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CHAPTER I 

INTRODUCTION 

Studies have shown that molybdenum (Mo) deficiency may be 

associated with the incidence and development of cancer. In 1966, 

Burrell et al. revealed a high incidence of esophageal cancer among 

the Bantu of South Africa. The plants of that region were shown to 

be deficient in Mo, iron (Fe), copper (Cu), zinc (Zn) and other trace 

elements. The results of Burrell's study demonstrated a remarkably 

close association between esophageal cancer and Mo deficiency. 

People in areas of the Henan province in China have also been 

shown to have a high incidence of cancer of the esophagus (Department 

of Chemical Etiology and Carcinogenesis et al., 1980; Luo et al., 

1982). Chinese scientists studied food and water samples from this 

area and their results indicated an inverse relationship between 

mortality rates from cancer of the esophagus and the food and water 

content of Mo, Zn, manganese (Mn), magnesium (Mg), silicon (Si), 

nitrogen (N), Fe, bromine (Br) and iodine (I). The most significant 

relationship occurred with the Mo content of the samples and the 

incidence of cancer of the esophagus (Department of Chemical Etiology 

and Carcinogenesis et al., 1978). 

In 1983, Luo et al. designed a study to develop an animal model 

to investigate the role of dietary Mo in the prevention of esophageal 

cancer. In their study, Luo et al. compared the effects of Mo 

supplementation and Mo deficiency, created by tungsten (W) 



supplementation, on the incidence and development of esophageal and 

forestomach cancer in male rats. The results indicated that the Mo 

supplemented rats had a significantly lower incidence of chemically 

induced esophageal and forestomach cancers. Furthermore, the Mo-

deficient and W-supplemented group had more hyperplastic and precan

cerous lesions than the Mo group. 

In 1984, Seaborn tested different levels of Mo to determine the 

amount of Mo having the most beneficial effect in reducing chemically 

induced mammary carcinogenesis in rats. Rats supplemented with 10 

ppm Mo had fewer palpable tumors than rats supplemented with 1.0 or 

0.1 ppm Mo or with no Mo supplementation. In 1985, Wei et al. 

demonstrated that supplemental W promotes mammary cancer during 

early stage carcinogenesis and that Mo supplementation inhibits 

mammary cancer during late state carcinogenesis in rats. 

In 1985, Berg stated that white American women now have a 8.2% 

chance of developing breast cancer by the age of 75. Breast cancer 

now kills more women than any other cancer. 

The actual cause of breast cancer is not known; however, research 

has revealed a number of factors associated with an increased risk 

in developing breast cancer. One category of risk factors receiving 

much attention is hormonal risk factors. In 1983, DeWaard indicated 

that estrogens may be potential tumor promoters; however, the method 

of tumor promotion by estrogens is not known. Increased amounts of 

estrogens have been associated with increased risk in developing 

breast cancer (Marchant, 1982). Marchant in 1982 showed an increased 



growth rate of human breast cancer cells in vitro with the addition 

of physiological concentrations of estrogen. 

With the discovery of estrogen receptors and their responsibility 

for the uptake of estrogen into target cells, McGuire and Clark (1983) 

hypothesized that estrogen receptors might be useful in determining 

the prognosis of breast cancer patients. In 1983, Maass and Jonat 

showed that estrogen containing tumors responded better to endocrine 

therapy than those tumors without estrogen receptors. 

In 1981, Miller et al. showed that Mo stabilized estrogen recep

tors in human breast tissue when added to assay buffer. The mechanisms 

by which Mo stabilizes the receptors are not known; however, possible 

mechanisms could be by phosphatase inhibition or adenylate cyclase 

activity alteration. 

Immunity is the body's natural ability to resist almost all 

types of organisms or toxins that invade the body. Immunosuppression 

has been shown to occur in the tumor bearing host. The cause of this 

immunosuppression is not known. Both the host and tumor have been 

implicated in contributing to this immunosuppression. 

The purpose of this study is to determine the effect of Mo on 

mammary adenocarcinoma and immune response in mice. 



CHAPTER II 

REVIEW OF LITERATURE 

Molybdenum 

Molybdenum, Mo, with an atomic number of 42, is the only metal in 

the second transitional series which is essential for mammals. Named 

from the Greek word "molydos," meaning lead, molybdenum was discovered 

in 1782 by Hjelm and is used principally in industry as an alloying 

addition to metals. Other industrial uses are as catalysts, pigments 

and additions to lubricants. The majority of the world's molybdenum 

is mined in the Western Hemisphere; 70% is mined in the United States, 

with most of the rest coming from Chile, China and Canada. Various 

concentrations of molybdenum are found throughout the world. Many 

areas are known to contain very high amounts of molybdenum in the 

soil, whereas other areas have very low soil concentrations. 

Mo is essential for most forms of life on this planet (Schroeder 

et al., 1970). Traces of the element are present in all plant and 

animal tissues, with the dry weight tissue concentrations ranging from 

0.1 ppm to 3 ppm in animals (DeRenzo, 1962; Underwood, 1977). The 

largest amounts of Mo are found in the liver, kidney, bone and skin. 

The mineral is absorbed readily from the intestinal tract and the 

majority is excreted through the urine; however, small amounts are 

also excreted in bile (Schroeder et al., 1970). 



Requirements and Sources 

Currently, the average daily intake of Mo in the U.S. is .335 ng 

which is well within the range of the provisional R.D.A. set for 0.15-

.5 mg/day. A provisional R.D.A. has been adopted since the specific 

requirements for humans and rats are not known. However, an R.D.A. 

has been established for chicks. The differences in the Mo require

ments between the various species may be due to the nitrogen metabolism 

of each individual species. For example, chicks metabolize all 

nitrogen compounds to uric acid; hence, chicks have a need for large 

amounts of xanthine oxidase, a Mo-containing enzyme that catalyzes 

the formation of uric acid from N-containing compounds. Man and 

rats normally degrade only purines and similar compounds to uric acid, 

thus needing smaller amounts of xanthine oxidase than the chick 

(Reid et al., 1956; Pike and Brown, 1975). 

Dietary sources of Mo vary with area soil concentrations; however, 

the richest sources of the mineral are legumes, with a Mo content of 

3-5 ppm, and meats, with a concentration of 2-5 ppm. Whole grain 

cereals are a fair source, while fruits and vegetables have the 

poorest yield (Appendix A) (Guthrie, 1979). 

Molybdo-Enzymes 

Mo has been identified in numerous enzymes: nitrogen reductase, 

aldehyde oxidase, sulfite oxidase, xanthine oxidase and dehydrogenase. 

Nitrogen reductase is found only in plants and is essential for nitro

gen fixation of leguminous plants in the conversion of nitrate to 

ammonia (Bray et al., 1964). Lands are barren where Mo is lacking in 



the soil since Mo is essential for all plants except possibly some 

green algea (Schroeder et al., 1970). Isolated nitrogen reductase 

has been shown to contain FAD, heme and Mo. 

Another enzyme containing Mo is aldehyde oxidase. The contents 

of this enzyme for each active site include: 1 molecule of FAD and 

1 of Mo, 4 molecules of Fe, and 1 to 2 molecules of coenzyme Q.-.. 

Aldehyde oxidase is responsible for catalyzing the oxidation of 

aldehydes, especially to carboxylic acid (Li and Vallee, 1980). 

The enzyme sulfite oxidase is a molybdo-heme protein which 

catalyzes the oxidation of sulfite to sulfate. This function is 

necessary in animals in the metabolism of sulfur amino acids by 

oxidizing the sulfite derived from cysteine and methionine to sulfate 

(Appendix B) (Johnson and Rajagopalan, 1976). 

One of the most researched of the Mo containing enzymes is 

xanthine oxidase. Xanthine oxidase, as well as xanthine dehydro

genase, has two active sites and, like aldehyde oxidase, contains 1 

molecule of FAD and Mo and 4 molecules of Fe for each active site. 

Xanthine oxidase and xanthine dehydrogenase catalyze the formation 

of uric acid from the purines hypoxanthine and xanthine (Appendix B). 

Xanthine oxidase also functions in the oxidation of pteridine, 

aldehydes, NADH and other heterocylcic molecules (Bray and Ehrenberg, 

1961). One of the major differences between xanthine oxidase and 

xanthine dehydrogenase is that, unlike xanthine oxidase, xanthine 

dehydrogenase cannot use O2 as an oxidizing accepter but can only 

use NAD as its oxidizing acceptor (Palmer and Olson, 1980). 

Xanthine oxidase is present mainly in the liver and jejunal 



mucosa and aids in the mobilization of Fe from the liver reserves. 

The enzyme has been found to be readily induced; its activity can be 

increased in the liver of protein depleted mice by injections of 

xanthine (Richert et al., 1971). 

In 1969, Delia Corte et al. found that the in vivo quantity of 

xanthine dehydrogenase present in the liver was seven times greater 

than the oxidase form. However, in vitro the isolated enzymes 

undergo conversion from the dehydrogenase to the oxidase form. In 

1981, Clare et al. found that sulfhydryl oxidase catalyzes the con

version of xanthine dehydrogenase to xanthine oxidase. Thus, the 

amount of sulfhydryl oxidase in a tissue may determine the form of 

the xanthine oxidizing enzyme (Delia Corte et al., 1969). 

