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CHAPTER I 

INTRODUCTION 

Molybdenum (Mo), atomic number 42, is the only metal in 

the second transitional series which is essential for mammals 

and plants (1). The first indication of the essentiality of 

Mo in mammals came in 1953, when two groups of workers 

independently discovered that the flavoprotein enzyme 

xanthine oxidase is a Mo-containing metalloenzyme which is 

dependent for its activity on the presence of this metal (2). 

The level of Mo in blood varies greatly with dietary Mo 

intake, because Mo is readily and rapidly absorbed from most 

foods and from most inorganic forms of the element (3,4) . 

However, the precise site and mechanism of absorption of Mo 

from the gastrointestinal tract are unknown. Under most 

conditions the urine is the major route of excretion of Mo in 

pigs, rats, and humans (2,5). 

Animal tissues contain small amounts of Mo — 0.1 to 3 

ppm on the dry weight of tissues. The greatest amounts are 

found in the liver, kidney, bone, and skin (6). However, the 

Mo concentrations in tissues reflect changes in dietary Mo as 

well as changes in inorganic sulfate level. Dick (7) 

demonstrated a reduction in Mo retention hence lowered tissue 

Mo concentration as a consequence of high-sulfate intake in 

sheep. In 1956, Higgin et al. (8) demonstrated that 

administration of tungsten (W), an antagonist of Mo, to rats 

also reduces Mo content of tissues by increasing its 

excretion in urine. Johnson et al. (9) also showed that 

supplementation of W to rats in drinking water decreased 

hepatic xanthine oxidase and sulfite oxidase activities and 

total hepatic Mo. 



The biochemical functions of Mo in animals are related 

to the formation and activities of the three Mo-containing 

enzymes: xanthine oxidase, aldehyde oxidase, and sulfite 

oxidase. The first two are involved in the electron 

transport chain in the cells. Mo participates in the 

reaction of xanthine oxidase with cytochrome c (10), and 

facilitates the reduction of cytochrome c by aldehyde oxidase 

(11). In both enzymes the Mo component is presented at the 

substrate binding site (11). 

Xanthine oxidase was the first enzyme to be 

characterized as a Mo protein (12,13) and is widely 

distributed throughout nature. The principal site of the 

enzyme in animals is liver, followed by lung, kidney, and 

intestinal mucosa. In humans, the enzyme activity has been 

detected in the liver and gastrointestinal epithelium. The 

enzyme catalyses the oxidative hydroxylation of a number of 

purines, pteridines, pyrimidines, and other heterocyclic 

nitrogenous aromatic molecules. Xanthine oxidase catalyses 

the oxidation of hypoxanthine and xanthine to uric acid 

(Fig.l), and plays a role in the excretory metabolism of the 

products of nucleic acid metabolism. In addition, uric acid 

has been found to be a powerful antioxidant and a scavenger 

of singlet-oxygen and radicals (14). It has been 

hypothesized that uric acid provides an antioxidant defense 

against oxidant- and radical-caused cancers (15). 

The most recently described Mo enzyme of animal tissues 

is sulfite oxidase, a protein located in the mitochodrial 

intermembrane space. It catalyses the terminal reaction of 

sulfur amino .acid catabolism, the oxidation of sulfite to 

sulfate (Fig.l) (17,18). In contrast to the Mo hydroxylase, 

sulfite oxidase has a very narrow substrate specificity with 
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Fig. 1- Biochemical functions of xanthine oxidase and 
sulfite oxidase, (from Johnson and Rajagopalan) 
(16) 



one reducing substrate, sulfite (SO3 ). Cytochrome c, 

oxygen, and ferricyanide served as oxidizing substrates. 

Oxidation of sulfite to sulfate occurs at the Mo center. 

In the early experiments with rats fed a low Mo diet, 

intestinal xanthine oxidase level was reduced below normal. 

However, neither the growth nor the purine metabolism of the 

depleted animals was affected (12,13). Similar low Mo diets 

were well tolerated by chicks but when W was added to give a 

W:Mo ratio of 1000:1 or 2000:1, the birds exhibited 

reductions in growth, tissue Mo, and xanthine oxidase 

activity. Their capacity to oxidize xanthine to uric acid 

was also lowered (8). 

All the effects above were prevented by additional 

dietary Mo (8). Administration of W to rats at levels of 

1-100 ppm in the drinking water resulted in proportionate 

decreases in liver sulfite oxidase activity as well as 

xanthine oxidase activity and total hepatic Mo content. 

Injection of Mo into rats with depleted hepatic sulfite 

oxidase and xanthine oxidase activities by W treatment 

resulted in significant restoration of both enzyme activities 

within a few hours (9). Tungsten treated rats, totally 

deficient in sulfite oxidase activity, appeared healthy but 

were markedly more susceptible than the normal animals to 

toxicity from sulfite and bisulfite ions. 

