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ABSTRACT: Wistar male rats, 3 months of age were given ad-libitum a nutritionally adequate diet and
demineralized drinking water. The Molybdenum (Mo) and Tungsten (W) were provided in the drinking water
at 200 ppm concentration. Intestinal tumors were induced by 1,2-dimethylhydrazine (DMH) given subcuta-
neously as 16 weekly doses at 20 mg/kg body weight. Mo in the form of (NH,), Mo,O,,4H,0 or W in the
form of (Na,WO,) were provided in the drinking water two months before the first DMH treatment and were
continued during 4 months more until the last DMH treatment. Three months after the last carcinogen injec-
tion, all animals were sacrificed and examined for intestinal tumors. The number, size and location of the
tumors were recorded and the pathology was examined. The addition of Mo to the drinking water induced an
increase of hepatic Mo content. At the end of the second month, the hepatic content of Mo was 5.61 ppm,
compared with control and W groups (2.18 and 0.96 ppm, respectively). A significantly lower incidence of
tumors was observed in the Mo group (47), compared with the control group given DMH alone (105) and W
group (113). On the other hand, the Mo group showed a significant decrease in the numbers of multiple

tumors per rat.

Introduction

Colorectal cancer is the second most common can-
cer in terms of incidence and mortality for both men
and women in most of developed countries of the world.
Although the etiology of the colon cancer is unknown,
evidence from epidemiological (Correa and Haenszel,
1978; Wynder and Reddy, 1983), experimental (Free-
man et al., 1978; Reddy et al.,1989) and genetic (Wil-
let, 1989; Cannon-Albright et al., 1988) studies sug-
gest that colon cancer genesis may be the product of
complex interactions of genetic susceptibility, carcino-
gens, promoters, and inhibitors. Environmental and di-
etary factors are considered to be responsible for 85-
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90% of all cases (Vargas and Alberts, 1992). Among
the dietary components suggested as colon cancer pro-
moters are excessive fat and calories and low intake of
various dietary fibers, vegetables, and micronutrients
such as the antioxidant vitamins (e.g., vitamins C and
E, selenium and B-carotene) (Byers and Perry, 1992),
and calcium. Laboratory studies in humans (Buset et
al., 1986) and animals (Wargovich and Baer, 1989) sug-
gest a protective effect of dietary calcium in colon car-
cinoma etiology.

Nevertheless, the relationship between colorectal
cancer and other elements, such as magnesium, iron,
potassium, sodium, manganese, zinc, copper, phospho-
rous, selenium and germanium was evaluated in humans
and laboratory animals. (Jacobs, 1990; Gershbein et al.,
1993; Nelson ef al.,1994; Yang, 1993; Di Silvestro et al.,
1992; Pence, 1991; Mori et al., 1993; Jao et al., 1990).

With reference to molybdenum, epidemiological
studies observed that the deficiency is related to esoph-
ageal cancer in humans. Thus, low intake of molybde-
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num is related to the high incidences of esophageal can-
cer in South Africa among the Bantu of Transkei (Burrell
et al., 1966), in China (Luo ef al., 1983), and in Russia
(Nemenko et al., 1976).

Experimentally, several studies have demonstrated
the protective effect of molybdenum in experimental
carcinogenesis. Sodium molybdate (Na,MoO,) admin-
istered in drinking water at a concentration of 2 mg/l
reduced the incidence of N-nitrososarcosine ethyl es-
ter-induced esophageal and forestomach cancer in male
Sprague-Dawley rats (Luo ef al., 1983).

Dietary molybdenum at 2 ppm significantly inhib-
ited N-methyl-N-benzylnitrosamine-induced esophagus
squamous cell carcinomas in F344 rats (Komada et al.,
1990). High levels of molybdenum were found in the
esophagus and forestomach tissues. The incidence of
mammary gland tumors induced by N-nitroso-N-
methylurea (NMU) was lower in female Sprague-
Dawley rats receiving 10 mg/l sodium molybdate in
drinking water compared with controls (Wei et al., 1985;
Seaborn and Yang, 1993).

Molybdenum dichloride inhibits growth of Ehrlich
ascites tumors in mice (Kopf-Maier ef al., 1979). The
present study was designed to develop an animal model
to investigate the role of dietary molybdenum in the
prevention of intestinal carcinogenesis.