Molybdenum Cofactor 

It has been suggested that all molybdo-enzymes, regardless of 

origin, may contain a common cofactor. The complete structure of 

this cofactor is not known; however, recently the cofactor has been 

shown to contain a novel pterin (Rajagopalan et al., 1982). Presumably, 

the cofactor is thought to be responsible for the activation of 

molybdenum-free sulfite oxidase and xanthine oxidase in the presence 

of molybdate and ATP in the livers of tungsten-treated rats. The 

pool of the Mo cofactor represents a large portion of the total 

Mo present in the liver. Combined, sulfite oxidase and xanthine 

oxidase account for approximately half of the total hepatic Mo; 

the remaining 50% occurs as the labile pool of Mo cofactor (Johnson 

and Rajagopalan, 1976). 
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Molybdenum Interactions 

Mo has been found to interact with copper and sulfate. Three 

models for the interactions of Cu, SO,, and Mo had been proposed by 

Huisingh and Matrone (1976). The first model states that there is 

a direct antagonism between Cu and Mo and that this antagonistic 

interaction is due to the formation of a Cu-Mo complex. Secondly, 

Cu can become unavailable in ruminants in two ways: 1) by the forma

tion of cupric molybdate and 2) by the precipitation of copper 

sulfide. In vitro studies showed that Mo inhibited the reduction 

of sulfate to sulfite and thus Mo could possibly alleviate copper 

deficiencies by inhibiting sulfide formation. A study was done to 

see if Mo could alleviate a copper deficiency. The results of the 

study showed that 50 ppm Mo in the diet inhibited sulfate reduction 

in ruminants, but the study also revealed that Mo increased sulfide 

production from methionine. This study led to the third model of 

interaction proposed by Huisingh and Matrone (1976): that the dietary 

source of sulfur determines whether Mo alleviates or aggravates Cu 

deficiency. If the diet contains sulfate as the major source of 

sulfur, then Mo alleviates Cu deficiency; but if the diet contains 

sulfur amino acid as the major source of sulfur, then Mo aggravates 

Cu deficiency. Two basic factors helped to influence the three 

working models of Mo interaction. The first factor is that molybdate 

and sulfate have been found to interact antagonistically at the site 

of membrane transport especially in intestinal absorption and kidnev 

tubule reabsorption. The second reason behind the models is that 

elements in the periodic table tend to react in a similar chemical 



manner as the other elements in the same family. Members in the 

same family as Mo include Se, S, Cr, and W. Indeed, Mo has been 

found to be antagonistic of these elements; however, the antagonists 

of major importance include S and W (Huisingh and Matrone, 1976). 

Induced Deficiencies and Toxicities 

In laboratory experiments, the very low daily requirement of 

Mo by the rat and the presence of such amounts of the metal even 

in unsupplemented diets have prevented the creation of simple Mo 

deficiency by withholding the mineral from the diet. However, by 

administering high levels of W to the rat, a Mo deficiency can be 

created using W to inhibit the uptake and utilization of Mo. W 

has not shown any toxic effects in experimental animals; thus, a Mo 

deficiency created by the addition of W should not cause any side 

effects. In a study by Johnson and Rajagopalan (1976), rats given 

100 ppm W as tungstate in their drinking water developed time-

dependent losses in the activities of sulfite oxidase and xanthine 

oxidase as well as total hepatic molybdenum. In other studies, 

chicks given tungstate in W:Mo ratios of 1000:1 and 2000:1 resulted in 

reduced growth and tissue Mo and xanthine oxidase levels; and decreased 

capacity to oxidize xanthine to uric acid. All of the effects were 

prevented by adding Mo to the diet (Higgins et al., 1956). Leach 

and Norris (1957) fed chicks a purified casein diet containing 0.5-0.8 

ppm Mo plus added W confirmed the previous findings of a Mo deficiency. 

Leach and Norris (1957) also found that hens fed a special low-

mineral diet had highly Mo-depleted chicks. 

Mo and Cu play a significant role in the growth and maintenance 
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of the body; however, their intake in excess may be toxic as seen 

in the Mo toxicity disease of teart which often occurs in cattle 

feeding on grass grown in pastures where the soil is high in Mo. 

Removal of the cattle from the pasture results in a rapid recovery. 

In rats, cellular toxicity was induced by the injection of 115 

mg Mo/kg body weight with the oral toxicity being similar depending 

on the particular Mo compound used. Toxicity to molybdenum 

trioxide developed at 125 mg/kg body weight and caused fatty degen

eration of the liver and kidneys (Maresh et al., 1940; Fairhall et al., 

1945). 

In addition to the effects of dietary Cu and dietary sulfate 

dietary protein may also be involved in alleviating molybdenosis. 

The results of a limited study indicated that high-protein feeding 

resulted in a reduction in the liver and blood Mo and Cu levels in 

Mo fed rats (Miller and Engel, 1960). Results of a study using 

preadolescent girls as subjects indicated that with a constant Mo 

intake (approximately 70 ug per subject daily), the average Mo 

retention was increased five-fold when the protein intake decreased 

from an average of 2.5 gm/kg body weight to 0.7 gm/kg body weight. 

These results suggest that an adequate dietary protein level is 

necessary for the elimination of dietary Mo in growing children 

(Miller and Engel, 1960). 

Clinical Applications 

Gout 

Mo has been associated with a number of clinical abnormalities. 

Since xanthine oxidase catalyzes the formation of uric acid from 
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purines, the enzyme is thought to have a relationship with the 

disease gout. In gout, uric acid accumulates in the blood and 

tissues and the rough crystals of its salts called urates are de

posited in the joint. In one study by Carcassi (1977), seven out 

of eight patients with gout had an increase in hepatic xanthine 

oxidase activity with the mean increase being four-fold. In another 

study in a province of Armenia, Kovalskii et al. (1961) described a 

gout-like syndrome occurring in 72 of 362 adults. In this study, two 

villages were studied in which daily dietary intakes of Mo and Cu 

were found to be 10-15 mg and 5-10 mg, respectively. Control 

intakes were 1-2 mg Mo and 10-15 mg Cu. Unlike the controls, 

symptomatic subjects showed an elevated mean blood Mo content, a 

decreased blood Cu content and hyperuricosuria. Other symptoms of 

the syndrone included recurrent joint pain in the knees, hands, and 

feet associated with erythema, edema and joint deformity (Kovalskii 

et al., 1961). 

Dental Caries 

Mo has also been associated with dental caries. Ludwig et al. 

(1962) and Anderson (1966) postulated that adequate Mo in the soil and 

food may prevent dental caries. One possible mechanism of this 

action is a greater retention of fluoride in the presence of Mo 

(Guthrie, 1979). Losee and Adkins (1969) reported an absence of 

dental caries in Naval recruits from northwest Ohio where the water 

has been shown to have high concentrations of boron (B), Mo, strontium 

(Sr) and fluorine (F). However, in other studies, Malthus et al. 
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(1964), Hadjimarkos (1968) and Curzon (1971) found no differences 

between numbers of caries in animals and humans with varied Mo intakes 

Anemia 

In 1965, Mazur and Carleton reported that the release of Fe 

from hepatic ferritin stores is mediated by xanthine oxidase acting 

as a dehydrogenase. In this reaction, ferric iron is reduced to 

ferrous iron and thus binds more readily to transferrin. Since 

xanthine oxidase is involved in the release of Fe from its stores 

an inverse relationship exists between xanthine oxidase activity and 

ferritin stores (Mazur and Carleton, 1965). 

Many studies have shown a relationship between Mo and Fe 

deficiency anemia. Pregnancy induced anemia, which normally does 

not respond to Fe supplementation, has been shown to respond to Fe 

supplementation when Mo is also given (Neary, 1946; Dieckmann and 

Priddle, 1949; Dieckmann et al., 1950; Forman, 1950). 

Tuttle and Etteldorf (1952) demonstrated a less severe anemia 

in premature infants when a formulation of Fe and Mo was given to the 

infants instead of Fe and ammonium citrates. Finally, Bala and 

Lifshits (1966) reported that in 75 patients with Fe deficiency 

anemia, blood levels of Mo were lower than those of healthy subjects. 

Cu is also involved in Fe metabolism as it is needed for Fe 

transport. Because Cu has also been shown to interact with Mo, 

many studies have concentrated on the relationship of Cu and Mo to 

Fe metabolism. (For a complete review of the subject see Seelig, 

[1972, 1973].) 
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Molybdo-Enzyme Abnormalities 

In man. Mo has been shown to be essential for the proper 

functioning of four enzymes: xanthine oxidase, xanthine dehydro

genase, sulfite oxidase and aldehyde oxidase. Since Mo is thought 

to be needed in such minute quantities, deficiencies of the mineral 

are rarely noted. However, cases of abnormal molybdo-enzyme function

ing have been reported. Frayha et al. (1977) reported xanthine 

dehydrogenase deficiency in man. This deficiency which leads to 

urolithiasis has now been described in more than 50 patients. 

Irreverre et al. (1967) and Shih et al. (1977) reported two 

patients with sulfite oxidase deficiency. This disorder, though 

extremely rare, is much more serious than xanthine dehydrogenase 

deficiency. In both cases of sulfite oxidase deficiency, patients 

experienced seizures, mental retardation and severe neurological 

disturbances. Urinary sulphur excretion was severely disturbed 

with low inorganic sulfate levels and high sulfite, thiosulfate, 

S-sulfocysteine and taurine levels (Irreverre et al., 1967; Shih 

et al., 1977). 

In 1981, Abumrad et al. reported the occurrence of a Mo 

deficiency in a patient suffering from Crohn's Disease who had been 

on TPN as his sole source of nutrition for 18 months. The patient's 

symptoms included tachycardia, tachyphea, central scotomas, night 

blindness and irritability leading to coma. The patient showed high 

plasma methionine levels; low serum uric acid levels; increased 

urinary sulfite, thiosulfate, hypoxanthine and xanthine excretion; 

and decreased urinary excretion of uric acid. These abnormalities 
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indicated a defect in sulfite and uric acid metabolism. The patient's 

clinical condition improved when the patient was treated with ammonium 

molybdate. Biochemical abnormalities and the patient's response to 

treatment indicate a dietarily induced Mo deficiency resulting in the 

malfunctioning of the molybdo-enzymes sulfite oxidase and xanthine 

oxidase (Abumrad et al., 1981). 

In 1983, Wadman et al. described five patients with a combined 

deficiency of xanthine dehydrogenase, sulfite oxidase and perhaps 

aldehyde oxidase. These deficiencies are thought to be inborn errors 

of metabolism resulting in the absence of hepatic Mo cofactor which 

is of course essential for molybdo-enzymes. Even though plasma Mo 

levels were normal, other biochemical abnormalities occurred and 

included: hypouricemia, xanthinuria, decreased excretion of inorganic 

sulfate and increased excretion of sulfite, thiosulfate and S-

sulfocysteine even though plasma Mo levels were normal. Liver biopsies 

were used to diagnose Mo cofactor deficiency. Clinical symptoms of 

the deficiency included: feeding difficulties, mental retardation, 

neurological symptoms, lens dislocation, abnormal muscle tone, 

myoclonia and abnormal physiognomy. Currently, attempts at treating 

the inborn error of metabolism have failed (Wadman et al., 1983). 

