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ABSTRACT

The effects of the C-terminal tetrapeptide of gastrin, tetragastrin, on
the colonie mucosa on Days 15 and 25 during Â¡ntrarectaladministration
of /V-metliyl-.V -nit ro-jV-nitrosoiÃ®uanidiiu1(MNNG) and its effects on the

incidences of colonie tumors in experimental Wk 20 and 35 were inves
tigated in Wistar rats. Administration of tetragastrin in depot form during
instillation of MNNG resulted in significant decreases in the incidences
of mucosa! erosions, ulcÃ©rations,and atypical regenerative glandular
hyperplasias in the colonie mucosa, most of these lesions being greater
in the distal half of the colon. Administration of tetragastrin also signif
icantly decreased the incidences and/or numbers of colonie tumors in Wk
20 and 35. The distribution of colonie tumors induced in Wk 20 and 35
corresponded well to those of erosions, ulcÃ©rations,and atypical regen
erative glandular hyperplasias induced during the administration of
MNNG. These findings suggest that the effect of tetragastrin in decreas
ing the incidences of erosions, ulcÃ©rations,and atypical regenerative
glandular hyperplasias in the colonie mucosa during instillation of
MNNG is related to its effect in reducing the development of colonie
tumors.

INTRODUCTION

We found that prolonged administration of tetragastrin3 in

depot form to rats from the beginning of intrarectal instillation
of MNNG reduced the incidence of colonie tumors (1). Gastrin
has a trophic action on the oxyntic gland mucosa, duodenal
and colonie mucosa, and the pancreas (2). Therefore, it may
prevent the development of colonie tumors by its trophic action
on the colonie mucosa. However, the exact mechanism of its
effect in reducing colonie tumors is not clear. We also found
that administration of tetragastrin after treatment with the
carcinogen had no effect on colonie carcinogenesis (3). These
findings suggest that the inhibitory effect of tetragastrin on the
colonie carcinogenesis is due to an effect in changing the
response of the colonie mucosa during administration of
MNNG. To test this possibility, we therefore investigated the
effects of tetragastrin on the colonie mucosa and on the devel
opment of colonie tumors. In the present work, we focused
particular attention on the effects of tetragastrin on the colonie
mucosa during administration of MNNG.

MATERIALS AND METHODS

A total of 125 young male Wistar rats of the same age (6 wk old),
initially weighing 100 to 150 g, was given 1 ml of 0.25% MNNG
intrarectally every day for 25 days. A fresh solution of MNNG (Aldrich
Chemical Co., Milwaukee, WI) was prepared each week in deionized
water and stored in a cool, dark place to avoid denaturation of MNNG
by light. Unanesthetized rats were immobilized in a plastic cylinder
with an opening at its end to allow intrarectal instillation of the
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carcinogenic solution. The MNNG solution was injected through a 6-
cm-long vinyl tube connected to a syringe (1, 3). Groups of rats were
treated as follows: Group 1 (40 rats) received no further treatment;
Group 2 (35 rats) was treated with olive oil; and Group 3 (50 rats) was
given 250 Â¿igof tetragastrin per kg of body weight per day in depot
form.

Tetragastrin (Nissui Pharmaceutical Co., Tokyo, Japan) was given
as a suspension in olive oil. The rats in Group 3 were given one injection
per day of tetragastrin from Day 1 to Day 25 and then one injection
every other day from Day 26 to the end of the experiment in Wk 35.
Injections were given s.c. in a volume of 2 ml per kg of body weight,
between 2 and 3 p.m. each day, various sites of injections being chosen.
The rats in Group 2 received 2 ml per kg of body weight of olive oil
only per day from Days 1 to 25, and then one injection every other day
until the end of the experiment.

The experimental groups were kept in different cages in the same
room under otherwise identical conditions through the experiment, and
they had free access to tap water and rat chow pellets (Oriental Yeast
Co., Tokyo, Japan).

