamins, and minerals found in red meat. 

The medical community is continually seeking to improve health and change life 

styles, but it is important that food choices be made by the consumer in the context of 



adequate scientific background. Additionally, it is important to remember that red meat 

contains iron, zinc and protein that are essential for good health. Eating red meat in the 

quantities recommended by the American Heart Association at this time will allow the 

America public to obtain amounts of important nutrients and keep rates of colon cancer to 

a minimum (Loosli, 1992). 

Influence of Specific Meat Components on Colon Cancer 

The issue of whether meat consumption is a risk factor for colon cancer is more 

complex than was originally believed by early researchers. The various components of 

meat (fat, protein, cholesterol, and calories), and their confounding effects make it 

difficult to analyze and study each component as a separate entity. For example, in some 

studies "meat" is used as a surrogate for estimating fat consumption, especially animal fat 

and saturated fat. Therefore, conclusions from these studies can be very misleading due 

to lack of specificity. Additionally, another complicating factor is the relationship 

between the components of meat and total caloric intake. Thus, the number of variables 

and possible interactions becomes exponential. 

Fat 

Fat has received by far the most attention of the four meat components mentioned. 

The fat/colon cancer concept originated from geographic correlation studies showing that 

diets of populations at high risk for colon cancer contained a larger proportion of fat, 

particularly animal fat, than the diets of populations at low risk (Stemmermann et al.. 



1984). Animal studies have tended to support this hypothesis. Earlier studies showed 

that dietary fat could act as a tumor promoter. However, all fats cannot be grouped 

together; they differ in many ways, including their ability to act as promoters (Hursting et 

al., 1990). In recent studies, saturated fats promoted higher tumor incidence, followed by 

unsaturated fats, with fish oils being the least tumorigenic and perhaps protective 

(Minoura et al., 1988; Nelson et al., 1988; Nicholson et al., 1990; Sakaguchi et al., 1990; 

Lindner, 1991). Sakaguchi et al. (1984) found that unsaturated fat in the form of linoleic 

acid was more tumorigenic to rats than was stearic acid, which comprises about 31% of 

the saturated fatty acids found in beef The rats fed the unsaturated fat diet showed a 

significantly higher incidence of colon tumors, more tumors per rat, and greater 

malignant differentiation histologically than did those fed saturated fat. Linoleic acid is 

the only fatty acid that has been clearly shown to enhance carcinogenesis in experimental 

animals. However, conjugated dienoic isomers of linoleic acid (CLA) are 

anticarcinogenic and the only fatty acids that have clearly been shown to reduce cancer 

risk in animals. Pariza is now analyzing foods for CLA content (Ha etal., 1990). Pariza 

has been able to determine that foods from ruminants contain considerably more of the 

protective CLA than foods from nonruminants. Among ruminants, veal had the lowest 

content and lamb had the highest. Pork, chicken, and trout were far lower in CLA 

content, while eggs contained only trace amounts. Dairy products also were high in 

CLA. Plant oils contained far less CLA than red meats. In general, in animal products, 

75% or more of the linoleic acid was in the protective form, whereas, in plant oils less 

than 50% was in the protective form. 



Human studies have indicated that increased fat consumption is associated w ith 

enhanced carcinogenesis in the colon. Colon cancer mortality in different countries 

shows a linear relationship with total dietary fat availability (Carroll and Khor, 1975). 

Estimates of dietary fat intake show that populations with a high fat consumption have 

higher death rates from colorectal cancer (Armstrong and Doll, 1975: Rose et al.. 1986). 

This association also is supported in case control studies by Wynder et al. (1969), Dales 

et al. (1979), Jain et al. (1980) and Pickle et al. (1984). In contrast, other epidemiological 

data have shovm no confirmed association, particularly when different regions of the 

same countries were studied. Data have shown that per capita fat consumption in 

individual states in the United States showed no direct association with mortality from 

colon cancer (Enstrom, 1975). Most epidemiological studies have not correlated colon 

cancer with a specific dietary fat, but rather with the total fat consumed. While some 

studies incriminate animal fat consumption, other data show that vegetable fats show the 

strongest positive correlation with colon cancer (Enig et al., 1978). Shike (1990) 

concluded that, "In spite of the inconsistencies in the evidence relating colorectal cancer 

to fat intake, the data, when considered as a whole, support the hypothesis that increasing 

dietary fat plays a role in enhancing colonic carcinogenesis"(p. 379). It has not yet been 

determined to what level dietary fat should be restricted to reduce or even prohibit the 

risk for colorectal cancer. On a global basis, as the gross national product of a nation 

rises, so does the level of fat intake. Eventually it levels off at about 40% (Coghlan, 

1991). The average fat content in the U.S. diet is now 37%, probably due to many dietary 
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intervention programs aimed at fat reduction. In Third World or underdeveloped 

countries, diets may contain from 10 to 25% of total calories from fat. 