Materials and Methods

Wistar male rats, 3 months old, with average body
weight of 180 g were given ad-libitum a nutritionally
adequate diet and drinking water with 200 ppm molyb-
denum (Mo) or 200 ppm Tungsten (W). A total of 120
rats were randomly divided into three experimental
groups of 20 rats each group for carcinogen adminis-
tration (with or without Mo and W), and three controls
group without carcinogen injections of 20 rat each group
(with or without Mo and W). The body weight was as-
sessed twice a month during the first 6 months and ev-
ery 30 days until the end of the experience.

Intestinal tumors were induced by 1,2-dimethylhy-
drazine (DMH) given subcutaneously as 16 weekly
doses at 20 mg/kg body weight. The carcinogen (DMH)
solution was prepared just before its administration.
DMH solution use for injection comprised 400 mg of
DMH dissolved in 100 ml of water containing 37 mg of
ethylene-diamine tetraacetic acid (EDTA) and the pH
was raised to 6.5 with sodium hydroxide. The animals
for vehicle treatment were given the same volume of
EDTA, pH 6.5.
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Mo in the form of (NH,) Mo.O,, 4H,0 and W in
the form of (Na,WO,) were provided in the drinking
water two months before the first DMH treatment and
was continued during 4 months more until the last DMH
treatment. Three months after the last carcinogen injec-
tion, all surviving animals were sacrificed by cervical
dislocation after etherization and examined for intesti-
nal tumors.

A full autopsy was performed on each animal, par-
ticular attention being paid to the large bowel, which
was removed, opened along its length and pinned with
its mucosal surface uppermost to a corkboard. The whole
large bowel was then fixed in 10% neutral buffered for-
malin for 24 hs.

For each animal the total length of the fixed colon
was recorded, together with a brief description of the
naked eye appearances of any tumors, including mea-
surement and site (measured in cm from the anus). The
tumors were grossly classified into Polypoid type growth
(pedunculated lesions and sessile or broad-based lesions)
and Non-Polypoid type growth without intramucosal
protuberant growth (flat tumors with plaque-shaped or
ulcerative-infiltrative carcinomas).

Transverse blocks of all tumors were taken and pro-
cessed through to paraffin wax. The rest of the colon
was processed according to the Swiss-roll technique
(Rubio et al., 1986). Histological sections 5 pm thick
were prepared and stained with hematoxylin and eosin.

Histologically, the neoplasms of intestine were clas-
sified according to histologic type. The tumors were
classified into tubular and tubulovillous adenomas; tu-
bular, villous and tubulovillous adenocarcinomas, sig-
net-ring cell and mucinous carcinomas.

Blood was sampled for analyzing Cu and the liver
was sampled for determining Mo and Cu concentration.
Both determinations were done by high-pressure liquid
chromatography.

Tumor data for each rat and for each treatment
group were analyzed by using the Kruskall - Wallis test.
Weight gain data for each treatment group were ana-
lyzed using a program for analysis of variance (ANOVA)
with repeated measures.

Results

The average body weights of the animals from ex-
perimental and control groups were all very similar,
regardless of their dietary treatment and carcinogen
administration. The addition of Mo or W to the drink-
ing water provoked an increasing or decreasing respec-
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tively of hepatic Mo contents (P < 0.001) and no modi-
fication of hepatic Cu content was observed. High Mo
intake did not cause any general DMH toxicity as as-
sessed by body weight gain. At the end of first month,
the hepatic content of Mo was 4.65 ppm and at the sec-
ond month was 5.61 ppm, compared with the control
group 2.61 ppm and 2.18 ppm and W group 0.70 ppm
and 0.96 ppm. The hepatic content of Cu was similar in
all groups: Mo + DMH group = 12.16 ppm; DMH alone
group = 11.80 ppm; W + DMH group = 11.16 ppm.
The levels of Cu in serum were no different between
three groups.

Gross and histopathologic examinations:
No histopathologic change was found in the intes-

tines of control groups rats (with or without Mo and W
administration) without carcinogen injection.
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The addition of Mo to the drinking water at 200
ppm provoked a significant 50% decrease of intestinal
tumors frequency. The number and location of the tu-
mors is showed in Table 1.