Esophageal Cancer 

The relationship between Mo deficiency and the incidence of 

esophageal cancer in humans was first reported in 1966 by Burrell 

et al. The high incidence of esophageal cancer was among the Bantu 

of Transkei in southern Africa. In their study, inspections were 
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made of 29 gardens which Bantu with esophageal cancer had lived for 

15 to 30 years before their deaths and also of 29 gardens in the 

middle of large tumor-free areas nearby. The cancer gardens were 

shown to be less productive than the gardens of tumor-free areas. In 

the people with the higher cancer rates, plant leaves showed more 

severe signs indicating Mo deficiency than in the noncancerous areas 

of the gardens. With the initiation of Mo treatment, the incidence 

of Mo deficiency leaf signs decreased to one-quarter of its original 

incidence. This finding and the occurrence of the high rate of 

esophageal cancer indicated a remarkably close association between 

esophageal cancer and Mo deficiency. Burrell et al. (1966) also 

found that Mo treatment of crops produced a higher yield in the crops 

and proved that Mo deficiency had reduced the metabolic efficiency 

of the plants to a small fraction of normal and had also rendered 

maize prone to attack by two fungi known to be toxic to animals. 

Diagnostic leaf injections were then used to test for other trace 

element deficiencies with results indicating deficiencies in Fe, 

Cu, Zn and other trace elements. The mineral deficiencies and the 

toxicants from the plants may lead to the formation of nitrosamines 

which have been shown to cause cancer of the esophagus in rats 

(Burrell et al., 1966). 

Since the findings of Burrell et al. (1966), food and water 

samples from the high esophageal cancer incidence area and medium 

to low incidence areas in the Henan Province in China have been 

collected and analyzed. The samples showed an inverse relationship 

between mortality rates in cancer of the esophagus and the content of 
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Mo, Zn, Mn, Mg, Si, Ni, Fe, Br and I with the most significant rela

tionship being with Mo. Low levels of Mo were also found in the 

serum, hair and urine of the inhabitants of the high cancer incidence 

area. Nemenko et al. in 1976 reported that the water in the high 

cancer incidence areas contained less Mo than the water in the areas 

with lower incidence of esophageal cancer. 

With the previous published data indicating a correlation 

between a Mo deficiency and the incidence of esophageal cancer, Luo 

et al. (1983) designed a study to develop an animal model to investi

gate the role of dietary Mo in the prevention of esophageal cancer. 

In this study, groups of male rats were given ad libitum a nutrition

ally adequate semi-purified diet and demineralized drinking water 

without or with Mo or W supplementation. Starting from the fourth 

week, twice weekly, the rats received a carcinogen treatment which 

was gastrically intubated for 2 to 8 weeks. The animals were sacri

ficed at the end of 19 or 30 weeks. The results indicated that the 

addition of Mo to the drinking water significantly reduced the 

chemically induced esophageal and forestomach cancers. The rats 

with the most hyperplastic and precancerous lesions were those that 

received 8 doses of the carcinogen and W. In a more recent study, 

Wei et al. (1985) demonstrated that supplemental W promotes mammary 

cancer during early state carcinogenesis and that Mo inhibits 

mammary cancer during late stage carcinogenesis in rats. 

Breast Cancer 

Berg (1984) states that white American women now have a 8.2% 

chance of developing a breast cancer by the age of 75. That means 
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that 1 in 12 white American women will develop breast cancer. Breast 

cancer kills more women than any other cancer. In 1982 breast cancer 

represented 27% of all cancers and 19% of all cancer deaths in women 

(Marchant, 1982). 

The actual cause of breast cancer is not known; however, several 

factors have been associated with an increased risk of developing 

breast cancer. These factors may be catagorized as demographic, 

anthropometric, dietary, menstrual, reproductive, hormonal, genetic 

or others including a history of benign breast disease (Marchant, 

1982; Berg, 1984). 

Within each category are several factors that can be considered 

to influence the risk of developing breast cancer. For example, for 

the category of demographic risk factors, sex, age, race, socioeconomic 

status, country of residence, place of residence and marital status 

must all be considered. Demographic factors associated with an 

increased risk of developing breast cancer include: being white or 

female, being from an upper socioeconomic class, being over the age 

of 35, living in an urban area, living in North America or Europe 

and never being married (Kalache, 1981). 

Anthropometric and dietary risk factors could be considered 

together since higher body weight and a higher intake of calories 

and fat have also been associated with an increased risk of develop

ing breast cancer. A "westernized" diet, one that is high in calories, 

fat and meat has been associated with an increased incidence in breast 

cancer (Nomura et al., 1978; Marchant, 1982). This factor may be 

closely related to two demographic factors: socioeconomic status and 
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country of residence. "Good food" seems to go with a higher socio

economic class, and westernized North American and European countries 

consume westernized diets; therefore, diet, socioeconomic status, and 

country of residence may all be interrelated. 

For the other categories, those factors associated with increased 

risk of breast cancer include: a menstrual history of young age at 

menarche, an older age at menopause; a reproductive history of being 

nulliparious or low parlous, having a first pregnancy occur after 

the age of 30, or having a history of abortion; a genetic or family 

history of breast cancer incidence in a first-degree relative; a 

history of exposure to high dose radiation to the breast; and/or the 

history of a previous breast biopsy (Kalache, 1981; Berg, 1984). 

One category of risk factors receiving much attention is 

hormonal risk factors. These risk factors may also be related to 

menstrual, reproductive and dietary factors since hormones function 

to regulate menstrual cycles and reproduction; and diet has been 

shown to influence hormonal status (Sherman et al., 1981). 

DeWaard (1983) states that there is considerable evidence to 

incriminate estrogens as potential tumor promoters. However, the 

method of tumor promotion is not known. Estrogens may work together 

or may depend on other endocrine factors to promote tumorgenesis. 

Increased amounts of estrogen have been associated with increased 

risk and diminished production of estrogen has been associated with 

decreased risk. Growth rate of human breast cancer cells in vitro 

is enhanced by the addition of physiological concentrations of 

estrogen (Marchant, 1982). 
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Since the discovery of estrogen receptors and their responsi

bility for uptake of estrogen into target cells, it has been 

hypothesized that estrogen receptors might be useful in determining 

the prognosis of breast cancer patients (McGuire and Clark, 1983). 

In a study by Maass and Jonat (1983), estrogen containing tumors 

were shown more likely to respond to endocrine therapy than those 

tumors without estrogen receptors. 

Mo has been shown to stabilize tissue receptors when added to 

assay buffer. This stabilization effect has been shown for androgen 

receptors in prostatic tissue in humans (Hawkins et al., 1981) and 

rats (Noma et al., 1980), for glucocorticoid receptors in mouse 

fibroblasts (Sando et al., 1979) and rat liver (Leach et al., 1979), 

for progestogen receptors in human breast (Anderson et al., 1980a, 

1980b) and prostate tissues (Bevins and Bashirelahi, 1980) and for 

estrogen receptors in rat uterus (Noma et al., 1980) and human breast 

tissue (Anderson et al., 1980a; Miller et al., 1981). How Mo 

stabilizes receptors is not known; however, three possible mechanisms 

are phosphatase inhibition, adenylate cyclase activity alteration 

and changes resulting from stabilization (Toppilla et al., 1982). 

Immunity 

The body has a natural ability to resist almost all types of 

organisms or toxins that invade body tissues and organs. This 

natural defense is called immunity. The main functions of the 

immune system include protecting the organisms from infection and 
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destroying foreign and possibly malignant cells (Tomasi and McNabb, 

1980; Roitt, 1980). 

Immunity may be classified as innate or acquired. Innate 

immunity results from general defense processes and includes 

phagocytosis of bacteria by white blood cells and reticuloendothelial 

cells, destruction of organisms within the digestive tract by acid 

secretions and digestive enzymes, resistence to invasion from 

organisms by the skin and destruction of foreign organisms or toxins 

in the blood by special chemical compounds. 

Acquired immunity is a more specific and a more powerful immunity 

that protects against such agents as bacteria, viruses, toxins and 

foreign tissues. Within the acquired immunity system, B-lymphocytes 

and T-lymphocytes produce antibodies and lymphokines which attack 

and destroy foreign organisms (Guyton, 1977). 

T-lymphocytes control cell-mediated immunity. These T-cells 

migrate from the bone marrow to differentiate in the thymus. Cell-

mediated immunity protects against intracellular organisms and 

viruses and is responsible for rejection of transplanted tissue. 

T-cells may be classified as helper or suppressor cells. Helper 

and suppressor cells may enhance or suppress a B-cell response. T-

cells may also act directly on foreign target cells or through 

mediators called lymphotoxins or may secrete lymphokines which can 

activate and localize macrophages to the area (Kolski, 1984). 

B-lymphocytes also migrate from the bone marrow, however, their 

place of differentiation is unknown. B-cells are found throughout 

the body in the lymph nodes, spleen, bone marrow and blood. B-
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lymphocytes are responsible for humoral immunity. When stimulated 

by antigen, B-lymphocytes synthesize and release antibodies. B-

cells have the ability to produce many types of antibodies; IgA, 

IgE, IgG, IgM and IgD. The specific antigen determines the type 

of antibody produced by the B-cell. 

In many cases, stimulation of B-cells does not occur with 

antigen alone. Often macrophages and complement bind to the antigen 

and aid the B-cells in recognizing the foreign invader. Helper 

T-cells may also signal the B-cell to produce antibodies (Fauman, 1982) 

Nutrition has been shown to affect immunity. Excessive nutri

tional intake has been associated with the development of many chronic 

diseases such as atherosclerosis, cardiovascular disease and several 

forms of cancer and diabetes (Bierman et al., 1971; Ahrens, 1979; 

Levy and Moskowitz, 1982). Malnutrition has been associated with an 

increased susceptibility to infectious disease. With this increased 

susceptibility to infection, protein and protein-calorie malnutrition 

in man depresses both T- and B-cell immune functions and causes 

malfunction of the complement system and inflammatory and phagocytic 

processes (Chandra and Newberne, 1977; Weindruch et al., 1979; Hansen 

et al., 1982). However, in mice, rats and guinea pigs moderate 

restriction of calories, protein or calories and protein has been 

shown to increase life span, reduce incidence and delay onset of 

spontaneous cancer and other diseases, depress B-cell immunity and 

increase T-cell immunity (McCay et al., 1935; Tannenbaum, 1942; Berg 

and Simms, 1960; Ross, 1961; Ross and Bras, 1965; Tucker, 1979; 

Cheney et al., 1980; Diongigi, 1982). 
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Zinc (Zn) deficiency has also been shown to influence the 

immune response. Mice given Zn deficient diets showed reduced serum 

Zn levels, loss of body weight, low lymphoid tissue weights, loss 

of thymic tissue, an impaired ability to produce thymic hormone, 

depressed plaque-forming cell (PFC) responses against sheep erythro

cytes, depressed killer T-cell activity against tumor cells and low 

natural killer cell activity (Femandes, 1984). 