Total Calories 

It has been difficult, especially in epidemiological studies, to separate the effects 

of highly intercorrelated factors such as fat, protein and total calories. One theory is that 

the findings in relation to meat may be a reflection of an association between colon 

cancer and total calories (Kolonel, 1987). Total calories and related variables, such as 

obesity, are related to increased risk of many types of cancers, including colon cancer. 

Obesity also is strongly associated with total fat intake because fat is the most 

concentrated form of energy in the diet. Thus, while fat appears to be strongly associated 

with increased risk for colon cancer in some studies mentioned previously, it is 

impossible to determine whether the actual factor is total fat or total calories. Reduction 

of caloric consumption results in a significant reduction in the rate of tumor development 

in animals (Tannenbaum and Silverstone, 1949). Reducing caloric intake also may be 

effective in reducing cancer risk in humans. In a review of caloric intake, body weight, 

and cancer, Albanes (1987) concluded that, "Epidemiological investigations provide 

evidence for a positive calorie-cancer association in humans, although it is difficult to 

separate the effects of calories per se from those of dietary fat. A larger number of 

investigations have evaluated body weight alone, and high relative body weight or high 

caloric intake has been associated with increased risk of cancer" (p. 215) 



Protein 

Animal studies testing dietary protein at levels from 9 to 45% have shown 

inconsistent effects on chemically induced tumors (Tannenbaum and Silverstone, 1949: 

Shay et al., 1964). Few animal studies have distinguished the effect of beef on colon 

carcinogenesis. "Casein is most often fed as a paradigm for animal protein'" 

(Kritchevsky, 1990, p. 97). Therefore, protein in the form of casein is used in many 

animal studies and the results are extrapolated to all animal proteins. Casein is a high 

quality animal protein, but it is not the same as beef protein. Thus, interpretations of the 

effect of protein must take into consideration the type or source of protein. Visek et al. 

(1978) conducted one of the few animal studies in which "meat" was used. The diets in 

this study contained raw beef, broiled beef and soy protein. No difference in tumor 

response was reported. Carroll (1975) compared the effects of casein and soy protein in 

the animal model and also found no significant differences between the two protein 

sources. Willett et al. (1990) and Giovannucci et al. (1992) found protein was not 

associated with an increased risk for colorectal cancer or adenomatous polyps. 

Additionally, a report on diet and cancer by the National Academy of Sciences concluded 

the section on protein with the following comment: "Because of the relative paucity of 

data on protein compared to fat, and the strong correlation between intakes of fat and 

protein in the Western diet, the committee is unable to arrive at a firm conclusion about 

an independent effect of protein" (Committee on Diet, Nutrition and Cancer, 1982, p. 14). 

Therefore, 13 years after the National Academy of Sciences issued the Diet and Cancer 
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report, there is still no firm conclusion about an independent effect of protein on 

colorectal cancer. 

Cholesterol 

The role of dietary cholesterol in carcinogenesis has been tested extensively. 

Since cholesterol is a precursor of bile acids, which may act as co-carcinogens, some 

investigators have suggested that this metabolic pathway may tie dietary cholesterol into 

the cancer picture (Kritchevsky, 1990). The connection between high fat diets and their 

association with cholesterol has initiated interest in the role of cholesterol in 

carcinogenesis. Recent data suggest that the connection between bile acids and colon 

cancer may be influenced by the concentration of fecal bile acids (Crowther et al., 1976). 

Jensen and colleagues studied four areas in Finland and Denmark where a 3 to 3.5-fold 

difference in colon cancer rate existed. Fecal bile acid concentration proved to be highest 

in the high-incidence area of Copenhagen (42.1/100,000) and lowest in the low-incidence 

area of rural Finland (14.2/100,000), with the other two areas having intermediate values. 