A few reports have indirectly implicated Mo deficiency 

in the etiology of cancer, especially cancer of the 

esophagus. Burrel et al. (19) was the first to suggest a 

relationship between Mo deficiency and the incidence of 

esophageal cancer. It was found that the high incidence of 

esophageal cancer among the Bantu of Transkei in southern 



Africa was related to the consumption of food grown locally 

in soil low in Mo. Also, in China it was reported that the 

prevalence of esophageal cancer in both humans and chickens 

was high in certain high risk areas where Mo was deficient in 

the soil (20). Epidemiological studies conducted in this 

country (21) have suggested a correlation between low Mo in 

water supplies and the incidence of esophageal cancer. 

Luo et al. (22) studied the effect of Mo deficiency on 

the induction of esphageal and forestomach cancers in male 

Sprague-Dawley rats by the chemical carcinogen 

N-nitrososarcosine ethyl ester (NSEE). They observed that 

the addition of Mo at either 2 or 20 ppm level in the 

drinking water significantly inhibited NSEE-induced 

esophageal and forestomach carcinogenesis in male rats. 

The incidence of breast cancer has increased during the 

past half century throughout the world. In most Western 

countries the disease is now the most common female 

malignancy, the life-time risk being at least 1:20 (23). In 

United States, it accounts for more deaths than any other 

cause among women between the age of 40 to 44 (24). While 

the importance of searching for a cure for breast cancer is 

clear, the etiology of the disease remains obscure (23). It 

is known that breast cancer is associated with hormonal 

activities, but diet has been suggested as the major risk 

factor (25). 

The studies of Wei et al. (26) have demonstrated that 

the incidence of mammary cancer of female rats with 150 ppm W 

in the drinking water (79.2%) was significantly higher 

(p<.05) than that of the Mo supplemented (10 ppm in the 

drinking water) group (45.5%) or the unsupplemented group 



(50.0%) at 125 days after the injection of carcinogen. At 

198 days postcarcinogen, the average number of mammary 

cancers per animal and incidence of mammary cancer of the 

Mo-supplemented group- (0.75 and 50%, respectively) were 

significantly lower than the comparable values of the 

unsupplemented (1.76 and 90%) or W-supplemented (2.48 and 

95.7%) groups. Their results indicated that supplementation 

with W promoted the mammary gland cancer during early stage 

of carcinogenesis, while Mo inhibited the mammary gland 

cancer during the later stage of carcinogenesis. 

The present research was designed to study the 

relationship between dietary Mo and mammary cancer, and to 

investigate whether there was a possible link between the 

activities of Mo-containing enzymes, xanthine oxidase and 

sulfite oxidase, and the incidence of breast cancer. 



CHAPTER II 

MATERIALS AND METHODS 

Chemicals 

Carcinogen N-methyl-N-nitrosourea (MNU) was purchased 

from Ash Stevens, Inc., Detroit, MI. Sodium molybdate and 

sodium tungstate of the highest available purity were 

purchased from Fisher Scientific Co., Fair Lawn, NJ. 

Demineralized water was obtained by passing distilled water 

through two Barnstead disposable ultrapure mixed-bed 

demineralizer cartridges. Cerelose (glucose monohydrate) and 

additive-free corn oil were gifts from Best Foods, Union, NJ. 

Other dietary ingredients were purchased from United States 

Biochemical Corporation, Cleveland, OH. 

Dietary and Carcinogen Treatments 

One hundred and eighty-eight 5 weeks old nulliparous 

Sprague-Dawley female rats (Harlan Sprague Dawley Inc., 

Madison, WI.) were housed individually in stainless steel 

wire mesh-bottomed cages in a controlled environment with 

temperature maintained at 22+1° C and 12-hour light-dark 

cycles. All animals were given ad libitum a semipurified 

diet (27, 28) which meets all nutritional requirements of 

growing rats and demineralized drinking water with or without 

Mo and/or W supplements. The composition of the diet in 

weight percentage was: vitamin-free casein, 20; corn oil, 5/ 

cerelose, 65; celufil (nonnutritive fiber), 5; AIN mineral 

mix, 3.5; AIN-76A vitamin mix, 1; DL-methionine, 0.3; and 

choline bitartrate, 0.2. 
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The diet contained 0.026 ppm Mo, and the demineralized 

drinking water had no detectable Mo (29) as determined by a 

catalytic polarography procedure (30). 

Animals were assigned to 8 groups by weight so that the 

m.ean body weights of all groups were very similar. Mo in the 

form of Na2Mo04 and W in the form of Na2W04 were added to 

demineralized water in the following manner: groups 3 and 4, 

10 ppm Mo; groups 5 and 6, 150 ppm W; and groups 7 and 8, 10 

ppm Mo and 150 ppm W (Table 1). The supplements were started 

on the second week of experiment until the termination of the 

experiment at week 32. Groups 1 and 2 received 

unsupplemented drinking water throughout the experiment. 

The carcinogen was prepared just before its 

administration by dissolving MNU in 0.9% saline and adjusted 

to pH 5.0 with a few drops of 3% acetic acid. The 

administration of MNU was at the level of 25 mg/kg body 

weight when the rats were 50 days old (the beginning of week 

3 on experimental diet) via subcutaneous injection according 

to procedures described by Thompson and Meeker (31). Animals 

in non-carcinogen groups (groups 1, 3, 5, and 7) received 

only 0.9% saline solution (Table 1). 