Both antigen-specific and nonspecific immunosuppression have 

been demonstrated in the tumor bearing host. Why this immunosuppression 

occurs is not clear, especially since tumor cells express antigenic 

molecules on their surfaces that are recognizable as "nonself" by the 

immune system. Both the host and tumor have been implicated in 

contributing to the immunosuppression of the host. Some mechanisms 

of immunosuppression are suppression of cell mediated immunity and 

antibody production by suppressor T-cells (Gershon et al., 1972; 

Cantor and Boyse, 1977), anticomplementary activity and blocking 

activity against antibody cytotoxicity by circulating immune 

complexes (Murry et al., 1978; Gupta et al., 1979), suppression of 

immune response by suppressive serum proteins (Roth, 1983) and 

immunosuppression by tumor produced suppressing factors (Roth, 1983). 

Redistribution of Zn pools within the body has been noted 

during infectious illnesses. Zn moves from plasma into the liver 

(Beisel, 1976; Beisel et al., 1976). Redistribution of Zn stores 

has been explained as the effect of activated phagocytic cells 

releasing leukocytic endogenous mediators (Pekarek et al. , 1972; 

Wannemacher etal., 1972; Wannemacher et al., 1975; Beisel, 1976; 
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Beisel et al., 1976; Powanda, 1977). Zinc redistribution may be a 

host defense mechanism as the redistribution may influence cellular 

membrane stability, augment phagocytic cell and certain lymphocytic 

cell ability, aid in the synthesis of nucleic acids and proteins 

and aid in the production of various Zn metalloenzymes (Beisel, 

1977). Zn redistribution has also been noted in tumor bearing rats 

and mice (Chan et al., 1980; Mills etal., 1981). 



CHAPTER III 

MATERIALS AND METHODS 

Experimental Design 

In each of the three experiments, 60 five-week-old female 

C57BL/6J mice were purchased from the Jackson Laboratory, Bar Harbor, 

Maine. Initial weights for the three experiments were 14.8 ± .9 g, 

15.6 ± .7 g and 14.4 ± .9 g, respectively. Within each experiment, 

mice were weighed and separated into three groups of twenty. They 

were group 1, Control; group 2, 2 ppm Mo from sodium molybdate and 

group 3, 150 ppm W from sodium tungstate. Group 1 received deionized 

drinking water ad libitum, whereas groups 2 or 3 received Mo or W 

in the drinking water (Table 1). 

Animals were housed in plastic cages with 5-6 mice per cage 

and ears punched for markings. All animals were weighed weekly and 

given ad libitum, a modified AIN 76 semipurified diet for rats and 

mice (Tables 2-4). The diet was analyzed by a catalytic polargraphy 

and atomic absorption spectroscopy procedures for Mo and other trace 

mineral contents (Table 5). 

Experiment I 

After forty days of feeding, each mouse was injected sub-

cutaneously above the right flank with 1.5 x 10 suspended mammary 

adenocarcinoma (MA) cells from BW10232 mammary adenocarcinoma 

originating at the Jackson Laboratory. 
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TABLE 2. Composition of a Modified Semi-Purified 
AIN 76 Diet 

Ingredient % 

Casein 20.0 
DL-Methionine 0.3 
Cerelose^ 65.0 
Fiber^ 5.0 
Corn oil 5.0 
AIN Vitamin Mix (see Table 3) 3.5 
AIN Mineral Mix (see Table 4) 1.0 
Choline Bitartrate 0.2 

Total 100.0 

Glucose monohydrate 

2 
Celufil, a non-nutritive fiber 

SOURCE: Report of the American Institute of Nutrition 
Ad Hoc Committee on Standards for National 
Studies. Journal of Nutrition 107;1340 (1977). 



TABLE 3. Composition of AIN 76 Vitamin Mixture 
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Ingredients 

Amount Provided 
by 1% in Diet 

(mg/kg and Iv/kg) 

Requirements of 
Rats (mg/kg and 

Iv/kg) 

Thiamine Hydrochloride 
Riboflavin 
Pyridoxine Hydrochloride 
Nicotinic Acid 
Calcium Pantothenate 
Folic Acid 
Biotin 
Cyanocobalamin 
Vitamin A 
Vitamin D3 
Vitamin E 
Vitamin K 

6.00 mg 
6.00 mg 
7.00 mg 
30.00 mg 
16.00 mg 
2.00 mg 
0.20 mg 
0.01 mg 

4,000.00 IV 
1,000.00 IV 

50.00 IV 
0.50 mg 

1.25 mg 
2.50 mg 
7.00 mg 
15.00 mg 
8.00 mg 

0.005 mg 
2,000.00 IV 
1,000.00 IV 

50.00 IV 
0.05 mg 

SOURCE: Report of the American Institute of Nutrition Ad Hoc 
Committee on Standards for National Studies. Journal 
of Nutrition 107:1340 (1977). 



TABLE 4. Composition of AIN 76 Mineral Mixture 
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Element 
Amt. Provided By 
3.5% in Diet (mg/kg) 

Requirements of 
Rats (mg/kg of Diet) 

Calcium 
Phosphorous 
Sodium 
Potassium 
Magnesium 
Manganese 
Iron 
Copper 
Zinc 
Iodine 
Selenium 
Chromium 
Chloride 
Sulfate 

5,200.00 
4,000.00 
1,020.00 
3,600.00 
500.00 
54.00 
35.00 
6.00 
30.00 
0.20 
0.10 
2.00 

1,560.00 
1,000.00 

5,000.00 
4,000.00 
500.00 

1,800.00 
400.00 
50.00 
35.00 
5.00 
12.00 
0.15 
0.04 

500.00 

SOURCE: Report of the American Institute of Nutrition Ad Hoc 
Committee on Standards for National Studies. Journal 
of Nutrition 107:1340 (1977). 
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TABLE 5. Trace Mineral Content of Modified Semi-Purified 
AIN 76 Diet 

Mineral mg/kg 

Molybdenum .026 
Tungsten .694 
Copper 5.930 
Iron 31.000 
Manganese 42.100 
Zinc 38.300 

SOURCE: Seaborn, Carol D. "Effect of Graded Levels of 
Molybdenum Supplementation on N-Methyl-N-Nitrogen-
Induced Mammary Carcinogenesis in Female Rats." 
M. S. thesis, Texas Tech University, 1984. 
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Suspended cells were prepared as follows: a solid MA tumor was 

removed aseptically from a host mouse. The tumor was then minced in 

Ca and Mg free Hank's balanced Saline Solution (HBSS). Small 

pieces of tumors were digested in 0.5% trypsin solution for two and 

one-half hours in a 37°C water bath with occasional shaking. Cells 

in the suspension were then collected after refrigerated centriguation 

at two thousand rpm for five minutes. Viable counts were done by 

trypan blue exclusion and a cell suspension of 1.5 x 10 ml was 

prepared for inoculation of 0.1 ml of cellular suspension. 

After the inoculation with the tumor cell suspension, tumor 

incidence, tumor size and natural death date were recorded. Palpable 

tumors were measured weekly with calipers in three dimensions (a, b 

and c) and the volume was determined by using the formula 1/6 ir abc. 

Preparation of Liver Samples 

At postmortem, wet liver weights were determined. Dry liver 

weights were determined after livers had been dried in a drying oven 

at 110°C for twenty-four hours. 

All glassware and crucibles were washed in non-ionic detergent, 

soaked in 4 N HCl for four hours and rinsed with deionized water at 

least four times. 

Dry livers were ground in a porcelain mortar and transferred 

into a weighed crucible. The crucible was placed inside a muffle 

furnace. The muffle furnace door was left ajar during the first 

two hours and ten minutes of heating. The temperature was raised 

50°C at twenty minute intervals, beginning at 300°C and ending at 
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550 C. Upon reaching the required 550 C, the door was kept ajar for 

thirty minutes and then closed with the heating continuing for eight 

hours. 

Crucibles were removed from a cooled furnace and 0.5 ml of 30% 

H2O2 added to the ash, followed by 0.5 ml of 6 N HCl. This mixture 

was heated to 40-50 C on a hot plate until effervescence stopped. 

The temperature was then raised to 110 C to evaporate the sample to 

dryness. 

Approximately 2 ml of 1% HCl was added to the residue and then 

heated to approximately 80°C. The extract was transferred into a 

15 ml graduated centrifuge tube. The crucible was rinsed several 

times with 1% HCl and each rinse added to the centrifuge tube until 

the final volume of 5 ml was reached. The final 5 ml sample was 

transferred into a test tube and sealed tightly. 

Prepared samples were analyzed for hepatic Mo, Cu and Zn content 

Hepatic Mo was determined by catalytic polargraphy using methods 

as described by Yang and Luo (Appendices C and D) . 

Hepatic Cu and Zn were determined by flame atomic absorption 

spectroscopy as noted by Yang (Appendices E and F). 

Experiment II 

In Experiment II, another 60 mice were divided into three 

groups of 20 each and weighed weekly. At 40 days after supplementa

tion began, which was the length of time the mice were supplemented 

in Experiment I before inoculation, 37 mice were sacrificed by 

cervical dislocation and their livers and spleens removed using 
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sterile procedures. Livers were weighed and then frozen until samples 

could be prepared and analyzed by the methods as stated in Experi

ment I. 

Assay of Lymphoblast Transformation 

Using sterile instruments, spleens were teased for removal of 

spleen cells for lymphoblast transformation (LBT) assay. Cells were 

dispersed and then removed using sterilized Pasteur pipettes. Cells 

from each sample were placed in test tubes, saline solution added, 

and test tubes placed in a centrifuge at three thousand rpm for five 

minutes. The samples were "washed" twice more after the initial 

washing. Next, samples were vortexed and 5 ml RPMI culture media 

containing 10% fetal bovine serum, streptomyocin penicillin, and 

dextrose was added. Samples were vortexed again and allowed to 

precipitate out. Samples were transferred to other test tubes with

out the precipitant. 

Lymphocytes were counted and adjusted to 2 x 10 ml for each 

sample. Then 0.1 ml of the cellular suspension was added to each of 

fifteen microliter plate wells. The fifteen microliter plate wells 

were divided into five divisions containing three replicate wells 

each. The first division was used as a control with only 0.1 ml 

cellular suspension added to each well. The next two divisons were 

used for two different dilutions of phytohaemagglutin (PHA). Dilu

tions of 5:10,000 and 5:100,000 of PHA were added to the 0.1 ml 

cellular suspension in each well. The final two divisions for each 

sample were used for two different concentrations of Concanivaline 
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(ConA) . One-tenth ml of 10 pg/2 ml and 2 wg/2 ml ConA were added to 

the 0.1 ml cellular suspension in the microliter wells. 

