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CHAPTER 1 

INTRODUCTION 

Epidemiological studies conducted in China showed that 

the levels of molybdenum (Mo) and certain other trace 

minerals in the serum, hair and urine of the inhabitants from 

high esophageal cancer risk areas were significantly lower 

than those from low risk areas (1). It has been demonstrated 

that tungsten (W) is a competitive inhibitor of Mo (2). In 

the W mining areas of Daya County, Jiangxi Province, China, 

the mammary cancer mortality rates among men and women are 

much higher than the national averages (3). Previous studies 

conducted in this laboratory demonstrated that the addition 

of Mo at either 2 or 20 ppm to the drinking water 

significantly inhibited the N-nitrososarcosine ethyl ester 

(NSEE)-induced esophageal and forestomach carcinogenesis in 

male Sprague-Dawley rats. The 200 ppm tungsten (W) added to 

the drinking water countered the inhibitory effect of a low 

level of Mo (0.025 ppm) naturally occurring in the 

semipurified diet (4). Further studies also demonstrated 

that in female rats injected with N-nitroso-N-methylurea 

(NMU) as a chemical carcinogen, the mammary carcinoma 

incidence of the rats given 10 ppm Mo in the drinking water 

was significantly lower than that of the rats fed the 

unsupplemented semipurified diet at 198 days after NMU 

treatment. The 150 ppm W supplemented to the drinking water 

significantly increased the carcinoma incidence at 125 days 

postcarcinogen (5). 

In addition to the involvement of W in countering the 

beneficial effect of dietary Mo on reducing esophageal, 

forestomach, and mammary carcinogenesis, copper (Cu) has an 
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antagonistic interaction with Mo. High levels of Mo intake 

may cause biochemical and pathological changes closely 

resembling those of Cu deficiency in different species of 

animals (6,7). The concentration of the Cu-enzyme 

ceruloplasmin is markedly increased in rats and humans with 

many forms of cancer (8). In an attempt to elucidate the 

inhibitory effects of Mo on carcinogenesis, this study was 

designed to determine the effects of Mo and W supplementation 

on the activities of Mo- and Cu-enzymes of female rats fed 

AIN-7 6A or Purina Lab Chow. 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Molybdenum 

2.1.1 Physiological Functions of 
Molybdenum 

Mo has been found to be a constituent of enzymes involved 

in oxidation-reduction reactions in different living systems. 

It plays an essential role in nitrogen fixation by 

microorganisms and has been identified as a component of 

nitrogenase (9). Plants and lower organisms also depend on 

the presence of Mo to assimilate nitrate. The essentiality 

of Mo in animal nutrition has not been clearly established. 

The Mo-containing enzymes, xanthine oxidase (O form) and 

dehydrogenase (D form), aldehyde oxidase, and sulfite 

oxidase, have been identified in animals (10-12) . Mo has 

been shown to be a tightly bound prosthetic group which is 

essential for the catalytic activity of the enzymes. 

Xanthine oxidase and aldehyde oxidase have a wide 

spectrum of substrate specificity for oxidizable substrate, 

including aldehydes, substituted pyridines, pyrimidines, 

quinolines, purines, azapurines, pyrazalopyrimidines, 

pteridines, and other heterocyclic systems. They are 

important in the detoxification of various compounds (13). 

Sulfite oxidase is capable of catalyzing the oxidation of 

sulfite to sulfate and is essential in the terminal oxidation 

of sulfur from sulfur-containing amino acid to sulfate (14). 

Thus Mo deficiency induces biochemical abnormalities which 

include a defect in the production of uric acid from xanthine 

and hypoxanthine and in the catabolism of the sulfur 

containing amino acids cysteine and methionine. 
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The dietary essentiality of Mo has been described for 

different species of animals such as rats (10), lambs (15), 

and goats (16). High abortion rate and mortality are most 

common clinical signs in Mo-deficient goats. In a series of 

study over a 10-year period, the minimum Mo requirement for 

goats is about 100 |Xg/Kg dry ration. It has been suggested 

that the Mo requirement for monogastric species, without the 

Mo needs of rumen flora, is lower than that of ruminants 

(16). It was reported that as little as 0.02 ppm Mo in the 

diet was sufficient to maintain normal growth in rats (17). 

Recently, the first known case of diet-induced Mo 

deficiency in man was described. The patient displayed low 

uric acid production, abnormal sulfur metabolism, tachypnea, 

tachycardia, irritability, central scotomas, and night 

blindness, leading to coma while on the total parenteral 

nutrition with Crohn's disease for 18 months (18). Treatment 

with ammonium molybdate (300 jig/day) improved the clinical 

condition, reversed the sulfur metabolic defect, and 

normalized uric acid production. A high incidence of 

esophageal cancer among the Bantu of Transkei in southern 

Africa was found to be attributed to the consumption of food 

locally grown in soil low in Mo (19). In Henan Province, 

China, levels of Mo in the serum, hair,and urine of the 

inhabitants from the high esophageal cancer risk areas were 

lower than those from the low risk areas (1). Previous 

studies conducted in our laboratory also demonstrated that Mo 

inhibited esophageal, forestomach, and mammary carcinogenesis 

in the rats (20,5) . 

2.1.2 Metabolism of Molybdenum 

Studies of the metabolic pathways in the animal body 

indicate that soluble Mo compounds are readily absorbed from 

the gastrointestinal tract into the liver, and are excreted 

mainly in the urine with small amounts excreted in the bile 

(21). There appears to be a rapid uptake of orally ingested 



99 Mo by all tissues, with a slight preferential accumulation 

in the liver, kidneys, and bones (22). 

Both dietary sulfate and protein have limited effects on 

Mo retention. (23) . The administration of a single dose of 

potassium sulfate to sheep fed with a cereal hay (low 

sulfate) diet induced a rapid rise in the urinary Mo 

excretion (21). In rats, increased dietary sulfate also 

reduces Mo retention in the tissue through increased urinary 

excretion (24). The protective action of methionine, 

cystine, and thiosulfate administration to rats fed with a 

high Mo diet may result from the endogenous production of 

sulfate (22). This interaction will also be reviewed in 

section 2.2.3. 

2.1.3 Interrelation between Molybdenum 
and Tungsten 

De- Renzo (2) reported an inhibition of the intestinal 

xanthine oxidase by feeding tungstate. A study conducted by 

Higgins et al. (17) found that dietary sodium tungstate 

equivalent to a W:Mo molar ratio of 1000:1 completely 

inhibited the activity of intestinal xanthine oxidase and 

markedly reduced the xanthine oxidase and Mo content in rat 

liver. The Mo removed from the tissue by W feeding caused a 

sharp spike in urinary excretion. Rats receiving sodium 

tungstate in a 1000 or 2000:1 molar ratio of W:Mo grew 

normally and oxidized xanthine to uric acid as well as the 

control group in spite of the fact that all the tissues were 

depleted of Mo and xanthine oxidase. These changes were 

reversed by the administration of sodium molybdate. From 

these results, they suggested that rats may have a markedly 

low requirement for Mo and tissue xanthine oxidase; 

supplementation of W to rats resulted in lower xanthine 

oxidase activity with no impairment of the health of the 

animals. 

