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CHAPTER I 

INTRODUCTION 

According to the American Cancer Society (1996), an estimated 133,500 new 

colon and rectal cancer cases will occur in 1996, including 94,500 cases of colon cancer 

and 39,000 cases of rectum cancer An estimated 54,900 deaths that are related to colon 

and rectal cancer (46,400 from colon cancer and 8,500 from rectum cancer) will occur in 

1996 Because of the advancement of diagnosis and treatment of cancer, the cancer death 

rates have fallen substantially in recent years, but the death rate of colon cancer of males 

has increased 10% during the last 30 years Colon cancer ranks third in mortality rate 

among all cancers in the 1990's (Figures 1 and 2). 

Today people are becoming more and more concerned about colon cancer. The 

New York Times (Kolata, 1990) reported that, of the 88,751 nurses included in the study, 

which was done by Willett et al (1990), 150 had colon cancer. The article also stated that 

a higher consumption of red meat and fat from animal sources increased the incidence of 

colon cancer independent of total energy intake. Because this kind of report has been 

widely cited in the media as showing a relation between the consumption of red meat and 

the incidence of colon cancer, the consumption of red meat is affected. 

The risk factors for colon cancer have been researched. Recent studies have 

implicated a high-fat and/or low-fiber diet as a factor correlated with the risk for colon 

cancer. Frequently, intake of red meat has been a stronger risk factor than total fat 
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(Giovannucci et al., 1994). However, the evidence in some other studies does not support 

a role of fresh meat and dietary fat in the etiology of colon cancer. Goldbohm et al. 

(1994) found that the consumption of meat, fat from meat, or protein from meat was not 

associated with an increased risk for colon cancer. Pence et al. (1995) found no 

promoting effect from feeding lean beef on the development of colon tumors in an animal 

model. This issue remains controversial Furthermore, difficulties are experienced in 

identifying which component of red meat contributes to the risk of colon cancer in the 

related studies. 

Red meat is an important dietary source of iron compared to other animal products 

(Table 1). Animal products contribute about 28% of the total iron to the food supply 

(National Research Council, 1988) Iron is an essential metal in mammals for oxygen and 

cart>on dioxide transport by hemoglobin and for the function of many enzymes, including 

catalase and cytochromes Iron also is required for the growth of all living cells, including 

tumor cells. In fact, the role of iron in cell proliferation is thought to represent an 

important factor in the clonal expansion of cancer cells. Studies have shown that 

transferrin, the major serum iron binding protein, is one of the essential substances 

required for the growth of cells in serum free media (Hann et al., 1988). Results of some 

studies have been consistent with the hypothesis that increased body iron stores are 

associated with an increased risk of cancer (Stevens et al, 1986; Selby and Friedman, 

1988). Stevens et al. (1988) stated that iron may influence the risk for some cancer sites, 

including colon, bladder and lung Kapsokefalou and Miller (1993) stated that the 
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interaction of lean beef and beef fat enhances nonheme iron absorption in rats. Cermak et 

al (1993) reported that chronic exposure of tumor cells to iron may, by induction of the 

intracellular iron scavenger, ferritin, contribute to the resistance of various tumors to 

oxidant-producing immune effector cells that require iron for their cytotoxic effect. Some 

studies show that dietary iron enhances the tumor rate in DMH-induced (1,2-

dimethylhydrazine dihydrochloride) colon carcinogenesis in mice (Siegers et al, 1988). 

However, the role of heme iron from beef in colon carcinogenesis still is not clear. 

The objective of this study was to investigate the effects of beef as a dietary iron 

source and its contribution to colon carcinogenesis 

to.o 74.4 

Lung 

2«.7 

01962 
• 1992 

Prostate Colon Pancreas Leukemia Stomach 

Type of cancer 

Figure 1. Death rate per 100,000 population for males during 30 y. Source: American 
Cancer Society, 1996. 
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Figure 2. Death rate per 100,000 population for females during 30 y. Source: American 
Cancer Society, 1996 

Table I. Contribution of animal products to iron in the diet based on 3-d intake' 

Product Percentage 

Milk and milk product 

Eggs 

Red meat, poultry, and fish 

Total 

3.7 

3.8 

34.5 

42.0 

"Source: National Research Council, 1988. 
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CHAPTER II 

LITERATURE REVIEW 

Some studies show that red meat is a risk factor for colon cancer. The main 

h>pothesis suggests that a diet rich in fruits and vegetables has a protective effect and that 

a diet with a high proportion of fat and meat is associated with an increased risk of colon 

cancer (Willett and MacMahon, 1984). Prospective studies of colon cancer have 

demonstrated positive, converse, and null associations with fat or meat consumption. 