Plates were incubated for three days at 37°C in a tissue culture 

box containing C02» At the end of incubation, plates were removed 

from the incubator and 0.5 vCi^H-thymidine added to each well. The 

plates were placed back in the tissue culture box with CO^ and 

incubated another four hours. At the end of four hours, cells were 

harvested by a cell harvester from Flow Laboratory onto filter 

discs, placed in vials and allowed to air dry overnight. 

The next day, 2 ml of scintillation fluid were added to each 

vial, 6 emissions counted in a scintillation counter and mitogen 

stimulation indexes calculated by the formula: counts per minute 

(cpm) stimulated (PHA or ConA) cultures divided by cpm unstimulated 

(control) cultures. At the end of 75 days of feeding, which was the 

time period needed for over one-half of the mice in Experiment I to 

die, the rest of the mice were sacrificed by cervical dislocation 

and procedures followed as the mice on 40 days of supplementation. 

Experiment III 

In the third experiment, the final 60 mice were divided into 

the same three experimental groups as Experiments I and II and weighed 

weekly. After 40 and 75 days of feeding, mice were sacrificed by 

cervical dislocation and spleens were removed for enumeration of 

plaque forming cells by the method of Jerne et al. (1963) (Appendix G) . 

Five days prior to sacrifice, mice were immunized by injecting 1 ml of 

10% sheep red blood cells intraperitoneally. 



CHAPTER IV 

RESULTS 

Experiment I 

Figure 1 and Table 6 show the weekly average body weights of 

female C57BL/6J mice after inoculation of 1.5 x 10 suspended MA 

cells. Average weekly body weights of all three groups were similar. 

As shown in Figure 2 and Table 7, during the 6th and 7th weeks 

after inoculation with MA cells, the percentage of cumulative deaths 

of the W group as 25% higher than the Mo group. Chi-square analysis 

showed that this data was not statistically significant; however, 

a significant difference (p < 0.05) of cumulative mortality rates 

occurred between the two groups during the 8th week after injection 

with MA cells. As shown in Table 7, tumor incidence (number of mice 

with tumor/20 mice) was 100% and deaths occurred in all groups 

between the 3rd and 4th week after injection. Chi-square analysis 

revealed no significant difference in tumor incidence between groups. 

As indicated by chi-square analysis, significant differences (p < 0.05) 

among groups occurred in the measurable tumors during the 4th week. 

Mean tumor volume did not reveal any significance between groups, 

but, as expected, was highly significant (p < 0.01) over time as 

indicated using a two-way analysis of variance. 

As shown in Table 8, using a one-way analysis of variance, 

hepatic Mo content was highly significantly different (p < 0.01) 

34 
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Q Control 

A A IBOppmW 
^••^—.—O 2 ppm Mo 

8 9 

Weeks 

13 15 16 

Figure 1. Average Weekly Body Weights of Mice Fed a Nutritionally 
Adequate Diet Supplemented With Mo or W and Inoculated 
With Suspended Mammary Adenocarcinoma Cells (Experiment I) 
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TABLE 8. Hepatic Mo, Cu and Zn Content of Mice Fed a Nutritionally 
Adequate Diet Supplemented With Mo or W and Inoculated 
With Suspended Mammary Adenocarcinoma Cells (Experiment I) 

Mo Cu Zn 
9IOU2 v^Jg, Ug/g Ug/g 

Control 1.60^^ 13.91 124.33 

2 ppm Mo 3.34^ 14.35 127.81 

150 ppm W 0.05^ 13.07 126.57 

Means with the same letter or no letter are not significantly 
different (p < 0.01). 
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between groups (C = 1.60 ug/g, 2 ppm Mo = 3.34 vg/g, 150 ppm W = 

0.05 vg/g). Hepatic Cu and Zn showed no significant differences 

among groups. 

Table 9 shows liver weights and moisture content. Liver 

weights and moisture content were not significantly different for 

the three groups. 

Experiment II 

Figure 3 and Table 10 show the weekly averages of body weights of 

mice fed a nutritionally adequate semipurified diet supplemented with 

2 mg Mo or 150 mg W/kg of water. A two-way analysis of variance 

showed no significant differences in weights among groups. 

Table 11 shows lymphoblast transformation (LBT) mean mitogen 

stimulation indexes per 2 x 10 ml spleen cells in female C57BL/6J 

mice using two different dilutions and concentrations of phytahema-

glutinin (PHA) and concanavilin (ConA). A two-way analysis of 

variance for each of the two (PHA and ConA) mitogens' different 

dilutions or concentrations showed no significant difference among 

groups or time in lymphoblast transformation. 

Table 12 shows the hepatic Mo, Cu and Zn content in mice. One

way analysis of variance revealed a highly significant difference 

(p < 0.01) in hepatic Mo content among groups and no significant 

difference was shown for hepatic Cu or Zn content. 

Table 13 shows liver weights and moisture content of the mice 

in Experiment II. No significant differences were shown among groups 

for liver weights or moisture content. 
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TABLE 9. Liver Weights and Moisture Content of Mice Fed a 
Nutritionally Adequate Diet Supplemented With Mo 
of W and Inoculated With Suspended Mammary 
Adenocarcinoma Cells (Experiment I) 

Group 

Control 

2 ppm Mo 

150 ppm W 

Wet 
Liver 

Weight (g) 

1.1428 

1.0916 

1.1561 

Dry 
Liver 

Weight (g) 

0.2735 

0.2693 

0.2662 

Percent 
Moisture 

76 

75 

76 
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Figure 3. Average Weekly Body Weights of Mice Fed a Nutritionally 
Adequate Diet Supplemented With Mo or W (Experiment II). 
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TABLE 12. Hepatic Mo, Cu and Zn Content of Mice Fed a Nutritionally 
^ ^ ^ ^ Adequade Diet Supplemented With Mo or W (Experiment II) 

Group 

Control 

2 ppm Mo 

150 ppm W 

Mo 

1.22^^ 

2.72^ 

0.04^ 

Cu Zn 
(ug/g) 

13.68 

14.30 

12.13 

70.95 

72.56 

70.73 

Means with the same letter or no letter are not significantly 
different (p < 0.01). 

TABLE 13. Liver Weights and Moisture Content of Mice Fed a 
Nutritionally Adequate Diet Supplemented With Mo or 
W (Experiment II) 

Group 

Control 

2 ppm Mo 

150 ppm W 

We 

Wet 
Liver 
ight (g) 

1.0910 

1.0768 

1.1105 

Dry 
Liver 

Weight (g) 

0.3371 

0.3348 

0.3358 

Percent 
Moisture 

69 

69 

70 
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Table 14 shows a comparison of hepatic Mo, Cu and Zn content of 

cancerous (Experiment I) mice and noncancerous (Experiment II) mice 

fed a nutritionally adequate diet for approximately 75 days and 

supplemented with 2 mg Mo or 150 mg W/kg water. Hepatic Zn content 

was highly significantly different between the experiments (Experiment 

I = 130.7 ug/g. Experiment II = 66.93 vg/g)• Hepatic Mo or Cu 

content was not significantly different between the two experiments. 

Table 15 shows a comparison of dry liver weights and moisture 

content of cancerous (Experiment I) and noncancerous (Experiment II) 

mice fed a nutritionally adequate diet for approximately 75 days. 

Dry liver weight of the noncancerous mice (0.3513 g) was significantly 

higher (p < 0.01) than cancerous mice (0.2529). Percent moisture 

was also highly significantly different between the two experiments 

(cancerous, 77%; noncancerous, 69%). 

Experiment III 

Figure 4 and Table 16 show the average weekly body weights of 

female C57BL/6J mice in Experiment III. A two-way analysis of 

variance revealed no significant differences in body weights among 

groups. 

Table 17 shows the average numbers of plaque forming cells (PFC) 

per 10^ spleen cells of female C57BL/6J mice. A two-way analysis of 

variance showed no difference in the number of PFC per group but did 

reveal a significant difference (p < 0.05) of PFC over time. Mice fed 

a nutritionally adequate diet for 75 days had a significantly higher 

average number of PFC (651) than mice fed the diet for 40 days (417). 
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TABLE 14. Hepatic Mo, Cu and Zn Content of Cancerous (Experiment I) 
and Noncancerous (Experiment II) Mice Fed a Nutritionally 
Adequate Diet Supplemented With Mo or W and Adjusted for 
Length of Feedingl 

Mo Cu Zn 
Experiment (ug/g) (ug/g) (ug/g) 

Experiment I 1.3329 13.591 130.71^^ 
(Cancerous) , 

Experiment II 1.1914 14.112 66.93 
(Noncancerous) 

Average length of time mice were fed the adequate diet = 75 days. 

2 
Means with the same letter or no letter are not significantly 
different (p < 0.01). 
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TABLE 15. Liver Weights and Moisture Content of Cancerous 
(Experiment I) and Noncancerous (Experiment II) Mice 
Fed a Nutritionally Adequate Diet Supplemented With 
Mo or W and Adjusted for Length of Feeding^ 

Dry 
Liver Percent 

E3tperiment Weight (g) Moisture 

2 a 
Experiment I (Cancerous) 0.2529 77 

Experiment II (Noncancerous) 0.3513 69 

^Average length of time mice were fed the adequate diet =75 days 

^Means with the same letter or no letter are not significantly 
different (p < 0.01). 
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Figure 4. Average Weekly Body Weights of Mice Fed a Nutritionally 
Adequate Diet Supplemented With Mo or W (Experiment III) 
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TABLE 17. Average Number of Plaque Forming Cells (PFC) of Mice 
Fed a Nutritionally Adequate Diet Supplemented With 
Mo or W (Experiment III) 

Average Number of PFC per 10° Spleen Cells 

Group 40 Days 75 Days 

Control 484^ 821 

2 ppm Mo 447 479 

150 ppm W 308 659 

Means with the same letter or no letter are not significantly 
different (p < 0.01). 



CHAPTER V 

DISCUSSION 

The results of our study showed that W and Mo supplementation 

had no apparent effect on mice body weights. This supports the 

findings of Johnson and Rajogopalan in 1976 that Mo deficiency 

induced by W supplementation has no adverse effect on growth rate 

and shows no toxic effect in mice. 

