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ABSTRACT

The effects of vitamin E deficiency on intestinal carcinogenesis and intestinal epithelial
cell kinetics were investigated in male Wistar strain rats treated with
1,2-dimethylhydrazine (DMH) dihydrochloride. In the time course study of intestinal
tumors induced by DMH (20 mg/kg, 20 weekly s.c. injections), at the early stage when
no intestinal tumor was observed in control rats, tumor-bearing rats were detected
in the vitamin E deficient group. Moreover, in rats treated with DMH (20 mg/kg, 3
weekly s.c. injections) after vitamin E deficient status, the incidence of rats with in-
testinal tumors was significantly higher in the vitamin E deficient group (58.3 %) than
in the sufficient group (8.8 %) at 15 weeks after DMH treatment (p<0.05). However,
after 45 weeks the incidence of tumors was the same in the both groups. In the cell
kinetics study at 15 weeks after DMH treatment, DNA synthsis in the intestinal mucosa
increased significantly in the vitamin E deficient group compared to that of the suffi-
cient group. Nevertheless, the life span of intestinal epithelium was shorter in vitamin
E deficient rats than in sufficient rats.

These results suggest that vitamin E deficiency promotes the initiation in colon car-
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cinogenesis induced by DMH but inhibits the growth of the tumor.

Epidemiologic studies have shown that dietary
factors play an important role in human colon
carcinogenesis'***, Animal model studies also
indicate that high concentrations of dietary fat
and protein increase the incidence of colon
tumors induced by chemical carcinogens®'®**®
while dietary fiber decreases its incidence
In addition to these major nutritional elements,
micronutrients such as vitamin A and selenium
play a modifying role in colon carcinogenesis™***.
Also, vitamin E, which has antioxidant proper-
ties and stabilizes the cell membrane'>**®, has
been shown to decrease the incidence of colon
tumor induced by 1,2-dimethylhydrazine
(DMH)”. However, Toth et al® suggested that
a supplement of vitamin E enhanced the intes-

17,31,32)

tinal tumorigenecity of DMH in mice. The con-
tradictory effects of vitamin E on experimental
carcinogenesis in the other organ have been also
reporteda-lo,zz,zs,z«n.

In this study, we investigated the effect of
vitamin E deficiency on intestinal carcinogene-
sis and on intestinal epithelial cell kinetics in
male rats treated with DMH in an attempt to
clarify the relation between vitamin E deficien-
cy and carcinogenesis.

MATERIALS AND METHODS
Animals, diets and carcinogen; 4-week-old
inbred Wistar strain male rats weighing 60-80
g were employed. They were descendants of a
colony obtained in 1961 from the Institute of
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Experimental Gerontology in Basel, Switzerland.
Animals were housed in a room maintained at
24 = 2°C and 55 = 5 % humidity with 14 hr
of light and 10 hr of darkness throughout the
experiments.

Semipurified powdered diet (SPD) containing
10 mg vitamin E per 100 g as control diet and
SPD without vitamin E (below 0.5 mg/100 g) as
vitamin E deficient diet (VED) were obtained
from Oriental Yeast Co. Ltd. (Tokyo, Japan).
The composition of the diets is shown in Table 1.

DMH dihydrochloride perchased from Aldrich
Chemical Co. Inc. (Milwaukee, WI, USA) was
dissolved with distilled water containing 0.01 %
EDTA and the pH was adjusted to 6.5 with
NaHCOs before use.

Treatment 1; A total of 175 rats were random-
ly divided into 4 groups. 25 rats in Group 1 and
60 rats in Group 2 were fed on SPD through-
out the experiment, whereas 25 rats in Group
3 and 65 rats in Group 4 were fed on VED. 2
weeks after acclimation with each diet, rats in
Group 2 and 4 were given a maximum of 20
weekly s.c. injections of DMH at a dose of 20
mg/kg body weight and rats in Groups 1 and 3
were injected with the vehicle as control. 5 rats
each in Groups 1 and 3, 12 rats each in Group
2 and 13 rats each in Group 4 were sacrificed
at 10, 15, 20, 25 and 30 weeks after the first
DMH injection, respectively and main organs in-
cluding intestinal tract were fixed in 10 %
buffered formalin. The paraffin sections (4.5 um

in thickness) were stained with hematoxylin and
eosin, and PAS, and examined histologically.

Treatment 2; 79 rats were randomly divided
into 2 groups. 38 rats in Group 1 were fed on
the SPD and 41 rats in Group 2 were fed on
VED throughout the experiment. In order to de-
termine the vitamin E deficient status before
DMH treatment, 5 weeks after the acclimation
with each diet, 5 rats each in both groups were
sacrificed and serum vitamin E level was meas-
ured by the fluorometric assay””. The remain-
ing rats were given 3 weekly s.c. injections of
DMH at a dose of 20 mg/kg body weight.