It was also reported that in several systems W was 

incorporated in place of Mo and yielded inactive protein 
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molecules (25). An antibody study (26) showed that livers of 

W-treated animals contain considerable amount of inactive 

protein of xanthine oxidase and sulfite oxidase. Johnson 

(26) reported that in rats treated with W from 1 to 100 ppm 

in the drinking water without Mo supplementation, a 

proportionate decrease in xanthine oxidase and sulfite 

oxidase activities occurred; however, 1 ppm of Mo could 

almost completely overcome this effect. This indicated that 

the process involved in Mo uptake or utilization had a 

greater affinity for Mo than for W. Very high W to Mo ratio 

is required for the expected antagonism to set in. 

2 .2 Copper 

2.2.1 Physiological Functions of Copper 

Copper is a component of many enzymes, such as 

ceruloplasmin, cytochrome c oxidase, superoxide dismutase, 

lysyl oxidase, tyrosinase, dopamine B-hydroxylase, 

metallothionein, monoamine oxidase, diamine oxidase, uricase, 

and albocuprein I and II (27). Anemia is a commmon symptom 

of Cu deficiency among many species of animals when the 

deficiency is severe or prolonged. Skeletal abnormalities 

occur in Cu-deficient rabbits, chicks, pigs, dogs, and foals. 

Neonatal ataxia (swayback) in Cu deficient lambs has been 

observed. Pigmentation failure is another Cu deficiency in 

rats, rabbits, guinea pigs, cats, dogs, cattle, and sheep 

(22) . In female rats and guinea pigs, Cu deficiency might 

result in reproductive failure due to the fetal death and 

resorption (28). Cardiac failure associated with cardiac 

hypertrophy has been reported in Cu-deficient animals. Low 

level of total plasma Cu and ceruloplasmin have been 

demonstrated in the patient with Menke's kinky hair syndrome, 

a genetically determined Cu-deficient disease in children 

(22) . 



2.2.2 Metabolism of Copper 

Copper is absorbed from the stomach and all portions of 

the small intestine, particularly the upper small intestine 

(29) . In most animals, dietary Cu is poorly absorbed (20) 

and the absorption is influenced by the amount and the 

chemical form of the Cu ingested. It was shown that anemic 

rats were unable to utilize the Cu from copper sulfide (CuS) 

for hemoglobin synthesis, whereas the oxides, hydroxide, and 

certain other chemical forms were well utilized for this 

purpose (31) . Several inorganic dietary factors markedly 

affect Cu absorption, retention, and distribution, such as 

calcium (Ca), cadmium (Cd), zinc (Zn), iron (Fe), lead (Pb), 

silver (Ag), sulfur (S), and Mo (22). Besides these factors, 

Starcher (32) identified a single metal-binding protein in 

chick duodenum and demonstrated that the protein would bind 

Cu. 

Liver is the main storage organ for Cu and is an 

important organ in the metabolism of this element. Cu is 

either stored in the mitochondria, microsomes, nuclei, or 

parenchymal cells, or is released for incorporation into 

ceruloplasmin and other numerous Cu-containing enzymes of the 

cells (33). 

Most ingested Cu appears in the feces. In mice, the 

biliary system is also a major pathway for Cu excretion (34). 

It has been shown that intravenous injection of Cu, which 

causes elevating of Cu levels in the blood and tissues, 

increases Cu excretion in the bile and the feces, but does 

not normally raise urinary Cu excretion (35). Only 

negligible amounts of Cu are lost in the sweat (36). 

2.2.3 Interrelation between Copper 
and Molybdenum 

Mo toxicity, long recognized in grazing cattle in many 

parts of the world, causes biochemical and pathological 

changes closely resembling those of Cu deficiency (6). The 

reactions to high dietary intake vary greatly in different 
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species of animals. The non-ruminants are much more tolerant 

of excess Mo than are ruminants. Ruminants such as cattle 

and sheep are sensitive to dietary Mo level as low as 2 ppm 

while horses and pigs can tolerate levels as high as 1000 ppm 

(7) . In ruminants, dietary sulfur potentiates a Cu-Mo 

antagonism that decreases tissue Cu levels, whereas in 

non-ruminants surfur alleviates this antagonism (37). Here 

we choose the rat as the model of non-ruminants. 

It has been found that high levels (400-1200 ppm) of Mo 

were toxic for rats. It produced a profound depression of 

growth, a low incidence of anemia and diarrhea, and skeletal 

abnormalities (38,39). These physiological defects are 

related to an interference with Cu metabolism. The sulfide-

oxidizing system of the rat liver has a requirement for Cu as 

an enzyme cofactor; therefore, increasing the dietary Cu 

intake decreases the toxicity of orally administered sulfide. 

It seems that feeding the rat Mo results in an increased 

sensitivity to sulfide (38) because of the restriction in Cu 

utilization. At a dietary Mo level of 800 ppm, profound 

decreases in liver sulfide oxidase were observed. This 

observation led to the suggestion that sulfide accumulation 

could contribute to the syndrome of molybdate toxicity 

through the formation of highly insoluble cupric sulfide 

(39,40). The chemical nature of the Mo compounds did not 

affect the toxicity to any marked extent as long as the 

Mo-containing compounds were soluble so that molybdate was 

considered more toxic than molybdenum sulfide (M0S2) (41). 

Another important finding was that the toxic effect of Mo in 

rats is difficult to produce unless there is a dietary 

deficiency of Cu (42). 

It was shown that the Mo-supplemented diets (35 ppm) 

greatly increased both the hepatic Mo and Cu contents in 

rats. This was considered to have been caused by the 

formation of unavailable Cu-Mo complexes in tissues as a 

response to Mo accumulation (43). It may be the mechanism 



contributing to the antagonistic effect of Mo on the 

utilization of Cu after its absorption into the body. 

Nederbragt (44) demonstrated that Mo increased the Cu 

concentration in blood, plasma, liver, and kidney. Mo 

supplementation resulted in a 'tightly' bound Cu fraction in 

animal plasma that did not correlate to ceruloplasmin. This 

indicates that Cu from the 'tightly' bound plasma Cu is 

probably poorly available for Cu metabolism. However, 

because no growth retardation or other visual signs of Cu 

deficiency were observed and because ceruloplasmin activity 

was not decreased in the Mo-supplemented Cu-deficient rats, 

it is assumed that small amounts of Cu are still available 

for Cu metabolism. The dietary Mo was less effective in 

raising the Cu and Mo concentration of rat body tissues when 

the dietary Cu supply was deficient (1.5 mg/Kg) or excessive 

(25 mg/Kg). This is probably due to the formation of 

metabolically inactive 'cupricmolybdate' in tissues and in 

the gastrointestinal tract with excess Cu intake, thus 

reducing the Mo absorption. With the deficient Cu supply, 

due to insufficient Cu present in plasma and tissues, only a 

limited amount of 'cupricmolybdate' could be formed and an 

increase in dietary Mo was not able to raise the 

'cupricmolybdate' concentration to the same level as that 

found in Cu-adequate rats. 