Average daily fat intake was found to be high in all four areas and no real differences 

were shown. "These results indicate that a population can have a low risk of colorectal 

cancer despite a high intake of dietary fat, protein, and meat" (Jensen et al., 1982, p. 18). 

Many conflicting reports, both epidemiological and experimental, are very 

conftising to both the public and researchers. With the push from the press to promote a 

more health conscious society, a great need to confirm dietary contributors to colon 

carcniogenesis is becoming a necessity. Thus, the purpose of this study was to determine 
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whether it is red meat, fat that is derived from red meat or other sources, or meat in the 

context of a high fat diet that enhances the development of colon cancer. 
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CHAPTER III 

LACK OF COLON PROMOTING CARCINOGENISIS BY BEEF 

IN THE RAT MODEL 

Abstract 

Colon cancer accounts for approximately 15% of all cancer cases in men and 

women and is increasing in incidence. Recent epidemiological studies have implicated 

red meat as a risk factor for colon cancer. The goal of this study was to compare, in an 

experimental model, the effects of beef protein and beef tallow with traditional casein and 

com oil diets as promoters of colon carcinogenesis. This 25-week tumor induction study 

had a 2x2x2 factorial design that included protein source (lean ground beef and casein), 

fat source (beef tallow and com oil), and fat level (5 and 20%). Weanling male Sprague-

Dawley rats (n = 280) with similar body weights were randomly separated into 8 dietary 

treatment groups. Each treatment group contained 35 rats: 25 experimental rats and 10 

control rats. Each of the treatment groups was fed a different diet with lean beef or casein 

as protein source and beef tallow or com oil as fat source at either 5 or 20%. Each diet 

contained a standard AIN-76A vitamin /mineral mix at a level to provide equal nutrients 

per calorie. The rats were fed for a 2-wk period to familiarize them with their diets. 

During the study, the rats were offered the diets ad libitum and food consumption data 

was obtained at wk 4 and wk 13. Beginning at wk 3 and continuing for 10 wk, 25 

animals per group were given weekly intraperitoneal (IP) injections of 1,2 

dimethylhydrazine dihydrochloride (DMH), a colon specific carcinogen, at doses of 20 

mg/kg of body weight. The 10 control rats in each group were given IP injections of 

EDTA as vehicle controls. Following treatments with DMH and EDTA, die animals 

were maintained on their respective diets for the remaining 15 weeks of the study until 
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termination at week 27. Following termination, all rats were examined for location, size, 

and type of colonic or extracolonic lesions. All lesions were identified microscopically. 

Lesions were quantified and compared for location and type among dietary treatments. 

The total number and incidence of tumors in the rats fed beef as a protein source were 

lower (P < .05) than in the rats fed casein. No differences (P > .05) were found among 

animals fed beef or casein in the number or incidence of small intestine adenomas and 

adenocarcinomas. Rats fed beef as the protein source had fewer colon adenocarcinomas 

(P < .05) than rats fed casein. Rats on diets containing 20% fat had a greater (P < .05) 

number of colon adenomas than those fed 5% fat. Fat source, whether from com oil or 

beef tallow, had no effect (P > .05) on tumor numbers. Beef as a protein source 

significantly lowered the promotion of colon adenocarcinomas, total colon tumors, and 

total number of tumors (P < .05) compared to a casein-based diet. Food consumption 

data showed the rats fed beef as a protein source ate significantly more than rats fed 

casein. When beef was fed as the primary protein source, a lower incidence of total 

tumors and colon adenocarcinomas was found than when casein was fed. No significant 

difference between diets containing beef tallow and diets containing com oil as fat source 

was found in the promotion of tumors. However, increasing the fat level from 5 to 20% 

increased the number of colon adenomas. The results from this study do not support the 

belief that red meat consumption increases the risk for colon carcinogenesis but promotes 

the importance of total dietary fat and protein source as cancer risk factors. 

Materials and Methods 

Animals 

Male Sprague-Dawley weanling rats n = 280 (Crl: CD'^'^ BR, VAF/Plus) were 

received from Charles Rivers and randomly separated into a 2 (protein source) x 2 (fat 
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source) x 2 (fat level) factorial design. The design contained eight dietary treatments, 

each consisting of 25 experimental rats that were given a carcinogen (DMH) to induce 

colon tumors and 10 control rats. Animals were familiarized with their test diets for 2 wk 

prior to carcinogen administration. The rats were offered the experimental diets ad 

libitum during the 2 wk pre-initiation, 10 wk initiation, and 15 wk post-initiation stages of 

carcinogenesis for a total of 27 weeks. 

