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Effects of memadione on 1,2—dimethylbydrazine—induced mouse colon
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ABSTRACT The effects of menadione (Vit K} ad-
munistered at 20 or 40 mg+ kg™ ig 3 times a week for
both 24 and 28 wk on 1 2—dimethythydrazine
(DMH)}—induced mouse colon adenocarcinomas were
investigated. At the 24th wk. the number of colon
tumors in Vit K, 20or 40 mg- kg™’ group (0.3£ 0.5
and 0.5% 08, respectively) was less than thar of
DMH controls (2.1 2.5, P<0.05), but the differ-
ence in incidence of colon tumors in these 3 groups
was nol significant (P>0005), After 28 wk, the
tumor incidence of both Vit K, groups (each & of 13)
was lower than that of DMH conirols (13 of 13,
P<005); the number of colon wmors of Vit K,
40 mg+ kg™ group (13% 13, P<0.05) was de
creased, whereas the Vit K, 20 mg+ kg™' group
(3.0= 5.1, P >0.05) was not different from the DMH
controls (7.3 9.3). Determination of the nuclear
DNA content of cells from DMH—induced mouse co-
lon mucosa {24 wk} indicated that Vit K, 20 or 40
mg+ kg group showed lower DNA content {1.92
* 0.12 C and 191+ 0.10 C., respectivety) decreased
values of percent—over—3C and —4C and narrow
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distribution range. Besides, the colon mucosa of
DMH—treated mice (28 wk} showed higher superoxide
dismutase (SOD) activity (70= 28 U/ mg protein,
P£<0,035) thap the normal cortrols (30 20 U/ mg
protein). Vit K, 40 mg+ kg™’ reduced the elevated
SOD activity markedly (44 2} U/ mg protein,
P<0.05).

KEY WORDS vitamin K, methylhydrazines;
colonic neoplasms: DNA; superoxide dismutase;
mucous membrane

Recently, a great deal of interest has
been focused on the cancer prevention and
treatment by vitamins. Investigators discov-
ered that the menadione (Vit K;) had
antitumor activity ir vitro comparable to the
toxic anthracyclic quinones doxorubicin and
daunorubicin'”. Vit K; enhanced the anti—
neoplastic activity of 5—fluorouracil in Friend
murine ervthrolenkemia cells in vitro'®, and
of methotrexate in tumor—bearing animals'®,
Combined administration of vitamin C, K,
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and antineosplatic agent produced synergistic
effect on mouse transplantable liver tumor and
did not increase the systemic and organ
toxicity of chemotherapy'”. We found that
the growth rate of HR—8348 and HL—60 cells
was inhibited significantly in vitre by Vit K,
and showed dose—dependent’™',

This study was performed on the model
of 1,2—dimethylhydrazine (DMH)—induced
mouse colon carcinomas for testing antitumor
activity of Vit K;. and the mechanism of its
action was also analysed.

MATERIALS AND METHODS

Vit K, {mepadion sodium bisulfite} was obiained
from Wuxi Pharmaceutical Factory, 1,2—Dimethyl-
hydrazine (DMH) and superoxide dismutase (SQOD)
were from Sigma. and luminol was from Merck—
Schuchardt, Microspectrophotometer (I -MPMOIK)
was made by Opton.

Female ICR mice weighing 20+ s 4 g were sup-
plicd by the Shanghai Institute of Family Planning,

Tumor model and drug administration Among
92 mice kept on a standard diel and waier ad fib. 78
were given sc weekly of DMH 20 mg« kg™! for 20 wk
for inducing colon adenocarcinomas'™, 14 were used
as normal controls. At the ist wk of sc DMH, 78
mice were randomly divided into 3 groups; DMH
conirol, Vit K, 20. and 40 mg-+ kg™’ (ig 3 times a
week (or 24 and 28 wk, respectively). At ithe 24th
wk;, half of mice {(each group) were sacrificed lor
pathological examination and DNA measurement;
after 28 wk. the remainder mice were killed for num-
bering the macroscopic colon tumors and assaying
S0D activity.

Measurement of DNA content
sacrificed by cervical dislocation, The colon was ex-
cised. and slit lengihwise into two equal sections:
and then one part was fixed 1n 10% neutral formalin,
embedded in paraffin and stained with hematoxylin
and eosin (H&E) for histologic examination, and the
other was fixed in Carnoy’s solution, and processed

The mice were

for DNA measurement with the Feulgen reaction.
The nmuclear DNA content in the cells of each

section was measured by using a microspectro—
photometer'”.  As a control for each specimen.
Iymphocytes on the same slides were scutinized to de-
termine the value of the DNA conteni corresponding
to a diploid chromosome complement (2C). The
mean DNA content, distribution range, and percent
of nuclei with a DNA contend 3 and 4 times greater
than the basic C value (namely. $v—over—3C,
%—over—4C, respectively) were calculaied.