Apparently, a Cu-Mo-S complex is formed when an excess of 

either Cu or Mo is present in the gut or in the tissues, from 

which neither metal can be readily mobilized (45). It was 

reported that dietary inorganic sulfate had an alleviating 

effect on the Mo-induced growth inhibition in rat (46). This 

alleviating effect is due to the competition between two 

anions, [S04}2- (sulfate) and [Mo04]2- (molybdate), during 

absorption and transport. Also the accumulation of hepatic 

Mo and Cu, due to high dietary Mo intake, was reduced when 

inorganic sulfate was added to the Mo-containing ration (47). 

Sulfate derived from endogenous degradation of sulfur amino 
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acids was also effective in increasing the urinary excretion 

of Mo, thus reducing the tissue concentration of Cu. The 

observation that methionine supplementation to a methionine-

adequate diet alleviated a Mo-induced growth inhibition 

suggested a possible mechanism by which extra protein may 

reduce Mo toxicity. 

Orally administered [Mo04]^~ is relatively nontoxic and 

has little influence upon Cu metabolism in rats (48) . In 

contrast to [Mo04]^~, low concentration of [MoS4]^~ 

(tetrathiomolybdate) given orally to the rats strongly 

inhibits Cu metabolism. It results in growth failure, 

anemia, skeletal defects and rapid inhibition of Cu-dependent 

enzymes such as ceruloplasmin, cytochrome c oxidase, and 

superoxide dismutase (49). Despite of the high concentration 

of Cu in the diet, if enough [MoS4]^~ is given in the 

drinking water, clinical signs of Cu deficiency can be 

induced (50). It is suggested that the inhibition results 

from a failure of Cu incorporation into the enzyme at the 

time of ceruloplasmin synthesis. It is also indicated that 

the [M0S4] must be present simultaneously in the intestinal 

tract for the inhibition of Cu absorption (51). This implies 

that certain products are formed within the intestinal lumen 

from which neither Mo nor Cu can be absorbed by the mucosa. 

2.3 Copr̂ T̂ -̂ -<̂ n1-fining Enzvmes 

2.3.1 Ceruloplasmin 

Holmberg and Laurell (52) initially isolated a blue 

plasma Cu-containing protein which they named 

"ceruloplasmin." They reported that it was an a-globulin, 

representing almost all the Cu present in mammalian plasma. 

In humans, about 7% of the Cu in the serum is loosely bound 

to albumin and 93% is bound to the ceruloplasmin enzyme (53). 

Its Cu content is about 0.32%, and the enzyme contains eight 

atoms of Cu per molecule. More recently, it has been 

reported that the number of Cu atoms varies from 6 to 6.6 
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(54) . Cu is incorporated into ceruloplasmin only at the time 

of its synthesis and the liver is the only site of 

ceruloplasmin synthesis (55,56). In the blood stream 

ceruloplasmin does not exchange its Cu with other Cu 

complexes in the serum or blood cells. In vitro, Cu is 

released from ceruloplasmin only after acidification, 

indicating the strong protein binding of Cu (57). 

Ceruloplasmin is primarily a plasma protein and it is 

also found in synovial, ascitic and cerebrospinal fluids 

(58) . Many studies on this protein have centered on the 

investigation of its true physiological functions, the 

impairment of its synthesis in Wilson's disease (59), and the 

low plasma levels associated with Menkes' kinky hair (steely-

hair) syndrome (60). It is also found that the ceruloplasmin 

concentration is greatly increased in rats and humans with 

many forms of cancer. The presence of malignant tumors 

causes a variety of changes in the way Cu handled by the 

animal and human organisms. They include a marked elevation 

of serum Cu concentration and an increased rate of synthesis 

of ceruloplasmin (8). 

Ceruloplasmin is a multifunctional metalloprotein (61) . 

It possesses significant oxidase activity towards Fe(II) and 

plays a vital role in controlling the release of liver iron 

to plasma. The Fe(II) released is converted to circulating 

Fe(III)2~transferrin and then to the reticulocytes for 

hemoglobin synthesis (62). Based on these findings, Osaki et 

al. (63) proposed the name "ferroxidase" for ceruloplasmin. 

Animal studies indicated that Cu atoms of ceruloplasmin 

are transferred to cytochrome c oxidase and probably to other 

Cu-containing proteins in body tissues (61,64). Close 

correlation between low serum ceruloplasmin and low 

cytochrome c oxidase in leucocytes in Wilson's disease (65) 

suggests that Cu is incorporated into cytochrome c oxidase 

only if it is present in the cell as ceruloplasmin (66). 



2.3.2 Cytochrome C. Oxidase 

Cytochrome c oxidase is the terminal enzyme of the 

membrane-bound respiratory chain system where oxygen is 

reduced. Electron paramagnetic resonance studies have shown 

the presence of two Cu atoms and two Fe atoms of variable 

oxidation states in this enzyme. 

A significant decrease in cytochrome c oxidase activity 

is considered a major cause of neural (67) and cardiac (68) 

abnormalities observed in the offspring of different animal 

species fed diets deficient in Cu. Mills et al. (69) have 

suggested that assay of cytochrome c oxidase provides a rapid 

diagnostic method for the detection of Cu deficiency in 

cattle and sheep. Cytochrome c oxidase activity is 

significantly lower in the brain tissue of swayback lambs and 

the assay of cytochrome c oxidase can be used as a 

'screening' technique to support a diagnosis of swayback 

(70) . It was found that in the Cu-deficient rat, there was a 

decrease in the liver cytochrome c oxidase (71) and an 

extremely rapid recovery of cytochrome c oxidase activity in 

the mucosa of the small intestine in Cu-depleted rats given 

Cu in the diet. 

2.3.3 Monoamine Oxidase 

Activity of monoamine oxidase is high in the liver, 

kidney, and brain of most animals. Two different functional 

forms (A and B forms) have been identified, but the nature of 

their difference is still not completely understood (72) . 

Studies show that the apparent proportions of the two forms 

vary widely in different organs (73) and in different species 

(74-76) . 

The important functions carried out by monoamine oxidase 

in the animal body include the detoxification of poisonous 

amines produced in the intestine, and a major part of the 

destruction of biogenic amines at nerve endings and elsewhere 

(77) . It is now presumed that these oxidases serve in the 
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deamination of norepinephrine, serotonin and histamine. 

Monoamine oxidase is closely associated with and tightly 

bound to the outer membrane of mitochondria. It has been 

purified from human plasma (78) and is said to increase 

in states of congestive heart failure and parenchymal liver 

disease (79) . Difference in platelet monoamine oxidase 

activities have been found in psychiatric patients with brain 

biogenic amine neurotransmitter abnormalities (80). Jenike 

(81) has demonstrated that when certain precautions are 

taken, monoamine oxidase inhibitors (MAOIs) can be used in 

the treatment of elderly depressed patients. 