Diets 

Experimental diets were based on the AriS[-76A standard rodent diet as established 

by the American Institute of Nutrition (1977) and Bieri (1980), with the level of protein, 

vitamins, minerals, and fiber nutrient density adjusted in the 20% fat diets as in previous 

studies by Kuratko and Pence (1991) and Pence et al. (1988). All diets were formulated 

and prepared in powdered form by Dytes, Inc. (Bethlehem, PA). The diets containing 

beef were a mixture of cooked, lean ground beef and the prepared powdered diets. Beef 

was obtained from Palo Duro Meat Processing, Inc., Amarillo, TX. Laboratory analysis 

of the cooked beef indicated it contained 1.8% fat. The beef was cooked in an iron skillet 

on an electric stove on the high setting until the meat was no longer pink, but was not 

cooked dry or to the browned or grilled stage. The cooked beef then was mixed with the 

powdered ingredients in the proper ratio, resulting in the same protein level as in the 

casein diets. The composition of experimental diets is listed in Table 1. 

Tumor induction 
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Colonic tumors were induced in the rats by 10 weekly injections, beginning at wk 

3 and continuing through wk 13, using the colon specific carcinogen DMH. obtained 

from Aldrich Chemical Co., St. Louis, MO. Twenty-five rats from each group were 

injected with DMH at a dose level of 20 mg/kg of body weight given i.p., and served as 

the experimental animals. Ten rats from each group were injected with 1 mM 

ethylenediamine tetraacetic acid (EDTA) at a dose level of 1 ml/kg of body weight and 

served as the control animals. Following tumor initiation, the rats were maintained on 

their respective diets for an additional 15 wk until termination. 

Termination 

All rats were terminated using carbon dioxide asphyxiation at wk 27. Complete 

necropsies were performed to determine the number, location, size, and type of colonic or 

extracolonic lesions. All lesions were identified microscopically by a pathologist 

according to standard criteria (Pozharisski, 1973) at the Texas Tech University Health 

Science Center Histology Laboratory as either adenomas (precursors to malignant 

tumors), or adenocarcinomas (malignant tumors). 

Body weight and food consumption 

Animal body weights were monitored using an electronic scale to determine each 

individual rat's total body mass. The average body weights for rats in each dietary 

treatment for weeks 0, 1,4, 7, 10, 15, and 23 can be found in the appendix (Table 5). 

Food consumption was monitored to ensure all animals received equal nutrients. Food 
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consumption data (Table 1) was obtained by weighing the amount of diet given to 10 

randomly picked animals in each dietary treatment and 3 d later reweighing the residual 

diet and calculating an average food consumption for each animal. 

Table 1. Composition of experimental diets (%) 

Ingredient 
Casein 
Cooked beef 
DL-
methionine 
Sucrose 
Com starch 
Com oil 
Beef tallow 
Cellulose 
AIN salts 
Vitamin mix 
Choline 
bitartrate 

Casein 
Com oil, % 
5 

17.2 
-

.3 
52.8 
15.0 
5.0 
-

5.0 
3.5 
1.0 

.2 

20 
20.7 

-

.36 
37.3 
10.0 
20.0 

-

6.0 
4.2 
1.2 

.24 

Tallow, 
5 
17.2 

-

.3 
52.8 
15.0 

1.0 
4.0 
5.0 
3.5 
1.0 

.2 

% 

20 
20.7 

-

.36 
37.3 
10.0 
1.2 

18.8 
6.0 
4.2 
1.2 

.24 

Beef 
Com oil, % 
5 

-

50.0 

.3 
20.0 
15.0 
4.0 
1.0 
5.0 
3.5 
1.0 

.2 

20 
-

60.0 

.36 
4.0 
4.0 

18.8 
1.2 
6.0 
4.2 
1.2 

.24 

Tallow 
5 
-

50.5 

.3 
20.0 
15.0 
1.0 
4.0 
5.0 
3.5 
1.0 

.2 

, % 

20 
-

60.0 

.36 
4.0 
4.0 
1.2 

18.8 
6.0 
4.2 
1.2 

.24 

Statistical analyses 

Tumor incidence data were analyzed by chi-square between dietary treatment 

groups and as an overall statistic. Tumor numbers, as well as body weights and food 

consumption data, were analyzed by one-way ANOVA with Duncan's Multiple Range 

Test to separate means, and by factorial analysis of variance by dietary factor. All data 

were analyzed using the Statistical Analysis System (SAS) software of the SAS Institute, 

Inc. (SAS, 1988). 