Throughout the experiment, animals were observed daily 

and weighed weekly. Starting from four weeks after the 

administration of MNU, animals were palpated twice weekly to 

detect breast tumors. 

Four rats from each group were sacrificed following 

anesthetization at the begining of weeks 7 and 11 for hepatic 

enzymes and Mo studies. The remaining animals were 

sacrificed at the end of the experiment (week 32), but only 4 



Table 1. Experimental design 

Group No. No. of animals Supplementations Carcinogen-'-

1 16 no supplement no 

2 31 no supplement yes 

3 16 10 ppm Mo no 

4 31 10 ppm Mo yes 

5 16 150 ppm W no 

6 31 150 ppm W yes 

7 16 10 ppm Mo + 150 ppm W no 

8 31 10 ppm Mo + 150 ppm W yes 

^Carcinogen MNU was administered when the animals were 

50 days old. 
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animals from each group were assayed for enzyme activities 

and hepatic Mo content. For analysis, livers were removed, 

washed in chilled 0.25 M sucrose solution, weighed and 

divided into two portions. The first portion was for the 

determination of activities of xanthine oxidase and sulfite 

oxidase by the methods described by Johnson et al. (9) and 

Cohen et al. (17), respectively; while the second portion was 

for the determination of the hepatic Mo content by a 

catalytic polarography procedure (30). 

Histopathological Evaluation 

Animals found dead were necropsied promptly. At 

necropsy, all tumors were removed and fixed in 10% formalin 

and stained with hematoxylin for histopathological evaluation 

(32) . Only histopathologically confirmed mammary carcinomas 

were used for the data analysis. 

Statistical Analysis 

All the data were analyzed statistically by the methods 

of Steel and Torrie (33). The experimental design was a 

2x2x2 factorial experiment. Analysis of variance and 

Duncan's test were used for all physiological parameters 

(body weight, Mo content, enzyme activities). Incidence of 

tumor was analyzed by Chi square. 



CHAPTER III 

RESULTS 

The experiment was initiated when animals were 5 weeks 

old. Body weights at experimental weeks 1, 7, 11, and 32 and 

total weight gain for 32 weeks were analyzed by analysis of 

variance for heterogeneity of quadratic regressions (33). 

Results showed that animals gained weight at different rates 

among the eight supplemental groups. As shown in table 2, 

groups 5 and 6 (W supplemented groups) had significantly 

lower (p<.05) body weight at week 32 and total weight gain 

(group 5, 224.3 g and 116.4 g; group 6, 235.7 g and 128.2 g, 

respectively). 

For tumor incidence (Table 3), significant difference 

(p<.05) was found between group 6 (52.2%) with W supplement 

and group 8 (82.6%) with both Mo and W supplements. There 

were no significant differences (p<.05) among group 2 (69.6%) 

unsupplemented control, group 4 (69.6%) with Mo supplement, 

and group 6 (52.2%) with W supplement; nor among groups 2, 

unsupplemented control, 4, with Mo supplement, and 8, with 

both Mo and W supplements. These findings did not agree with 

the results of Wei et al. (26) who have demonstrated that the 

incidence of mammary cancer of the female rats with 150 ppm W 

in the drinking water (79.2%) was significantly higher 

(p<.05) than that of the Mo supplemented (10 ppm in the 

drinking water) group (45.5%) or the unsupplemented group 

(50.0%) at 125 days postcarcinogen. And at 198 days 

postcarcinogen, the average number of mammary cancers per 

animal and incidence of mammary cancer of the Mo-supplemented 

group (0.75 and 50%, respectively) were significantly lower 

than the comparable values of the unsupplemented (1.7 6 ana 

90%) or W-supplemented (2.48 and 95.7%) groups, 

11 
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Table 2. Body weights (g) of 5-week-old female rats fed 

AIN-7 6A diet ad libitum and demineralized drinking 

water with or without Mo and/or W supplements at 

weeks 1, 7, 11, and 32 and total weight gain in 32 

weeks^. 

group no. wk 1 

1 106.3 

107.2 

107.8 

107.5 

107.9 

107.5 

107.9 

8 107.7 

wk 7 

215.3 

207.9 

214.8 

203.2 

212.0 

209.2 

200.8 

199.0 

wk 11 

2 3 5 . 2 

2 2 9 . 4 

2 3 8 . 6 

2 2 8 . 0 

2 1 5 . 6 

2 2 1 . 5 

2 2 3 . 1 

2 2 4 . 1 

wk 32 

2 7 6 . 6 

2 7 7 . 5 

2 8 4 . 8 

2 6 7 . 3 

2 2 4 . 3 

2 3 5 . 7 

2 6 7 . 7 

2 7 5 . 2 

wt g a i n 

1 7 0 . 3 

1 7 0 . 3 

1 7 6 . 6 

1 5 9 . 8 

1 1 6 . 4 

1 2 8 . 2 

1 5 9 . 8 

1 6 7 . 5 

Data were analyzed by analysis of variance for 

heterogeneity of quadratic regression. 
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Table 3. Tumor incidence and number of tumors per animal 

of female rats received MNU and fed AIN-7 6A diet 

ad libitum and demineralized drinking water with 

or without Mo and/or W supplements for 32 weeks^. 