Tumor incidence was 100% with deaths occurring in all groups 

between the 3rd and 4th week after inoculation with MA cells. The 

higher percentage of deaths occurring in the W group during the 6th, 

7th and 8th weeks after MA injection support the findings of Wei 

et al. (1985) that Mo deficiency induced by W supplementation pro

motes early stage mammary cancer. 

The significantly higher percentage of measurable tumors in 

the W group (100%) as compared with the control (87.5%) and Mo 

group (75%) during the 4th week after inoculation with MA cells 

also support the findings of Wei et al. (1985). Mean tumor volume 

showed no significant differences among groups probably due to the 

large standard deviation of tumor size within each group. 

In both Experiments I and II, hepatic Mo contents were signifi

cantly different among groups. The low hepatic Mo content of the W 

supplemented mice (Experiment I, 0.05 yg/g liver; Experiment II, 0.04 

yg/g liver) supports the findings of Johnson and Rajogopalan (1976) 

that W supplementation can indeed produce Mo deficiency in mice. 

52 
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Control groups (Experiment I, 1.60 ug/g liver; Experiment II, 1.22 

Ug/g liver) showed significant differences from both the 150 ppm W 

supplemented groups and the 2 ppm Mo groups (2 ppm Mo group of 

Experiment I, 3.34 ug/g liver; 2 ppm Mo group of Experiment II, 2.72 

Tig/g liver) indicating that Mo is to some extent stored in the liver 

of mice. Hepatic Cu and Zn did not show any significant differences 

among groups indicating no interactions between Cu and Zn with Mo and 

W. 

In comparing hepatic Mo, Cu and Zn content between Experiments 

I and II, no significant differences were found between mean hepatic 

Mo and Cu content of cancerous and noncancerous mice. However, mean 

hepatic Zn content was significantly higher in cancerous mice as 

compared to noncancerous mice (Experiment I, 130.71 ug/g liver; Experi

ment II, 66.93 pg/g liver). As noted by Chan et al. (1980) and Mills 

et al. (1981), redistribution of Zn pools within the body has occurred 

in tumor bearing rats. The redistribution of Zn is thought to be 

caused by the release of leukocytic endogenous mediators by cells. 

Beisel (1976) and Beisel et al. (1976) showed that Zn moved from the 

plasma into the liver; however, since plasma Zn content was not 

measured in our study, this redistribution can only be hypothesized. 

In comparing dry liver weights among groups within each experi

ment, no significant differences were shown among groups. However, 

in comparing dry liver weights and percent moisture content between 

experiments, dry liver weights and percent moisture content were 

significantly different. Cancerous mouse livers of Experiment I 

showed a lower mean dry liver weight (0.2529.g) and higher mean 
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percentage of moisture (77%) than noncancerous mouse livers of 

Experiment II (mean dry liver weight, 0.3513 g; mean percent moisture, 

69) . This may indicate the occurrence of necrosis in the livers of 

cancerous mice. 

In the lymphoblast transformation and plaque forming cell assays, 

the results indicate that Mo supplementation or deficiency does not 

influence lymphoblast transformation or plaque forming cells since 

no significant differences were found among groups in either assay. 

The significantly higher number of plaque forming cells found in the 

mice fed the diet for 75 days is thought to be due to the development 

of the mice's humoral immunity with age. 

The purpose of this study was to determine the effect of Mo on 

mammary adenocarcinoma and immune response in mice. The results of 

this study indicate that Mo deficiency induced by W supplementation 

promotes early stage mammary adenocarcinoma in mice as measured by 

higher incidence of measurable tumors and higher cumulative mortality. 

Our study also indicates that Mo supplementation or deficiency does 

not effect the particular immune responses in mice that we assayed. 

However, since the immune system is so complex, the immune responses 

that we measured may not fully indicate the effect that Mo has on the 

immune system. 



CHAPTER VI 

SUMMARY 

The purpose of our study was to determine the effects of Mo on 

the development of mammary adenocarcinoma and immune response in mice. 

In each of the three separate experiments, 60 five-week-old female 

C57BL/6J mice were divided into three groups of twenty. They were 

groups: (1) control (C), (2) 2 ppm molybdenum (Mo) and (3) 150 ppm 

tungsten (W). The control groups received deionized drinking water 

while groups 2 and 3 received 2 ppm Mo from sodium molybdate and 150 

ppm W from sodium tungstate in their drinking water, respectively. 

All the animals were weighed weekly and given ad libitum a semipurified 

AIN 76 diet containing 26 ppb Mo and 64 ppb W. 

In Experiment I, after 40 days of feeding, the mice were injected 

subcutaneously with 1.5 x 10 suspended mammary adenocarcinoma (MA) 

cells. Weight and tumor incidence and size were recorded weekly. 

Weight gains in all three dietary groups were simlar. 

Tumor incidence was 100% with no significant difference among 

groups. Significant differences among groups occurred in the inci

dence of measurable tumors during the 4th and 8th week after inocula

tion with MA cells. Mean tumor volume was not significantly different 

among groups at each week, but was highly significant over time. 

Death incidence was recorded with no overall significant difference 

among groups. However, a large difference between the W and Mo groups 

occurred in the 6th and 7th week after inoculation with the W group 
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having a 25% higher cumulative mortality rate than the Mo group. 

During the 8th week after inoculation, the W group had a significantly 

higher cumulative mortality rate than the Mo group. 

At postmortem, the liver weights were determined. Livers were 

then dried, ground, dry washed and then assayed for Mo, Cu and Zn 

content. Catalytic polargraphy was used to analyze hepatic Mo content, 

whereas atomic absorption spectroscopy was used for Cu and Zn deter

minations. 

In Experiment II, 40 days after the feeding began, 37 mice were 

sacrificed and their livers and spleens removed. Spleen cells were 

assayed for lymphoblast transformation by mitogen stimulation using 

two different dilutions and two concentrations of phytahemaglutinin 

and concanavilin. At 75 days after supplementation began, the rest 

of the mice were sacrificed and methods were followed as the mice 

sacrificed at 40 days. The mitogen stimulation indexes in lymphoblast 

transformation were not significantly different among groups or days. 

In Experiment I and II, hepatic Mo, Cu and Zn content were 

assayed by methods as described in Experiment I. In both experiments 

hepatic Mo content was highly significantly different among groups. 

Cu and Zn content were not significant among groups in either experi

ment. In comparing hepatic Mo, Cu and Zn between experiments, hepatic 

Zn content of the cancerous mice in Experiment I was significantly 

higher than the hepatic Zn content of the noncancerous mice in 

Experiment II. No significant difference was shown between experiments 

for hepatic Mo and Cu content. 

Dry and wet liver weights were also recorded for the mice in 
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Experiment II. In both experiments, no significant differences were 

shown among groups but did occur between Experiments I and II. Dry 

liver weights of the noncancerous mice in Experiment II were signifi

cantly higher than the cancerous mice in Experiment I. The cancerous 

mice showed a significantly higher hepatic percent moisture content 

than the noncancerous mice. 

In Experiment III, no significant difference occurred in weights 

among groups. After 40 and 75 days, mice were sacrificed and spleens 

were removed for enumeration of plaque forming cells (PFC) using the 

method of Jerne et al. (1963). No significant difference occurred 

among groups for plaque forming cells within the same time period; 

however; mean PFC for 75 days was significantly higher than at 40 days. 

Our research showed that the hepatic Zn content of the cancerous 

mice (Experiment I) was significantly higher than that of the noncan

cerous mice (Experiment II). Supplemental Mo and W did not affect the 

hepatic Zn content. 

Cumulative mortality rate was significantly higher in the W 

supplemented group than the Mo group during the 8th week after inocula

tion with suspended mammary adenocarcinoma cells. Cumulative mortality 

rate of the W group was also 25% higher than the Mo group during the 

6th and 7th weeks after inoculation indicating that Mo deficiency 

caused by W supplementation may promote early stage mammary adenocar

cinoma in mice. 

The results showed no effect of Mo supplementation or deficiency 

on the particular immune responses assayed. However, because the 
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immune system is so complex, other methods may be indicated to test 

the effect of Mo on the immune response in mice. 
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APPENDIX A: MOLYBDENUM IN VARIOUS FOODS, WET WEIGHT 

-ug/s 

Sea food 
Halibut steak 0.04 
Haddock, cooked 0.0 
Cod, raw, salted, Finast 0.0 
Anchovies, Portuguese, Reese 0.0 
Sardines, Norwegian, Underwood 0.03 
Mussels, sea, freeze dried 0.56 
Shrimp, frozen. Brilliant 0.03 
Lobster, frozen 0.23 
Lobster, cooked 0.0 

Meats 
Beef steak, ground 0.0 
Beef livers 1.97 
Beef kidney 21.40 
Pork loin 3.68 
Porl liver 1.70 
Lamp chop 5.00 
Chicken breast 0.00 

Dairy products 
Milk, pasturized, homogenized, Thomas 0.20 
Milk, pasturized, homogenized. Maple Farms 0.0 
Milk, skimmed, dry, starlac 0.29 
Butter, Maple Farms 0.0 
Butter, Read and White 0.19 
Ice cream, vanilla 0.0 
Egg, whole 0-̂ 9 
Egg, white 0-12 
Cheese, American 0.05 

Grains and cereals 
Wheat, Peavey Co. ^-^^ 
Wheat, local No. 1 2.10 
Wheat, local phosphated 0.64 
Wheat, local No. 2 5.87 
Wheat, local No. 3 
Rye grain 
Rye, local 
Rye, phosphated 
Oats, local 
Barley, local 
Buckwheat, local 
Egg noodles, Muellers 
Puffed rice, Kellogg's 
Kellegg's All Bran 

6" 

0.90 
1.47 
0.61 
0.73 
0.70 
1.37 
A. 85 
0.46 
1.84 
2.75 
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Pg/g 

Vegetables 
Legumes 
Lima bean seeds ^ gn 
Peas, local 3 50 
Peas, Early Perfection 3,44 
Beans, green 0.66 
Beans, wax, yellow 0.43 
Beans, Lima, Mountain Mowings 0.31 
Beans, canned A & P 0.0 
Lentils, Friend's 0.69 

Roots 
Potato, Super Duper 0.03 
Potato, Mountain Mowings, Irish 0.03 
Beets 0.0 
Yam, Virgin Islands 0.59 
Carrots, Mountain Mowings 0.08 
Onion, white 0.0 
Scallion 0.0 