15 weeks after the last DMH injection, 12 rats
each in both groups were randomly selected out
and were injected i.p. with 1 mCi of [*Hlthymi-
dine (Amersham, England) per kg body weight.
6 rats each in both groups were sacificed at 1hr
and 5 day intervals. The intestinal tract was re-
moved and fixed with 10 % buffered formalin.
After fixation, representative specimens of
duodenum, jejunum, ileum, cecum, proximal col-
on and distal colon were taken and they were
employed to determine the incorporation of
[*H]thymidine into DNA in the mucosa. DNA
was extracted from each scraped mucosa by the
method of Burns et al®. The remaining intesti-
nal tracts were examined histologically.

The other rats were sacrificed at 45 weeks af-
ter the last DMH injection. Histological exami-
nations were performed in the same manner as
in Treatment 1.

Table 1. Composition of the Experimental Diets

Content (g/100g)

Ingredient

SPD VED

a-starch

f-starch

Vitamin free casein
Sucrose

Linol salad oil
Cellulose

Mineral mix*
Vitamin mix®
Vitamin E

10 mg ND°

a Mineral mix contains 14.56 g CaHPO4+2H:0; 25.72 g of KH2POy4; 9.35 g of NaH2PO4; 4.66 g of NaCl; 35.09
g of Ca-lactate; 3.18 g of Fe-citrate; 7.17 g of MgSOs; 0.11 g of ZnCOs; 0.12 g of MnSO«+4-6Hz20; 0.03 g
of CuSO4+5H20 and 0.01 g of KI per 100 g.

Vitamin mix contains 100 mg of vitamin A; 0.25 mg of vitamin D; 520 mg of vitamin K; 120 mg of vitamin
B1+HCI; 400 mg of vitamin Bz; 80 mg of vitamin Be+HCl; 0.05 mg of vitamin Biz; 3,000 mg of vitamin C;
2.0 mg of biotin; 20 mg of folic acid; 500 mg of Ca-panthotate; 500 mg of p-aminobenzoic acid; 600 mg of
nicotinic acid; 600 mg of inositol; 20,000 mg of choline chloride and cellulose powder per 100 g.

¢ ND, not detectable (below 0.5 mg/100 g).
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The data obtained were evaluated by Student’s
t test or the x? test.

RESULTS
Time course of DMH-induced tumor incidences

Body weights of animals fed the two diets and
treated with DMH are shown in Fig. 1. Body
weights of animals were not different between
the SPD group and the VED group. However,
DMH-treated animals gained less weight than
did the vehicle treated animals in both diet

groups.
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Fig. 1. Average body weight of rats fed SPD or

VED and treated with DMH or the vehicle. The
arrows show the time of sacrifice.

Table 2 shows the time course of DMH-

induced tumor incidences in rats fed SPD and
VED. The incidence of rats with intestinal
tumors in both groups treated with DMH in-
creased as the experiment progressed. In the
VED group, intestinal tumors were detected in
2 of the 13 rats on the 10th week and 3 of the
13 rats on the 15th week after the first DMH
injection, whereas no rat with intestinal tumor
was observed in the SPD group. On the 20th
week, the incidence of rats with intestinal
tumors in the VED group was higher tendency
than that in the SPD group (0.05<p<0.1) and
the number of intestinal tumors per rats were
significantly higher in the VED group than in
the SPD group (p<0.05). However, after 25 and
30 weeks, the incidence of intestinal tumors was
not significantly different between the SPD
group and the VED group. There was also no
difference in the histologic type and the locali-
zation of intestinal tumors between the SPD
group and the VED group.

Liver tumors, all of which were liver cell car-
cinomas, developed in the SPD group after the
25th week, while they developed in the VED
group after the 20th week (Table 2). Ear canal
tumors, which were squamous cell carcinomas,
developed in the SPD group on the 30th week
and in the VED group after the 25th week.
However, the incidences of liver tumors and ear
canel tumors were not significantly different be-
tween both groups.