Group no. 2 4 6 8 

No. of tumor 33 29 35 4 6 

Tumor incidence(%) 69.6 ^'^ 69.6 ^'^ 52.2 ^ 82.6 ^ 

No. of tumors/rat 1.435^ 1.261^ 1.522^ 2.000^ 

^Means with different superscripts are significantly 

different (p<.05). 
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Although group 6 had the lowest tumor incidence, it had 

a higher number of tumors per animal (1.522) than group 2 

(1.435) and group 4 (1.260) (see table 3). TVnd group 8 

(2.000) had the highest number of tumors per animal among 

groups 2, 4, 6, and 8. However, the differences among these 

four groups were not significant. 

Results of hepatic Mo analyses are shown in table 4. At 

all time intervals, groups 5 and 6 had the lowest Mo content 

in the liver: at week 7, group 5, 0.127 Aig/g dry weight and 

group 6, 0.008 >ug/g dry weight; at week 11, 0.012 and 0.007 

4ag/g dry weight; and at week 32, 0.011 and 0.011 «g/g dry 

weight, respectively. At week 7, groups 3 and 4 (2.488 and 

2.628 Aig/g dry weight, respectively) were significantly 

higher than any other group, while groups 7 and 8 (1.736 and 

1.682 ug/g dry weight) were significantly higher than the 

values of groups 1 and 2 (1.303 and 1.294 Aag/g dry weight). 

Similarly, at week 11, the hepatic Mo contents of groups 3 

and 4 (2.375 and 2.376 Aig/g dry weight) were significantly 

higher than those of other groups. Also, the hepatic Mo 

contents of groups 7 and 8 (1.740 and 1.633 Aig/g dry weight) 

were significantly higher than the values of groups 1 and 2 

(1.080 and 1.113 Aag/g dry weight) . 

At week 32, there were no significant differences in 

hepatic Mo contents among groups 3, 4, and 8 (2.487, 2.400, 

and 2.561 Ajg/g dry weight, respectively). These three groups 

had significantly higher Mo content in the liver than groups 

1, 2, and 7 (0.957, 1.063, and 1.958 *ag/g dry weight); 

whereas, group 7 had significantly higher value than groups 1 

and 2. In addition, differences among weeks 7, 11, and 32 

within each group were also examined. For hepatic Mo, no 

significant difference among weeks 7, 11, and 32 was found 
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Table 4 . Hepatic Mo content (Ajg Mo/g dried liver) of female 

rats fed AIN-76A diet ad libitum and demineralized 

drinking water with or without Mo and/or W 

supplements for weeks 7, 11, and 32^'^'^. 

group no. 

1 

2 

3 

4 

5 

6 

7 

8 

1. 

1 

2 

2 

0 

0 

1 

1 

wk 7 

303+0. 

2 94+0. 

.488±0 

.628±0 

.127+0 

.008±0 

.736±0 

. 682±0 

055^' 

062^' 

150^/ 

.063^' 

.073^' 

.003^' 

.056^' 

.064^' 

a 

a 

b 

b 

c 

c 

d 

d 

1 

1 

2 

2 

0 

0 

1 

1 

wk 11 

080±0.064^' 

.113±0.090^' 

.375±0.138^' 

.376+0.055^' 

.012±0.009^' 

.007+0.007^' 

.740±0.107A' 

.633+0.099^' 

a 

a 

b 

b 

c 

c 

d 

d 

wk 32 

0.957+0.061^'^ 

1.063±0.119^ 

2.487+0.166^ 

2.400±0.224A 

0.011±0.006^ 

0.011±0.006^ 

1.958±0.217^ 

2.561+0.234^ 

a 

b 

b 

c 

c 

d 

b 

^Data are expressed as means of 4 animals ± SEM. 

^Means with different superscripts are significantly 

different (p<.05). 

^Upper case letters mean that those values were compared 

horizontally; while lower case letters mean they were 

compared vertically. 
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for every group except groups 1 and 8. 

Table 5 shows the results of xanthine oxidase 

activities. Similar to the results of hepatic Mo content, 

groups 5 and 6 had lowest enzyme activities: at week 7, group 

5, 18.69 nmole uric acid formed/g liver/min, and group 6, 

91.20 nmole uric acid formed/g liver/min; at week 11, 39.25 

and 33.50 nmole uric acid formed/g liver/min; and at week 

32, 40.65 and 55.63 nmole uric acid formed/g liver/min, 

respectively. At week 7, the activities of groups 3 and 4 

(685.03 and 721.95 nmole uric acid formed/g liver/min, 

respectively) were significantly higher than the activities 

of groups 1 and 2 (580.07 and 595.26 nmole uric acid formed/g 

liver/min), but not significantly different from those of 

groups 7 and 8 (666.05 and 644.99 nmole uric acid formed/g 

liver/min). There were no significant differences among 

groups 1, 2, 7, and 8 at week 7. 