Results and Discussion 
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Body weight and food consumption 

No interactions were detected for any trait measured (P > .05). All animals on the 

study gained weight normally. However, differences in body weights were seen among 

the eight dietary groups (Appendix, Table 5). These differences can be attributed to the 

varying dietary factors among the groups. Rats to be fed com oil were lighter in weight 

(P < .05) at the initiation of the study but were heavier than rats fed beef tallow as the fat 

source after wk 4 and 7. Weights by fat source were not significantly different at other 

weigh periods. However, the percentage dietary fat had a substantial effect on body 

weights (P < .05). The animals on the 20% fat diet, regardless of the source, were heavier 

at every weigh period after the initiation of the study and were 21% heavier by wk 23 

than those on the 5% fat diets. Protein source affected body weights (Table 2). Although 

the rats allotted to diets with casein as a protein source weighed less at the start of the 

feeding period, they were heavier than rats fed beef as the protein source at each weigh 

period thereafter (P < .05). Rats fed casein were 8% heavier than rats fed beef as a 

protein source at wk 23. Food consumption data showed no difference (P > .05) in the 

consumption between fat sources or fat levels, but did show a difference between the rats 

fed beef and casein. However, the beef diets contained substantially more water than the 

casein diets and when the diet consumption was adjusted for water content, similar 

amounts of nutrients were consumed (26.81 g/d for casein and 24.06 g/d for beef). The 

casein diets also were higher in sugar levels, which would easily explain the higher body 

weights of the rats fed the casein diets (Table 1). 
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Table 2. Daily food consumption and body weight means (g) by dietary protein source, fat source and fat 
level 

Trait 
Protein source Fat source Fat level 

Beef Casein Beef tallow Com oil 5% 10% 

Daily food 
consumed, g 
Week 

0 
1 
4 
7 

10 
15 
23 

38.00" 

132.96" 
154.09*' 
326.57*' 
397.76*' 
494.64*' 
619.92*' 
687.49*^ 

27.60" 32.23' 

127.61" 
178.06" 
355.93" 
481.26" 
563.69" 
700.08" 
743.26" 

131.99" 
167.70" 
334.92*" 
431.31*" 
521.89" 
655.46" 
706.96" 

33.36" 

128.59" 
164.45" 
347.58" 
447.74" 
536.43" 
664.54" 
723.79" 

33.61' 

129.34" 
162.83*" 
324.49*' 
416.80*' 
501.78*' 
620.26*' 
627.02*' 

31.99" 

131.24" 
169.32" 
358.01" 
462.25" 
556.55" 
699.74" 
758.73" 

"'"Means within a main effect with different superscripts differ (P < .05). 

Tumor results 

The most striking finding in this study is the decreased tumor incidence and 

burden in the rats fed beef as a protein source (Table 3). Animals fed beef had fewer (P < 

.05) colon adenocarcinomas, colon adenomas, total number of tumors and total colon 

incidence. Within groups fed beef as the protein source, only rats fed 5% beef tallow 

were not lower in incidence of colon adenocarcinomas than all groups fed casein as the 

protein source. The groups fed beef as the protein source and 5% beef tallow had a lower 

incidence of colon adenocarcinomas (28%) than the group fed casein and 5% com oil 

(60%). The incidence of the other kinds of tumors was not affected (P > .05) by source or 

amount of dietary fat for rats fed casein as the protein source. When fed beef as the 

protein source, rats fed 5% beef tallow had a lower incidence of colon adenomas (12%) 

than those fed beef and 20% com oil (40%) and those fed casein and 20% beef tallow 

(36%). The total incidence of tumors was less for the rats fed beef as the protein source 
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and 5% beef tallow (44%) than for all groups fed casein except the group fed 5% beef 

tallow. No diet with beef as the protein source produced a significantly higher incidence 

of any kind of tumor than its counterpart fed casein. 

