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Summary. Hypertonic NaCl enhances gastric can-
cer in rats induced by N-nitroso compounds. This
study was designed to examine the structural chan-
ges and alterations in mitotic activity occurring
after mucosal exposure to hypertonic NaCl. Wistar
rats were given one ml of 4.5 M NaCl by gastric
tube and groups of 4-5 animals were sacrificed
at different time intervals up to 120 h. An i.p. in-
jection of thymidine was given 1 h before death.
Samples of antral and corpus mucosa were pre-
pared for microscopy and autoradiography. Hy-
pertonic NaCl caused uniform destruction of sur-
face mucous cells and pits in the corpus and an-
trum. Epithelial restitution with the formation of
a thin epithelial layer occurred within one h of
damage. The mucosa changed towards normal
within 24-48 h. The distance between mucosal sur-
face and the replicating cells decreased during the
first 2 h. The proliferation zone remained in the
middle of the glandular layer throughout the ex-
periment. The proliferative activity increased dur-
ing the first 24 h after mucosal damage. The
number of labelled cells per unit area of mucosa
was somewhat larger in the corpus than the an-
trum, but in the corpus the distance between prolif-
erating cells and mucosal surface was double that
of the antrum. Hypertonic NaCl causes a series
of changes in the gastric mucosa. The increased
mitotic activity can only partly explain the cocar-
cinogenic effect, since N-nitroso-induced adeno-
carcinomas occur predominantly in the antrum
while the mitotic activity is maximal in the corpus.
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Introduction

Considerable evidence has been provided that gas-
tric cancer may be related to the intake of salted
food [4]. It has been shown experimentally that
hypertonic NaCl acts as a cocarcinogen when given
in combination with a carcinogen. Tatematsu et al.
[14, 15] showed that saturated NaCl solution en-
hanced the carcinogenic effect of MNNG (N-
methyl-N’-nitro-N-Nitrosoguanidine) in the rat
stomach. Evidence has also been provided that the
presence of an ulcer increases the carcinogenic ef-
fect of MNNG [13]. Capoferro and Torgersen [1]
found that 2 M NacCl increased the uptake of tri-
tiated 7.12-dimethylbenz(a) anthracene in the mu-
cosa of pyloroligated rats. They also showed that
hypertonic NaCl caused a marked decrease in the
mucin content of the mucous surface cells.

It has been shown recently that damage to the
gastric surface epithelium is followed by rapid epi-
thelial restitution after removal of the injurious
agent. Svanes et al. [10, 11] showed that exposure
of the frog fundic mucosa mounted in Ussing
chambers to 1 M NaCl for 10 min caused extensive
damage to the surface epithelium. After washing
and return to control solutions at pH 7.40, epitheli-
al restitution occurred within 4-6 h. Similarly,
Rutten and Ito [6] showed that guinea pig fundic
mucosae mounted in chambers were extensively
damaged when exposed to 1.25 M NaCl, and epi-
thelial restitution occurred within 90 min after
wash-out of hypertonic saline. Lacy and Ito [3]
exposed in vivo rat gastric mucosa to 100% etha-
nol for 30-45 s which caused uniform damage con-
fined mostly to the surface epithelium; thirty min
later, more than 75% of the mucosal surface was
restored.
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The results referred to above suggests that the
cocarcinogenic action of NaCl may be related to
the effects of damage or repair in the gastric mu-
cosa. It would therefore be important to establish
the kind of changes which result from gastric mu-
cosal exposure to concentrated NaCl solutions in
the rat.

In the present study hypertonic NaCl was in-
stilled into the rat stomach in volumes and concen-
trations that have been used in cancer research.
The gastric mucosa was studied histologically at
different time intervals after exposure to hyper-
tonic NaCl, up to 120 h. The early restitution after
mucosal damage caused by hypertonic NaCl is be-
lieved to be due to cellular migration [7]. However,
the subsequent repair of the mucosa after damage,
could be expected to be due to cellular prolifera-
tion. Autoradiography was therefore performed to
obtain information about the location and activity
of cellular proliferation after damage.