At week 11, there were no significant differences among 

groups 1, 2, 3, and 7 ( 628.47, 606.42, 690.78, and 655.99 

nmole uric acid formed/g liver/min, respectively), while the 

enzyme activities of groups 4 and 8 (724.88 and 780.67 nmole 

uric acid formed/g liver/min) were significantly higher than 

those of groups 1 and 2. There were no significant 

differences among groups 3, 4, 7, and 8. 

At week 32, groups 5 and 6 had significantly lower 

xanthine oxidase activities than other dietary groups. There 

were no significant differences among other groups: group 1, 

422.62 nmole uric acid formed/g liver/min; group 2, 4 98.42 

nmole uric acid formed/g liver/min; group 3, 476.56 nmole 

uric acid formed/g liver/min/ group 4, 492.95 nmole uric acid 

formed/g liver/min; group 7, 506,15 nmole uric acid formed/g 
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Table 5. Xanthine oxidase activity (nmole uric acid formed/g 

liver/min) of female rats fed AIN-7 6A diet ad 

libitum and demineralized drinking water with or 

without Mo and/or W supplements for weeks 7, 11, and 
32l'2,3. 

Group no. wk 7 

1 580.07±18.04^'^ 

2 595.26±26.60^'^'^ 

3 685.03± 15.16^'^ 

4 721.95±13.55^'^ 

5 18.69±17.16^'^ 

6 91.20±74.42^'^ 

7 666.05+ 16.40^'^'^ 

wk 11 

628.47±31.73^'^ 

606.42±49.51^ 

690.78± 9.24^ 

724.88± 6.98^ 

39.25±21.30^ 

33.50±10.74^ 

655.99±22.88^ 

8 644.99±13.04A,a,b 780 . 67+40 . 94B 

B,a 

a,b 

b,c 

d 

d 

a,b 

wk 32 

422.62±22.80^'^ 

498.42±21.64^ 

476.56±48.55^ 

492.95±20.01^ 

40.65+ 2.40^ 

55.63± 5.35^ 

506.15+17.71^ 

b,c 503.26±51.14C 

a 

a 

a 

b 

b 

a 

^Data are expressed as means of 4 animals ± SEM. i 

^Means with different superscripts are significantly 

different (p<.05). 

•̂ Upper case letters mean that those values were compared 

horizontally; while lower case letters mean they were 

compared vertically. 
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liver/min; and group 8, 503.2 6 nmole uric acid formed/g 

liver/min. Comparing the xanthine oxidase activities at 

weeks 7, 11, and 32 within each group, the enzyme activities 

of week 32 were significantly lower than the values of week 

11 for every group except 5 and 6. 

Similar to xanthine oxidase activity, sulfite oxidase 

activities were significantly lowered by W supplementation 

(see table 6): at week 7, group 5, 0.50 nmole sulfite 

oxidized/mg liver/min and group 6, 0.81 nmole sulfite 

oxidized/mg liver/min; while the enzyme activities of groups 

1 and 2 were 11.04 and 10.71 nmole sulfite oxidized/mg 

liver/min, respectively. At week 11, activities of sulfite 

oxidase of groups 5 and 6 were 0.33 and 0.31 nmole sulfite 

oxidized/mg liver/min; while the comparable values of groups 

1 and 2 were 9.66 and 9.73 nmole sulfite oxidized/mg 

liver/min. Again at week 32, the values for groups 5 and 6 

were 0.19 and 0.07 nmole sulfite oxidized/mg liver/min; while 

the values for groups 1 and 2 were 7.11 and 9.75 nmole 

sulfite oxidized/mg liver/min, respectively. 

Molybdenum supplementation significantly increased the 

activity of sulfite oxidase: at week 7, group 3, 11.78 nmole 

sulfite oxidized/mg liver/min and group 4, 12.82 nmole 

sulfite oxidized/mg liver/min; at week 11, 12.25 and 11.99 

nmole sulfite oxidized/mg liver/min; and at week 32, 10.74 

and 10.13 nmole sulfite oxidized/mg liver/min, respectively. 

At week 7 the sulfite oxidase activities of groups 7 and 8 

(9.42 and 8.72 nmole sulfite oxidized/mg liver/min) were 

lower than the values of groups 1, 2, 3, and 4, but higher 

than those of groups 5 and 6, At week 11/ the enzyme 

activity of group 8 (9.4 6 nmole sulfite oxidized/mg 

liver/min) was similar to those of groups 1 and 2, while the 
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Table 6. Sulfite oxidase activity (nmole sulfite oxidized/mg 

liver/min) of female rats fed AIN-76A diet ad 

libitum and demineralized drinking water with or 

without Mo and/or W supplements for weeks 7, 11, 
and 32l'2,3^ 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

