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ABSTRACT

The effects of truncal vagotomy after administration of N-
methyl-A/'-nitro-A/-nitrosoguanidine on the incidence and number

of gastric carcinomas and gastric acid secretion, gastrin secre
tion, antral pH, and duodenal reflux were investigated in inbred
Wistar rats. Rats were subjected to truncal vagotomy after N-
methyl-A/'-nitro-A/-nitrosoguanidine treatment. Vagotomy signifi

cantly increased the incidence and number of adenocarcinomas
of the glandular stomach. It also resulted in significantly more
atypical glandular hyperplasias, which are precursors of gastric
cancer. Furthermore, it caused a decrease in gastric secretion
and an increase in mucosal pH in the antrum but did not increase
duodenal reflux. These findings indicate that vagotomy has a
promoting effect on the development of gastric cancers. The
reduced gastric acid secretion, but not duodenal reflux, may be
related to this increased incidence of gastric cancer.

INTRODUCTION

There have been many reports of a close correlation between
vagotomy and the development of gastric cancers in humans (2,
7, 9) and animals (4, 11, 13, 16, 19, 27). Although hypochlorhy-

dria (4, 11) and duodenal reflux (13) induced by vagotomy with
and without pyloroplasty are considered to be factors responsi
ble for the development of gastric cancers, the exact mechanism
of the effect of vagotomy on gastric cancer is still unclear.

Goerttler ef a/. (6) and Matsukura ef a/. (15) in 1979 and we
(25) in 1983 reported that stomach carcinogenesis is a 2-step

process. But in all experiments on animals, vagotomy was
performed before or in combination with administration of carcin
ogens. Therefore, it is not certain whether vagotomy has a
promoting effect on the development of gastric cancer. To inves
tigate this possibility, we examined the effects of vagotomy on
the development of gastric cancer in the glandular stomach of
rats by subjecting animals that had been treated with MNNG2 to

truncal vagotomy.

MATERIALS AND METHODS

Young male inbred Wistar rats of about the same age (6 weeks old),
initially weighing 100 to 150 g, were given drinking water containing
MNNG (50 Atg/ml; Aldrich Chemical Co., Inc., Milwaukee, Wl) for 15
weeks. The MNNG was dissolved in deionized water at a concentration
of 2 mg/ml and kept in a cool, dark place. The stock solution was diluted
to 50 /Â¿g/mlwith tap water just before use, renewed every other day,
and supplied to rats ad libitum from bottles covered with aluminum foil

' To whom requests for reprints should be addressed.
2The abbreviation used is: MNNG, N-methyl-N'-nitro-N-nitrosoguanidine.
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to prevent light denaturation of MNNG. From Week 16, the rats were
given ordinary tap water and divided randomly into 2 groups, which were
treated as follows. Group 1 (20 rats) was subjected to truncal vagotomy
as described by Lambert (14) under ethyl ether anesthesia. The vagai
nerve fibers and peritoneum were stripped away from the lower esoph
agus immediately above its junction with the stomach. Pyloroplasty was
not performed. Group 2 (25 rats) underwent a sham operation, consisting
of laparotomy and exposure of the vagus nerves, but leaving these
structures intact. As a control, Group 3 (15 rats) was given ordinary tap
water from the beginning of the experiment and subjected to truncal
vagotomy in Week 16 in the same way as Group 1.

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

Animals that survived for more than 35 experimental weeks were
included in effective numbers, because the earliest tumor in the glandular
stomach was noted in a rat in Group 1 that died at Week 36. Rats were
killed when they became moribund, and surviving animals were killed at
the end of Week 52. The stomach was fixed in neutralized 10% formalin
solution for histological examinations. The fixed stomach was cut into
strips 3 mm wide. The specimens were embedded in paraffin, and
sections were cut serially at 5 Â«Â¿mand stained with hematoxylin and
eosin. Sections were examined without any knowledge of the treatment
group.

Lesions in which the constituent cells of the gland stained hyperchrc-

matically, the course and the size of the glands were irregular, and the
nuclei were pleomorphic were called "atypical glandular hyperplasia."

