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The effects of oral calcium chloride (CaCI2) on sodium 
chloride (NaCI)-enhanced induction of gastric carcinogenesis by 
the carcinogen N-methyl-N'-nitro-N-nitrosoguanidine, and the 
norepinephrine (NE) concentration in the gastric wall, were 
investigated in Wistar rats. Animals were given the carcinogen 
for 25 weeks and then chow pellets containing 10% NaCl with 
or without 8% or 4% CaCI2. In week 52, the incidence of gastric 
cancers, the N E  concentration in the antral portion of gastric 
wall and the labelling index of antral epithelial cells were 
significantly greater in rats fed NaCl alone than in untreated 
control rats. Concomitant oral treatment with CaCI2 at 8%, but 
not 4%, significantly reduced the incidence of gastric cancers, 
the N E  concentration in the antral portion of gastric wall and 
the labelling index of the antral epithelial cells in week 52 
compared with those in rats fed NaCl alone. Because N E  
concentration reflects sympathetic nervous system activity, our 
findings suggest that the sympathetic nervous system could play 
a role in NaCI-enhanced gastric carcinogenesis. Our findings 
also suggest that N E  depletion by CaCI2 may be related to i ts 
inhibition of NaC1-enhanced carcinogenesis. 
Q 1996 Wilqv-Liss. Inc. 

Sodium chloride (NaCI) has been proposed as an etiologic 
factor in gastric carcinogenesis in humans (Hirayama, 1968) 
and in rats (Ohgaki et al., 1984, 1989; Shirai et al., 1984; 
Takahashi et aL, 1984, 1994; Tatematsu et al., 1975, 1989). 
Nishikawa et a/. (1992) examined the effects of calcium 
chloride (CaCI2) on gastric carcinogenesis induced by N-methyl- 
N'-nitro-N 4trosoguanidine (MNNG) and NaCl in Wistar 
rats. They found that both the incidence and number per rat of 
pre-neoplastic hyperplastic lesions after treatment with MNNG 
and NaCl followed by 1% or 0.2% CaClz were significantly 
lower than after MNNG and NaCl alone. However, the exact 
mechanism of the effects of NaCl and CaC12 remains unclear. 

A diet high in NaCl induces hypertension in Dahl salt- 
sensitive rats. In these rats, the sympathetic nervous system 
contributes to elevation of arterial blood pressure (Haywood et 
al., 1985), and chemical sympathectomy with guanethidine or 
6-hydroxydopamine prevents the development of hypertension 
(Friedman el al., 1979; Takeshita et al., 1979). Moreover, 
dietary Ca2+ intake influences the activity of the sympathetic 
nervous system in experimental animals (Hagihara et a/., 
1991). These findings suggest that in MNNG-treated rats, a 
high-NaC1 diet might enhance gastric carcinogenesis, and 
CaC12 Supplementation might influence NaCl enhancement of 
carcinogenesis through the sympathetic nervous system. To 
test this possibility, we investigated the effect of a high-NaC1 
diet with and without CaCI2 supplementation on gastric 
carcinogenesis in Wistar rats. 

MATERIAL AND METHODS 
Animals 

One hundred fifty inbred male Wistar rats that initially 
weighed approximately 100 g were purchased from Japan SLC 
(Shizuoka, Japan). The animals were housed in suspended, 
wire-bottomed cages in animal quarters at a controlled tempera- 

ture (21-22°C) and humidity (30-50%), with a 12-12 hr 
light-dark cycle. 

Carcinogen and treatment 
The rats were given drinking water containing MNNG (25 

pg/ml; Aldrich, Milwaukee, WI) and regular chow pellets 
(Nihon Nosan, Yokohama, Japan) for 25 weeks. The MNNG 
was dissolved in de-ionized water at a concentration of 1 
mg/ml and kept in a cool (4"C), dark place. The stock solution 
was replenished every other day; under these conditions of 
storage, approximately 40% of MNNG is inactivated (Miwa et 
al., 1974). Just before use, the stock solution was diluted to 25 
pg/ml with tap water. Each rat was given 40 ml of MNNG 
solution (less than a single rat can consume in 48 hr) from a 
bottle covered with aluminum foil to prevent photolysis of 
MNNG. The solution was replenished every other day. 