n o . wk 7 

1 1 . 0 4 ± 0 . 6 2 ^ ' ^ 

1 0 . 7 1 ± 0 . 4 8 ^ ' ^ 

1 1 . 7 8 ± 0 . 2 0 ^ ' ^ ' ^ 

1 2 . 8 2 ± 0 . 4 9 ^ ' ^ 

0 . 5 0 ± 0 . 0 9 ^ ' ^ 

0 . 8 1 ± 0 . 8 1 ^ ' ^ 

9 . 4 2 ± 0 . 3 7 ^ ' ® 

8 . 7 2 ± 0 . 8 1 ^ ' ^ 

wk 11 

9 . 6 6 ± 0 . 1 5 ^ ' ^ 

9 . 7 3 ± 0 . 3 3 ^ ' ^ 

1 2 . 2 5 ± 0 . 4 0 ^ ' ^ 

1 1 . 9 9 ± 0 . 1 4 A ' ^ 

0 . 3 3 ± 0 . 1 0 ^ ' ^ ' ^ 

0 . 3 1 ± 0 . 0 4 A ' ^ 

7 . 9 4 + 0 . 3 2 ^ ' ^ 

9 . 4 6 ± 0 . 3 6 ^ ' ^ 

wk 32 

7.11±1.25^'^ 

9.75±1.10^'^ 

10.76±0.47^'C'^ 

10.13±0.76^'^ 

0.19±0.11^'^ 

0.07±0.04^'^ 

6.28±0.30^'^ 

6.14±0.50^'^ • 

•̂ Data are expressed as means of 4 animals ± SEM. 

^Means with different superscripts are significantly 

different (p<.05). 

-̂ Upper case letters mean that those values were compared 

horizontally; while lower case letters mean they were 

compared vertically. 
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mean enzyme activity of group 7 (7.94 nmole sulfite 

oxidized/mg liver/min) was significantly lower than that of 

group 8. At week 32, groups 7 and 8 (6.28 and 6.14 nmole 

sulfite oxidized/mg liver/min, respectively) had similar 

enzyme activity as group 1 (7.11 nmole sulfite oxidized/mg 

liver/min). In addition, the trend of decreasing enzyme 

activities at week 32 also existed for every group except 2 

and 6. 

Since this was a factorial experiment, interactions 

between factors at all time intervals for each parameter were 

also examined. And significant interactions between Mo and W 

were found at all time intervals for A.) hepatic Mo content, 

B.) xanthine oxidase and C.) sulfite oxidase activities. 

Also, some other interaction existed at week 11 for certain 

parameters. 

Hepatic molybdenum content 

For hepatic Mo content, only the interaction between Mo 

and W existed at all time intervals. At week 7, when W was 

not supplemented. Mo content increased from 1.2981 Aiq/q dried 

liver without Mo to 2.5582 -ug/g dried liver with Mo (Table 

7). Whereas, when W was supplemented. Mo content increased 

from 0.0676 Aiq/q dried liver without Mo to 1.7090 -ug/g dried 

liver with Mo. At week 11, when W was not supplemented, 

hepatic Mo increased from 1.0961 without Mo to 2.3755 with Mo 

(Table 8). When W was supplemented, hepatic Mo increased 

from 0.0091 Aig/g dried liver without Mo to 1.6865 -ug/g dried 

liver with Mo. Once again, at week 32, when W was not 

supplemented. Mo in the liver increased from 1.0174 -ug/g 

dried liver without Mo to 2.4438 ug/g dried liver with Mo 

(Table 9). Whereas, when W was presented, it increased from 
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Table 7 . Hepatic Mo content (̂ ug/g dried liver) : 

Interaction between Mo and W at week 7^'2. 

Factor 

Level 

W 0 

ISOppm 

0 

1.2981^'^ 

0.0676^'^ 

Mo 

10 ppm 

2.5582^'^ 

1.7090^'^ 
1 

•^A,B,a,b means with different superscripts are 
different(p<.05) . 
"̂ Upper case letters mean that those values were compared 
horizontally; while lower case letters mean they were 
compared vertically. 

Table 8. Hepatic Mo content (Ajg/g dried liver): 

Interaction between Mo and W at week 11-^'^. 

Factor Mo 

Level 0 lOppm 

W 0 1.0961^'^ 2.3755^'^ 

150ppm 0.0091^'^ 1.6865^'^ 
•^A,B,a,b means with different superscripts are 
different(p<.05). 
^Upper case letters mean that those values were compared 
horizontally; while lower case letters mean they were 
compared vertically. 

Table 9. Hepatic Mo content (jug/g dried liver): 

Interaction between Mo and W at week 32-^'2. 

Factor Mo 

Level 0 lOppm 

W 0 1.0174^'^ 2.4438^'^ 

150ppm 0.0110^'^ 2.2596^'^ 
^A,B,a,b means with different superscripts are 
different(p<.05). 
2upper case letters mean that those values were compared 
horizontally; while lower case letters mean they were 
compared vertically. 
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0.011 JUg/g dried liver without Mo to 2.2596 Aig/g dried liver 

with Mo. 

Xanthine Oxidase 

At week 7 only the interaction between Mo and W existed. 

Response to the Mo supplementation was different when W was 

present. When W was not present (Fig. 2), xanthine oxidase 

activity increased from 587.67 nmole uric acid formed/g 

liver/min without Mo to 703.49 nmole uric acid formed/g 

liver/min with Mo, and the increase was only 115.82 nmole 

uric acid formed/g liver/min. When W was present, the 

increase was 600.58 nmole uric acid formed/g liver/min, from 

54.94 nmole uric acid formed/g liver/min without Mo to 655.52 

nmole uric acid formed/g liver/min with Mo. 