Vines 
Cucumber 0.01 
Tomato, Italian canned, San Marzano 0.0 
Tomato soup, Ann Page, canned A & P 0.34 
Egg plant 0.0 
Pepper, green 0.0 
Squash, summer. Mountain Mowings 0.0 
Squash, Buttercup 0.02 
Squash, Butternut, Super Duper 0.16 
Zucchini, Mountain Mowings 0.12 

Leafy 
Brussels sprouts 0.04 
Cauliflower 0-0 
Cabbage, Grand Union 0.02 
Lettuce, Iceberg, Mountain Mowings 0.03 
Lettuce, Bibb, Mountain Mowings 0.02 
Lettuce, Ruby, Mountain Mowings 0.11 
Celery, raw 0.02 
Spinach ^'^^ 
Mushrooms, B & B 0.0 

Fruit 
Banana 
Plum 
Stawberries 
Orange juice 

0.03 
0.06 
0.09 
0.79 



Oils and Fats 
Beef tallow, Finast 
Cod liver oil, Penslar 
Safflower oil, Betty Crocker 
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Sugars 
White, granulated, cane 0.12 
White, Flo-sweet crystals 0.16 
White, cane, Billington, England 0.0 
White, superfine. Revere 0.0 
White, loaf, Paris 0.0 
Brown, light Revere 0.0 
Brown, pure cane candy crystals, England 0.0 
Brown, Beauty Park, Ireland 0.0 
Brown, dark. Domino 0.0 
Raw, American Sugar Co. 0.0 
Raw, Philippines 0.0 
Sugar cane, Puerto Rico 0.0 
Sugar cane, same, outer crust 0.0 
Sugar cane. Virgin Islands 0.13 
Sugar beet 0.07 

Syrups 
Molasses, household, Boston v.ID 
Molasses, pancake type, invert 0.08 
Molasses, final Flo-sweet 0.19 
Molasses, beet 0.29 
Syrup, pancake type, inverted 0.40 
Syrup, Karo crystal clear 0̂ 85 
Syrup, Affination 
Syrup, Ppt from crystalization of sugar mud 
Syrup from settling tanks 
Syrup, Vermont maple 
Honey, Red & White 
Jelly, mild cider 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

Beverages Q ĴQ 
Tea, Salada 0*13 
Tea, Orange pekoe ^ ̂  
Tea, Red Rose, black ^'^ 
Coffee, instant Nescafe ^'^ 
Coffee, Maxwell House, instant ^'^ 
Coffee, instant. Decaf Q'Q 
Coffee, Siesta, instant ^'^^ 
Cocoa, Hershey's Q*Q4 

Wine, white. Old Duke Q'Q^ 
Wine, red, same 0.06 
Beer 0.17 
Scotch, Hudson's Bay 



Spices 
Mustard, ground, Finast 
Nutmeg, ground. Red and White 

Miscellaneous 
Sunflower seeds 
Sunflower seeds, phosphated 
Superphosphate, 20 per cent Armour 
Seaweed, Caribbean 
Purina Assay protein 
Wheat germ 
Wheat germ, extracted with hexane 
Blood, rat, whole 

Rat and mouse diets 
Rye, milk, corn oil 
Torula yeast, sugar, lard 
Torula yeast. Gen. Biochemical 
Hamburg, rye, corn oil 

W| 

0, 
0, 

1. 
0. 
3. 
4. 
0. 
5. 
2. 
0. 

0. 
0. 
0. 
2. 
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?/g 

.68 

.21 

.03 

.68 

.70 
,26 
,80 
,12 
,64 
,53 

,25 
,09 
,13 
,42 

Note: Phosphated means that the grains were heavily fertilized 
with 20 per cent superphosphate, whereas other locally grown grains 
were unfertilized. 

SOURCE: Schroeder, H. A., Balassa, J. J. and Tipton I. H. 1970. 
"Essential Trace Metals in Man." J. Chron. Pis. 
23:481-499. 



APPENDIX B: PATHWAY OF EXCRETORY PRODUCTS OF 
NUCLEIC ACID AND PROTEIN METABOLISM 

Nucleic Acids 

i 
AMP 

1 
I 
GMP 

Hypoxanthine 

> " 

Proteins 

Methionine 
\ 

^ Cysteine 

SO, 

Xanthine 

XANTHINE OXIDASE 

SULFITE OXIDASE 

Uric Acid 

SO^ = (toxic) 

SO, = 
4 

Excreted in 
urine 

SOURCE: Johnson, J. L. and Rajagopalan, K. V. Molybdenum in the 
Environment, Vol. 1. Chappel, W. R. and Peterson, K. K., 
eds. Marcell Dekker, Inc., New York, 1976, p. 204. 
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APPENDIX C: PROCEDURES FOR CATALYTIC POLAROGRAPHIC 
ANALYSIS OF MOLYBDENUM 

!• Standards and Reagents 

1. 

2. 

Stock Solutions 

(a) 1000^ppm Mo: 0.1840 g of (NH4)6Mo7-4H20 is dissolved 
in 1% HCl and made into 100 ml in a volumetric flask. 
Alternately, 100 pm Mo is prepared by dissolving 0.1840 
g of (NH4)6Mo7024-H 0 in 1% HCl and diluting to 1000 ml 
in a volumetric flask. 

(b) 

Standard Solutions 
10, 30, 50, 100 and 150 ppb Mo solutions are prepared by 
diluting the appropriate amounts of the stock solution with 
1% HCl. 

3. 2.5 M2H4SO 
140 ml of concentrated H2SO4 is slowly added to about 750 
ml of water with stirring. (Caution: do not add water to 
concentrated H2SO4!) After cooling, transfer the acid to 
1 L. volumetric flask and make up to volume. 

4. 0.5 M dl-mandelic acid 
38.035 g of dl-mandelic acid is dissolved in water and made 
to volume in a 500 ml volumetric flask. The solution is 
stored in an amber bottle. 

5. Saturated KCIO3 Solution ( 8%) 
80 g of KCIO3 is transferred to a bottle through a powder 
funnel. 1000 ml of water is added and the mixture is shaken 
throughly. (Not all the solid is soluble at the room temp
erature of 2O-25OC.) 

6. Solution A 

A mixture of Solutions 3, 4, 5 above and water in 1:1:5:0.5 
ratio. 

7. Solution B 
A mixture of Solutions 3, 4, 5 and water in 1:1:5:2 ratio. 

8. Solution C 
A mixture of Solutions 3, 4, 5 and water in 1:1:5:3 ratio. 

9. Solution D 
A mixture of Solutions 3, 4, 5 and water in 1:1:5:2.5 ratio. 
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II. Mixtures for Measurements 

Ml: 0.5 ml of a standard or a sample is mixed with 1.5 ml of 
Solution A. A calibration curve using the standards is 
constructed using this mixture. When the sample is deter
mined using this same ratio, the concentration in the 
sample solution is as that readout from the calibration 
curve. 

M2: 2 ml of Solution C is added to Ml. The dilution factor 
is 2. 

M3: 0.2 ml of a sample solution is mixed with 1.8 ml of 
Solution B. The dilution factor is 2.5. 

M4: 2 ml of Solution C is added to M3. The dilution factor 
is 5. 

Or 0.1 ml of a sample solution is mixed with 1.9 ml of 
Solution D. The dilution factor is also 5. 

III. Instruments 

Princeton Applied Research Model 174A Polarographic Analyzer 
Houston Instrument OMNIGRAPHIC Model 2000 Recorder 

1. Electrodes connections: 
Make sure that "WORKING" terminal is connected to the column 
of mercury. Connect "CNTR" terminal to the platinum elec
trode. "NOISE FILTER" Off; "ELECTRODE" selector 2 (left 
position). 

2. Recorder connections: 
Connect outputs at the back of the Model 174 Analyzer to the 
posts of the recorder: X to X and Y to Y and made sure of 
the polarity, i.e., the "positive" terminal to the "+" post 
and the black (GND) terminal to the "-" post. 

Place a 10" recorder paper and align with the edge of the 
100% side. 

3. Analyzer settings: 

POTENTIAL SCAN (B): RATE 5 mV/sec 
DIRECTION 
RANGE 1.5 VOLTS 
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INITIAL POTENTIAL (A): -

0 VOLTS 
800 mVOLTS (When using Ag/AgCl 

counter electrode, 
initial potential should 
be -300 mV.) 

MODULATION AMPLITUDE (H): (This setting has no effect in 

the present operation.) 

OPERATION MODE (E): dc (the left-most position) 

SELECTOR (L): OFF 

CURRENT RANGE (F): 1.0 mA* 

CLOCK (I): OFF 

OUTPUT OFFSET (J): OFF 

DISPLAY DIRECTION (M): + 

LOW PASS FILTER (K) : 3 

PUSH BUTTONS (D): "INITIAL" 

*: The CURRENT RANGE determines the sensitivity of the 
determination. Higher the range setting, lower is the 
sensitivity. The setting of 1.0 mA is used generally 
for the liver samples. For the animals treated with W 
(and thus having very low Mo content in the liver), the 
range setting needs to be lowered. The range setting 
needs to be reestablished when using a different 
recorder or changing recorder settings. 

IV. Procedures 

1. Check all the settings and connections indicated in Section 
III. 

2. Turn the analyzer's power on. 

3. Push POWER and PEN buttons on the recorder. 

4. Remove the boot from the tip of the dropping mercury elec
trode. Rinse the electrodes. Blot dry with a piece of 

tissue paper. 

5. Lift the mercury reservoir up. Make sure that the height of 
the surface of mercury is at the same level each time (to 
ensure the reproducibility of operation). Also make sure 
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that there is no crimp that restricts free flow of mercury 
in the tubings. 

6. Place the 5 ml beaker that contains the mixture (Section II) 
on the platform under the electrodes. Make sure that the 
tip of the dropping mercury electrode is just below the 
surface of the mixture, and that the mercury droplet at the 
tip of the electrode does not touch the mercury pool formed 
on the bottom of the beaker. The platinum electrode should 
be immersed in the liquid but not in contact with mercury. 

7. On the Analyzer, 
(a) set "CLOCK" to 2 SEC/DROP 
(b) shift "SELECTOR" to "EXT CELL" 

8. On the recorder, align the pen to the starting point on the 
paper by turning the ZERO adjustment knob on the X side. 
Bring the pen to 0 on the Y axis by turning the ZERO adjust
ment knob on the Y side. On the recorder paper, write the 
sample and the mixture codes on the starting line. 