CHAPTER 3 

MATERIALS AND METHODS 

3.1 Animals and Difitc; 

Three-week old outbred female Sprague-Dawley rats (Harlan 

Sprague-Dawley, Inc., Houston, Texas), initially weighing an 

average of 57 grams, were used in this study. Immediately 

after their arrival, they were fed the pulverized Lab Chow 

(Ralston Purina Company Rodent Lab Chow #5001) and deionized 

water for two days. They were then allocated to eight dietary 

groups of 18 animals each and were weighed weekly. 

During the 20-week test period, animals were fed ^ 

libitum AIN-76A- (82,83) or Purina Lab Chow 5001-based diet 

supplemented with Mo and/or W. Mo was added as Na2Mo04-2H20 

(Fisher Scientific Co.) and W was added as Na2W04-2H20 

(Matheson Coleman & Bell Co.). The AIN-7 6A diet contained: 

vitamin-free casein, 20%; DL-methionine, 0.3%; corn oil, 5%; 

cerelose, 65%; celufil, 5%; AIN-76 mineral mix, 3.5%; 

AIN-7 6A vitamin mix, 1%; and choline bitartrate, 0.2%. 

Cerelose and corn oil were supplied by Best Foods, Union, NJ. 

Other dietary ingredients were purchased from United States 

Biochemical Corp., Cleveland, OH. Table 1 shows the mineral 

contents of the two unsupplemented basal diets and the 

requirements for rats. The dietary treatments are described 

in the experimental design (Table 2). Diet 1 and 6 are the 

unsupplemented AIN-7 6A and Lab Chow, respectively. The other 

diets are based on these two diets with Mo or W 

supplementations to make the final Mo and W levels as 

described in Table 2. 

14 



Table 1 

Certain mineral contents of Ai:i-7 6A and Lab Chow and the 
requirements for young rats 

15 

Composition 

Mo 

Cu 

3 

Fe 

Zn 

Table 2 

A::I--

.025 

6.3 

3140 

54.9 

30.5 

( 

••5A 

ppn\ 

ppra 

ppm 

ppm 

ppm 

Lab Chow 

2.0 ppm 

14,0 ppm 

38 60 ppm 

2 60.5 ppm 

93.7 ppm 

Requirement 
of Rats 

-

5.0 ppm 

-

35.0 ppm 

12.0 ppm 

Experimental design 

Diet 
No. 

1 

2 

3 

4 

5 

Basal 
Diets 

AIN-76A 

AIN-76A 

AIN-7 6A 

AIN-7 6A 

AIN-76A 

Mo and W 
Concentration 

Mo:0.025 ppm 

Mo:2 ppm 

Mo :2 0 ppm 

Mo:0.025 ppm 
W : 15 0 ppm 

Mo:2 ppm 
W :150 ppm 

Number 
4̂ VKS 

6 

6 

6 

6 

6 

of Rats 
lÔ -TKS 

6 

6 

6 

6 

6 

Fed for 
20WKS 

6 

6 

6 

6 

6 

6 Lab Chow Mo: 2 ppm 

7 Lab Chow Mo: 20 ppm 

8 Lab Chow Mo: 2 ppm 

W :150 ppm 
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3.2 Preparation of -r̂-iĉgnp .Sanpî ĉ  

After feeding for 4, 10 or 20 weeks, six animals from 

each dietary group were anesthetized with CO2 and 

exsanguinated via cardiac puncture. Blood was collected in 

heparinized syringes and transfered into chilled plastic 

tubes. Samples were centrifuged (Beckman Model J-21 

Centrifuge) at 3,000 g for 20 minutes to obtain the 

plasma. The heart and liver were rinsed immediately in cold 

0.25 M sucrose solution, trimmed of fat and connective 

tissue, weighed, and frozen at -80°C until assayed. 

3.3 Enzymatic Assay 

Xanthine Oxidase (EC 1.2.3.2.) The activity was 

measured by the following modifications of the method of 

Johnson and Rajagopolan (26). Samples of the liver were 

minced in the homogenizing vessel and a buffer soluiton, pH 

7.6, containing 0.083 M Sucrose, 0.067 M Tris, 0.0067 M 

KH2PO4, and 0.0 67 mM EDTA, was added to make up the total 

weight of 4 times the tissue weight. The tissue was 

homogenized for 40 seconds at the speed setting of 30 with a 

tissumizer (TeKmar Co.) equipped with an SDT 182 E shaft. 

The homogenate was centrifuged at 45,000 g for 30 minutes at 

2°C (Beckman Model J-21 Centrifuge). The supernatant was 

used, and the xanthine oxidase activity was determined by 

using 0.09 mM xanthine as the substrate and 0.02 mM methylene 

blue as the electron acceptor. The enzyme reaction was 

monitored spectrophotometrically (Beckman Spectrophotometer 

ACTA III) by measuring the formation of uric acid from 

xanthine at 2 93 nm. 

Sulfite Oxidase (EC 1.8.3.1.) Sulfite oxidase 

activity was measured by the method of Johnson and 

Rajagopolan (26), the procedure was modified as described for 

xanthine oxidase. The liver homogenate was used and the 

enzyme activity was determined spectrophotometrically at 420 

nm through the ox/red reaction of sulfite/ferricyanide. 
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Monoamine Oxidase (EC 1.4.3.4.) This enzyme in the liver 

was assayed by a colorimetric reaction using horse- radish 

peroxidase and 2,2'- azinodi (ethylbenzthiazoline-6- sulfonic 

acid) to measure H2O2 formed from the oxidation of tyramine 

(84) . 

Ceruloplasmin (EC 1.16.3.1.) The ferroxidase activity 

of plasma ceruloplasmin was determined by measuring the 

oxidation of o-dianisidine dihydrochloride. Acidification 

stopped the enzymatic reaction. A stable product was formed 

and measured at 540 nm (57). 

Cytochrome C Oxidase (EC 1.9.3.1) The enzyme activity 

of the heart was determined by the oxidation of 1% ferro-
O I 

cytochrome C (cyt.*̂  C) using 0.01 M potassium phosphate 

buffer. The oxidation reaction was monitored spectrophoto

metrically at 550 nm (85). 

3.4 Statistical Analyses 

The Statistical Analysis System (86) was used to perform 

the analyses. Data were analyzed by the analysis of variance 

with a log transformation of the data. Comparisons within 

the AIN-76A diets and within the Lab Chow diets were 

performed using Fisher's Protected LSD test (87,88). 

Comparisons between two specific diets were based on the 

student t-test. Comparisons of the enzyme activities among 

the three feeding periods were also based on the Fisher's 

Protected LSD test. The alpha level for all comparison tests 

is 0.05. 



CHAPTER 4 

RESULTS 

Among all dietary groups fed ad libitum, either AIN-7 6A-

or Lab Chow-based diets supplemented with Mo and W (diets 

1-8) for 4, 10, or 20 weeks, there were no significant 

(p>0.05) differences among the rats in initial body weight, 

weight gain or food intake at any feeding period (89). 