SOD assays The mice were killed by cervical
dislocation, A 7 cm segment of colon above the anus
was immediaiely excised, opened longitudinally, and
washed clean with cold phosphate buffer 0.2
mot= L™ (pH 3.6, 4C} then the colon mucosa was
scraped gently by a slide for SOD assay with (he alka.
line dimethylsulfoxide—luminol chemiluminescence
method®,

Stadstical amalyses  Differences in the occur-
rence of mice colon {umors in several groups were
evaluaied by means of contingency {ables from which
cht—square siatisiics was calculaied. The significance
of the data presenied as X+ s was determined by
analysis of variance, or rank sum test,

RESULTS

Effect of Vit K; on occurrence of DMH-—
induced colon tumors in mice  During the en-
tire experimental period, mice in all 3 groups
gained weight, however there were no statistic
differences. Pathological examination showed
that the tumors occurred mainly in colon
(5 cm above anus) and involved both
adenomas and adenocarcinomas. At the 24th
wk, the incidence of DMH—induced colon
tumors treated with Vit K; (20 and 40
mg+ kg '. respectively) was not decreased.
but the number of tumors was reduced
significantly: after 28 wk. two Vit K,
regimen decreased the incidence of colon tu-
mors, and Vit K, 40 mge+ kg' reduced the
number of tumors (Tab 1),

Effect of Vit K; on nuclear DNA content
of DMH—induced mouse colon carcinomas
The results of the nuclear DNA content of
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Tab 1. Effect of Vit K, (20 or 40 mg+ kg~ ig 3
times a week for both 24 and 28 wk) on occwrrence of
1,2—dimethythydrazine(DMH}—induced mouse colon

tumors. #= 13 mice. x= 5. “P> 005 T°P<0.05
s DMH control
Tumor—bearing Tumors
mice per mouss
DMH control 9 21+ 25
24 wk VitK, 20mg+ kg™ 4° 03+ 035"
40 mg- kg’ 4° 05+ 08"
DMH control 13 73+£¢3
28 wk VitK, 20mg- kg™’ 8" 3.0£51°
40 mg+ kg™ 8 1.3+ 1.3

cells from DMH-induced mouse colon
mucosa at the 24th wk showed that Vit K, 20
or 40 mg+ kg™' could reduce the mean DNA
content and the values of percent over 3C and
4C amd the range of DNA content distribution
(Tab 2).

Effect of Vit K,, on SOD activity of
DMH- induced mouse colon carcinomas At
the 28th wk, the colonic mucosa of
DMH-induced mice showed higher SOD
activities than those of normal controls, Vit
K; 20 mge kg' did not influence the
effect. whereas Vit K; 40 mg+ kg' de-
creased the elevated SOD activity (Tab 3).

DISCUSSION

The results showed the activity of Vit K,
against DMH—induced mouse colon carci—

Tab 3. Effect of Vit K, (20 and 40 mg+ kg' ig 3
times a week for 28 wk, respectively) on superoxide
dismutase(SOD) activity in DMH-induced mouse

colon carcinomas. n=7 micee. X+ 5 " P> 005
**P<0.05 vs control. P> 005 TP<0.05 vy
DMH control.
SQD
U /" mg protein
Contral 30+ 20
DMH control 70+ 287"
Vit K, 20 mg+ kg™ 564 257"t
40 mg- kg™ 441 237"

noma. which coincided with the results of our
previous studies in vitre and of some other au-
thors''™.  With respect to the nuclear DNA
content. the percent—over—4C and —3C wval-
ues in severe colon mucosal dysplasia and
carcinoma were almost identical. and
significantly higher than those in mild and
moderate mucosal dysplasia. The wider range
of DNA content distribution was existed in
severe dysplasia and carcinoma™. Since Vit
K; improved the altered DNA content in
DMH-induced colon carcinomas, it was
suggested that the proliferation of tumor cells
was inhibited and the malignant level of cancer
cells was decreased. Our results demonstrated
that the SOD activity in DMH—induced colon
carcinomas was greally increased, which was
significantly lowered by Vit K, 40 mg+ kg™'.
Owing to the SOD activity in tumor cells may

Tab2 Effectof Vit K; (20and 40 mg- kg™ ig 3 times a week for 24 wk, respectively) on nuclear DNA content in
DMH-imdoced mouse colon carcinomas. C:  the ratio of the DNA content in colon mucosal cells to that in

lymphocytes. *+ 5 “P> 005 “P<0.05 “'P<0.01 vyeontrol P> 005 YP< 005, TTP<0.01 vs
DMH control
. DNA Range of te—over—3C Ye—over—4C
content (C) distribution (C) value value
Control 7 187 018 0.6~67 3235 0809
DMH control 8 2270017 07~93 14.9+6. 7" 49+ 48"
VitK; 20mg- kg™ 8 192+ 0,127 0.7~6.35 40+ 5" 1.0+ 2.9
40mg+ kg™ 8 151010 0.7~55 424 § 1.2+ 26
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closely reflect the presence of malignant trans-
formation”, Vit K; reduce the malignant
transformation of tumor cells. On the other
hand. the potent carcinogenic effect of
DMH was attributed to its metabolite.
methylazoxymethanol{ MAM) that could gen-
erate an activated alkylating radical®™, It was
reported that the induction of SOD synthesis
was stimulated by increasing rates of
intracellular O production’'”, Tt was sug-
gested that MAM enhanced the SOD activity
in colon tumor—bearing mouse, and Vit K,

might influence the generation of the free radi-
cal of MAM.

Several hypothetical mechanisms may be
involved in the antitumor action of Vit K;,
This study provided indirect evidences of the
influence of alkaline DNase!'", and of the ef
fects of carcinogenesis'’’. The model of
DMH carcinogenesis is similar in many re-
spects to the development of neoplasms in the
human colon®. The influence of Vit K; at
early stage of carcinogenesis was suggested ow-
ing to the fact that the colon tumor incidence
of Vit K,—treated mouse was only 4 of 13
{30.8%) at the 24th wk and 8 of 13 (61.5%) at
the 28th wk. As a result, it is worth looking
for the optimal dose of Vit K; to block the

development of cancer at early stage and f? 2
T

vent the relapse of cancer after cperatio
chemotherapy.

In summary, Vit K, has antitumor ac-
tivity in vive, which may be related to the
inhibition of DNA synthesis of tumor cells.
However, further experiments are needed to
confirm our preliminary results and possible
mechanisms,
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