Rats were killed on Days 15 and 25 and in Wk 20, and all surviving
rats were killed at the end of Wk 35 for histolÃ³gica! examination. On
Days 15 and 25, rats were killed by cervical dislocation 24 h after the
last administration of MNNG and tetragastrin, and the colon was
examined histologically. The large intestine was opened, pinned flat on
a cork mat, and fixed with 10% formalin solution. The fixed colon was
cut into 6 equal longitudinal parts, and 3 strips of 3-mm width were
obtained from each part. These 6 equal segments are referred to
hereafter as Part 1 (adjacent to the anal orifice) to Part 6 (adjacent to
the cecum). Nine sections of 5-^m thickness obtained from each part
were stained with hematoxylin-eosin, and they were examined without
any knowledge of the treatments of the rats. The incidences and sizes
of mucosal erosions and ulcÃ©rationsand the numbers of clusters of
ARGH in each section were determined. Erosion was defined as a
lesion limited to the colonie mucosa, while ulcÃ©rationwas defined as a
lesion extending beyond the muscularis mucosae. On the basis of the
number of epithelial cells per crypt column and cytological and archi
tectural features of the crypt, atypical glandular proliferations consist
ing of crypts with more than 1.5 times as many epithelial cells as in
surrounding crypts and showing slight cellular and structural atypia
were defined as ARGH. They were usually associated with marked
branching of glandular structures and epithelial invaginations. The
length of the colon and the crypt column length in Part 3 of the colon
from the anal orifice were also examined in each animal (4). For this,
the number of cells from the bottom to the mouth of the crypt (crypt
column length) was counted in 5 separate crypt columns.

As previously reported (1), colonie tumors were classified histologi
cally into 2 types on the basis of their cellular and structural atypism:
adenomas and adenocarcinomas. The adenocarcinomas of the colon
were also subdivided histologically into a well-differentiated type and
mucinous type (1).

The results were analyzed by Student's i test (5), the x2 test (6), or
Fisher's exact probability test (6). Data are given as the mean Â±SE.
"Significant" indicates a calculated /' value of less than 0.05.

RESULTS

Effects of Tetragastrin on Erosions, UlcÃ©rations,and ARGH
on Days 15 and 25. Table 1 summarizes the effects of tetragas
trin on erosions, ulcÃ©rations,and ARGH in MNNG-treated
rats during the administration of MNNG. In Groups 1 to 3, 2,
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EFFECTS OF GASTRIN ON COLONIC MUCOSA

Table 1 Incidence of erosions, ulcÃ©rations,andARGH of colonie mucosa in MNNG-treated rats on Days 15 and 25

Day1525Group123123Treatment*MNNG
aloneMNNG

+ oliveoilMNNG
+tetra-gastrinMNNG

aloneMNNG
+ oliveoilMNNG
+tetra-gastrinNo.

ofratsexamined107129712Total255195143247195108ErosionsAv.no./rat25.5

Â±1.6*27.9

Â±1.811.
9Â±0.9'27.4

Â±2.227.9
Â±1.79.0
Â±0.6'UlcÃ©rationsSize(mm)1.1

Â±0.21.7
Â±0.70.7
Â±0.11.1

Â±0.11.2
Â±0.20.9

Â±0.1Total262314161410Av.no./rat2.6

Â±0.33.3
Â±0.51.2

Â±0.3''1.8

Â±0.32.0
Â±0.20.8
Â±0.3'Size(mm)2.3

Â±0.91.8
+0.60.8
Â±0.33.5

Â±1.42.0
Â±0.43.1
Â±1.0Atypical

regenerative
glandularhyperplasiaTotalno.

ofclusters22716912925419078Av.no.ofclusters/rat22.7

Â±1.624.1
Â±0.610.8

Â±1.0e28.2

Â±1.827.1
Â±1.96.5
Â±0.6'

" MNNG alone: 1 ml of 0.25% MNNG was given intrarectally for 25 days; MNNG + olive oil: olive oil (2 ml/kg) was administered from the start of intrarectal
instillation of MNNG; MNNG + tetragastrin: tetragastrin (250 pg/kg) was administered from the start of intrarectal instillation of MNNG.