Table 3. Tumor incidence by tumor site and type in rats treated with DMH and experimental diets 

Tumor site 
and type" 

CAC 
CAD 
SIAC 
SIAD 
Total colon 
Total SI 
Total 

Casein 
Com oil, % 
5 

60.0" 
24.0*'" 
32.0*' 

4.0*' 
64.0*" 
32.0*" 
72.0*' 

20 
48.0"' 
20.0*" 
48.0*' 

0.0*' 
52.0*'" 
48.0*" 
72.0*' 

Tallow, 
5 

32.0' 
24.0*" 
28.0*' 

4.0*' 
52.0*" 
28.0*" 
56.0*" 

, % 

20 
40.0"' 
36.0*' 
40.0*' 

0.0*' 
64.0*' 
40.0*" 
80.0*' 

Com oil 
5 

20.0' 
16.0*" 
24.0*" 

O.o" 
28.0' 
24.0' 
48.0*" 

l,% 
20 

16.0' 
40.0*' 
32.0*' 

0.0*' 
52.0*" 
32.0*" 
64.0*" 

Beef 
Tallow. 

5 
28.0' 
12.0' 
28.0*' 

O.o" 
36.0' 
28.0"' 
44.0' 

, % 

20 
19.4' 
29.0"' 
48.4" 

6.5" 
41.9"' 
51.6" 
67.7"' 

"CAC = colon adenocarcinoma, CAD = colon adenoma, SIAC = small intestine adenocarcinoma, SIAD = 
small intestine adenoma, Total = total colon + total small intestine tumors, Total colon = total number of 
colon tumors. Total SI = total number of small intestine tumors. 
"'Means in a row with different superscripts differ (P<.05). 

Table 4 shows the number of tumors factorially analyzed for effects of protein 

source, fat source and fat level. Again, a decrease (P < .05) in the numbers of colon 

adenocarcinomas, total colon tumors and total incidence of tumors in rats fed beef as a 

protein source is evident. The number of colon adenomas, small intestine adenomas, 

small intestine adenocarcinomas and secondary (other) tumors did not differ (P > .05) 

because of protein source. Fat source, either beef tallow or com oil, had no effect (P > 

.05) on tumorogenesis. The high fat diets (20%) increased (P < .05) the development of 

only colon adenomas. Fat level had no effect (P > .05) on the development of colon 

adenocarcinomas, small intestine adenomas, small intestine adenocarcinomas, secondary 

tumors, total colon tumors, or total numbers of tumors. 
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Table 4. Means ± SD for number of tumors by protein source, fat source, and fat level 

Loca
tion 
CAD" 
CAC 
SIAD"̂  
SIAC 
Other^ 
Total 
colon^ 
Total 
SI" 

Total' 

Protein source 

Casein" 
.35±.07 
.58±.08 
.02±.01 
.48±.07 
.09±.04 

.93±.10 

.50±.07 
1.52±.15 

Beef 
.29±.06 
.22±.04 
.02±.01 
.45±.07 
.02±.01 

.51±.07 

.47±.07 
l.OOi.U 

P value 

NS 
.0001 
NS 
NS 
NS 

.0008 

NS 
.0051 

Com oil" 
.29±.06 
.48±.07 
.Oli.Ol 
.45±.07 
.02±.01 

.77±.10 

.46±.07 
1.25±.14 

Fat source 

Beef tallow" 
.35±.07 
.31±.05 
.03±.02 
.48±.07 
.08±.04 

.66±.08 

.51±.07 
1.25±.13 

P value 
NS 
NS 
NS 
NS 
NS 

NS 

NS 
NS 

5%" 
.23±.05 
.43±.07 
.02±.01 
.37±.07 
.05±.02 

.66±.09 

.39±.07 
1.10±.14 

Fat level 

20%* 
.41±.07 
.36±.06 
.02±.01 
.56±.07 
.06±.03 

.76±.09 

.58±.07 
1.40±.13 

P value 
0410 
NS 
NS 
NS 
NS 

NS 

NS 
NS 

"Data reported as average number of tumors. 
"CAD = Colon adenomas. 
'CAC = Colon adenocarcinomas. 
''SIAD = Small intestine adenomas. 
^SIAC = Small intestine adenocarcinomas. 
^Other = Ear tumors, liver tumors, cecum tumors. 
''Total colon = Total number of colon tumors. 
"Total SI = Total number of small intestine tumors. 
'Total = Total colon + total small intestine + other tumors. 