Materials and methods

Male Mol: WIST rats (Mgllergird breeding laboratories, Ejby,
Denmark), weighing 185-330 g, were used. During the last 24 h
before an experiment food was withdrawn, access to water was
free until one hour before the experiment.

One ml 4.5 M NaCl was instilled into the stomach with
a gastric tube. Control animals received 1 ml 0.9% saline in-
stead of hyperosmolar NaCl.

The rats were killed by means of a blow to the back of
the cranium and subsequent severing of the carotid arteries.

The animals received an intraperitoneal injection of 1 pCi/g
body weight of metyl (*H)-Thymidine, (*H-TDR spec. act.
24 Ci/mmol, Radiochemical Centre, Amersham, UK) one h be-
fore death. All animals had the injection at the same hour
of the day.

Immediately after killing the animal, initial fixation of the
mucosa was performed by instillation of 10 ml Bouin’s solution
into the in situ stomach for 10 min. The stomach was then
removed, opened and inspected. Samples of the antrum, corpus
and fundus were selected for histological examination and fur-
ther fixed in Bouin’s solution. Seven um thick sections were
prepared and stained with haematoxylin and eosin. The sections
were coded so that the examiner was unaware of which experi-
mental group they belonged to. Conventional light microscopy
was used for histological examination. The lengths of mucosal
surface of a tissue section showing normal, damaged and resti-
tuted surface epithelium (Figs. 1-4) were measured with an ocu-
lar micrometer.

The results were expressed as the percentages of mucosal
surface showing normal, damaged, or restituted epithelium [5].

Tissue samples for autoradiography were fixed in Bouin’s
solution after removal of the stomach. After routine paraffin-
wax embedding the samples were serially sectioned at 7 pm

and prepared for autoradiographic processing in the standard
way using Kodak autoradiographic 10 Fine Grain Stripping
Plates. During the 7 days of exposurc the slides were stored
in a light proof box at a temperature of 0° C. After exposure
the film strips were developed and fixed. Thereafter the slides
were stained for 1.5 min in Harris’s haematoxytin.

The sections were coded so that the examiner was unaware
of which experimental group they belonged to. Light microsco-
py was used for examination of labelling. Since (*H)-Thymidine
specifically labels the DNA during the S-phase of the cell cycle
the silver grains were detected in the overlayed photographic
emulsion over the cell nucleus. One section from each of the
three different areas under investigation was examined. In each
section 40 labelled cells were counted and their location ex-
pressed by pm distance to the mucosa surfaced and to glandular
bottom (Fig. 6). The length of a section that contained 40 la-
belled cells was measured and interpreted as an expression of
mitotic activity.

For morphological examination, the animals were distrib-
uted at random in sixteen experimental groups. One group
served as a control without gastric mucosal damage. Groups
of 4-5 animals were killed 5 min, 10 min, 20 min, 30 min,
45min,1h,2h,4h,12h, 18 h, 24 h,48 h, 72 h, 96 h and 120 h,
respectively, after application of NaCl.

For autoradiography the same groups were used except
the groups where exposure time was less than one hour.

One way analysis of variance (ANOVA) was used on data
from autoradiography measurements of distance to mucosal
surface and glandular bottom (Fig. 6). Based on results ob-
tained by microscopic examination the one hour data, 1+2h,
12+18 h, and the 48-120 h data were selected as groups for
analysis with Scheffe’s test [16]. Regression analyses were used
for the data in Fig. 7.

Results

Five minutes after installation of 1 ml of 4.5 M
NaCl into the stomach about 90% of the corpus
surface epithelium was damaged. The surface cells
and most of the pit cells were damaged and lifted
off from the basal lamina (Fig. 1b). The parietal
cells appeared shrunken with small hyperchro-
matic nuclei. Mucosal erosions with damage to the
upper !/,~'/, of the glandular layer were observed
in about 7% of the surface lengths. Capillary stasis
and some haemorrhages were present in the upper
part of the mucosa.