As shown in Table 3, at weeks 4, 10 and 20, the xanthine 

oxidase activities of the rats fed diet 2 (AIN-7 6A containing 

2 ppm Mo) were significantly (p<0.05) higher than those fed 

diet 1 (unsupplemented AIN-7 6A diet). However, no 

significant difference was found in the xanthine oxidase 

activity between diet 2 and diet 3 (AIN-76A containing 20 ppm 

Mo) group. Supplementation of 150 ppm W in AIN-7 6A (diet 4) 

significantly inhibited the enzyme activity. This inhibition 

was reversed by increasing the dietary Mo content to 2 ppm as 

in the diet 5 group. It should be noted that the xanthine 

oxidase activity of diet 5 group was significantly lower than 

those fed diets 2 or 3. 

The xanthine oxidase activities in rats fed diet 6 

(unsupplemented Lab Chow), diet 7 (Lab Chow cantaining 20 ppm 

Mo) , and diet 8 (Lab Chow supplemented with 150 ppm W) were 

not significantly different at weeks 4 and 20. However, at 

week 10, the enzyme activity of diet 8 group was significantly 

lower than those fed diets 6 and 8. At weeks 4, 10, and 20, 

rats fed diet 8 had significantly (p<0.001) higher enzyme 

activities than those fed diet 5 with the same level of Mo 

and W. 

In table 4, the patterns of sulfite oxidase activities 

responding to different dietary treatments were very similar 

18 
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Table 3 

Hepatic xanthine oxidase activities of female rats fed ad. 
libitum for 4, 10, or 20 weeks either AIN-76A or Lab 
Chow-based diets supplemented with Mo and W 1-2-3 

Diet Treatment Week 4 Week 10 Week 20 

1 AIN-76A 
.025ppm Mo 0.518±0.039^ 0.452±0.058^ 0.477+0.042^ 

2 AIN-7 6A 
2 ppm Mo 0.713±0.030^ 0.756±0.022^ 0.620±0.032^ 

3 AIN-76A 
20 ppm Mo 0.831±0.032^ 0.699±0.044^ 0.669±0.015^ 

4 AIN-76A 
.025ppm Mo 0.008+0.006^ 0.003±0.002^=^ 0.000±0.000^ 
150 ppm W 

5 AIN-76A 0.339±0.049^ 0.363±0.034^ 0.354±0.008^ 
2 ppm Mo 
150 ppm W 

6 Lab Chow 
2 ppm Mo 0.792±0.039 0.814±0.025^ 0.673±0.013 

7 Lab Chow 
20 ppm Mo 0.798±0.038 0.838+0.019^ 0.691±0.042 

8 Lab Chow 
2 ppm Mo 0.729±0.033 0.649±0.045^ 0.580±0.046 
150 ppm W 

4 Comparisons 

Diet 2 vs Diet 6 n.s. n.s. n.s. 
Diet 3 vs Diet 7 n.s. p < 0.05 n.s. 
Diet 5 vs Diet 8 p < 0.001 p < 0.001 p < 0.001 

^ Values are means ± SEM of 6 animals. 

^ Means with the same or no superscript within diets 1 to 5 or 
within diets 6 to 8 are not significantly ( p > 0.05 ) 
different using Fisher's protected LSD test. 

^ Unit of this enzyme activity is jimoles of uric acid formed per 
min per g of liver. 

^ Student's t-test. 
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Hepatic sulfite oxidase activities of female rats fed ssl 
libitum for 4, 10, or 20 weeks either AIN-7 6A pr̂  Lab 
Chow-based diets supplemented with Mo and W 1.2.3 

Diet Treatment Week 4 Week 10 Week 20 

1 AIN-7 6A 
.025ppm Mo 

2 AIN-7 6A 
2 ppm Mo 

3 AIN-76A 
20 ppm Mo 

4 AIN-7 6A 
.025ppm Mo 
150 ppm W 

5 AIN-76A 
2 ppm Mo 
150 ppm W 

0.658+0.050^ 0.639±0.033^ 0.519±0.054^ 

1.087±0.042^ 1.056±0.055^ 0.774+0.086^ 

1.052±0.080^ 1.102±0.079^ 0.831±0.136^ 

0.077 + 0.010^ 0.085±0.020^ 0 . 066±0 . 012*= 

0.398+0.037^ 0.436+0.029^ 0.288±0.041^ 

6 Lab Chow 
2 ppm Mo 

7 Lab Chow 
2 0 ppm Mo 

1.285±0.038 1.331±0.067^ 0.808±0.143 

1.273±0.116 1.361±0.074^ 0.904±0.115 

8 Lab Chow 
2 ppm Mo 
150 ppm W 

1.005±0.063 0.946±0.079^ 0.674±0.093 

Comparisons 

Diet 2 vs Diet 6 
Diet 3 vs Diet 7 
Diet 5 vs Diet 8 

p < 0.01 
n.s. 
p < 0.001 

p < 0.01 
p < 0.05 
p < 0.001 

n.s. 
n.s. 
p < 0.01 

^ Values are means ± SEM of 6 animals. 

2 Means with the same or no superscript within diets 1 to 5 or 
within diets 6 to 8 are not significantly ( p > 0.05 ) 
different using Fisher's protected LSD test. 

^ Unit of this enzyme activity is ^moles of sulfite equivalent of 
ferricyanide reduced per min per g of liver. 

^ Student's t-test. 
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to that of xanthine oxidase activities (Table 3). At weeks 

4, 10, and 20, the sulfite oxidase activities of rats fed 

diet 2 were significantly higher than those fed diet 1, diet 

4, and diet 5, and were similar to the activities of diet 3. 

For the Lab Chow-based diets, only the enzyme activities of 

rats fed diet 8 were significantly lower than those of diet 6 

or diet 7 for 10 weeks. When both Mo (2 ppm) and W (150 ppm) 

contents were equalized, the sulfite oxidase activities of 

the rats fed Lab Chow-based diet (diet 8) were significantly 

higher than those fed AIN-7 6A-based diet (diet 5). 

Figure 1 shows the interactions between diets and Mo 

levels on xanthine oxidase activities of rats at weeks 4, 10 

and 20. Not considering the inhibitory effect of W, the 

xanthine oxidase activities of rats fed the Lab Chow-based 

diets for 10 weeks tended to be higher than those fed the 

AIN-7 6A-based diets at the same dietary Mo level. The enzyme 

activities of rats fed the Lab Chow-based diet containing 20 

ppm Mo were significantly higher than those fed the 

comparable AIN-7 6A diet. 

The interactions between diets and Mo levels on sulfite 

oxidase activities are shown in Figure 2. The enzyme 

activities of rats fed Lab Chow-based diets also tended to be 

higher at weeks 4 and 20. There were significant differences 

in the sulfite oxidase activity between AIN-7 6A and Lab Chow 

at week 4, when the diet contained 2 ppm Mo, and at week 10, 

when the diet contained 2 or 20 ppm Mo. 