* Mean Â±SE.
' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant, both at P < 0.001.
**Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically sign Â¡Ileantat P < 0.005 and P < 0.001, respectively.
' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant at P < 0.05 and P < 0.01, respectively.

2, and 3 rats, respectively, died before Day 25, and they were
excluded from effective numbers.

On Days 15 and 25, erosions or ulcÃ©rationswere significantly
more frequent in Groups 1 (no further treatment) and 2 (olive
oil) than in Group 3 (tetragastrin). However, in each group the
erosions and ulcÃ©rationswere similar in size. In all ulcÃ©rations,
tissue defects were confined to the submucosal layer, and none
extended to deeper layers. The number of clusters of ARGH
was also significantly less in Group 3 than in control Groups 1
and 2. Fig. 1 shows a cluster of ARGH in a rat of Group 1
killed on Day 25.

No colonie tumors were seen in any rats examined on Day
15 or 25.

Effects of Tetragastrin on the Incidences and HistolÃ³gica!
Types of Colonie Tumors in Wk 20 and 35. The effects of
tetragastrin on the incidences and histolÃ³gica! types of colonie
tumors in Wk 20 and 35 are summarized in Table 2.

Fig. 1. ARGH from a rat of Group 1 killed on Day 25. H & E. A, X 200; bar,
100 firn; B, x 400; bar, 50 pro.

In Groups 1 to 3, totals of 2, 2, and 4 rats, respectively, died
or were killed between Day 25 and Wk 15, because of either
respiratory infection or wasting. No tumors were found in any
of these animals, which were excluded from the effective num
bers.

In Wk 20, in Groups 1 (no further treatment) and 2 (olive
oil), colonie tumors were found histologically in all rats exam
ined. In Group 3 (tetragastrin), the incidence of tumors was
less than in control Groups 1 and 2, but the difference was not
statistically significant. However, the number of tumors per rat
was significantly lower in Group 3 than in control Groups 1
and 2.

In Wk 35, in control Groups 1 and 2, the average numbers
of colonie tumors were 5.6 and 4.7 per rat, respectively, while
that in Group 3 was significantly lower, being 1.3 per rat.

In Wk 20 and 35, the colonie tumors induced were chiefly
adenocarcinomas. However, the incidence of adenomas was
significantly higher in Group 3 than in control Groups 1 and/
or 2. Moreover, in control Groups 1 and 2, the adenocarcino
mas were all of the well-differentiated type, while in Group 3,
only 50.0% and 66.7% of the adenocarcinomas in Wk 20 and
35 were well differentiated, and 50.0% and 33.3%, respectively,
were of the mucinous type. MÃ©tastasesto the liver, mesenteric
lymph nodes, or peritoneum were found in 2 and 3 rats in
Groups 1 and 2, respectively, in Wk 35, but there was no
significant difference in the incidences of distant mÃ©tastasesin
the different groups. No mÃ©tastaseswere found in Group 3.

Relation between the Locations of Erosions, UlcÃ©rations,and
ARGH and Colonie Tumors. The relation between the locations
of erosions, ulcÃ©rations,and ARGH during administration of
MNNG and the locations of colonie tumors induced in Wk 20
and 35 are shown in Fig. 2.

On both Days 15 and 25, erosions, ulcÃ©rations,and ARGH
were greatest in the distal half of the colon (Parts 1 to 3), which
received greatest exposure to the instilled carcinogen solution.
Lesions were rare in Part 4 of the colon, and they were not
found in the proximal Parts 5 and 6. In both Wk 20 and 35,
colonie tumors were also most frequent in the distal Parts 1 to
3 of the colon, and rare in Part 4, and they were not found in
Parts 5 and 6. Thus the distribution of colonie tumors corre
sponded well to those of erosions, ulcÃ©ration,and ARGH
induced during the administration of MNNG.