Epithelial restitution occurred rapidly after the
initial damage. Even at 10 min signs of early resti-
tution were present in small areas of the mucosal
surface. At 30 min after application of 4.5 M NaCl
about 70% of the corpus mucosa had an epithelial
lining which consisted of cuboidal and some flat-
tened cells (Fig. 1c). Two hours after damage most

:

Fig. 1a—d. Changes in rat fundic mucosa observed 5-120 min after intragastric instillation of 1 ml 4.5 M NaCl solution. a photomic-
rograph of normal fundic mucosa; b 5 min after application of 4.5 M NaCl. The picture shows damage and detachment of
the surface mucous cells and most of the pit cells. The parietal cells are small with small dark nuclei; ¢ 30 min after exposure
to 4.5M NaCl. There is an incomplete epithelial lining consisting of cuboidal cells with scanty cytoplasm. Parietal cells are
seen close to the surface epithelium; d fundic mucosa 2 h after damage, showing complete epithelial lining with irregular cuboidal

cells, shallow pits and dilated glands
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Fig. 2a—d. Changes in rat fundic mucosa observed 4-48 h after intragastric instillation of 1 ml 4.5 M NaCl. a Fundic mucosa
4 h after damage, showing epithelial lining and subepithelial edema and hemorrhage. b, ¢, d Rat fundic mucosa 12 h (b), 24 h
(¢) and 48 h (d) after exposure to 4.5 M NaCl, showing gradual normalization of surface epithelium, pits and glands
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Fig. 3a—d. Changes in rat antral mucosa 5-120 min after instillation of 1 ml 4.5 M NaCl solution. (a) photomicrograph of normal
rat antral mucosa; (b) antral mucosa 5 min after exposure to 4.5 M NaCl. The surface epithelium and parts of the pits are
detached from the mucosa. The gland cells appear shrunken; (¢) antral mucosa 30 min after application of 4.5 M NaCl, showing
early, incomplete restitution of the surface epithelium; (d) antral mucosa 2 h after treatment with 4.5 M NaCl. The epithelial
lining is complete with irregularly arranged surface cells. The glands are irregular with considerable variation in nuclear size
and shape
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Fig. 4a—d. Structural changes in rat antral mucosa observed 4 h (a), 12 h (b) 24 h (c) and 48 h (d) after intragastric instillation
of 1 ml 4.5 M NaCl. Between 4 and 48 h the surface epithelium, the pits and the glands gradually changes towards normal
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epithelium, were measured in sections of
the corpus and antrum of rats. The
figure shows the percentage distribution
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after mucosal exposure to 4.5 M NaCl
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of the mucosa had a continuous epithelial lining
with irregularly arranged cells and shallow pits
(Fig. 1d). With increasing time after damage the
surface epithelium became more compact and the
cells more regularly arranged. The pits became
deeper and more regularly shaped (Fig. 2a, b). At
24 h the mucosa did not differ much from normal.
However, the nuclei of the surface cells were darker
and the cytoplasm more scanty than normally
(Fig. 2c). After 48 h it became difficult to decide
whether the tissue was from a repaired mucosa
or a control (Fig. 2d). As shown in Fig. 3b the
hyperosmolar NaCl solution caused similar chan-
ges in the antrum and the corpus. The surface mu-
cous cells and most of the pit cells were destroyed
and detached from the mucosal surface. Restitu-
tion of the surface epithelium and the pits showed
a similar time course as in the corpus (Figs. 3-4).
In contrast with the corpus, the antral glands be-

96 120

came very irregular with cells and nuclei showing
great variation in shape and size and many mitoses.

The lengths of gastric mucosal surface showing
normal, damaged or restituted epithelium were
measured in sections from the corpus and antrum
of 88 rats. A summary of the results is given in
Fig. 5. About 95% of the surface epithelium was
damaged after the application of 4.5 M NaCL
About 75% of the epithelial lining was restituted
2 h after the damage, and the epithelial lining was
complete at 4 h. After 48 h it became difficult to
decide whether a tissue represented late recovery
or a control. This explains the observed fall in frac-
tion of restored epithelium and the increased frac-
tion of normal surface epithelium observed 48 h
or later after mucosal damage. As shown in Fig. 5
the extent of damage and restitution and the chan-
ges over time were very similar in the corpus and
antrum of the rat stomach.