In the Mo group a significant lower incidence of tu-
mors was observed (47), compared with the W group
(113) and in the DMH group (105). The small difference
in tumor incidence observed between W+DMH group
and DMH group was not statistically significant. A ma-
jor number of tumors were observed in the microscopic
study, the DMH group showed 14 tumors, the Mo+DMH
group 5 tumors, and the W+DMH group 4 tumors.

No difference in the size and location of tumors
was observed between three experimental groups. The
intestinal tumors were more commonly found in the
distal colon and rectum in the three experimental groups.

The frequency of polypoid and non-polypoid
growth is showed in Table 2.

TABLE 1.

Number and distribution of grossly detected intestinal tumors in rats subjected to weekly
subcutaneous injection (n= 16) of 1,2-dimethylhydrazine with or without Molybdenum and

Tungsten treatment.

Group
N° of rats
N° of tumors

Maximum N° tumors/rat

DMH-alone
n=20
105
14

Mo+DMH
n=20
47
06

W+DMH
n=20
113
10

Rectum

Distal colon
Proximal colon
Cecum

25 (23.80 %)
45 (42.85 %)
04 (3.80 %)
31 (29.52 %)

06 (12.76 %)
25 (53.19 %)
05 (10.63 %)
11 (23.40 %)

31 (27.42%)
53 (46.90%)
05 (4.42%)
24 (21.23%)

TABLE 2.

Frequency of grossly observed tumor types in the three groups.

Tumor Types/ Polypoid Polypoid Flat Ulcerative- Total
Pedunculated Sessile infiltrative
DMH 20 (23.25) 36 (41.86) 25 (29.06) 5 (5.81) 86
group
Mo+DMH 12 (28.57) 8 (19.04) 21 (50.00) 1 (2.38) 42
group
W+ DMH 5 (4.58) 43 (39.44) 56 (51.37) 5 (4.58) 109
group
Total 37 (15.61)* 87 (36.70)* 102 (43.03)* 11 (4.64)* 237

* Percentage over total of 237 tumors.

Numbers in parenthesis are percentages of tumors in each group.
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No difference in the frequency of polypoid and no
polypoids type was found between Mo+DMH and
W+DMH groups. However, the DMH group showed a
major number of polypoid tumors.

With reference to ulcerative-infiltrative type, the
percentage was similar between DMH and W+DMH
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group. However, the percentage was minor in the
Mo+DMH group (X?=27.5; P < 0,001).

The frequency and localization of different histol-
ogy types of tumors are showed in Tables 3, 4 and 5. No
difference was observed between the histological types
in the three experimental groups.

TABLE 3.

Frequency and localization of different histology types in DMH group.

Localization/ Rectum Distal Proximal Cecum Total

Type Colon Colon

TA 6 (24.00) 4 (8.88) 10 (9.52)*
TAC 15 (60.00) 22 (48.88) 2 (50) 39 (37.14)*
TVAC 4 (16.00) 6 (13.33) 10 (9.52)*
SRCC 4 (8.88) 1 (25 28 (90.32) 33 (31.42)*
MC 1 (222 1 (0.95)*
Mixes 8 (17.77) 1 (25 3 (9.67) 12 (11.42)*
Total 25(23.80)* 45 (42.85)* 4 (3.80)* 31(29.52)* 105 (100)*

TA (Tubular Adenoma), TAC (Tubular Adenocarcinoma), TVAC (Tubulovillous Adenocarcinoma),

SRCC (Signet-ring cell carcinomas), MC (Mucinous carcinomas).

* Percentage over total of 105 tumors.

Numbers in parenthesis are percentages of tumors in different localization.

TABLE 4.

Frequency and localization of different histology types in Mo+DMH group.

Localization/ Rectum Distal Proximal Cecum Total

Type Colon Colon

TA 2 (33.33) 4 (16) 6 (12.76)*
TAC 4 (66.66) 9 (36) 13 (27.65)*
VAC 1 (20) 1 (02.12)*
SRCC 5 (20) 2 (40) 8 (72.72) 15 (31.91)*
MC 6 (24) 1 (20) 3 (27.27) 10 (21.27)*
Mixes 4) 1 (20) 2 (04.25)*
Total 6 (12.76)* 25 (53.19)* 5 (10.63)* 11(23.40)* 47 (100)*

TA (Tubular Adenoma), TAC (Tubular Adenocarcinoma), VAC (Villous Adenocarcinoma),

SRCC (Signet-ring cell carcinomas), MC (Mucinous carcinomas).