Based on the findings of Giovannucci et al (1994), a significant association exists between 

red meat intake and risk of colon cancer Beef, pork, or lamb as a main dish was 

significantly related to risk of colon cancer Additionally, a study in Japan found an 

increased risk of colon cancer with frequency of meat consumption in the group with 

infrequent vegetable consumption among a cohort of 265,000 men and women (Hirayama, 

1986). However, some other studies showed contradictory results. Macquart-Moulin et 

al. (1986) reported that meat was not associated with colorectal cancer risk in their case-

control study in the Marseilles region of southern France. According to the findings of a 

more recent study (Goldbohm et al, 1994), the consumption of meat, fat from meat, or 

protein from meat was not associated with an increased risk for colon cancer. The 

consumption of some processed meats, in contrast, appears to be consistently and 

positively related to risk for colon cancer. Therefore, the role that red meat plays in colon 

carcinogenesis still is not clear. 
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Red meat is a very important source of iron in the human diet. Iron is one of the 

most abundant minerals on the earth. Despite its predominance in the environment and the 

relatively small amount we require biologically, impaired iron status is a problem for many 

people Iron deficiency is a common nutritional problem in both developing and 

developed countries (National Livestock and Meat Board, 1990). The amount of iron in 

the human body is approximately 4 grams. Two kinds of iron are found in human bodies: 

(1) storage iron the iron that is stored in the liver, spleen and bone marrow; and (2) 

functional iron: the iron that is combined with a protein in the blood, in muscle cells or in 

tissue enzymes (National Livestock and Meat Board, 1990). 

Functional iron comprises about two-thirds of the iron in the body. Hemoglobin, 

transferrin and serum ferritin (in blood), myoglobin (in muscle), and enzymes (in every 

cell) are examples of tissues containing functional iron. About 60 to 70% of the total 

body iron is in the form of hemoglobin, which is the primary component of red blood cells 

and is responsible for the transport of oxygen and carbon dioxide (National Livestock and 

Meat Board, 1990) Structurally, hemoglobin is a compound of four iron-containing heme 

molecules, each bound to the protein, globin. Transferrin, which can be found in the 

blood plasma, is another carrier protein other than hemoglobin. Myoglobin is another 

functional iron specifically in muscle. Myoglobin is responsible for oxygen and carbon 

dioxide exchange and the special color of muscle. Structurally, myoglobin is similar to 

hemoglobin but is one-fourth as large as hemoglobin because it only has one iron molecule 

bound to protein, instead of four. Iron-containing tissue enzymes such as cytochromes are 
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present in every cell. These enzymes are involved in energy metabolism through the 

transfer of electrons in the electron transport system. 

Storage iron totals about one-third of the body's iron. Iron not needed for 

immediate use is stored within the ferritin or hemosiderin molecule. "This soluble iron 

protein complex has the shape of a hollow sphere and can store as many as 4,500 iron 

atoms" (National Livestock and Meat Board, 1990). Liver is an important organ for iron 

storage, up to 60% of ferritin in the body can be stored in the liver (Guyton, 1986). 

Hemosiderin is another form of storage iron. This insoluble iron complex is more 

concentrated than ferritin, ferritin is about 20% iron and hemosiderin is up to 50% iron 

(Finch and Huebers, 1982). Both ferritin and hemosiderin can be used to synthesize 

hemoglobin, but the ferritin can release more iron into blood than the hemosiderin because 

of the higher solubility 

Iron Availability 

Body iron content is regulated mainly through changes in the amount of iron 

absorbed by the intestinal mucosa (Finch and Cook, 1984). The absorption of iron is 

influenced by body stores, by the amount and chemical nature of iron in the ingested food, 

and by a variety of dietary factors that increase or decrease the availability of iron for 

absorption (Bothwell et al., 1979). When the dietary supply of absorbable iron is 

sufficient, the intestinal mucosa regulate iron absorption in a manner that tends to keep 

body iron content constant In iron deficiency, the effrciency of iron absorption increases. 
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However, intestinal regulation is not sufficient to prevent anemia or excessive body 

accumulation of iron. 

Heme and nonheme forms of iron are absorbed by different mechanisms. 

According to the National Livestock and Meat Board (1990): "heme iron is absorbed into 

the mucosal cells as the intact protoporphyrin molecule, whereas nonheme iron, once 

separated from other food stuffs, is rapidly chelated in the gut before absorption" (p. 9). 

Heme iron is more highly absorbable than nonheme iron. The proportion of heme iron in 

animal tissues, including meat, liver, poultry, and fish, averages about 40% of the total 

iron. The other 60% of the iron in animal tissues and all the iron in vegetable products is 

present as nonheme compounds (Committee on Dietary Allowances, 1989). Absorption 

of heme iron is affected by physiological need for iron. However, it is not affected by 

intraluminal factors or meal composition The absorption of nonheme iron can be 

enhanced or inhibited by several factors. Cook and Monsen (1976) suggested that animal 

tissues present in each meal would increase nonheme iron absorption. Kapsokefalou and 

Miller (1993) found that an interaction between lean beef and beef fat increased nonheme 

iron absorption in rats Gordon and Godber (1989) also stated that beef protein enhanced 

the bioavailability of nonheme iron in the rat. Some other research showed that ascorbic 

acid enhanced iron availability (Raper et al., 1984). 

8 



^mBaemmmmm^mmmmmaaaam^^HKmmi^H^ami^mmatm^imia 

Dietary factors 

The absorption of dietary iron occurs through a progression of steps. First, 

absorption of dietary iron is acted with which it is consumed either by enhancing or 

inhibiting substances Second, the dietary iron that is available within the intestinal lumen 

is absorbed into the intestinal mucosa by some specific receptors existing on the brush 

border of the mucosal cells Third, the iron that enters the mucosal cell is passed into the 

body (Bothwell et al, 1979) Iron that enters the mucosal cell may or may not enter 

general circulation. Some iron may stay in the mucosal cell and be lost by cellular 

exfoliation Some iron may be moved from mucosal cells to the plasma by cellular 

transport protein Iron within the mucosal cell also may be deposited as ferritin for 

temporary storage (Bothwell et al, 1979). 