Atypical glandular hyperplasias were classified into 3 grades according
to their severity: (a) mild, having slight, irregular glandular proliferation
with little or no cellular atypia resulting from a response to injury of the
mucosa caused by the carcinogen; (b) moderate, having moderately
irregular glandular proliferation with cellular atypia; and (c) severe, having
marked irregular epithelial proliferation with remarkable cellular and struc
tural atypia (26). Histologically, adenocarcinomas were defined as severe
glandular hyperplasias with and without involvement of the submucosa
and deeper layers such as the muscle coat and serosa. As reported
previously, cancers of the glandular stomach were classified into 3 types
on the basis of whether they were highly, well-, or poorly differentiated

adenocarcinomas.
Gastric acid secretion, gastrin secretion, antral pH, and duodenal

reflux were examined in rats surviving for 52 weeks after initiation of the
experiment. Gastric secretions in the basal state were collected for 4 hr
by the method of Shay ef al. (20). Briefly, after starvation for 24 hr, rats
were anesthetized with ethyl ether, blood was withdrawn from a femoral
vein for determining the basal serum gastrin levels, and the pylorus of
the stomach was then (Â¡gated.Four hr later, the stomach was rapidly
removed after the esophagus was ligated, and the fluid in the gastric
cavity was collected. Its volume was measured, and its acid concentra
tion was determined by titration of 2 ml of the fluid with 0.1 N NaOH to
pH 7.0 using a glass electrode. Then the basal acid output was calcu
lated. Maximal acid secretion was evaluated in different rats by the same
method after s.c. administration of Tetragastrin-NS (500 Mg/kg; Nissui

Pharmaceutical Co., Ltd., Tokyo, Japan).
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Serum gastrin levels in the basal state were examined in a total of 13
rats. The serum was separated and stored at -20Â°,and within 1 week

its gastrin content was assayed with a radioimmunoassay kit from
Dainabot Radioisotope Laboratories, Ltd. (Tokyo, Japan)(23).

The rate of duodenal reflux was evaluated using ""Tc-pyridoxyl-S-

methyltryptophan, because this is excreted mainly through the biliary
tract (12). For this assay, rats were starved for 24 hr and then given i.v.
injectionsof Tc (1.5 jtCi/kg body weight). They were killed by cardiac
puncture 1 hr later, and their stomachs,small intestine,and largeintestine
were removed. The stomach was opened along the greater curvature
and pinned, mucosal side up, on a cork mat. Then the pH of the antrat
mucosa was measured with a fine pH electrode, becausethe cancerous
lesions were almost always confined to the antrum. The radioactivity in
each organ was determined in a well-type -Â»-counter.The reflux rate of
99TC into the stomach was expressed as the ratio of radioactivity in
the stomach to the total radioactivity in the gastrointestinal tract.

Duodenalreflux, serumgastrin level,and antralpH were alsoexamined
in the same way as described above in rats killed between Weeks 29
and 45 and found to have no gastric tumors.

Results were analyzed by Student's f test (22), the \2 test (21), or
Fisher's exact probability test (21). Data are given as mean Â±SE.
"Significant" indicates a calculatedp value of less than 0.05.

RESULTS

Incidences and Numbers of Gastric Cancers. Chart 1 shows
the growth of the rats as indicated by body weight. Although
slightly retarded growth was observed after laparotomy, both
groups of MNNG-treated rats gained weight at the same rate. In

contrast to the control group, all the rats which had received the
carcinogens showed a slight loss in body weight after Experi
mental Week 35.

In each of Groups 1 to 3, 3 rats died within 1 week after
laparotomy, and 3, 3, and 2 rats, respectively, died before Week
35, either of respiratory infection or wasting. No tumors were
found in any of these animals, which were excluded from effec
tive numbers.

The incidences and numbers per animals of gastric cancers in
MNNG-treated rats with and without truncal vagotomy are

shown in Table 1 and Chart 2.
In each of Groups 1 to 3, 2 rats died between Weeks 35 to

52, and the surviving animals were killed at the end of Week 52.
In Group 2 (MNNG and sham operation), gastric cancers were

i Group 3 (Vagotomy alone)

>Group 2 (MNNG f Sham operation)

-a Group 1 (MNNG+Vagotomy)

0 15 25 35 45 52

Experimental week

Chart 1. Body weight of rats with (â€¢)and without (O) vagotomy after MNNG
treatment and of those with vagotomy, but not treated with carcinogen (A).