The lowering effects in xanthine oxidase and sulfite 

oxidase activities due to W supplementation are shown in 

Table 5. When the diet contained only 0.025 ppm Mo, the 

activity of xanthine oxidase was almost completely inhibited 

by the supplementation of 150 ppm W. When the AIN-7 6A diet 

was supplemented with 2 ppm Mo, the liver enzyme was 

decreased by about 50%. With the same dietary level of 2 ppm 

Mo, rats fed the Lab Chow diet (diet 8) showed less 

inhibition in hepatic xanthine oxidase activities due to W 
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Figure 1: Interactions between diets (AIN-7 6A or Lab 
Chow) and Mo levels (2 or 20 ppm) on xanthine oxidase 
activities at weeks 4, 10, or 20. 

* Difference in the enzyme activity between AIN-7 6A and 
Lab Chow diets containing the same level of Mo is 
statistically (p<0.05) significant 
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Figure 2: Interactions between diets (AIN-7 6A or Lab 
Chow) and Mo levels (2 or 20 ppm) on sulfite oxidase 
activities at weeks 4, 10, or 20. 

* Difference in the enzyme activity between AIN-7 6A and 
Lab Chow diets containing the same level of Mo is 
statistically (p<0.05) significant 



Table 5 ^^ 

The lowering effects on xanthine oxidase and sulfite oxidase 
activities due to W supplementation -̂  

Enzyme Activities % Inhibiton in Enzyme Activities by 
Tungsten Supplementation 

Xanthine Oxidase WK4 WKIO 
Diet Mo Content 

AIN^ 0.025ppm Mo 99 

WK20 

99 100 

2 ppm Mo 53 52 43 

LC-^ 2 ppm Mo 8̂ ^̂  2 0 14^ 

Sulfite Oxidase 
Diet Mo Content 

AIN 0.025ppm Mo 88 87 87 

2 ppm Mo 7 8 5 9 63 

LC 2 ppm Mo 22^^ 2 9 17^ 

Values with the superscript ns indicate that the inhibitory 
effect is not significant (p > 0.05) using student's t-test. 

^ AIN indicates AIN-7 6A-based diet. 

•̂  LC indicates Lab Chow-based diet. 
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supplementation than those fed with AIN-76A-based diet (diet 

5) . For weeks 4 and 20, the inhibitory effects were not 

significant (p>0.05) with the Lab Chow diet (diet 8). For 

sulfite oxidase, the enzyme activities were decreased by 

about 87% when W was added to the diet that contained 0.025 

ppm Mo, and the enzyme activity was decreased by about 67% 

when the diet was supplemented with 2 ppm Mo. The Lab 

Chow-based diet (diet 8) also showed less inhibition in 

sulfite oxidase activities due to W supplementation. 

The effects of Mo and W supplementation on Cu enzyme 

activities were also investigated in the present study. As 

shown in Table 6, at week 20, rats fed diet 2 had 

significantly higher monoamine oxidase activities than those 

fed diet 1. The W-treated rats did not show significant 

difference on this enzyme activity. However, the same trend 

of enzymatic response was found in the Lab Chow-fed group and 

still no significance was found. For the diet containing 20 

ppm Mo and the diet with 150 ppm W supplementation, the Lab 

Chow-fed rats had significantly higher hepatic monoamine 

oxidase activities than the AIN-76A-fed rats. 

For both plasma ceruloplasmin (Table 7) and heart 

cytochrome c oxidase (Table 8), no significance in the enzyme 

activities was found either within the AIN-7 6A-treated group 

(diets 1-5) or within the Lab Chow-treated group (diets 6-8). 

However, some of the rats fed the Lab Chow-based diets showed 

significantly higher ceruloplasmin activities than the rats 

fed the AIN-7 6A-based diets. 

Except for ceruloplasmin, almost all the enzymes studied 

showed significantly lower activities after 20 weeks of 

dietary treatment than after 4 and 10 weeks (Table 9). Rats 

fed the Lab Chow-based diets for 20 weeks had significantly 

higher ceruloplasmin activity than the rats fed for 4 and 10 

weeks. However, in the AIN-76A-based diets, the cerulo

plasmin activities of rats fed for 4, 10, and 20 weeks were 

not significantly different. 
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Table 6 

Hepatic monoamine oxidase activities of female rats fed 2A 
libitum for 4, 10, or 20 weeks either AIN-76A or Lab 
Chow-based diets supplemented with Mo and W 1.2.3 

Diet Treatment Week 4 Week 10 Week 20 

8 

AIN-7 6A 
.025ppm Mo 

AIN-76A 
2 ppm Mo 

AIN-76A 
2 0 ppm Mo 

AIN-7 6A 
.025ppm Mo 
150 ppm W 

AIN-76A 
2 ppm Mo 
150 ppm W 

Lab Chow 
2 ppm Mo 

Lab Chow 
2 0 ppm Mo 

Lab Chow 
2 ppm Mo 
15 0 ppm W 

1.238±0.102 1.250±0.100 0.980±0.136^ 

1.279+0.095 1.350+0.084 1.280±0.124^ 

1.086±0.122 1.245±0.059 1.318±0.07lJ 

1.097±0.089 1.086±0.111 0.802+0.071' 

1.197+0.077 1.239±0.035 1.053+0.057^^ 

1.423±0.118 1.585±0.089 1.521±0.068 

1.469±0.107 1.613±0.041 1.565±0.061 

1.441±0.066 1.451±0.033 1.390±0.067 

Comparisons 

Diet 2 vs Diet 6 
Diet 3 vs Diet 7 
Diet 5 vs Diet 8 

n.s. 
p < 0.05 
p < 0.05 

n.s. 
p < 0.001 
p < 0.01 

n.s. 
p < 0.05 
p < 0.01 

^ Values are means ± SEM of 6 animals. 

2 Means with the same or no superscript within diets 1 to 5 or 
within diets 6 to 8 are not significantly ( p > 0.05 ) 
different using Fisher's protected LSD test. 

3 Unit of this enzyme activity is jimoles of tyramine oxidized per 
min per g of liver. 

^ Student's t-test. 
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Table 7 

Ferroxidase activities of plasma ceruloplasmin of female 
rats fed ^ libitum for 4, 10, or 20 weeks either AI3N-76. 
Lab Chow-based diets supplemented with Mo and W 

Diet Treatment Week 4 Week 10 Week 20 

1 AIN-76A 
.025ppm Mo 

2 AIN-7 6A 
2 ppm Mo 

3 AIN-76A 
2 0 ppm Mo 

4 AIN-76A 
.025ppm Mo 
15 0 ppm W 

5 AIN-76A 
2 ppm Mo 
150 ppm W 

0.184±0.022 0.159±0.009 0.208+0.014 

0.152+0.012 0.188±0.013 0.148±0.026 

0.177+0.017 0.162±0.018 0.198±0.011 

0.168±0.046 0.172±0.026 0.171±0.023 

0.177+0.024 0.138±0.015 0.181±0.005 

6 Lab Chow 
2 ppm Mo 

7 Lab Chow 
2 0 ppm Mo 

8 Lab Chow 
2 ppm Mo 
150 ppm W 

0.197±0.024 0.203±0.014 0.230±0.017 

0.180±0.014 0.189±0.015 0.222±0.019 

0.205+0.024 0.197±0.014 0.230±0.006 

Comparisons 

Diet 2 vs Diet 6 
Diet 3 vs Diet 7 
Diet 5 vs Diet 8 

n. 
n. 
n, 

, s . 
, s . 
. s . 

n.s. 
n.s. 
p < 0.05 

p < 0.05 
n.s. 
p < 0.001 

1 Values are means ± SEM of 6 animals. 

2 Means with the same or no superscript within diets 1 to 5 or 
within diets 6 to 8 are not significantly ( p > 0.05 ) 
different using Fisher's protected LSD test. 