Iron deficiency frequently is cited as the most common single nutritional deficiency 

in the world and the cause of the most common form of childhood anemia in the United 

States (Dallman et al, 1984) According to USDA surveys, over three-fourths of 

American women 19 to 50 y of age had iron intakes below 80% of their Recommended 

Dietary Allowances (RDA) Average iron intake was 67% of the RDA (USDA, 1990). 

Nutritional iron deficiency is caused by inadequate amounts of iron in the diet and can 

adversely affect health status Many foods such as meat, eggs, vegetables and cereals are 

rich in iron According to Murphy and Calloway (1986), 31% of daily iron intake was 

from meat, poultry, and fish, and 25% was provided by iron added to foods (mainly 

cereals and fruits). Vegetables and juices contained the remainder. 

• tmr • •— •••impff'f'^^mfi'^m* 



The amount of iron present in food can affect the percentage of iron absorption. 

Bezwoda et at. (1983) found that mean absorption of nonheme iron decreased from 18 to 

6.4% as the nonheme iron content of four meals increased from 1.52 to 5.72 mg, resulting 

in Uttle variation in the actual amount absorbed from the different meals. This result 

presumably reflects tight control of nonheme iron absorption by the intestinal mucosa. On 

the other hand, 20% of the heme iron in all four meals was absorbed, despite a heme iron 

content ranging from .28 to 4 48 mg, suggesting that heme iron is less affected by other 

dietary components and at least partly bypasses intestinal mucosal control. As previously 

mentioned, absorption of iron also depends on the iron status of the individual. Mean 

absorption of dietary iron is relatively low when body stores are high but may be increased 

when stores are low (Bothwell et al, 1979) 

Meat and ascorbic acid are the two common iron absorption enhancing factors. 

Previous studies demonstrated that absorption of nonheme iron increased twofold to 

fourfold when meat, fish or poultry was eaten in the same meal (Hallberg and Rossander, 

1982; Gordon and Godber, 1989). The meat factor (the effect of increased bioavailability 

of nonheme iron by animal protein) occurred only in the presence of muscle tissue. Other 

non-cellular animal proteins such as milk, cheese and eggs do not have the same positive 

effect on nonheme iron absorption Evidence suggested that cysteine was an important 

component of this meat factor. Cysteine was released during digestion and bound to iron 

forming chelates These chelates enabled iron to pass more readily into the mucosal cells 

by releasing iron for absorption at the intestinal wall, thus decreasing the likelihood of 

10 
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excretion (Kane and Miller, 1984; Gordon and Godber, 1989). Meat also stimulated the 

production of gastric acid and thereby promoted the solubilization of iron from the food 

matrix, thus increased iron absorption (Kim et al., 1993). 

Intraluminal factors 

As food enters the body, the iron contained in that food is usually in the oxidized 

form known as ferric iron (Fê *) Ferric iron is less soluble than ferrous iron (Fê "). 

During digestion, iron may be separated from the organic material to which it is bound, 

thus causing ferric iron to be reduced to ferrous iron (Fê *). This reduction process is 

because of the secretion of gastric acid and the presence of other acids in the stomach. To 

be absorbed, nonheme iron must be present in the duodenum and upper jejunum in a 

soluble form As pancreatic secretions enter the intestine, the environment becomes more 

alkaline and less ferric iron reduces to ferrous iron, which reduces the iron solubility so 

that little is absorbed from the jejunum or ileum (Krause and Mahan, 1984). 

As previously mentioned, heme iron is absorbed into the mucosal cells as the intact 

protoporphyrin molecule. However, absorption of nonheme iron is affected by chelates. 

Some chelates enhance nonheme iron absorption by maintaining iron solubility and 

releasing iron at the mucosal wall. Some acids, such as ascorbic acid, citric acid, 

hydrochloric acid and amino acids, are good examples of chelates that can increase the 

absorption of nonheme iron On the other hand, some other chelates, such as phytates, 

tannins and phosphates, inhibit nonheme iron absorption by creating a tight bond and/or by 

decreasing solubility so that the chelates do not release iron for absorption at the gut wall. 

II 
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Iron and Colon Cancer 

National incidence rates of colon cancer vary at least tenfold world-wide, with 

rates higher in North American and northern Europe, lower in southern Europe, and much 

lower in Asia and Africa Thus, environmental factors may play important roles for most 

of the marked variation in rates Colorectal cancer is an epidemic illness in Western 

societies and the risk for this disease has been associated principally with dietary fat intake 

and inversely with dietary fiber. Although some within population studies have supported 

the association of fat intake with colorectal cancer risk and the primary mechanism by 

which fiber was thought to decrease risk (increased stool bulk and decreased fecal transit 

time), it has not been supported epidemiologically or experimentally (Willett et al., 1990). 