At week 26, the animals were divided randomly into 6 
groups of 25 rats each. Until the end of the experiment in week 
52, each group was given a different combination of chow 
pellets (60 kcal/day). Group 1, the control group, was given 
regular laboratory chow pellets; group 2 was given chow pellets 
containing 10% NaCl (Sigma, St. Louis, MO); group 3 was 
given chow pellets containing 10% NaCl and 4% CaCI2 
(Sigma); group 4 was given chow pellets containing 10% NaCl 
and 8% CaCI2; group 5 was given chow pellets containing 4% 
CaCI2 only; and group 6 was given chow pellets containing 8% 
CaC12 only. 

Histologic observation 
Animals that survived for more than SO weeks were included 

in the effective numbers, because the first tumor of the 
glandular stomach was found in a rat of group 2 that died in 
week SO. All surviving rats were killed at the end of the 
experiment in week 52, and autopsies were performed. The 
stomach and other organs were examined carefully. The 
stomach was opened along the greater curvature, pinned flat 
on a cork mat and fixed with picric acid-formaldehyde solution 
for histologic examination. The fixed stomach was cut into 
longitudinal strips 3 mm wide. The specimens were embedded 
in paraffin, and serial sections, 5-km in thickness, were stained 
with hematoxylin-eosin. Sections were examined without knowl- 
edge of the group from which they came. 

Definition and histologc type of gastric cancer 
Histologically, adenocarcinomas were defined as lesions in 

which neoplastic cells had penetrated the muscularis mucosae 
to invade the submucosa or deeper layers; they were classified 
as very well differentiated, well differentiated or poorly differ- 
entiated (Tatsuta etal., 1988). 
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Measurement of norepinephrine (NE) concentration 
The N E  concentrations in tissue from the gastric wall were 

determined by high-performance liquid chromatography, as 
reported previously (Tatsuta et al., 1983), in weeks 30 and 52. 
For this purpose, 5 rats of each group were given chow pellets 
with and without 10% NaCl and with and without 4% or 8% 
CaCI2. The rats were killed by cervical dislocation between 2 
and 3 p.m. Samples of gastric wall weighing approximately 50 
mg were taken from the fundic and antral portions of the 
stomach of each rat and homogenized with 4.0 ml of 0.4 N 
perchloric acid. The homogenate was centrifuged at 1 log for 
20 min, and the supernatant was mixed with 1.0 ml of 0.2 M 
EDTA and adjusted to p H  6.0 with ammonium hydroxide. This 
solution was mixed with 300 mg of purified alumina (Woelm 
Neutral Active Grade I) and adjusted to p H  8.4-8.8 with 
ammonium hydroxide. The mixture was stirred for 5 min and 
centrifuged at 10,OOOg for 10 min, after which the supernatant 
was aspirated and discarded. The precipitated alumina was 
washed twice with distilled water and then shaken vigorously 
with 2.5 ml of 0.4 N acetic acid. The mixture was centrifuged, 
and the clear supernatant was transferred to  a small glass tube 
and lyophilized for 3 hr. The residue was dissolved in 0.5 ml of 
0.2 N acetic acid. Then 50 p1 of this solution were injected into 
a liquid-chromatographic column (Hitachi 3011-C gel column, 
2.6 x 250 mm, Tokyo). Materials were eluted with 0.1 M 
KH2P04 containing 0.05% H3P04 at a constant flow rate of 0.5 
ml/min at 45.0 * 0.2"C. The effluent was mixed with a reagent 
for the trihydroxyindol reaction consisting of 0.0075% potas- 
sium ferricyanide, 0.1% ascorbic acid and 5 N sodium hydrox- 
ide. The resulting fluorescent products were examined with a 
highly sensitive spectrofluorophotometer (Hitachi 650-10). 

Measurement of labelling index 
The labelling index of gastric mucosal cells was examined in 

weeks 30 and 52. The labelling index was measured with an 
immunohistochemical analysis kit for bromodeoxyuridine 
(BUdR) incorporation (Becton-Dickinson, Mountain View, 
CA) (Gratzner, 1982; Morstyn et al., 1983). Briefly, non-fasting 
rats received an i.p. injection of 20 mg/kg body weight of 
BUdR between 2 and 3 p.m. and were killed with ether 1 hr 
later. The stomach was fixed in 70% ethanol for 4 hr. The fixed 
stomach was cut into longitudinal strips 3 mm wide. The 
specimens were embedded in paraffin, and sections of 3-pm 
thickness were immersed in 2 N HCI for 30 min at room 
temperature, neutralized in 0.1 M Na2B407, then immersed in 
methanol containing 3% H20z for 30 min and treated with 
10% horse serum. Next, sections were stained with anti-BUdR 
MAb (diluted 1:100) for 2 hr at room temperature, stained 
with biotin-conjugated horse anti-mouse antibody (diluted 
1:200) for 30 min and then treated with avidin-biotin- 
peroxidase complex for 30 min. The reaction product was 

localized with 3,3'-diaminobenzidine tetrahydrochloride. The 
BUdR-labelled cells were identified by the presence of dark 
pigment over their nuclei. 