3 Unit of this enzyme activity is ^moles of o-dianisidine 
dihydrochloride oxidized per min per ml of plasma. 

^ Student's t-test. 
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Table 8 

Heart cytochrome c oxidase activities of female rats fed dsi 
libitum for 4, 10, or 20 weeks either AIN-7 6A or Lab 
Chow-based diets supplemented with Mo and W 1.2.3 

Diet Treatment Week 4 Week 10 Week 2 0 

1 AIN-76A 
.025ppm Mo 

2 AIN-76A 
2 ppm Mo 

3 AIN-76A 
2 0 ppm Mo 

4 AIN-76A 
.025ppm Mo 
150 ppm W 

5 AIN-76A 
2 ppm Mo 
150 ppm W 

8.55±0.33 

8.08+0.18 

7.99+0.32 

7.95+0.82 

7.21+0.63 

7.71+0.64 

8.43±0.54 

8.04+0.38 

8.60+0.67 

7.95+0.82 

7.47+0.30 

6.38±0.48 

6.7 6+0.27 

6.89+0.43 

6.27+1.01 

6 Lab Chow 
2 ppm Mo 8.47±0.60 7.52+0.38 6.80+0.34 

7 Lab Chow 
2 0 ppm Mo 7.71±0.71 7.91+0.37 6.7 6±0.39 

8 Lab Chow 
2 ppm Mo 
150 ppm W 

9.34+0.82 7.90+0.61 6.51+0.53 

Comparisons 

Diet 2 vs Diet 6 
Diet 3 vs Diet 7 
Diet 5 vs Diet 8 

n.s. 
n.s. 
n.s. 

n.s. 
n.s. 
n.s. 

n.s. 
n.s. 
n.s. 

^ Values are means ± SEM of 6 animals. 

2 Means within diets 1 to 5 or within diets 6 to 8 are not 
significantly ( p > 0.05 ) different using Fisher's protected 
LSD test. 

3 Unit of this enzyme activity is jimoles of reduced cytochrome c 
oxidized per min per g of heart. 

^ Student's t-test. 
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Table 9 

Mo- and Cu-enzyme activities of female rats fed AIN-76A or 
Lab Chow for 4, 10, or 20 weeks ^'2,3 

Feeding Period 
Enzyme Ai::-̂ -A Lab Chow 

4wks lOwks 20wks 4wks lOwks 20wks 

Mo E n z y m e 

X a n t h i n e 
o x i d a s e 

S u l f i t e 
o x i d a s e 

Cu E n z y m e 

M o n o a m i n e 
o x i d a s e 

C e r u l o 
p l a s m i n 

C y t o c h r o m e 
c o x i d a s e 

0 . 8 4 2 ^ 
( 30 ) 

0 .654 
( 30 ) 

1 .179^^ 
( 30 ) 

0 . 1 7 1 
( 26 ) 

0 . 7 9 5 
( 28 ) 

0 . 4 5 4 ^ ^ 
( 30 ) 

0 .664 
( 30 ) 

1 .234^ 
( 30 ) 

0 . 1 6 5 
( 27 ) 

0 .814 
( 28 ) 

0 . 4 1 7 ^ 
( 29 ) 

0 .4 0 6^ 
{ 29 ) 

1 .080^ 
( 29 ) 

0 . 102 
( 29 ) 

0 . 6 7 7 ^ 
( 24 ) 

0 . 7 7 5 
( 17 ) 

1 .199 
( 17 ) 

1.444 
( 17 ) 

0 . 1 9 3 
( 17 ) 

0 . 8 4 6 
( 17 ) 

0 .767 
( 18 ) 

1 .213 
( 18 ) 

1.550 
( 18 ) 

0 .196 
( 18 ) 

0 .777 
( 14 ) 

0 . 6 5 2 ^ 
( 17 ) 

0.759® 
( 18 ) 

1.492 
{ 18 ) 

0 . 2 2 8 ^ 
( 18 ) 

0 . 6 8 8 ^ 
{ 14 ) 

Values are the means derived by the number of animals in the 
parentheses. 

Means with the same or no superscript either within AIN-76A 
group or within Lab Chow group are not significantly ( p > 
0.05 ) different using Fisher's protected LSD test. 

Units of these enzyme activities are described individually in 
other tables. 



CHAPTER 5 

DISCUSSION 

It has been reported that both Mo deficiency and 

excessive Mo intake may cause growth depression and a 

reduction in food consumption in rats (90). However, in the 

present study, dietary Mo levels used (0.025 ppm to 20 ppm) 

showed neither abnormal growth nor decreased food intake in 

the animals (89). 

The rats with higher hepatic xanthine oxidase activity or 

higher sulfite oxidase activity also have higher hepatic Mo 

concentration (89) . There is a possibility that the 

molybdoenzyme activity and the hepatic Mo content are 

positively correlated. In the present study, the dietary Mo 

level and the supplementation of W showed significant effects 

on the activities of the two molybdoenzymes as shown in Table 

3 and 4. Supplementation of 2 ppm Mo in the AIN-7 6A diet 

results in a significant increase in xanthine oxidase and 

sulfite oxidase activities. This indicates that 0.025 ppm Mo 

is not sufficient to provide the maximum level of 

Mo-containing enzyme activity, though no abnormal growth in 

the rats was found. Supplementation of 20 ppm Mo showed no 

significant increase in the hepatic xanthine oxidase and 

sulfite oxidase activities as compared with those animals fed 

the diet containing 2 ppm Mo. Thus, it is suggested that 2 

ppm Mo in the diet may be sufficient for the development of 

hepatic xanthine oxidase and sulfite oxidase. 

It has been reported that in several systems W is 

incorporated in place of Mo and yields inactive protein 

molecules (26). In this study, the W-treated rats not only 

had lower molybdoenzyme activity but also had lower hepatic 

30 
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Mo content (89). This indicates that W inhibits both Mo 

utilization and Mo deposition. The sensitivity of the 

enzymatic response to the W inhibition was different between 

xanthine oxidase and sulfite oxidase (Table 5). When the 

dietary Mo content was very low as in the AIN-7 6A diets 

(0.025 ppm), xanthine oxidase activity was depleted by 150 

ppm W supplementation. However, this supplementation could 

only induce about 87% inhibition in the sulfite oxidase. 