Graf and Eaton (1985) even suggested that it-was the chelation of dietary iron by the 

phytate content of high-fiber of foods but not the alterations in fecal bulk, water content, 

or transit time that influenced colorectal cancer rates. However, body iron stores and 

dietary iron intake both have been positively associated with subsequent risk of colon 

cancer (Nelson et al., 1994) 

Iron is a necessary factor for cell proliferation, including tumor cells. Evidence 

exists associating iron with both the initiating and promoting phases of carcinogenesis 

(Nelson, 1992) Two lines of evidence provide a biologic rationale for the hypothesis. 

First, iron can catalyze the production of oxygen radicals, and these are mediators of 

forms of tissue damage related to tumor initiation and promotion (Nelson et al., 1989; 

Toyokuni, 1996) Second, iron may be a limiting nutrient for the growth and development 

12 
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of cancer cells. Excess iron may increase the chances that cancer cells will survive and 

flourish as well as can overcome the body's natural iron-withholding defenses against early 

cancers (Weinberg, 1984, Weinberg, 1992). 

Some studies have demonstrated the relation between iron and colon cancer. 

Nelson et al (1989) stated that increased exposure to iron, parenteral or dietary, augments 

colorectal cancer risk and that the phytate component of dietary fiber reversed this effect 

in rat models. Nelson et al (1994) found that exposure to iron might be related to 

adenoma formation in the colon in a case-control study of 264 men and 98 women. 

Stevens et al.(l988) reported that high body iron stores increased the risk of cancer in 

men Siegers et al. (1988) suggested that iron ions might increase cocarcinogenic activity 

by a stimulation of cell proliferation in the mouse model However, no studies used red 

meat as a source of iron in rat experiments or could specify that the increase of body iron 

store was because of red meat 

Weinberg (1992) stated that iron might be a factor in prevention and therapy of 

neoplastic disease He said: "'Awareness of the existence of the iron withholding defense 

has stimulated research workers to investigate possible methods for its enhancement" (p. 

131) These can be divided into two sets One involves lowering the exposure of humans 

to iron The other set is concerned with suppression of the ability of tumor cells to utilize 

iron So a normal iron level may not be harmful, but useful for carcinogenesis prevention. 

13 
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CHAPTER III 

NON-PROMOTING EFFECTS OF IRON FROM BEEF IN 

THE RAT COLON CARCINOGENESIS MODEL 

Abstract 

Significant alarm has existed among the general public in the past few years that 

eating red meat causes human colon cancer. Iron in beef has been hypothesized as one of 

the causes of cancer This study was designed to test the hypothesis that dietary iron from 

beef alone would increase colon tumors induced in rats. Tumors were induced in 

Sprague-Dawley rats with 1,2-dimethylhydrazine (20 mg/kg body weight for 10 wk). 

Seventy male weanling rats were randomized to two dietary treatment groups v^th two 

iron sources (very lean beef vs iron citrate) as the factor. The rats were allowed free 

access to the respective diet and deionized water for 27 weeks At termination of the 

study, the rats were examined for location, size and type of colon or extracolonic lesions. 

So significant differences were found in total incidence and number of colon tumors 

between the beef (51 7%, 8 tumors/rat) and casein (62.1%, .9 tumors/rat) diets, although 

the serum iron levels of rats on the beef diet were higher than for those on the casein diet. 

The results demonstrate that, when lean beef is used as an iron source, the risk for colon 

carcinogenesis is not increased. 

14 
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Materials and Methods 

Ammab 

Seventy male, weanling, Sprague-Dawley rats were purchased from Charles River 

(Baltimore, MD) and were housed individually in suspended stainless steel cages (36 x 23 

X 20 cm) in a humidity- and temperature-controlled room with a 12-h light:dark cycle in 

the Texas Tech University Health Sciences Center Vivarium. The rats were randomly 

assigned to 2 groups of 30 experimental rats that were given a carcinogen, 1,2-

dimethylhydrazine dihydrochloride (DMFI), to induce colon tumors and 2 control groups 

of 5 rats each (Table 2). All rats were identified in the Vivarium by group and individual 

cage number using colored pens and by placing identification on each animal's tail. 

Animals were familiarized with their test diets for 2 wk prior to carcinogen administration. 

The rats were allowed free access to their respective diet and deionized water for 27 

ueeks 

Table 2 The number of weanling Sprague-Dawley rats in each group 

Diet Experimental Control 

B^f 30 5 

Casein 30 5 

Di£l3 

Experimental diets were an AIN-76-based diet containing 20% casein as a non-

beef protein source and a total fat content of 5%, as well as an AIN-76-based diet 
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containing 95 to 97% lean (3 to 5% fat) with ground beef 50% of the total diet by weight. 

The former contained 35 mg/kg of nonheme iron citrate by formulation as iron source and 

the latter contained 78 mg/kg of beef heme iron. The AIN-76-based diet was based on the 

AIN-76A standard rodent diet established by the American Institute of Nutrition (1977) 

and Bieri (1980). Both diets were formulated and prepared in powdered form by Dyets, 

Inc (Bethlehem, PA) The composition of both experimental diets is shown m Table 3. 

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. 

The ground beef was cooked in a 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 a 1:1 ratio. The diets were 

adjusted so that the nutrient density for vitamins, minerals, fiber and protein was equal. 