For determination of the labelling index of gastric mucosal 
cells, BUdR-labelled and -unlabelled cells in the zone of 
proliferating cells were counted (Eastwood and Quimby, 1983) 
without knowledge of the preparation's group. The zone of 
proliferating cells in the fundic mucosa was defined as a 
250-km rectangle between the highest and lowest labelled cell 
in a well-oriented section; 10 such rectangular areas per rat 
were examined. In the antral mucosa, all cells below the 
highest labelled cell in each gland were regarded as being 
within the zone of proliferating cells. In this case, 100 well- 
oriented glands were examined from each rat. From these 
measurements, we calculated the labelling index as the num- 
ber of BUdR-labelled cells per the total number of cells within 
the zone of proliferating cells. 

Statistical analysis 
Results were analyzed by the chi square test or by one-way 

analysis of variance with Dunn's multiple comparison (Miller, 
1966). Data are given as means ? SE. "Significant" indicates a 
calculatedp value below 0.05. 

RESULTS 
Incidence, number, histologic type and depth of involvement of 
gastric cancers 

Two rats from each of groups 1, 3, 5 and 6 and 1 rat from 
each of groups 2 and 4 died before experimental week 39. 
Tumors were not found in these animals, so they were 
excluded from the effective numbers. At week 52, the animals 
that had received 4% CaC12 alone (group 5) weighed signifi- 
cantly more than those in control group 1 (Table I). 

The incidence of gastric cancers in group 2 (17 of 19; 79%) 
was significantly higher than in group 1 (3 of 18; 17%). The 
number of gastric cancers per tumor-bearing rat was also 
higher in group 2 (1.5 2 0.2) than in group 1 (1.0 O.O), but 
not significantly so (Table I).  Concomitant administration of 
8% CaC12 (group 4) with NaCl significantly reduced the 
incidence of gastric cancers compared with group 2. Comcomi- 
tant administration of 4% CaCI2 (group 3) with NaCl slightly, 
but not significantly, reduced the incidence of gastric cancers 
compared with group 2. There was no statistical difference in 
the incidence of gastric cancers between groups 3 and 4. 
Administration of CaCI2 alone at both dosages of 4% (group 5 )  
and 8% (group 6) had no effect on the incidence of gastric 
cancers compared with group 1. The incidences of gastric 
cancers in groups 5 and 6 were significantly less than those in 

TABLE I - INCIDENCE AND NUMBER OF GASTRIC CANCERS AND BODY WEIGHT IN MNNG-TREATED RATS 

Number 
Body weight (g) Effective 2yg of gastric 

Group Treatment' number cancers per 
number Week 26 Week 52 of rats zft$':"(';2 tumor-beanng 

rat 

1 Control 337 2 5 359 2 8 18 
2 NaCl 339 2 5 353? 6 19 
3 NaCl + 4%CaCI2 342 & 8 359 2 7 18 
4 NaCl + 8% CaCI, 339 k 5 341 ? 6 19 
5 4% CaClz 343 t 5 396 k 83 18 
6 8%CaC12 350 f. 4 371 f. 7 18 

'Rats received diets after MNNG treatment for 25 weeks as follows: group 1, regular chow 
pellets; group 2, chow pellets containing 10% NaCl alone; groups 3 and 4, chow pellets containing 
10% NaCl plus 4% or 8% CaCI,, respectively; groups 5 and 6, chow pellets containing 4% or 8% 
CaCI, alone, respectively.-*The incidence of spontaneous gastric tumor in 130-week-old rats: 0.6% 
(Maita et al., 1979).-3,4Significantly different from the value for group 1: 3p < 0.01, 'p < 
0.001.-5 %ignificantly different from the value for group 2: 5p < 0.01, < 0.001. 
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TABLE I1 - HISTOLOGIC TYPE AND DEPTH OF INVOLVEMENT OF GASTRIC CANCERS IN 
MNNG-TREATED RATS 

Number Histologic type (%) Depth of involvement (%) 

differentiated differentiated layer or deeper 
Treatment' of gastric vely well- Well- Suhmucosal Muscle layer 

Group 
number 

- 

1 Control 3 
2 NaCl 22 
3 NaCl + 4% CaCI2 14 
4 NaCl + 8% CaCI2 7 
5 4% CaCI2 9 
6 8%CaC12 2 

'For explanation of treatments, see Table I .  