452

H. Serbye et al.: Repair of gastric mucosa after damage caused by 4.5 M NaCl

Fig. 6. Location of labelled cells
in terms of um distance to
mucosal surface and glandular
bottom in the corpus and antrum
of rats at different time intervals
after mucosal exposure to 4.5M
NaCl. In the corpus each point
represents the mean value of
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Table 1. One-way analysis of variance with Scheffe’s test of
corpus data in Fig. 6

120

Table 2. One-way analysis of variance with Scheffe’s test of
antrum data in Fig. 6

Distance to Distance to

Distance to Distance to

surface bottom surface bottom
DF 10;2629 10;2629 DF 101309 10;1309
MS 188.9:12.9 228:12.9 MS 38.85;2.76 35.93;2.76
F 14.6 17.7 F 14.09 13.0
P <0.0005 <0.0005 P <0.0005 <0.0005
Contrasts: Contrasts:
hovsh; +h, 7.53 7.27 hyvsh, +h, 6.18 2.68
hovshy,+h;g 2.35 0.48 hg vs hy,+h;g 5.96 2.80
ho V8 hyg_120 0.71 0.65 ho v8 hyg_ 120 3.50 0.32
h, +h, vsh;,+h;g 6.30 8.30 h, +h, vsh,,+h, 0.26 0.17
h; +h, vshug_ a0 9.65 10.30 hy +h, vshyg_1,0 4.10 4.20
hy,+big vshyg_ga0 2.40 0.65 hy,+higvshyg 12 3.78 4.40

Contrasts of Scheffe. The critical s-value for p<0.05 for each
comparison is 4.28. hy: Time for mucosal exposure to 4.5 M
NaCl. h;, h,, —: One hour, two hours etc. after application
of hypertonic NaCl

In autoradiographs the distance between la-
belled cells and mucosal surface or the distance
between the labelled cells and the bottom of the
glands were measured. The results obtained on the
corpus/fundus mucosa are illustrated in Fig. 6. Sta-
tistical analysis of the data are recorded in Table 1.
The distance between the labelled cells and the sur-
face of the glands showed a significant decrease
1-2 h after application of hyperosmolar sodium
cloride. The initial decrease was followed by an
increase up to control levels between 12 and 18 h
after the damage. No significant changes occurred
between 18 and 120 h.

Contrasts of Scheffe. The critical s-value for p<0.05 for each
comparison is 4.28. hy: Time for mucosal exposure to 4.5 M
NaCl. hy, h;, —: One hour, two hours etc. after application
of hypertonic NaCl

The distance between the labelled cells and the
bottom of the glands showed a similar significant
initial decrease followed by an increase to control
level between 12 and 18 h. It should also be noted
that the distance between the labelled cells and the
surface and the distance to the bottom showed very
similar values which means that most of the la-
belled cells were located in the middle of the mu-
cosa during the whole experiment.

As shown in Fig. 6 and Table 2, the distance
between labelled cells and mucosal surface in the
antrum decreased significantly during the first 2 h
after application of hyperosmolar sodium chloride.
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After the initial decrease, the values remained
fairly constant up to 18 h after damage, after which
the values increased towards control values be-
tween 48 and 120 h. The distance between labelled
cells and gland bottom showed a similar curve as
the distance to the surface. However, the statistical
analysis showed no significant changes except for
an increase towards the end of the experiment.

Regression analysis of the data in Fig. 7
showed that the concentration of labelled cells in-
creased significantly during the first 24 h after ap-
plication of 4.5 NaCl, both in the antrum (y=
10.240.266 x, DF=19, slope t=2.35, p<0.05)
and the corpus (y =14.8+40.306 x, DF =19, slope
t=3.13, p<0.01). Between 24 h and 120 h the
number of labelled cells/mm did not change signifi-
cantly.

Discussion

In the present study intragastric instillation of hy-
pertonic NaCl caused destruction and detachment
of the mucosal surface epithelium in most of the
corpus/fundus and antrum. After the mucosal
damage, epithelial recovery occurred rapidly, so
that most of the surface had an epithelial lining
within 30-60 min. This corresponds very well to
observations made on the in vitro frog and guinea
pig gastric mucosa [6, 10, 11] and to results ob-
tained in vivo on rats and cats [3, 5]. This early
rapid epithelial repair is considered to be due to
migration of cells form the bottom of the pits or
the upper part of the glands, and not to cell prolif-
eration [7].