*Percentage over total of 47 tumors.
Numbers in parenthesis are percentages of tumors in different localization.
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TABLE 5.

Frequency and localization of different histology types in W+DMH group.

Localization/ Rectum Distal Proximal Cecum Total

Type Colon Colon

TA 10 (32.25) 9 (16.98) 1 (4.16) 20 (17.69)*
TVA 5 (16.12) 4 (7.54) 9 (7.96)*
TAC 10 (32.25) 25 (47.16) 1 (20) 2 (8.33) 38 (33.62)*
TVAC 5 (16.12) 3 (5.66) 8 (7.07)*
SRCC 1 (3.22) 7 (13.20) 2 (40) 18 (75) 28 (24.77)*
MC 1 (1.88) 1 (20) 2 (1.76)*
Mixes 4 (7.54) 1 (20) 3 (12.5) 8 (7.07)*
Total 31(27.43)* 53 (46.90)* 5 (4.42)* 24(21.23)* 113 (100)*
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TA (Tubular Adenoma), TVA (Tubulovillous Adenoma), TAC (Tubular Adenocarcinoma),
TVAC (Tubulovillous Adenocarcinoma), SRCC (Signet-ring cell carcinomas), MC (Mucinous carcinomas).

*Percentage over total of 113 tumors.

Numbers in parenthesis are percentages of tumors in different localization.

The tubular adenomas and adenocarcinomas were
more commonly found in the distal colon and rectum in
the three groups and the signet-ring cell carcinomas were
more common in the cecum.

The frequency between benign and malignant tu-
mors was similar in the three experimental groups. In
the Mo+DMH group 6 adenomas (12.76%) and 41
(87.24%) malignant tumors were observed, compared
with the DMH group with 10 adenomas (9.55%) and
95 (90.45%) malignant tumors.

Results of histology examination demonstrate that
in the experimental groups there were usually a corre-
lation between the macroscopic form and the micro-
scopic structure of epithelial intestinal tumors. The poly-
poid tumors consisted of tubular adenomas or tubular
adenocarcinomas with minimal frequency of invasion
of the intestinal wall. The highly invasive signet-ring
cell and mucinous carcinomas were mainly non-poly-
poid lesions.

In many cases, the tubular adenocarcinoma exhib-
ited the features of mucus-secreting adenocarcinomas
which in some areas can be transformed into mucinous
or signet-ring cell carcinomas; in the latter case, me-
tastases were very common.

Discussion

Molybdenum is ubiquitous in foodstuff and in plant
and animal tissues. Shellfish have high concentrations

of molybdenum because the plankton they eat concen-
trate the element from sea water. Humans ingest an av-
erage of 350 pig molybdenum per day in food (Hammond
and Beliles, 1980). The daily requirement of molybde-
num for humans is estimated to be 0.1 to 0.5 mg, but
exact requirements are not known (Venugopal and
Lukey, 1978; National Research Council, 1980).

In rats, diets that contained approximately 0.020
mg/kg of molybdenum (approximately 0.2 pg per rat
per day) appeared to be adequate to support the normal
growth of the male Sprague-Dawley rats (Higgins et
al., 1956; Luo et al., 1983).

In our experience the presence of 200 ppm Mo or
200 ppm W in drinking water exerted no detrimental
effects as evidenced by the data on body weight and
histopathologic examinations.

The addition of Mo or W to the drinking water pro-
voked an increasing and decreasing respectively of he-
patic Mo content. At the end of second month, the he-
patic content of Mo was 5.61 ppm in the Mo group,
0.70 ppm in the W group and 2.18 ppm in the control
group. These results are coincident with those obtained
by Luo et al. (1983), who supplemented the drinking
water with Mo and W in Sprague Dawley rats.

High intake of Mo has been reported to interfere with
the metabolism of Cu (Underwood, 1977). In the present
study, the supplementation with Mo or W in the drinking
water showed no interference on the metabolism of Cu
in the body, because no significant difference in either
hepatic Cu and serum Cu content were observed.



