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ABSTRACT

The effects of vasoactive intestinal peptide (VIP) on the incidence and
histology of colonie tumors induced by azoxymethane (AOM) were
investigated in Wistar rats. Rats were given 20 Mg/kgbody weight of VIP
every other day for 12 weeks and from experimental week 3, were given
10 weekly injections of 7.4 mg/kg body weight of AOM. The administra
tion of VIP before and during AOM treatment resulted in a significant
increase in the incidence of colonie tumors in week 40. Furthermore, it
caused a significant increase in the labeling index of the colonie mucosa
during AOM treatment. These findings indicate that VIP enhanced the
development of colonie tumors. This effect may have been related to its
effect in increasing proliferation of cells in the colonie mucosa during
administration of the carcinogen.

INTRODUCTION

VIP3 was initially isolated from the gut (1) and later found

in the central and peripheral nervous system (2, 3). It has
important roles in the physiology and pathophysiology of the
gastrointestinal tract (4), and its biological effects seem to be
mediated via cAMP production (5-10). These effects have been
shown to be due to its stimulation of adenylate cyclase activity
in the plasma membranes of epithelial cells. Specific receptors
or binding sites for VIP have been identified and characterized
on hepatocytes (11), enterocytes ( 12) [and human colonie cancer
cells (10)] and pancreatic acinar cells (13).

There is much evidence that cAMP is involved in the control
of growth, differentiation, and transformation of various cell
types (14-17), and that its level is altered in malignant tumor
cells (18). Moreover, the cAMP content of adenocarcinomas of
the human colon is reported to be lower than that of adjacent
uninvolved mucosa (19). These findings suggest that VIP has
an effect on growth of colonie tumors. However, further work
is needed to demonstrate that VIP receptors in the colon are
not only of physiological relevance but also can influence the
development of colonie tumors (20). Therefore, in the present
work, we examined the effect of treatment of rats with VIP
from before the time of injection of a carcinogen on the devel
opment of colonie tumors.

MATERIALS AND METHODS

A total of 84 young male Wistar rats weighing 80-90 g were
randomly divided into four groups and treated as follows.

Group 1 (30 rats) was given VIP every other day for 12 weeks at a
dose of 20 ^g/kg body weight. VIP (porcine; Peptide Institute Inc.,
Osaka, Japan) was injected as a suspension in olive oil to prolong its
effect. Injections were given s.c. in a volume of 2 ml/kg body weight,
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between 2 and 3 p.m. on each day, various sites of injection being
chosen. From experimental week 3, animals were also given 10, weekly
s.c. injections of 7.4 mg/kg body weight of AOM (Sigma, St. Louis,
MO) in 0.9% NaCl solution. Group 2 (30 rats) was given the vehicle
olive oil instead of VIP, and from week 3, AOM for 10 weeks in the
same way as group 1. Group 3(12 rats) was given VIP only in the same
way as group 1, and was not treated with AOM. Group 4(12 rats) was
given olive oil only in the same way as group 2, and was not treated
with either VIP or AOM.

The experimental groups were kept in different cages with a wire
mesh bottom under identical conditions during the experiment, and
had free access to tap water and regular chow pellets (Oriental Yeast
Co., Tokyo, Japan).

Rats were killed when they became moribund, and surviving animals
were killed at the end of week 40. Rats that were killed during the
experimental period were autopsied. The large intestine was opened,
pinned flat on a cork mat, and fixed with buffered picric acid-formal
dehyde solution (21). The fixed colon was cut into five segments of
equal length, which are referred to hereafter as part 1 (adjacent to the
anal orifice) to part 5 (adjacent to the cecum). Tumor-bearing areas
and areas suspected of having lesions were dissected, and embedded in
paraffin. Semiserial sections (average, 30 per block) of S-/im thickness
were made to expose the central part of the tumor or the stalk, when
present, and stained with H & E. In addition to tumors, flat mucosa of
the fixed colon with no visible tumors from each segment of the colon
was cut into two strips of 3-mm width, which were embedded in
paraffin. Five thin sections from each block were prepared, and were
inspected microscopically for tumor foci. Sections were examined with
out knowledge of the treatment.