Table 2. Time Couse of DMH-Induced Tumor Incidences®

No. Intestinal tumor No. of No. of
Group Weeks of No. of No. of tumors/rat rats with rats with
rats rats with Total Adenoma Adeno- liver ear canal
tumors carcinoma tumor tumor
SPD 10 12 0(—-) — — - 0 0
15 12 0(—) — - - 0 0
20 12 2 (16.7 %) 0.170.11° — 0.17+0.11 0 0
25 12 9 (75.0 %) 1.17+0.24 0.17+0.11 1.00+0.21 6 (50 %) 0
30 12 8 (66.7 %) 1.75%+0.45 0.42%0.19 1.33+0.36 6 (50 %) 3 (256 %)
VED 10 13 2 (154 %) 0.15%0.10 — 0.156+0.10 O 0
15 13 3(23.1 %) 0.23%0.12 - 0.23+0.12 0 0
20 13 8 (61.5 %) 1.00+£0.32° 0.15+0.10 0.85+0.33 3 (23 %) 0
25 13 10 (76.9 %) 1.38+0.33 0.23+0.17 1.15+0.32 8 (62 %) 1 (8 %)
30 13 11 (84.6 %) 1.92+0.37 0.08+0.08 1.85+0.38 8 (62 %) 4 (31 %)

Animals were given weekly s.c. injections of DMH (a maximum of 20 injections) at a dose of 20 mg/kg and
sacrificed at 10, 15, 20, 25 and 30 weeks after the first DMH injection.

Mean*S.E.
Significantly different from the SPD group (p<0.05).
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In rats treated with the vehicle, no tumor oc-
curred in both the SPD and VED group
throughout the experiment.

Incidence of tumors in rats treated with DMH
after vitamin E deficient status and intestinal
epithelial cell kinetics

The serum vitamin E level was significantly
lower in the VED group than in the SPD group
before and after DMH treatment (Table 3).

Table 4 shows the incidence of intestinal
tumors in rats fed SPD and VED on the 15th
and 45th week after DMH treatment. In the
VED group, intestinal tumors were detected in
7 (568.3 %) of the 12 rats on the 15th week af-
ter DMH treatment, whereas in the SPD group
they were observed in one (8.3 %) of the 12
rats. There was a significant difference in the
incidence of rats with intestinal tumors between
both groups (P <0.05). However, after 45 weeks
the incidence was not significantly different be-
tween the SPD group (47.6 %) and the VED
group (45.8 %). Moreover, there was no differ-
ence in the invasive stage of adenocarcinomas

between the SPD group and the VED group
(Table 5). The number, the histologic type and
the localization of intestinal tumors also were
not different between both groups.

The incorporation of [*H]thymidine into DNA
in the intestinal mucosa is summarized in Table
6. At the first hour, the [*H]thymidine incorpo-
ration was higher in the VED group than in the
SPD group in all segments of intestine exa-
mined. However, on the 5th day it was elimi-
nated more rapidly in the VED group and the
ratio of [*H]thymidine incorporation on the 5th
day/first hour was significantly lower in the
VED group than in the SPD group. These
results showed that in vitamin E deficient rats
DNA synthesis of the intestinal epithelium more
increased but the life span of them was shorter
when compared to those of vitamin E sufficient
rats.

Extra-intestinal tumor was not found on the
15th week. On the 45th week an ear canal
tumor was observed in one of the 21 rats in the
SPD group, and a renal tumor was observed in
one of the 21 rats in the SPD group and one
of the 24 rats in the VED group.

Table 3. Serum Vitamin E Level before DMH Treatment and at Sacrificed

Serum vitamin E level (mg/dl)

Group before DMH after DMH treatment
treatment 15 weeks 45 weeks
SPD 0.90£0.05* (n=5) 0.90+0.04 (n=12) 0.85+0.03 (n=21)
VED 0.18+0.06 (n=5)° 0.11£0.02 (n=12)° ND (n=24)
@y Y
a Mean=S.D.
b Significantly different from the SPD group (p<0.01).
¢ Number of rats whose serum vitamin E were not detectable (below 0.10 mg/dl).
d ND, not detectable in all rats.
Table 4. Incidence of Intestinal Tumors in Rats Treated with DMH after Vitamin E Deficient Status®
Sacrificed No. No. of No. of tumors/rat
at Group of rats with
rats tumor Total Adenoma Adenocarcinoma
15 weeks SPD 12 1 (8.3 %) 0.08+0.08" - 0.08+0.08
VED 12 7 (58.3 %) 0.75+0.22° 0.08+0.08 0.67+0.18°
45 weeks SPD 21 10 (47.6 %) 0.76 +0.19 0.05+0.05 0.71+0.18
VED 24 11 (45.8 %) 0.67+0.18 0.08+0.06 0.59+0.16
a Animals were given 3 weekly s.c. injections of DMH at a dose of 20 mg/kg and sacrificed at 15 and 45 weeks
after the DMH treatment.
b Mean=S.E.

Significantly different form the SPD group (p<0.05).
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Table 5. Invasive Stage of Adenocarcinomas in Rats Treated with DMH after Vitamin E Deficient Status®

Sacrificed No. of Depth of invasion®
at Group adeno-
carcinomas m+sm pm ss
15 weeks SPD 1 1 0 0
VED 9 8 0 1
45 weeks SPD 13 10 0 3
VED 14 12 1 1

a Animals were given 3 weekly s.c. injections of DMH at a dose of 20 mg/kg and sacrificed at 15 and 45 weeks

after the DMH treatment.

b m+sm, mucosa and submucosa; pm, muscularis propria and ss, subserosa.
¢ One of the three adenocarcinomas metastasized to the mesenteric lymph node.