The casein diet contained 32 ppm iron and the diet mixed with beef contained 78 ppm 

iron 

DMH mixing 

DMH was prepared for injecting into 30 rats in both treatments as the 

experimental group. The procedures of mixing DMH consisted of the following: 

1. Add 45 mL of 1 mM Na2EDTA into a beaker and stir using stir bar and stir plate. 

2. Weigh 1 g (20 mg/mL) DMH and add into stirring Na2EDTA. 

3 Adjust pH to a range from 6 40 to 6.60: 

(1) first use 6N NaOH and adjust to a pH of approximately 6.20. 

16 
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(2) 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 NazEDTA to make 

50 mL of solution. 

Table 3. Composition of experimental diets 

Ingredient 

Diet, % by weight 

Casein Mixed with beef 

Casein 

Cooked beef 

DL-methionine 

17.2 

50.0 

Sucrose 

Cornstarch 

Com oil 

Beef tallow 

Cellulose 

AIN salts 

AIN-76A vitamin mix 

Choline bitartrate 

52.8 

15.0 

5.0 

50 

3.5 

l.O' 

20.0 

15.0 

4.0 

1.0 

5.0 

3.5 

1.0̂  

'Cooked lean ground beef contained 2 5% fat, 30% protein, and 35% water on average. 

^Contained 35 mg/kg of nonheme iron citrate. 

Tslo nonheme iron citrate supplement. 

17 
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Tumor inductipn 

Colon tumors were induced in the rats by 10 weekly injections, beginning at wk 3 

and continuing through wk 13. Thirty rats from each group were injected i.p. with DMH 

(Aldrich Chemical Co., St. Louis, MO) at a dose level of 20 mg/kg of body weight and 

served as the experimental animals. Five 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. A 1-cc 26G3/8 (.45 mm x 10 mm) syringe was used for 

injection. All animals were placed under a ventilation hood for a period of 5 h after 

injection as a precaution against breathing the DMH. The rats were maintained on their 

respective diets for an additional 15 wk until termination following tumor initiation. 

Termination 

All rats were sacrificed using cartx)n 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) following processing by the Texas Tech 

University Health Sciences Center Histology Laboratory as either adenomas (precursors 

to malignant tumors), or adenocarcinomas (malignant tumors). 

18 



Body weight and food consumption 

Animal body weights were measured using an electronic balance (Mettler 

Instrument CORP , Type PM 34-K) The body weight for rats in both dietary treatments 

was taken from wk 0 to 12, 17, 21, and 25. Food consumption data were obtained by 

weighing the diet given to 10 randomly selected animals in each dietary treatment and 3 d 

later reweighing the residual diet as well as waste diet and calculating an average food 

consumption for both treatments. 

Statistical analyses 

Tumor incidence data were analyzed by Chi-Square and tumor numbers were 

analyzed by t-test between dietary treatment groups Body weight and food consumption 

data were analyzed by one-way ANOVA and factorial ANOVA by dietary factor. All data 

were analyzed using the Statistical Analysis System software of the SAS Institute, Inc. 

(SAS, 1988). 

Tissue iron analyses 

The liver of each rat in both control groups was collected to test the tissue hon 

content. The procedures (AOAC, 1990) for determining liver hon content were: 

1 Dry 3 g sample of sample 16 to 18 hr at 100 to 102°C in a vacuum oven. Cool in a 

desiccator and weigh. Report loss in weight as moisture. 

2 Ash dried sample in a muffle furnace at about 550°C overnight. Cool in desiccator and 

weigh. 3. Add 15 mL of 20% nitric acid solution to each dish and break up any ash. 

19 
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4. Filter through No 42 Whatman filter paper into an appropriately sized volumetric flask. 

5 Wash the residue and paper three times with deionized water. 

6 Dilute to 100 mL with deionized water. 

7 Use Atomic Absorption Spectrophotometer (Perkin-Elmer, 1976) to read the 

absorption (248.3 nm wave length) of sample (5 ug Fe/mL sensitivity). 

« I * . rr / T- / X Instrument reading,ug x dilution 8. Iron content of liver (ug Fe/ g wet wt.) = ^̂ —̂  
Wet sample weight, g 

Serum iron analyses 

The blood sample of each rat in both control groups was collected to test the 

serum iron content The procedures of testing liver iron content were: 

1 Collect the blood samples and microcentrifuge (Beckman, model CAT 348720) for 1 

min2. Use a 1-cc 26G3/8 (.45 mm x 10 mm) syringe to gather the transparent serum. 

3. Mix .83 mL iron buffer reagent (Sigma Diagnostics, St. Louis, MO) with .17 mL iron 

free water as blank tube 

4 Mix .83 mL iron buffer reagent with .17 mL standard solution as standard tube. 

5 Mix .83 mL iron buffer reagent with . 17 mL serum sample as test tube. 

6. Zero blank, then read standard and test tubes at 560 nm using a spectrophotometer 

(Shimadzu, model UV-2101PC) These are the initial numbers. 

7. Add 17 ul of iron color reagent to blank, standard and test tubes. 

8. Mbc and incubate at 37°C (water bath) for 10 min. 

9. 2^ro blank, then read standard and test tubes at 560 nm. These are the final numbers. 
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10. Serum total iron (ug/dL) = Fi"'̂  ^^ple - Initial sample ^ ^^ 
Final standard - Initial standard 

Results 

Mean body weights of rats fed the AIN-76-based diet and AIN-76-based diet with 

beef were compared at the beginning and during the experiment. As seen in Table 4, mean 

body weight of rats fed the beef diet was 67.9, 72.6, and 68.4 g heavier than body weight 

of the rats on the casein diet at wk 17, 21, and 25, respectively. Body weight increased 

about 8 to 10% during this period. Up to this point in the experiment, body weight 

between experimental groups did not differ (P > .05). Although the beef diet increased the 

body weight, it did not increase the tumor incidence nor tumor number. 