Effects of Tetragastrin on the Length of the Colon and Crypt
Column Length. Table 3 summarizes data on the length of the
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EFFECTS OF GASTRIN ON COLONIC MUCOSA

Table 2 Incidence, number, and histolÃ³gica!types of colonie tumors in MNNC-treated rats in Wk 20 and 35

HistologyWk

Group20

12335

123Treatment"MNNG

aloneMNNG
+ oliveoilMNNG
+tetra-gastrinMNNG

aloneMNNG
+ oliveoilMNNG
+tetra-gastrinNo.

ofratsexamined767101012No.
ofrats
withcolonietumors7(100)*6(100)4(57.1)10(100)10(100)7

(58.3)1No.

of
in

ducedcolonietumors241911564715AdenocarcinomaTotalno.20196564712Well-differentiatedtype20(100)19(100)3

(SO.O)''56(100)47(100)8

(66.7)*Mucinoustype0(0)0(0)3

(50.0)0(0)0(0)4

(33.3)Adenoma403Â«003'No.

ofcolonietumors/rat3.4

Â±0.6'3.2

Â±0.5I.6Â±0.6/5.6

Â±0.74.7
Â±0.91.3
Â±0.5'

Â°For explanation of treatments, see Table 1.
* Numbers in parentheses, percentage.
' Mean Â±SE.
'' Differences between the incidences of well-differentiated adenocarcinomas in Groups 1 and 3 and Groups 2 and 3 were statistically significant, both Ml'- 0.02.
' The difference between the incidences of adenomas in Groups 2 and 3 was statistically significant at P < 0.001.
â€¢^Thedifference between values for Groups 1 and 3 was statistically significant at P < 0.05.
' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant, both Ml'- 0.05.
* Differences between the incidences of well-differentiated adenocarcinomas in Groups 1 and 3 and Groups 2 and 3 were statistically significant, both at P < 0.001.
1Differences between the incidences of adenocarcinomas in Groups 1 and 3 and Groups 2 and 3 were statistically significant at P < 0.01 and P< 0.02, respectively.
' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant, both Ml'- 0.001.

Erosion and ulcÃ©ration

23456

Atypical rÃ©gÃ©nÃ©rÃ¢t.Â«glandular hyparplasia

23456

23456 Ptn I 2 3 4 5 6

Part 123456
m

life
Part 123456

Fig. 2. The locations of erosions, ulcÃ©rations,and ARGH on Days 15 and 25
and of colonie tumors in Wk 20 and 35. The resected colons were divided into 6
equal segments, named Part 1 (adjacent to the anal orifice) to Part 6 (adjacent to
the cecum). Columns, percentages of colonie tumors induced. â€¢,Group 1 (MNNG
alone); m. Group 2 (MNNG + olive oil), D, Group 3 (MNNG + tetragastrin).

colon and the crypt column length in MNNG-treated rats with
and without treatment with tetragastrin.

Administration of tetragastrin to Group 3 resulted in a sig
nificant increase in the crypt column length in the mucosa of
the colon on Days 15 and 25 and in Wk 20 and 35. In Wk 35
also, the length of the colon was significantly longer in Group
3 than in Groups 1 and 2, although the body weights of the 3
groups were not significantly different.

DISCUSSION

Gastrin was shown to stimulate growth of colonie adenocar
cinomas transplanted into mice (7) and human colonie carci
noma cells (8). The effect of gastrin upon chemically induced
carcinogenesis of the colon is not yet clear. McGregor et al. (9)
and Elwyn et al. (10) demonstrated that endogenous hypergas-
trinemia induced by antral exclusion after exposure to the
carcinogens slightly increased the incidence and/or size of
colonie tumors. However, we previously found that administra
tion of tetragastrin to rats after the exposure to the carcinogen
MNNG had no effect on the incidence or number of colonie
tumors per rat, and we concluded that tetragastrin had no
promoting effect on colonie tumors (3). Our results were some
what different from those of McGregor et al. and Elwyn et al.