Table 1
Incidences and numbers ot gastric cancers in MNNG-treated rats

Effective No. of rats
no. of with gastric No. of gastric

Group Treatment rats cancer (%) cancers/rat

1
2
3MNNG

+ vagotomy"
MNNG + sham operation8

Vagotomy alone14
19
1012(85.7)"

6(31.6)
0 (0.0)^^Â±o.3:â€¢a0.4

Â±0.1
0.0 Â±0.0

8 Fifty >ig of MNNG per ml were given in the drinking water for 15 weeks, and

in Week 16, truncal vagotomy was performed.
" Difference between values for Groups 1 and 2 statistially significant (p < 0.01 ).
cMeanÂ±S.E.
" Difference between values for Groups 1 and 2 statistically significant (p <

0.005).
" After exposure to 50 pg of MNNG per ml for 15 weeks, laparotomy was

performed, but the vagus nerve was left intact.
Vagotomy was performed in Week 16, but no MNNG was given.

Group 1
' MNNG '\

UagotomyJ

25 30 35 40

Group 2
' MNNG ^

+ i
Sham
operation/

Group 3

80 OO

Valone

25 30 35 40

OOP

25 30 35 40 45 52

Experimental week

Chart 2. Incidence of gastric tumors in the glandular stomach of MNNG-treated
rats after experimental Week 20. For explanation of Groups, see Table 1. O, no
tumor in the glandular stomach; â€¢,adenocarcinoma.

found in 6 (31.6%) of 19 rats examined. The average number of
gastric tumors per animal was 0.4 Â±0.1. The incidence of tumors
in Group 1 (MNNG and vagotomy) was significantly higher than
that in control Group 2. Moreover, the number of tumors per rat
was significantly larger in Group 1 than in control Group 2. No
gastric cancer was found in Group 3, subjected to vagotomy,
but not treated with MNNG.

Table 2 summarizes data on the location and involvement of
gastric cancers in MNNG-treated rats. All cancers were found in

the pyloric gland area in Group 2, while 3 (15.0%) of 20 cancers
in Group 1 were found in the oxyntic gland area, but this
difference was not statistically significant. There was no differ
ence in the depth of involvement of gastric cancers in Groups 1
and 2.

There was also no difference between the histological types
of adenocarcinoma in rats with and without vagotomy; all exper
imentally induced tumors in Groups 1 and 2 were highly differ
entiated adenocarcinomas. No mÃ©tastases were seen in any
rats.

Incidences and Numbers of Atypical Glandular Hyperpla-
sias. Table 3 summarizes the incidences, numbers, grades, and
locations of atypical glandular hyperplasias in each group. The
incidences and numbers per rat of atypical glandular hyperplasias
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Group

Table2
Locations and depths of involvementof gastric cancers in MNNG-treatedrats

Location Depth of involvement

Treatment*

Oxyntlc
gland Pytoricgland

mucosa mucosa Mucosa!

" For explanation of treatments, see Table 1.
'' Numbers in parentheses, percentage.

Invasive Total

1
2MNNG

+ vagotomy
MNNG + sham operation3(15.0)*0 (0.0)17(85.0) 7(100)10(50.0) 3 (42.9)10(50.0)4(57.1)207

i .