Food consumption is shown in Table 5. A difference (P < .05) in consumption 

between rats on the casein and beef diets on an as fed basis was found when consumption 

was measured at wk 8, 15. and 20 But when the beef diet was adjusted for water content 

of the cooked beef (35%), then the consumption of both diets is similar (P > .2). 

As shown in Table 6, no difference in incidence of colon adenocarcinoma (P = 

43), small intestine adenocarcinoma (P = .43) or total incidence of adenocarcinoma (P = 

74) was detected between the rats on the casein and beef diets. Of the rats consuming the 

casein diet, 62.1% developed colon adenocarcinomas and 51.7% developed small intestine 

adenocarcinomas These incidences were reversed between sites of tumors for the rats 

consuming the beef diet. 
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Table 4. Body weights (g) of rats treated with DMH and fed experimental diets and 
analyzed by diet 

Week 

0 

3 

8 

12 

17 

21 

25 

Casein diet 

81.6 

244.7 

450.4 

537.8 

600.0 

656.7 

696.9 

Beef diet 

86.7 

247.1 

476.9 

569.1 

667.9 

729.3 

765.3 

P 

.302 

.366 

.116 

.142 

.004 

.003 

.013 

Table 5. Mean food consumption (g/d)of rats fed different diets 

Week Casein diet 
Beef diet (adjusted for water content of 

Beef diet the cooked beeQ 
8 

15 

20 

265* 

344 ' 

2 6 4 ' 

43.6* 

47 l** 

40 5'* 

28.3* 

30.6' 

26.3' 

(P < .05) 

Rats on the casein diet averaged .86 colon adenocarcinoma, .66 small mtestine 

adenocarcinoma , and 1.52 total adenocarcinoma, while those consuming the diet 

containing beef averaged 79, .90, and 1 69 adenocarcinoma, respectively (P > .3). Thus, 

diet did not affect either incidence or number of colon or small intestine carcinomas. 
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Table 6. Tumor incidences (%) and number by tumor site in rats treated with DMH and 
experimental diets 

Trait 

Colon adenocarcinoma 

Small intestine adenocarcinoma 

Total incidence 

Colon adenocarcinoma 

Small intestine adenocarcinoma 

Total number 

Casein diet 

62.1 

51.7 

79.3 

86 

66 

1.52 

Beef diet 

Tnr*in<»npA r*T t i i m r \ r c ®X« 
l l l d U C I I C C U l l U I I l U I s , /O 

51.7 

62.1 

82.8 

l^UIIlUCl U i lUIIlUI 2i/l Cli 

.79 

.90 

1.69 

P 

,43 

.43 

.74 

.769 

.311 

.613 

No difference (P = 119) was found in liver iron content between control rats on 

the beef diet and control rats on the casein diet (177.60 vs. 207.17 ug Fe/g dry weight. 

Table 7) However, the control rats fed the casein diet had a lower serum iron content 

than the control rats fed the beef diet (65 10 ug/dL, n = 1, for the casein diet and 130.78 

Ug/dL, n = 3, for the beef diet). These data were not statistically analyzed because the 

difficulty experienced in collecting blood samples prevented obtaining more samples. 

Table 7. Liver iron content (mg Fe/Kg dry weight) in rats treated with EDTA and 
experimental diets 

Casein diet Beef diet 

Liver iron content 177.60 207.17 119 
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Discussion 

The results from this study did not show a promoting effect of iron from lean, 

cooked beef on the development of colon tumors. It demonstrated that the heme iron 

from beef was not a factor for colon carcinogenesis. Although the rats that were fed the 

beef diet increased 9 to 11% more in body weight than the rats on the casein diet, the 

number of tumors and tumor incidence did not increase 

Some previous studies have shown a positive relationship between body or dietary 

iron and colon cancer incidence in rat/mouse models Siegers et al. (1988) suggested that 

iron ions might increase cocarcinogenic activity by a stimulation of cell proliferation in 

mouse models Nelson et al (1989) stated that increased exposure to iron, parenteral or 

dietary, augmented colorectal cancer risk and that the phytate component of dietary fiber 

reversed this effect in the rat model Hann et al. (1988) found that tumor cells grew better 

in an iron-rich environment However, the iron level was overloaded in these experiments: 

3.5% Fe-flimarate in Siegers et al (1988), 580 mg Fe/kg diet in Nelson et al. (1989); and 

312 mg Fe/kg diet in Hann et al (1988). According to the National Research Council 

(1978), the RDA of iron for rats is 35 mg/kg diet, which means the supplemental iron level 

was at least ten-fold more than the RDA in these experiments In the present study, the 

casein diet contained 35 mg Fe/kg diet and the beef diet contained 78 mg Fe/kg diet; both 

diets were within the RDA for rats 

Some studies demonstrated that absorption of nonheme iron increased when meat 

was eaten in the same meaJ (Hallberg and Rossander, 1982; Gordon and Godber, 1989). 
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Other researchers found the interaction between lean beef and beef fat increased nonheme 

iron absorption (Kapsokefalou and Miller, 1993). Two findings about the iron availability 

are observed in the present study First, the rats fed the beef diet could utilize the iron 

better than the rats fed the casein diet according to the serum iron data. Second, although 

the beef diet had two times more iron content than the casein diet, we did not find any 

enhancement of body iron stores. These findings suggest that the consumption of red 

meat does not increase body iron stores. 