344

In our experience the addition of Mo to the drinking
water decreased the tumor intestinal incidence in rats
treated with 1,2-dimethylhydrazine. Nevertheless, the
supplemented Mo+DMH group showed a significant
decrease in the number of multiple tumor per rats. Tu-
mor size and location were unaffected by the treatment.

The relationship between molybdenum deficiency
and the incidence of esophageal cancer in humans was
reported in Southern Africa and China (Burrell ef al.,
1966; Luo et al., 1982). Levels of Mo in the serum,
hair, and urine of the inhabitants of the high-risk area in
esophageal cancer were lower than those in the low-
risk areas (Department of Chemical Etiology and Car-
cinogenesis, 1978; Nemenko et al., 1976).

Sodium molybdate administered in drinking water
at a concentration of 2 mg/L reduced the incidence of
N-nitrososarcosine ethyl ester-induced esophageal and
forestomach cancer in male Sprague-Dawley rats (Luo
etal., 1983).

In other experience, dietary molybdenum at 2 ppm
significantly inhibited N-methyl-N-benzylnitrosamine-
induced esophagus squamous cell carcinomas in F-344
rats (Komada et al., 1990). In this experience high lev-
els of molybdenum were found in the esophagus and
forestomach tissues.

The incidence of mammary gland tumors induced
by N-nitroso-N-methylurea (NMU) was lower in female
Sprague-Dawley rats receiving 10 mg/L. sodium mo-
lybdate in drinking water compared with controls (Wei
et al., 1985; Seaborn and Yang, 1993).

Luo et al. (1983), demonstrated that the diet supple-
mented with Mo increased the activities of the Mo-con-
taining enzyme xanthine oxidase in the liver, intestine,
and kidneys of the animals.

In our experience we used dimethylhydrazine, a
procarcinogen; that is, it requires metabolic activation
within the host to an active carcinogen. The metabolic
activation of dimethylhydrazine first involves its oxi-
dation to azomethane, a gas at body temperature which
appears in the expired air of dimethylhydrazine-treated
rats (Fiala, 1975; Fiala et al., 1976). A second oxida-
tion converts azomethane to azoxymethane which is then
N-hydroxylated to methylazoxymethanol. These meta-
bolic steps probably occur in the liver and possibly in
other tissues (La Mont, 1978). Methylazoxymethanol
is chemically unstable at body temperature and decom-
poses spontaneously in vitro to formaldehyde, water,
and nitrogen (Nagasawa et al., 1972). During this de-
composition, the alkylating agent methyldiazonium is
formed, which generates a reactive carbonium ion ca-
pable of methylating DNA, RNA, or protein (Matsumoto
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and Higa, 1966). The carcinogenic action of dimethyl-
hydrazine involves methylation of colonic epithelial cell
DNA (Hawks et al., 1971, Hawks and Magee, 1974).
Grab and Zedek (1977) have presented evidence that
methylazoxymethanol is converted to methylazoxy-
formaldehyde by the enzyme alcohol dehydrogenase.
That is very important because this enzyme is present
in high concentration in rat liver and colon, which are
target organs for this carcinogen.

In our experience the minor amount of tumors in
rats supplemented with Mo, may be because Mo inter-
feres in the DMH metabolism. The molybdenosis pos-
sibly enhance the enzyme concentrations where the Mo
is a cofactor, such as xanthine oxidoreductase, sulfide
oxidase and aldehyde oxidase. These enzymes probably
inactivate some steps in the DMH metabolism, and in
this way the alkylating agent methyldiazonium is not
formed.

The protective action of molybdenum is considered
to be enhanced detoxification by denitrosation of nitroso
compounds rather than the activation reaction of
dealkylation (Koizumi et al., 1995).

By the other hand, due to the enzyme alcohol de-
hydrogenase is present in high concentration in rat
colon, which converts methylazoxymethanol to
methylazoxyformaldehyde, and the Mo is a cofactor to
enzyme aldehyde oxidase, we suggest that this enzyme
could be able to oxide aldehyde groups and convert to
methylazoxyformaldehyde in a innocuous to organism.

In conclusion, in our experience the addition of Mo
to the drinking water decreased the tumor intestinal in-
cidence and the number of multiple tumors per rats
treated with 1,2-dimethylhydrazine. These data
strengthen the theory that diverse components of the
diet play an important role in the cause and in the pre-
vention of colon cancer, in human beings and in experi-
mental animals.
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