Table 3 Effects of tetragastrin on colonie mucosa in MNNG-treated rats

Experimental
day orwkDay

15Day

25Wk20Wk35Group123123123123Treatment*MNNG

aloneMNNG
+ oliveoilMNNG
+tetragastrinMNNG

aloneMNNG
+ oliveoilMNNG
+tetragastrinMNNG

aloneMNNG
+ oliveoilMNNG
+tetragastrinMNNG

aloneMNNG
+ oliveoilMNNG
+ tetragastrinNo.

of
rats

examined107129712867101010Body
wt

(g)317Â±
19*297

Â±9319
Â±20345

Â±21320
Â±12336
Â±16463

Â±17453
Â±16446
Â±19463

Â±12475
Â±16476
Â±13Length

of
colon(cm)19.4

Â±0.719.2
Â±0.819.9

Â±0.419.7

Â±0.519.6
Â±0.420.0
Â±0.320.4

Â±0.420.0
Â±0.421.5

Â±0.522.2

Â±0.420.9
Â±0.323.6
Â±0.3'Crypt

column
length

(no. ofcells)26.0

Â±0.928.8
Â±0.830.9
Â±0.9e30.6

Â±0.627.8
Â±1.134.5
Â±0.8'29.9

Â±0.629.1
Â±0.733.3

Â±0.8'30.8

Â±0.631.1
Â±0.638.5

Â±0.9e

' For explanation of treatment, see Table I.
* Mean Â±SE.
' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant Ml'- 0.001.
'' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant at P < 0.001 and /' < 0.01. respectively.
' Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant at P < 0.005 and P < 0.001, respectively.
/ Differences between values for Groups 1 and 3 and Groups 2 and 3 were statistically significant at P < 0.05 and P < 0.001, respectively.
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EFFECTS OF GASTRIN ON COLONIC MUCOSA

These differences in findings may be partly attributable to
differences in the methods used to induce hypergastrinemia,
the time of induction of hypergastrinemia during colon carci-
nogenesis, or the experimental systems. One of the most im
portant differences may be between exogenous administration
of gastrin and induction of endogenous hypergastrinemia. Os-
carson et al. (11) reported that endogenous gastrin at a high
concentration does not act as a cofactor in dimethylhydrazine-
induced carcinogenesis, and that endogenous gastrin is not a
physiological trophic hormone for the colonie mucosa.

In the present work, we found that administration of tetra-

gastrin in depot form resulted in a significant reduction in the
incidences of mucosal erosions, ulcÃ©rations,and ARGH during
the administration of MNNG, and then in significant reduction
in the development of colonie tumors. We also found that the
distribution of colonie tumors corresponded well to that of
erosions, ulcÃ©rations,and ARGH. However, the exact mecha
nism of the inhibitory effect of tetragastrin on colonie carcino
genesis is unknown.

The epithelium of the gastrointestinal tract consists of one
of the most dynamic cell populations in the body (12). Matur
ating cells and fully mature cells move in coherent sheets (13),
or following a pipeline system (14) towards the lumen of the
gastrointestinal tract. These cells are renewed most rapidly from
the duodenum and least rapidly from the colon (13). Therefore,
a small number of initiated cancer cells is supposed to be
discarded by the rapid stream of cell renewal (14, 15). However,
the situation is different if the initiated cancer cells happen to
be captured in complex tubular branching, because they can
then stay in the mucosa for long enough to develop into an
incipient cancer. In the present work, we found that adminis
tration of tetragastrin during administration of MNNG signif
icantly reduced the incidence of ARGH, which showed a tend
ency for marked structural atypia. These lesions are considered
to result from repeated inductions of erosions and ulcÃ©rations
by MNNG. In fact, Chang (15) reported that, during chronic
treatment with the carcinogen, focal indentation or angulation
of the cryptai contour, epithelial invagination, or outpocketing
pouch formation may occur, probably secondary to loss of
epithelial cells and/or a defect in the basement membrane.
Moreover, they observed that neoplastically transformed cells

appear to succeed in repopulating a given crypt to form a
dysplastic crypt only when they are initially present at the base
of the crypt or from an outpocketing pouch of the crypt. This
dysplastic crypt then develops into an early neoplastic lesion
usually in the upper part of the mucosa. These findings suggest
that stimulation of proliferation of colonie mucosal cells and
significant reduction of ARGH by tetragastrin may have pro
tective effects against growth of colonie tumors.
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