After the initial epithelial restitution the mu-
cosa gradually changed towards normal within
24-48 h after the damage. This change included
a marked increase in the number of surface mucous
cells which probably is the results of increased cel-
lular proliferation although part of it might be due
to decreased detachment of cells from the mucosal
surface.

The distance between the labelled cells and the
mucosal surface was found to be decreased 1-2 h
after the damage, which is obviously due to detach-
ment of surface epithelium and pits cells. This dis-
tance increased to predamage levels within 24 h
which corresponds to the repair and normalization
of the superficial part of the mucosa. The distance
between the labelled cells and the bottom of the
glands also decreased initially, probably as a result
of dehydration and shrinkage of the cells, caused
by the hypertonic NaCl. It is never the less surpris-
ing that the proliferative zone remained in the mid-
dle part of the glandular layer throughout the ex-
periment.

Since the proliferative zone is located in the
middle part of the glandular layer, and very few
replicating cells are present in the superficial part
of the mucosa, a labelling index in terms of the
number of labelled cells per total number of the
cells counted would not give satisfactory results
under the present experimental conditions, since
detachment of the upper part of the mucosa would
lead to increased labelling index even if the mitotic
activity remained constant.

After application of 4.5 M NaCl the surface
epithelium and pits were destroyed while the
glands remained essentially intact. This means that
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the number of glands remained unchanged after
the mucosal damage. The number of labelled cells
per mm length of section therefore gives an expres-
sion of the number of labelled cells per gland inde-
pendent on the total number of gland cells. It also
reflects the potential number of proliferating cells
per unit mucosal area that may be exposed to a
carcinogen. The value will be influenced by inter-
stitial oedema and cellular dehydration, which
makes the results less reliable during the first hours
after damage. In our study the number of labelled
cells per mm section increased between 4 and 24 h
after application of 4.5 M NaCl, which agrees well
with the observation of Charnley et al. {2] who
found that the percent of S-phase cells in the rat
antral mucosa, as measured with flow cytometry,
was increased by about 70% at 24 h after mucosal
exposure to 3 M or 6 M NacCl.

It has been shown that concentrated sodium
chloride instilled into the stomach of rats 24 h be-
fore the administration of MNNG increases the
carcinogenic effect of MNNG [8, 9]. In our experi-
ment concentrated NaCl was administered in the
same way as in the cancer experiments referred
to. At 24 h after application of 4.5 M NaCl the
mucosal structure did not differ much from nor-
mal, however, the mitotic activity was increased.
Proliferating cells are known to have increased su-
ceptibility to carcinogens, and therefore the in-
creased number of proliferating cells present at
24 h after application of hypertonic NaCl might
explain the cocarcinogenic effect of hypertonic
NaCl. However, in the present experiment the
number of labelled cells per mm section was found
to be just as large, or larger, in the corpus than
the antrum. On the other hand, NaCl/MNNG in-
duced tumours occur more frequently in the an-
trum than the corpus [9, 12], which means that in-
creased mitotic activity, although important, can-
not be the only reason to the cocarcinogenic action
of hypertonic NaCl.

The chance that a MNNG molecule in the gas-
tric lumen will reach a target cell in the middle
of the mucosa, will depend on the number of pro-
liferating cells per unit area of mucosa, but also
on other factors such as concentration of MNNG
in the gastric lumen, exposure time and permeabili-
ty of the tissue between the mucosal surface and
the replicating cells. The antral mucosa is much
thinner than the corpus mucosa. In the antrum
the distance between the mucosal surface and the
proliferating zone was about half that of the cor-
pus (Fig. 6), and this would be expected to influ-
ence the transport of a carcinogen from the gastric
lumen to the proliferating cells.

After ingestion of concentrated NaCl in hu-
mans, as well as in experimental models where
MNNG is given with the drinking water [14, 15]
the mucosa may be exposed to carcinogens at var-
ious phases of damage and repair. The present
study disclosed the morphological changes that oc-
cur after mucosal exposure to concentrated NaCl.
However, except for the increased cell prolifera-
tion, we don’t know if these changes are related
to the cocarcinogenic action of NaCl.
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