Some earlier case-control or prospective cohort studies have demonstrated that 

increased body iron stores increased the chance of colon cancer (Nelson et al., 1994; 

Stevens, 1988). Other researchers found that red meat was a risk factor for colon 

carcinogenesis (Giovannucci et al, 1994; Willett and MacMahon, 1984; Hirayama, 1986), 

but no study found that heme iron from beef was associated with colon cancer. In fact, 

43% of the iron in the diets of women was contributed by grain products and only 26% 

was supplied by meat, poultry, and fish (USDA, 1990). In some cases, the quantity of 

iron is astonishing. Some cereals contains 18 mg iron in one serving (Weinberg, 1992). 

The RDA for adult males is 10 mg and 15 mg for adult females (Committee on Dietary 

Allowances, 1989), so one serving of some cereals will provide 120 to 180% of iron for a 

1-d requirement From the present study, we suggest that the heme iron from red meat 

will not increase the risk of colon cancer. 

25 



REFERENCES 

AOAC. 1990. Offlcial Methods of Analysis, 15th Ed Association of Official Analytical 
Chemists, Arlington, VA 

American Cancer Society, 1996 Cancer Facts and Figures 1996. American Cancer 
Society, Inc., Atlanta, GA. 

Bezwoda, W. R , T. H Bothwell, R. W Charhon, J. D. Torrance, A. P. MacPhail, D. P. 
Derman, and F. Mayet 1983 The relative dietary importance of heme and nonheme 
iron S. Airica Med J., 64: 552-556. 

Bothwell, T. H., R W Charlton, J. D. Cook, and C A. Finch. 1979. Iron Metabohsm in 
Man. Blackwell Scientific Publications, London. 

Carey, W D Colon Cancer A Tragedy of Failed Federal Policy and Public Unawareness. 
USA Today, March 1996, p 36 

Cermak, J , J Balla, H. S Jacob, G Balla, H Enright, K. Nath, and G. M. Vercellotti. 
1993 Tumor cell heme uptake induces ferritin synthesis resuhing in altered oxidant 
sensitivity possible role in chemotherapy efficacy. Cancer Res. 53: 5,308-5,313. 

Committee on Dietary Allowances 1989. Recommended Dietary Allowances. 10th Ed. 
National Academy of Sciences, Washington, D. C 

Cook, J D , and E R Monsen 1976 Food iron absorption in human subjects. III. 
Comparison of the effect of animal proteins on nonheme iron absorption. Am. J. Clin. 
Nutr 29: 859-867. 

Dallman, P R , R Yip, and C Johnson. 1984. Prevalence and causes of anemia in the 
United Sutes, 1976 to 1980. Am J. Clin Nutr 39: 437. 

Finch, C. A. and H Huebers Perspectives in iron metabolism. N. Engl. J. Med. 306(25): 
1,520-1,528. 

Giovannucci, E and W C. Willett. 1994 Dietary factors and risk of colon cancer. Annals 
ofMedicine 26: 443-452 

26 



:i-i 

Giovannucci, E., E. B Rimm, M J. Stampfer, G. A. Colditz, A. Ascherio and W. C. 
Willett. 1994. Intake of fat, meat, and fiber in relation to risk of colon cancer in men. 
Cancer Res. 54 (9);2,390-2,397. 

Goldbohm, R. A., P. A. van den Brandt, P. van't Veer, H. A. Brants, E. Dorant, F. 
Sturmans and R J Hermus. 1994. A prospective cohort study on the relation between 
meat consumption and the risk of colon cancer. Cancer Res. 54 (3):718-723. 

Gordon, D. T , and J. S Godber. 1989. The enhancement of nonheme iron bioavailability 
by beef protein in the rat J. Nutr 119:446-452. 

Graf, E. and J. W. Eaton. 1985. Dietary suppression of colonic cancer: fiber or phytate? 
Cancer 56:717-718. 

Guyton, A C. 1986. Textbook of Medical Physiology W B Saunders Co. Philadelphia, 
PA 

Hallberg, L., and L. Rossander 1982 Effect of different drinks on the absorption of 
nonheme iron from composite meals Human Nutr.: Applied Nutr. 36A:116-123. 

Hallberg, L , and L. Rossander 1982 Effect of soy protein on nonheme iron absorption in 
man Am. J. Clin. Nutr. 36:514-520 

Hann, H. L., M. W Stahlhut, and B S. Blumberg 1988. Iron nutrition and tumor growth: 
decreased tumor growth in iron-deficient mice Cancer Res. 48: 4,168-4,170. 

Hirayama, T. 1986. A large scale cohort study on cancer risks by diet with special 
reference to the risk reducing effects of green-yellow vegetable consumption. Japan 
Scientific Societies Press. Tokyo 

Kane, A. P , and D D Miller. 1984. In vitro estimation of the effects of selected proteins 
on iron bioavailability Am. J. Clin. Nutr. 39:393-401. 