Tables
Incidences, numbers, grades, and locations of atypical glandular hyperplasia in MNNG-treatedrats

GradeGroup1

2
3Treatment*MNNG

+ vagotomy
MNNG + sham operation
Vagotomy aloneEffective

no. of
rats14

19
15No.

of rats with
atypicalglandularhyperplasias12"(85.7)c

6 (31.6)
0 (0.0)No.

of atypi
cal glandular
hyperplasias65

24
0No.

of atypical glan
dular hyperplasias/

rat4.6
Â±0.6* e

1.3 Â±0.4
0.0 Â±0.0Mild24*

(36.9)

13 (54.2)
0 (0.0)Moderate41

(63.1)
11(45.8)
0 (0.0)LocationOxynlic

gland
mucosa5'

(7.7)

1 (4.2)
0 (0.0)PylÃ´ne

gland
mucosa60(92.3)

23 (95.8)
0(0.0)

* For explanation of treatments, see Table 1.
6 Differencebetween values for Groups 1 and 2 statistically significant (p < 0.02).
c Mean Â±S.E.
'' Numbers in parentheses, percentage.
â€¢Differencebetween values for Groups 1 and 2 statistically significant (p < 0.001).
' Differencebetween values for Groups 1 and 2 not statistically significant.

were significantly greater in Group 1 (MNNG and vagotomy) than
in Control Group 2 (MNNG and sham operation). Moderate
atypical glandular hyperplasias were seen more frequently in
Group 1 than in Group 2, but the difference was not statistically
significant. Atypical glandular hyperplasias were found more
frequently in the oxyntic gland mucosa in Group 1 than in Group
2, but the difference was also not statistically significant. In
Group 3 (vagotomy alone), no atypical glandular hyperplasias
were seen in either the oxyntic or pyloric gland mucosa.

Gastric Acid Secretion, Gastrin Secretion, Antrat pH, and
Duodenal Reflux. Table 4 summarizes data on the acid output,
gastrin secretion, antrat pH, and duodenal reflux in each group
at experimental Week 52, and between Weeks 29 and 45.

At the experimental Week 52, in Group 2 (MNNG and sham
operation), the average basal and gastrin-induced acid outputs

were 0.108 Â±0.030 and 0.132 Â±0.033 mEq/hr respectively.
Basal acid output in Group 1 (MNNG and vagotomy) was signif
icantly lower than that in Group 2, but truncal vagotomy after

MNNG treatment resulted in no significant reduction of the
gastrin-induced acid output. In Group 2, the serum gastrin level

in the basal state was 13.6 Â±1.3 pg/ml, whereas in Group 1,
vagotomy significantly increased the fasting serum gastrin level.
Vagotomy in Group 1 increased the antral pH, but not duodenal
reflux.

Between experimentql Weeks 29 and 45, vagotomy signifi
cantly raised the antral pH, but had no influence on the serum
gastrin levels in the basal state or on duodenal reflux.

DISCUSSION

There are many reports that gastric cancers frequently occur
after vagotomy in humans (2, 7, 9) and animals (4, 11, 13, 16,
19, 27). In 1964, Vilchez and Echave-Llanos (27) reported that

cancerous infiltration of gastric carcinomas induced by injection
of 20-methylcholanthrene into the gastric submucosa was in

creased by vagotomy. In 1968, Morgenstern (16) reported that

Table 4
Gastric acid secretion, gastrin secretion, antral pH and duodenal reflux in MNNG-treatedrats

Groupno./treatment*Between

experimental Weeks 20 and
25

Group 1/MNNG + vagotomy
Group 2/MNNG + sham operation
Group 3/vagotomyaloneExperimental

Week 52
Group 1/MNNG + vagotomy
Group 2/MNNG + sham operation
Group 3/vagotomy aloneBasal

serumgastrin(pg/mi)101.5Â±

16.2"lC(4j"

53.8 Â±14.6 (5)
98.3 Â±14.8(4)159.0

Â±24.8" (4)

13.6 Â±1.3 (5)
49.3 Â±10.0 (4)Antral

pH4.7

Â±0.7a(4)

2.6 Â±0.5 (5)
4.2 Â±0.3(4)4.4

+ 0.5" (4)

2.1 Â±0.4 (5)
3.8 Â±0.4 (4)Duodenal

re
flux (% oftotal)3.3

Â±0.8C(4)

4.6 Â±1.1 (5)
3.4 Â±0.3(4)4.4

Â±1.6C(4C

2.8 Â±0.6 (5)
3.0 Â±0.4 (5)Basal

acid output
(mEq/hr)0.024

Â±0.009s (4)