Conclusions 

The results from this study may help to clarify some of the conflicting conclusions 

drawn from other studies of red meat and colon cancer. The present sUidy demonstrated 

an anti-promoting effect of feeding lean ground beef on the development of colon tumors. 

This result appears to be independent of the effects of fat level and body mass. The 20% 

fat level in the diet, independent of the fat source, enhanced the formation of 

premalignant lesions, adenomas. High fat diets also resulted in a 21% increase in body 

weight over the course of the study. However, this increase in body mass did not resuh in 

more malignant tumors, as was seen in the animals fed casein. Although feeding the 

casein diets resulted in only an 8%) increase in weight gain relative to beef, casein caused 
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a significant increase in the incidence and number of colon adenocarcinomas. Thus. v\e 

see a separation of the effects of increased body weight, fat level and protein source on 

colon carcinogenesis. 
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CHAPTER IV 

IMPLICATIONS 

The implications of these findings for human populations are that lean red meat 

does not contain colon-tumor promoting properties by itself, but that the dietary context 

in which red meat is consumed is important. We have determined from the analysis of 

tumor type and burden in this study, that fat source (com oil vs. beef) and fat level are 

relatively unimportant in terms of malignant tumor development. However, higher fat 

levels are promotive of the development of colon adenomas, the putative pre-malignant 

lesions in the human colon cancer sequence. Therefore, fat level of the diet is important 

in estimating overall risk for colon cancer. Furthermore, protein source appears to 

specifically enhance the conversion to malignancy as seen in the greater number and 

incidence of colon adenocarcinomas in those rats fed casein. The results from this study 

shed some doubt on the validity of the fears currently prevalent in both the public and 

medical communities that "eating red meat causes colon cancer." 
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APPENDIX A 

Table 5. Mean body weights for rats in each dietary treatment for wk 0, 1, 4. 7, 10, 
15 and 23 

Diet 
Casein 
5% corn oil 
20% corn oil 
5% tallow 
20% tallow 

Beef 
5% corn oil 
20% corn oil 
5% tallow 
20% tallow 

0 

125.51 
128.46 
127.20 
129.23 

128.31 
132.09 
136.34 
135.24 

1 

172.34 
188.11 
166.86 
185.09 

154.63 
155.71 
157.49 
149.71 

4 

335.66 
388.66 
326.23 
373.38 

322.20 
343.80 
313.89 
328.17 

Week 
7 

456.77 
523.80 
448.31 
496.18 

387.86 
422.51 
374.26 
407.48 

10 

521.38 
615.51 
527.80 
589.76 

490.91 
517.29 
466.37 
505.79 

15 

632.44 
776.59 
649.40 
742.27 

604.20 
644.91 
594.06 
639.62 

23 

669.71 
837.44 
702.71 
762.25 

658.53 
729.77 
657.15 
707.80 
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APPENDIX B 

TEXAS TECH UNIVERSITY HEALTH SCIENCES CENTER 

PROCEDURES FOR DMH INJECTIONS 

Weighing of Animals 
1. Identify all animals in Vivarium by group and individual cage number using 

colored pens and placing identification on each animals tail. 

2. Place bedding (wood shavings) into transporting cages and place identified 
animals into cages, (no more than five animals per cage). 

3. Place cages onto cart and take animals to designated lab with water bottles for 
each cage. 

DMH Mixing Procedures 
1. Add 45 ml of lmMNa2 EDTA, into a beaker and stir using stir bar and stir 

plate. 

2. Weigh Ig (20 mg/ml) DMH and add into sfirring Na2 EDTA. 

3. Adjust pH to a range from 6.40 to 6.60 
a) first use 6N NaOH and adjust to a pH of approximately 6.20. 
b) second use IN NaOH and adjust to a pH of 6.40 to 6.60. 

4. Transfer DMH solution into a graduated cylinder and add enough Na2 EDTA 
to make 50 ml of solution. 

5. Using a syringe transfer the DMH solution into a vacuum Vial. 

Injections 

1. Weigh each individual animal and record. Draw 1ml DMH/g of body weight. 

2. Give injecfions of DMH ip. to all experimental animals. 

3. Repeat injection procedures for control animals using Naj EDTA. 

4. Place all animals under venfilafion hood for a period of 5 hours. 
5. After 5 hour period replace animals into their respective cages in vivarium. 
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