Kapsokefalou, M and D. D. Miller. 1993 Lean beef and beef fat interact to enhance 
nonheme iron absorption in rats. J. Nutr. 123:1,429-1,434. 

Kim, Y., C. E. Carpenter, and A W. Mahoney 1993. Gastric acid production, iron status 
and dietary phytate alter enhancement by meat of iron absorption in rats. J. Nutr. 
123:940-946 

Krause, M. and K. K Mahan. 1984. Food, Nutrition and Diet Therapy. W. B. Saunders 
Co, Philadelphia, PA 

27 



.i"l 

Letendre, E. D. 1987. Iron metabolism during infection and neoplasia. Cancer Metastasis 
Rev. 6:41-53. 

Macquart-Moulin, G., E. Riboli, J. Comee, B. Chamay, P Berthezene and N. Day. 1986. 
Case-control study on colorectal cancer and diet in Marseilles. Int. J. Cancer 38:183-
191. 

Murphy, S. P., and D. H Calloway. 1986. Nutrient intakes of women in NHANES II 
emphasizing trace minerals, fiber, and phytate. J Am. Diet. Assoc. 86:1,366-1,372. 

National Livestock and Meat Board 1990. Iron in Human Nutrition. National Livestock 
and Meat Board, Chicago, IL. 

National Research Council. 1978. Nutrient Requirements of Laboratory Animals, 3rd 
revised Ed. National Academy of Sciences Washington, D. C. 

National Research Council 1988 Designing Foods: Animal Product Options In The 
Marketplace National Academy Press Washington, D. C. 

Nelson, R L. 1992. Dietary iron and colorectal cancer risk. Free Radical Biol. Med. 
12:161-168 

Nelson, R. L , F. G. Davis, E Sutter, L H Sobin, J. W Kikendall, and P. Bowen. 1994. 
Body iron stores and risk of colonic neoplasia J. Natl Cancer Inst. 86:455-460. 

Nelson, R L , S J. Yoo, and J C Tanure 1989. The effect of iron on experimental 
colorectal carcinogenesis Anticancer Res 9:1,477-1,482. 

Pence, B C, M. J. Butler, D M Dunn, M F Miller, C. Zhao and M. Landers. 1995. 
Non-promoting effects of lean beef in the rat colon carcinogenesis model. 
Carcinogenesis 16:1,157-1,160. 

Raper, N R , J C Rosenthal, and C. E Woteki. 1984 Estimates of available iron in diets 
of individuals I year old and older in the nationwide food consumption survey. J. Am. 
Diet Assoc 84:783-787 

Selby, J Y. and G D. Friedman 1988. Epidemiologic evidence of an association between 
body iron stores and risk of cancer. Int J. Cancer 41:677-682. 

Siegers, C P., C Bumann, and G Baretton. 1988. Dietary iron enhances the tumor rate in 
dimethylhydrazine-induced colon carcinogenesis in mice. Cancer Letters 41:251-256. 

28 

U ; . ' J J U J A ^ ^ U ] U « C 5 ! r S a g - ; ^ . ^ ^ ^ ^ ^ ^ ^ ^ M m i ^ ^ ^ __: := . - , fea 



Stevens, R. G , D. Y. Jones, M. S. Micozzi and P. R. Taylor. 1988. Body iron stores and 
the risk of cancer N. Engl. J. Med. 319:1,047-1,052. 

Stevens, R. G , R. P. Beasley, and B. S. Blumberg. 1986. Iron-binding proteins and risk of 
cancer in Taiwan. J. Natl. Cancer Inst. 76:605-610. 

Toyokuni, Shinya 1996. Iron-induced carcinogenesis: the role of redox regulation. Free 
Radical Biol Med 20:553-566. 

USD A/Human Nutrition Information Service 1990. Good Sources of Nutrients. USDA, 
Washington, D C 

Weinberg, E. D. 1984. Iron withholding: a defense against infection and neoplasia. Physiol 
Rev 64:65-102. 

Weinberg, E D. 1992. Roles of iron in neoplasia Biol Trace. Elem. Res. 34:12-140. 

Willett, W. and B MacMahon. 1984 Diet and cancer, an overview. N. Engl. J. Med. 
310 633-638 

Willett, W C, M J. Stampfer. G A Colditz, B A Rosner, and F. E. Speizer. 1990. 
Relation of meat, fat, and fiber intake to the risk of colon cancer in a prospective study 
among women N. Engl J. Med 323 1,664-1,672. 

29 

^Z^ZiZ 



PERMISSION TO COPY 

In presenting this thesis in partial fulfillment of the requirements for a 

masters degree at Texas Tech University or Texas Tech University Health Sciences 

Center, 1 agree that the Library and my major department shall make it freely 

available for research purposes. Permission to copy this thesis for scholarly 

purposes may be granted by the Director of the Library or my major professor. 

It is understood that any copying or publication of this thesis for financial gain 

shall not be allowed without my further written permission and that any user 

may be liable for copyright infringement. 

A^ree (Permission is granted.) 

L^L± ^ ^ j i Q . - * 

Student's Signature 
w. nu 

Disagree (Permission is not granted.) 

Student's Signature Date 
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