When the dietry Mo content increased to 2 ppm, the lowering 

effect by W supplementation was less in the activities of 

xanthine oxidase (50%) than in the those of sulifte oxidase 

(67%) . It seems that xanthine oxidase was more sensitive to 

the W inhibition when the dietay Mo content was low (0.025 

ppm) and it was also more sensitive to the Mo supplementation 

in alleviating the inhibition of enzyme activity due to W. 

In addition to Mo, xanthine oxidase contains nonheme Fe and 

sulfite oxidase contains heme Fe as part of the enzyme 

prosthetic group. It had been shown that Mo depletion as a 

result of 150 ppm W supplementation will cause accumulation 

of Fe in the liver (89). Such phenomenon is in accordance 

with the hypothesis that Mo may be involved in the reduction 

and release of ferric Fe from the liver in mammals (91) . It 

is possibly that the xanthine oxidase and sulfite oxidase 

activities were influenced not only by the dietary Mo and W 

levels, but also by the interaction among Mo, W, and Fe. The 

localizations of hepatic xanthine oxidase and sulfite oxidase 

are also different. Xanthine oxidase is localized in the 

cytosol, while sulfite oxidase is localized in the 

intermembrane space of mitochondria. Thus it is suggested 

that xanthine oxidase is more easily affected by the 

environmental changes, shch as the W inhibition and Mo 

supplementation. 

Because of great difference in the composition of the two 

types of diets, AIN-76A and Lab Chow, such as the composition 

of mineral (Table 1), protein, and carbohydrate etc., many 
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factors might influence the molybdoenzyme activities. Rowe 

and Wyngaarden (92) demonstrated that hepatic xanthine 

oxidase activity responds to the level of dietary protein. 

Activity decreased to about 10% of control level in animals 

fed with a low protein diet; when these animals were re-fed 

with a low protein diet, enzyme activity decreased fivefold 

in 12 hours. In this study, protein levels of all the diets 

are adequate for the rats. However, the Lab Chow-based diets 

had slightly higher protein content (20%) than the 

AIN-7 6A-based diets (18%) which may have contributed to a 

certain content in the molybdoenzyme activities. Also the 

higher Fe content in the Lab Chow (five times that of 

AIN-7 6A) may have a certain protective effect on the xanthine 

oxidase and sulfite oxidase activity. 

Toxic effect of Mo in rats is difficult to produce unless 

there is a dietary deficiency of Cu (42). When the Cu stores 

and dietry Cu intake are adequate, large amounts of Mo are 

required to produce molybdenosis in the rats. Excessive 

dietary Mo (800 ppm) could reduce growth significantly, but 

had no effect on hemoglobin formation. In this study, the 

dietary Cu contents in either the AIN-76A (6.3 mg/Kg) or the 

Lab Chow (14.0 mg/Kg) were adequate for the rats. It was 

also reported (41) that the supplementation of methionine to 

the methionine-adequate diet alleviated a Mo-induced growth 

inhibition, which suggested that adequate protein might be 

beneficial to the elimination of excessive dietary Mo. In 

the present study, the protein contents both in the AIN-7 6A 

(18%) and Lab Chow (20%) appear adequate for the rats. Thus, 

it is not surprising that 20 ppm Mo did not cause inhibition 

in the enzyme activities of the three Cu enzymes 

investigated. The hepatic Cu contents were also not 

influenced by the dietary Mo level or by the W 

supplementation in this study (89). However, Fungwe found 

that 10 ppm Mo in the drinking water was toxic to the rats in 

the reproduction performance such as decreased weight gain of 
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dam during gastation, less litter weight, and higher 

incidence of resorption (unpublished data). 

It has been reported that the presence of several 

inorganic minerals, such as Ca, Cd, Fe, Zn, Pb, Ag, S, and Mo 

(22), would markedly affect Cu absorption, retention, and 

distribution within the body. Both dietary Cu and sulfate 

function in alleviating the harmful effects of excessive 

dietary Mo in the rats (42). A high level of dietary Zn was 

found by Gary et al. (42) to cause a decrease in rat growth, 

liver concentration, hemoglobin formation, and heart 

cytochrome c oxidase activity. Liver Cu levels were higher 

(93) when the weanling rats consumed a low protein diet (15% 

lactalbumin) than a high protein diet (45% lactalbumin). The 

biochemical defect induced by deprivation of Cu can be 

suppressed by feeding diets containing starch or can be 

magnified by high sucrose intake (94). Further study 

indicates that the frutcose moiety of sucrose is responsible 

for the increased severity of Cu deficiency in rats fed with 

sucrose as compared to starch (95). From these reports, it 

is concluded that desides the dietary Mo and Cu levels, other 

factors may also be involved in the Cu metabolism. They 

include S-containing compounds, Zn and certain other 

minerals, dietary protein level, and types of carbohydrate. 

Since the S content is similar in the Lab Chow diet and the 

AIN-7 6A diet, it is suggested that the Lab Chow diet which 

contains higher levels of Cu, protein, and complex 

carbohydrates may improve the Cu utilization. Some of the 

rats fed the Lab Chow-based diets showed higher hepatic 

monoamine oxidase (Table 6) and plasma ceruloplasmin 

activities (Table 7) than the AIN-76A-fed rats in the Cu-

dependent enzyme activities study. Further study is still 

needed to investigate other factors in the two types of diets 

affecting the Mo and Cu metabolism. 



CHAPTER 6 

SUMMARY 

In summary, results from this experiment indicate 
that: 

1) . In the animals fed with AIN-76A-based diets, the 

activities of hepatic xanthine oxidase and sulfite 

oxidase were significantly increased by 2 ppm Mo 

supplementation and decreased by 150 ppm W 

supplementation. 

2) . Compared with sulfite oxidase, xanthine oxidase seemed 

to be more sensitive to W inhibition when the dietary Mo 

content was low (0.025 ppm), and to be more sensitive to 

the Mo supplementation in alleviating the inhibition of 

enzyme activity due to W supplementation. 

3) . Compared with the AIN-7 6A-based diets. Lab Chow-based 

diets showed much less inhibition in both hepatic 

xanthine oxidase and sulfite oxidase activities due to W 

supplementation. 

4) . Mo supplementation at 20 ppm did not cause inhibition in 

the enzyme activities of the the Cu enzymes investigated, 

However, hepatic monoamine oxidase activity was higher 

when the dietary Mo content increased from 0.025 ppm to 

20 ppm, but the inhibitory effect of W was not 

significant. Neither plasma ceruloplasmin nor heart 

cytochrome c oxidase activities were influenced by the 

different dietary Mo levels or W supplementation. 

5) . Except for cytochrome c oxidase, all the other enzymes 

studied tended to show higher activities in the rats fed 

the Lab Chow-based diets than the AIN-7 6A-based diets. 
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