Table 6. Effect of Vitamin E Deficiency on [*H]thymidine Incorporation in the Intestinal Mucosa of DMH-Treated

Rats®
No (*H]thymidine incorporation (cpm/mg wet weight)
Sacrificed ’ B
Group at of Du . Proximal Distal
rats odenum Jejunum Ileum Cecum colon colon
SPD 1sthr 6 976+164° 1000194  2049+205  2588+359 1215160  1122+158
5th day 6 234+ 65 203+ 66 550+ 75 1092210 815+168 786 +181
(23.9 %) (20.3 %) (26.8 %) (42.2 %) (67.1 %) (70.1 %)
VED 1st hr 6  1498+216° 1296+211° 2482+340° 3418+532° 1836+377" 1426+396
5th day 6 158+ 21¢ 147+ 32 359+ 57%  766+166°  680%123 559+196
(10.5 %) 9.8 %) (14.5 %) (22.4 %) (37.0 %) (39.2 %)

a 15 weeks after the DMH treatment, animals were sacrificed at 1 hr or 5 days after the [*H]thymidine (1

mCi/kg) i.p. injection.
b Mean=S.D.

20

DISCUSSION

The relationship between vitamin E and
tumorigenesis induced by chemical carcinogens
has been reported with contradictory
results®®1%2#58)  Cook et al® showed that the
incidence of intestinal tumors in mice treated
with DMH was decreased by a supplement of
vitamin E. Moreover, in the other experimen-
tal tumor systems, the inhibitory effect of vita-
min E on carcinogenesis has been
demonstrated®®®, In the present study, at the
early stage when no intestinal tumors developed
in vitamin E sufficient rats treated with DMH,
the tumors had already occurred in vitamin E
deficient rats. Moreover, in rats treated with
DMH after vitamin E deficient status, the inci-
dence of intestinal tumors on the 15th week was
significantly higher than that in vitamin E suffi-
cient rats. These results suggest that vitamin E
deficiency causes the shorter latent period of in-

Values in parentheses, the percent-ratio of [*H]thymidine incorporation on the fifth day/first hr.
Significantly different from the SPD group (p<0.05).

testinal tumors induced by DMH. Therefore,
vitamin E might inhibit the development of
tumor. Vitamin E, which has antioxidant proper-
ties and scavenges free radicals'®**®, might
neutralize or reduce ultimate carcinogen (free
radical) which is the metabolite of DMH.
However, the inhibitory mechanism of vitamin
E on DMH-induced intestinal carcinogenesis has
not been clarified in the present study.

The increase of colonic cell proliferation has
been shown to be related to an increased inci-
dence of chemical carcinogen induced tumors®.
On the one hand, vitamin E deficiency has been
shown to result in the increase of DNA synthe-
sis and activation of DNA polymerase in the
liver and muscle®®. In the present study also,
the increase of DNA synthesis of the intestinal
mucosa was observed in vitamin E deficient rats
treated with DMH in comparison with that of
vitamin E sufficient rats. This change might also
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lead to the shorter latent period of DMH-induced
intestinal tumor and its higher incidence in the
early stage in vitamin E deficient rats.

On the other hand, Baker et al” reported the
elevated tissue content of vitamins in colon
adenocarcinomas as compared with that in nor-
mal adjacent mucosa. Furthermore, the deficien-
cy of vitamins such as riboflavin and vitamin
Bs has been shown to inhibit the growth of
tumors®®39, The possibilities would seem to
be; 1) the tumor needs extra vitamins for ac-
celerated growth, and 2) vitamin E deficiency
depresses the tumor growth. Indeed, although
at the early stage the incidence of intestinal
tumors in vitamin E deficient group was signifi-
cantly higher than that of vitamin E sufficient
group, at the late stage the incidence and the
invasive stage of intestinal tumors was not
different between vitamin E deficient group and
sufficient group. Tumor growth was considered
to be inhibited by the vitamin E deficiency, be-
cause tumor cells should have a short life span
as well as normal intestinal epithelium in vita-
min E deficient rats. Therefore, a supplement
of vitamin E might be a beneficial factor for
tumor growth. It may agree with the enhanced
effect of vitamin E on mice intestinal carcino-
genesis induced by DMH®.

These results suggest that vitamin E deficien-
¢y promotes the initiation in carcinogenesis but
inhibits the tumor growth. Consequently, the
relationship between vitamin E and carcinogen-
esis seems to vary with the stage of DMH-
induced colon carcinogenesis.
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