At week 11, interaction between Mo and W was similar to 

the observation at week 7 (Fig. 3). Xanthine oxidase 

activities inceased only 90.39 nmole uric acid formed/g 

liver/min, from 617,44 nmole uric acid formed/g liver/min 

without Mo to 707.83 nmole uric acid formed/g liver/min with 

Mo, when W was not present. When W was present, it increased 

from 3 6.37 nmole uric acid formed/g liver/min without Mo to 

718.33 nmole uric acid formed/g liver/min with Mo. It 

increased by 681.96 nmole uric acid formed/g liver/min. 

At week 11, interaction was observed between Mo and MNU 

(Fig. 4). When Mo was not supplemented, xanthine oxidase 

activity without MNU (333.86 nmole uric acid formed/g 

liver/min) was higher (not significant) than the groups with 

MNU (319.96 nmole uric acid formed/g liver/min). When Mo was 

supplemented, the enzyme activity of the non-MNU-treated 

animals (673.38 nmole uric acid formed/g liver/min) was 
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Fig. 2. Xanthine oxidase (X.O.) activity (nmole 
uric acid formed/g liver/min): Interaction 
between Mo and W at wk 7. 
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Fig 3. Xanthine oxidase (X.O.) activity (nmole 
uric acid formed/g liver/min): Interaction 
between Mo and W at wk 11. 
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significantly lower than that of the MNU-treated animals 

(752.78 nmole uric acid formed/g liver/min). 

At week 32, similar interactions existed between Mo and 

W as at weeks 7 and 11 (Fig. 5). When W was not 

supplemented, xanthine oxidase activity was not different 

whether with or without Mo supplementation ( 484.76 and 

4 65.94 nmole uric acid formed/g liver/min, respectively). 

When W was presented, it increased from 48.14 nmole uric acid 

formed/g liver/min without Mo to 504.71 nmole uric acid 

formed/g liver/min with Mo supplementation. 

Sulfite Oxidase 

Similar to xanthine oxidase activity, interaction 

existed between Mo and W at weeks 7, 11, and 32 on sulfite 

oxidase activities. At week 7, when W was not supplemented, 

the enzyme activity increased from 10.875 nmole sulfite 

oxidized/mg liver/min without Mo to 12.295 nmole sulfite 

oxidized/mg liver/min with Mo supplementation (Fig. 6). When 

W was presented, sulfite oxidase activity increased from 

0.652 nmole sulfite oxidized/mg liver/min without Mo to 9.068 

nmole sulfite oxidized/mg liver/min with Mo supplementation. 

At week 11, without both Mo and W, sulfite oxidase 

activity was 9.694 nmole sulfite oxidized/mg liver/min, but 

with Mo and no W, it increased to 12.119 nmole sulfite 

oxidized/mg liver/min (Fig. 7). With W only, the enzyme 

activity was only 0.319 nmole sulfite oxidized/mg liver/min, 

but when Mo was added, it increased to 8.698 nmole sulfite 

oxidized/mg liver/min. 
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Fig. 4. Xanthine oxidase (X.O.) activity (nmole 
uric acid formed/g liver/min): Interaction 
between Mo and MNU at week 11. 
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Fig. 5. Xanthine oxidase (X.O.) activity (nmole 
uric acid formed/g liver/min): Interaction 
between Mo and W at week 32. 
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Fig.6. Sulfite oxidase (S.O.) activity (nmole 
sulfite oxidized/mg liver/min): Interaction 
between Mo and W at week 7. 
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Fig.7. Sulfite oxidase (S.O.) activity (nmole 
sulfite oxidized/mg liver/min): Interaction 
between Mo and W at week 11. 
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At week 11, interaction between W and MNU existed (Fig. 

8). When W was not supplemented, sulfite oxidase activity of 

the non-MNU-treated animals (10.954 nmole sulfite oxidized/mg 

liver/min) was slightly higher than the MNU-treated animals 

(10.859 nmole sulfite oxidized/mg liver/min). When W was 

supplemented, the enzyme activity of the MNU-treated groups 

(4.885 nmole sulfite oxidized/mg liver/min) was significantly 

higher than that of non-MNU-treated animals (4.131 nmole 

sulfite oxidized/mg liver/min). 

Again at week 32, the same trend of interaction was 

exhibited (Fig. 9). Without W supplementation, sulfite 

oxidase activity increased from 8.614 nmole sulfite 

oxidized/mg liver/min without Mo to 10.442 nmole sulfite 

oxidized/mg liver/min with Mo. With W supplementation, the 

enzyme activity increased from 0.128 nmole sulfite 

oxidized/mg liver/min without Mo to 6.209 nmole sulfite 

oxidized/mg liver/min with Mo. 

In addition, one animal in group 4 receiving 10 ppm Mo 

in the drinking water and MNU treatment died from mammary 

cancer at week 20. Another animal in group 3 died at week 25 

and the cause of death might have been pituitary hemorrhage. 
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Fig. 9. Sulfite oxidase (S.O.) activity (nmole 
sulfite oxidized/mg liver/min): Interaction 
between Mo and W at week 32. 