9. Push "SCAN" button on the analyzer. 

The polarographic scanning commences. The pen will drift gradually 
upward before the peak in question is reached. During this gradual 
drifting, the pen may be set back to 0 by turning the ZERO adjustment 
knob on the Y side of the recorder. 

The catalytic wave appears in the form of a pronounced peak at about 
-1.3 V. (When Ag/AgCl counter electrode is used, the peak appears 
at -850mV.) 

When the scanning is finished: 

10. On the Analyzer: 
(a) Push in "INITIAL" button, 
(b) "CLOCK" to OFF, and 
(c) "SELECTOR" to OFF 

If the further dilution is needed, add 2 ml of Solution C; stir the 
mixture and repeat Steps 6-10. 

If no further dilution is needed, discard the sample mixture. Rinse 
the electrodes. Prepare a new sample mixture. Blot the electrodes. 
Advance the recorder paper. Repeat Steps 6-10 with the new mixture. 
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When all runs are completed, 
(a) Analyzer: Power off. 
(b) Recorder: Push all buttons to OFF position and remove the 

pen. 
(c) Lower the mercury reservoir; rinse the electrodes; and put 

a boot at the tip of the dropping mercury electrode. 

SOURCE: Luo, X. M. Unpublished data. 



APPENDIX D: CALCULATIONS FOR MOLYBDENUM DETERMINATION 

Using Ml proportions, standard solutions containing up to 170 ng/ml 
Mo are shown to exhibit a linear calibration relationship with the 
peak heights. The slope of the calibration curve in this linear range 
can be obtained by using two standards, say 50 and 100 ng/ml Mo. 

Let X^ be the average peak height for Stdl in ng/ml, 
and X2 be the average peak height for Std2 in ng/ml. 
The slope of the calibration curve is 

^ (Std2) - (Stdl) 

^2 " ̂ 1 

More accurate slope is obtainable through the least-square method. 
The concentration of the digested sample solution is 

a X (sample peak height), if Ml proportions is used. 

If a mixture other than Ml is used, multiply with an appropriate 
dilution factor listed in II. 

Let S be the concentration of Mo in the digested sample solution in 
ng/ml. 

Mo in the dried liver: 

S X (volume of digested solution, ml) ̂  ^^ ^^^^ ^^^^^ ^^^^^ 
(sample weight, g) x 1000 

SOURCE: Luo, X. M. Unpublished data. 
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APPENDIX E: OPERATION OF PERKIN-ELMER MODEL 373 
ATOMIC ABSORPTION SPECTROPHOTOMETER 

Notation: UL 
LL 
UR 
LR 

Upper left panel (wavelength and slit selector) 
Lower left panel (air and fuel control) 
Upper right compartment (lamp housing) 
Lower right panel (electronic control) 

Before start up. maker sure that: 

1. The hood fan is turned on. (The switch is located just outside 
the door to Room 507A.) 

2. The end of drain tube is at least 6" into the drain collector. 
(Pour out the content of the collector if too full. Fill to 
about 6: with tap water.) 

3. The lamp (UR) is unplugged, if the right one is there. If a 
wrong one is there, unplug it and remove it by loosening two 
thumb screws, holding down the lamp holder's base. 

4. Both GAIN and LAMP control knobs (LR) are turned to fully counter
clockwise positions. 

5. SIGNAL selector (LR) at LAMP position and MODE selector (LR) at 
HOLD. 
BKGO CORRECTOR (LR) at AA. 
RECORDER (LR) at ABS. 

6. Burner stand at 8 cm. 

Operation 

1. Turn POWER switch (LR) to ON. 

2. Turn the oxidant selector (LL) to AIR. Check to be sure that the 
rotameter (LL) reading is 60, adjust, if necessary, by turning the 
OXIDANT FLOW knob. 

3. Turn the main valve on the acetylene cylinder on. Make sure that 
the cylinder pressure is at least 75 lbs/square inch. If not, 
change the acetylene cylinder. 

4. If the outlet pressure is below 12 lbs, turn the reducing valve 
clockwise to indicate 12. 

80 
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5. Turn the FUEL toggle valve (LL) on, and press IGNITE button. 
(Release the button when the burner is lit.) Adjust the rotameter 
reading to 40. The flame requires at least 5 minutes to stabilize, 
Check the outlet pressure at the acetylene cylinder to make sure 
that It is 12 lbs. Adjust, if necessary. 

6. Place the appropriate lamp in the lamp compartment (UR). Align 
the notch in the front to the hexascrew head. Push the backside 
against the other screw head. 
Anchor down the lamp holder by tightening the two thumb screws. 

7. Select the correct WAVELENGTH and SLIT (UL) settings. 

8. Plug in the lamp cord (UR). 

9. With SIGNAL selector (LR) at LAMP position, turn the LAMP control 
knob (LR) clockwise until the LAMP/ENERGY meter indicates the 
maximum mA printed on the lamp. Leave it there for 1 minute, 
then turn LAMP control knob down to the OPERATING mA as indicated 
on the lamp. 

10. Turn the SIGNAL selector (LR) to SET UP. 

11. Turn the GAIN control knob (LR) to read about 25 on the LAMP/ 
ENERGY meter. 

12. Turn one of the adjusting knobs on the lamp holder (UR) until 
the LAMP/ENERGY meter reflects farthest right. Repeat with the 
other knob. (The two adjusting knobs are on the front and the 
top of the lamp holder.) During the process of maximizing 
ENERGY reading, if the meter reading goes above 40, turn back 
to 25 by turning the GAIN control knob counter-clockwise. 

13. Turn the wavelength FINE ADJUST knob (UL) back and forth until 
the LAMP/ENERGY meter reading is to the farthest right. (Turn 
back to 25 with GAIN knob counter-clockwise, if during the 
wavelength adjustment the meter reading exceeds 40.) Set the 
LAMP/ENERGY meter reading at 25. 

14. After the initial warm up period of 5 minutes, leave the end of 
sample tubing into a beaker of deionized water. Care is taken 
not to crimp the tubing. 

15. Turn SIGNAL selector to CONC and MODE to HOLD. 

16. With the sample tubing into a blank solution for at least 2 
seconds, press the READ button (the indicator lamp lights up). 
When the light goes off, press AZ key. 

17. Place the sample tubing into the first standard for at least 20 
seconds, press the READ button. When the READ light goes off. 
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enter the appropriate concentration assigned into the keyboard, 
then press the SI key. 

If another standard of a higher concentration than the first one 
is used, place the sampling tubing into this second solution. 
After 20 seconds, press the READ button. When the light goes off, 
enter the appropriate concentration figure into the keyboard, 
then press the S2 key. 

18. Now you are ready to read the sample concentration. Simply place 
the sampling tubings into the sample, press the READ button. 
Read out the concentration directly as displayed when the light 
goes off. Then proceed to the next sample. 

19. At the end of the determination, place the sampling tubing into 
deionized water. 

Turn both GAIN and LAMP control knobs (LR) fully counterclockwise. 

Turn the SIGNAL selector (LR) to LAMP position. 

Unplug lamp. 

NOTE: If another element is to be determined, repeat Steps 6-19. 
(The burner is already stabilized, no need to wait for 5 
minutes of flame stabilization.) 

20. At the end of all determinations, place the sampling tubing into 
deionized water and allow the water to aspire into the flame for 
2 minutes. 

21. Meanwhile, turn off "POWER" (LR). 

22. Remove the sampling tubing from water. 

23. Turn off the main value on the acetylene cylinder. When the 
pressure gauge readings drop to zero, turn off the FUEL toggle 
value (LL), and switch the oxidant selector to OFF (LL). 

24. Switch off the hood fan. 

Element 

Wavelength, nm 

Slit, nm 

Maximum mA 

Operatings mA 

Fe 

248 

.2 

Zn 

214 

.7 

20 

15 

Cu 

325 

.7 

15 



APPENDIX F: CALCULATIONS FOR MINERAL CONTENT DETERMINED 
BY ATOMIC ABSORPTION SPECTROSCOPY 

1. sample reading _ sample concentration 
standard reading^ standard concentration^ 

2. sample concentration x sample volume . ^ ^ ^ / ^ 
^—7-: T-TT—^ T = mineral content yg/ml 

liver weight of sample 

^Standards used for copper and zinc determination: 

Concentration Reading 

100.0 
300.0 

Copper Std: 

Zinc Std: 

5 ppm 
15 ppm 

1 ppm 
3 ppm 
6 ppm 

20.0 
60.0 
120.0 
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APPENDIX G: JERNE AND NORDIN METHOD FOR ENUMERATION OF 
ANTIBODY SECRETING CELLS IN VITRO 

1. Wash sheep erythrocytes in Hank's saline (three times at 300 g 
for 10 min). Adjust to 20% v/v. 

2. Remove spleens from mice and tease with forceps on ice. 

3. Suck spleen suspensions in and out of a Pasteur pipette to 
disperse the cells. (Do not filter cells through nylon wool 
and do not use a syringe^and needle for cell dispersion.) 

4. Adjust to a total volume of 2.5 ml in Hank's saline. 

5. Dilute 1 ml of the spleen cell suspension 1:10 and 1:100 with 
Hank's saline. 

6. Pipette out 0.8 ml of overlay into small glass test tubes in a 
45° water bath. Use a warm pipette. 

7. Add 0.25 ml of the original or diluted spleen cell suspensions 
to each assay dish according to the protocol (below). 

8. Place dish on a levelled surface. 

9. Add 0.15 ml SRBC suspension to each overlay tube just before 
use, mix well by flicking the end of the tube. 

10. Add overlay to dish and mix thoroughly with the spleen cells. 

11. Allow agar to harden and add 1.0 ml of a 1:10 dilution of 
guinea-pig serum as a source of complement. 

12. Incubate dishes at 37** for 1-1.5 hours. If the plaques are not 
clear when the dishes are removed from the incubator, allow 
them to stand at room temperature for about 30 min before 
counting. Counting is easier and more accurate if you use 

a low-power binocular microscope and draw lines on the bottom 

of the dish. 

Only direct plaques (mainly IgM antibody) are detected by the 
method described above because of the high haemolytic efficiency 
of this antibody class. 

SOURCE: Jerne, N. K., Nordin, A. A. and Henry, C. The agar plaque 
technique for recognizing antibody producing cells, in 
Cellbound Antibody. Wistar Institute Press, Philadelphia, 
1963, p. 109. 
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