The crypt column lengths and labeling indices of the colonie mucosa
in parts 2 and 4 were examined in weeks 7 and 40. For these exami
nations, five rats each in groups 1 and 2, and six rats each in groups 3
and 4 were killed in week 7, and six rats each in all groups were killed
in week 40. For measurement of the crypt column length (22), only
sections that showed the entire crypt column length from its base to
the mouth of the crypt were used. On two slides from each segment of
the colon, the number of cells from the bottom to the mouth of the
crypt was counted in 20 separate crypt columns, care being taken to
avoid adenomas and CIS. The labeling index of the colonie mucosa
was measured with an immunohistochemical kit for analysis of BrdUrd
incorporation (23, 24) from Becton Dickinson Immunocytometry Sys
tem (Mountain View, CA), by the modified method described by Tada
c/ (.â€¢/.(25). In brief, rats received an i.p. injection of 20 mg/kg body

weight of BrdUrd and l h later were killed with ether. The colon was
then excised, fixed in 70% ethanol for 4 h and embedded in paraffin.
Sections of 3-^m thickness were immersed in 2 N HC1 solution for 30
min at room temperature, and then in 0.1 M Na2B4O7to neutralize the
acid. Slides were immersed in methanol containing 3% IM), for 30
min, and then treated with 10% porcine serum. The specimens were
stained with anti-BrdUrd monoclonal antibody (dilution 1:100) for 2 h
at room temperature, washed, stained with biotin-conjugated horse
anti-mouse antibody (at a dilution of 1:200) for 30 min, and stained
with avidin-biotin-peroxidase complex for 30 min. The reaction product
was located with 3,3'-diaminobenzidine-tetrahydrochloride. Cells that

contained BrdUrd were identified by the presence of a dark pigment
over their nuclei. For analysis of the labeling index, the numbers of
BrdUrd-labeled cells were counted in 25 glands on each slide from two
different blocks of each segment of the colon without knowledge of the
treatment. Care was taken to avoid areas of adenoma and CIS in
making counts. The labeling index was expressed as the number of
labeled nuclei per gland.
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Table 3 Labeling index and crypt column length of colonie mucosa

Colonie mucosa

Part2Experimental

Group
weekno.7

1
2
3
4

40 1
2
3
4Treatment*AOM

+VIPAOM
+ olive oil

VIP alone
Olive oil alone
AOM + VIP
AOM + olive oil
VIP alone
Olive oil aloneCrypt

col
umn length
(no. ofcells)34.4

Â±0.2*
3 1.7 Â±0.2*
27.8 + 0.1''

27.8 Â±0.2
27.6 Â±0.7
29.4 Â±0.6
28.5 Â±0.7
28.4 Â±0.3Labeling

index
(no. of labeled

cells/gland)6.4
Â±0.3*

4.4 Â±0.3C
1.0 Â±0.0''

1.1 Â±0.1
4.0 Â±0.2
3.5 Â±0.2
3.5 Â±0.2
3.2 Â±0.2Part

4Crypt

col
umn length

(no. ofcells)38.9
Â±0.3*

34.0 Â±0.2C
27.3 Â±0.3'

27.4 Â±0.2
32.0 Â±0.7
33.2 Â±0.9
32.4 Â±1.0
33.4 Â±0.8Labeling

index
(no. of labeled

cells/gland)7.1
Â±0.2*

4.5 Â±0.2'
1.5 Â±0.1''

1.0 Â±0.3
3.7 Â±0.2
3.4 Â±0.2
3.3 Â±0.1
3.3 Â±0.2

* For explanation of treatments, see Table 1.
* The differences between the values for groups 1 and 2 and groups 1 and 3 were both significant at P < 0.001.
' The difference between the values for groups 2 and 4 was significant at P < 0.001.
â€¢'The difference between the values for groups 3 and 4 was not significant.

often dissolved in dehydrolyzed gelatin (32, 33) or soybean oil
with and without beeswax (34, 35). For this purpose, in the
present work, we used VIP as a suspension in olive oil, because
in previous studies on the effect of tetragastrin as a suspension
in olive oil on gastric carcinogenesis in rats, we found that its
administration in this depot form caused significant increase in
acid secretion for more than 2 days.4

There is much evidence that cAMP is involved in the control
of growth and differentiation of various cell types (14-17), and
recent results have suggested that cAMP may inhibit cell growth
(36). However, under certain experimental conditions, cAMP
is a positive rather than a negative signal for hepatocyte growth
(37). Moreover, adenylate cyclase activity has been reported to
be higher in rapidly proliferating crypt cells of the intestinal
mucosa than in slowly growing superficial cells (38). Johnson
(39) reported that VIP did not stimulate DNA synthesis of
normal colonie mucosa. In the present work, however, we found
that VIP increased the labeling index and crypt column length
of the colonie mucosa of rats in week 7 during carcinogen
treatment. We also found that the responses to VIP of colon
epithelial cells with and without carcinogen treatment differed.
Therefore, although other possibilities cannot be excluded, it
seems likely that this effect of VIP is seen only when hyper-
reactivity induced by carcinogen treatment is evident. The exact
mechanism of the effect of VIP is unknown and needs further
investigations, but VIP may influence rapidly proliferating cells
and promote the appearance of genetic damage and eventual
tumor formation.
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