CHAPTER IV 

DISCUSSION 

In this study an attempt was made to investigate the 

relationship between Mo and W supplementation, activities of 

xanthine oxidase and sulfite oxidase, and MNU-induced mammary 

carcinogenesis in female rats. Parameters such as weight 

gain, mammary carcinogenesis, hepatic Mo content, and hepatic 

xanthine oxidase and sulfite oxidase activities were 

analyzed. Activities of xanthine oxidase and sulfite oxidase 

were parallel with hepatic Mo content. The findings on 

xanthine oxidase activities and hepatic Mo content agreed 

with the results of Johnson et al. (9) and Higgin et al. (8), 

respectively. 

Tungsten supplementation depleted Mo content of the 

liver, and thus decreased the activities of hepatic xanthine 

oxidase and sulfite oxidase, while Mo significantly increased 

both Mo content and Mo-containing enzyme activities in the 

liver. With both Mo and W supplementation, though W depleted 

Mo in the animals, 10 ppm Mo fulfilled the needs for rats and 

hence increased Mo content and activity of xanthine oxidase 

to the level of the control groups (group 1 and 2) or even 

exceeded those levels. Sulfite oxidase activities of both Mo 

and W supplemented groups were lower than those of the 

unsupplemented groups. This could mean that the requirement 

of Mo for proper level of sulfite oxidase activity was higher 

than that for xanthine oxidase activity. 

There was no apparent cumulation of Mo in liver since 

there was no further increase in hepatic Mo content from week 

11 to week 32. There were trends of declining activities of 

xanthine oxidase and sulfite oxidase at week 32. 

3] 
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Tungsten not only depleted hepatic Mo content and lowered 

activity of Mo-containing enzymes, but also decreased growth 

rates of the animals. This differed from the observations of 

Luo et al. (29) and Wei et al.(26). Because of the existing 

correlation between body weight and tumor incidence (34, 35) 

the low body weight of group 6 might be the contributor of the 

low tumor incidence. Sylvester et al. (36) have shown that a 

50% reduction in food intake for 37 days during 7,12-dimethyl-

benzoanthracene administration decreased the tumor incidence 

from 7 6% to 29%. Furthermore, group 6 had a higher number of 

tumors per animal than group 2, but the difference was not 

significant. 

Group 8, with both Mo and W supplementation, had the 

highest tumor incidence and number of tumors per animal. This 

may be because of the normal growth rates and the presence of 

W. Results of the tumor incidence and number of tumors per 

animal from this study were almost opposite from the study 

reported by Wei et al. (26). No effect of Mo was found 

concerning the inhibition of mammary carcinogenesis. Medina 

(37) has already suggested that the efficacy of an 

anticarcinogenic agent on carcinogenesis in laboratory animals 

is dependent on the level and route of supplementation and the 

kind and the level of carcinogen. In the prsent study, MNU 

was administered at a level of 25 mg/kg body weight by 

subcutatneous injection; while in the study of Wei et al. (26) 

the carcinogen was administered at 50 mg/kg body weight by 

intravenous injection. whether the differences in the results 

of these two studies was due to the level and/or the route of 

administration of carcinogen or other experimental differences 

is remained to be determined. 
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Furthermore, the interactions between Mo and MNU on 

xanthine oxidase activities suggested that the combination of 

Mo and MNU stimulated the enzyme activity even more than Mo 

did alone. The interaction between W and MNU resulted in a 

higher sulfite oxidase activity when W and MNU both were 

present than when only W was present. 

There was no correlation between xanthine oxidase 

activities and tumor incidence. At the end of the experiment, 

xanthine oxidase activity of group 8, supplemented with both 

Mo and W, was almost the same as that of group 4 which was 

supplemented with Mo alone. Group 8 had the highest tumor 

incidence (not significant). There is a hypothesis suggesting 

that uric acid, an end product of xanthine and hypoxanthine 

catabolism, might be an excellent antioxidant defense for 

cancer (15). Uric acid levels in the serum and urine in the 

present study were not determined, but xanthine oxidase 

activity did not seem to have any correlation with tumor 

incidences of various supplemental groups. 

As to sulfite oxidase, group 8 with highest tumor 

incidence had lower sulfite oxidase activity than the groups 2 

and 4. This suggested that a negative correlation might be 

presented. But the negative correlation between sulfite 

Oxidase activity and tumor incidence was not well established 

since the differences in tumor incidence between groups 2, 4, 

and 8 were not significant. In addition, group 6, with W 

supplementation, had the lowest, almost zero, sulfite oxidase 

activities and had lowest tumor incidence. Although the low 

tumor incidence of group 6 could due to the low body weight, 

this made the inference of the inverse correlation between 

sulfite oxidase activity and tumor incidence difficult. 
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The body weights of animals were not carefully controlled 

which led to the low body weight and low tumor incidence of 

the W supplemented group. Also this made the interpretation 

of the data very difficult. Further research concerning the 

effect of Mo supplementation is required, and the precautions 

with body weight should be taken. 

The relation between dietary Mo and mammary gland cancer 

is not clear because the epidemiological and laboratory 

evidences are too meager to assess the validity of the 

association. Research in this area needs to be explored. 
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