0.108 Â±0.030 (5)
0.040 Â±0.011 (4)Stimulated

acid out
put(mEq/hr)0.063

Â±0.004C(4)

0.132 Â±0.033 (5)
0.093 Â±0.018 (4)

* For explanation of treatments, see Table 1.
6 Mean Â±S.E.
c Differencebetweeen values for Groups 1 and 2 not significant.
" Numbers in parenthesesare numbers of rats examined.
8 Differencebetween values for Groups 1 and 2 significant (P < 0.05).
' Differencebetween values for Groups 1 and 2 significant(P < 0.001).
" Differencebetween values for Groups 1 and 2 significant (P < 0.01).
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vagotomy enhanced the carcinogenic potential of 20-methyl-

cholanthrene implanted in the glandular stomach of rats. In 1979,
Fujita ef al. (4) reported that MNNG-induced gastric carcinogen-

esis in dogs was enhanced by vagotomy. In these experiments,
since vagotomy was performed before administration of carcin
ogens, it was uncertain whether vagotomy acted on the initiation
or promotional phases of gastric carcinogenesis. In the present
work, we have shown that trunca! vagotomy after MNNG treat
ment resulted in a significant increase in the incidence and
number of MNNG-induced gastric cancers in the glandular stom

ach of rats. This finding indicates that vagotomy has a promoting
effect on the development of gastric cancer.

Changes in calorie consumption are known to modify carcin
ogenesis, but in the present work, the food and water consump
tion of animals in each group have not been examined. However,
the growth curves of rats with and without vagotomy showed
that the 2 groups of rats gained weight at the same rate.
Therefore, it seems likely that the differences in carcinogenesis
could not be accounted for by differences in caloric intake.

Human gastric cancer is generally associated with achlorhydria
(5). In contrast, gastric cancer is rarely found in patients with
duodenal ulcer associated with hypersÃ©crÃ©tionof acid (18). In
the present work, we have found that vagotomy caused a
significant reduction in basal acid output in experimental Week
52, and a significant decrease in antrat pH in Week 52 and
between Weeks 29 and 45. Between Weeks 29 and 45, the rate
of duodenal reflux was not increased in vagotomized rat. There
fore, it seems likely that increased antral pH in vagotomized rats
may be due to the reduction in gastric acid secretion. Moreover,
we have reported previously that prolonged administration of
tetragastrin after MNNG treatment resulted in a significant in
crease in gastric acid secretion and a significant reduction in the
incidence of gastric cancer in the glandular stomach (24). These
findings suggest that the decrease in gastric acidity in vagoto
mized animals resulted in a reduction of sloughing off of the
precancerous and/or cancerous foci (4), and that hyposecretion
of acid induced by vagotomy after MNNG treatment might be
the cause of the promotion of gastric cancer.

Gastrin is involved in growth regulation of the gastrointestinal
tract (10), and it exerts a trophic influence on cells in the oxyntic
gland area. In contrast, in rats, pentagastrin has been shown to
inhibit normal cell proliferation in the antral mucosa (10). Deveny
ef al. (3) reported that gastrin exerts a protective effect against
gastric cancer induced by MNNG in rats, and that this effect is
probably mediated by acid secretion, but the effect of endoge
nous hypergastrinemia on gastric carcinogenesis is still unclear.
In the present work, we have shown that vagotomy significantly
increased the basal serum gastrin level at Week 52, but not
between Weeks 29 and 45. Moreover, there is no denying that
serum gastrin levels could be influenced by gastric tumors.

There is evidence that the vagus may exert a trophic action in
the feline stomach (17). Hansen ef a/. (8) found that vagotomy is
followed by an increased rate of cell renewal in the fundic and
antral mucosa. It seems likely that the increased rate of cell
renewal in the antral mucosa after vagotomy may be related to
the development of gastric cancer.

The present results show that vagotomy after MNNG treat
ment has a promoting effect on the development of gastric
cancer in rats. Decreased gastric acid secretion, but not change

in duodenal reflux, may be related to the increased incidence of
gastric cancer, but the exact mechanism of this effect of vagot
omy is unclear and needs further study.
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