TABLE 111 -NOREPINEPHRINE CONCENTRATION IN THE GASTRIC WALL AND LABELING INDEX OF 
GASTRIC MUCOSA 

Norepinephrine (ngig tissue) Labeling index (%)2 Length of 
Experi- Group Treatment' proliferating 

Antral zone, antrum mental num- 
mucosa (urn) week ber Fundic portion Antral portion Etk 

30 1 
2 
3 
4 
5 
6 

52 1 
2 
3 
4 
5 
6 

Control 240.2 f 28.1 210.0 f 3.0 10.8 ? 0.4 12.4 f 0.9 51 f 4 
NaCl 258.0 f 21.2 359.6 f 20.9-' 13.0 ? 1.6 23.6 f L O 3  51 f 4 
NaCl + 4% CaCI2 247.2 f 22.4 341.6 f 20.2 12.8 -t 0.9 22.2 f 1.0 48 t 4 
NaCl + 8% CaCI, 251.4 f 21.7 233.4 f 14.15 12.6 ? 0.8 12.0 f l.Os 52 f 3 
4% CaClz 228.4 f 11.4 200.0 f 8.7 11.0 -t 0.3 11.4 f 0.9 49 f 4 
8% CaC1, 219.6 f 13.1 202.2 f 5.8 9.8 ? 0.7 10.4 f 0.9 51 f 4 
Control 287.4 f 24.7 203.8 t 5.7 10.0 2 0.7 11.0 ? 0.7 52 ? 3 
NaCl 343.0 f 21.0 438.0 t 21.5-' 11.4 ? 0.7 22.2 f LO-' 
NaCl + 4% CaCL 339.4 f 29.1 435.8 f 22.5 10.2 ? 0.9 21.6 f 0.7 

54 f 3 
51 t 4 

NaCl + 8% CaCli 327.2 f 22.0 311.0 f 22.94 10.2 & 1.0 11.6 f 0.5s 
4% CaC12 

50 f 3 
9.0 ? 0.7 10.8 f 0.9 52 f 3 297.8 f 15.5 211.4 f 6.4 

8% CaCI, 275.0 f 23.5 193.4 f 2.9 8.0 ? 0.7 10.4 0.4 si 2 3 

'For explanation of treatments, see Table I.-2Labeling indices in untreated rats (52 weeks old) 
without MNNG, NaCI, or CaCI2: 10.1 f 1.7% in fundic mucosa; 12.7 t 0.7% in antral 
rnucosa.-'Significantly different from the value for group 1 at p < 0.001.-4%ignificantly different 
from the value for group 2: % < 0.01, sp < 0.001 

group 2. There were no significant differences in the number of 
gastric cancers per tumor-bearing rat in the 6 groups. 

All tumois were found in the antral mucosa and histologi- 
cally were adenocarcinomas (Table 11). There were no signifi- 
cant differences in the histologic types of adenocarcinomas in 
the 6 groups. No poorly differentiated cancers were found in 
this series. Furthermore, there were no significant differences 
in the depths of involvement of gastric cancers in the 6 groups. 

NE concentration of gastric wall and labelling index of gastric 
mucosa 

At weeks 30 and 52, a diet containing 10% NaCl (group 2) 
significantly increased the NE concentration in the antral 
portion of gastric wall and the labelling index of antral mucosa 
compared with group 1 (Table 111). Administration of both 
NaCl and 8N/o CaCI2 (group 4), but not of NaCl and 4% CaCI2 
(group 3), significantly decreased the N E  concentration in the 
antral portion of gastric wall and the labelling index of antral 
mucosa, both of which were elevated by administration of 
NaCl alone (group 2) a t  both times examined. Administration 
of 4% (group 5) and 8% (group 6) CaC12 alone had no 
significant effect on either the N E  concentration or the 
labelling index. Moreover, administration of NaCl or CaCI? at 
both dosages had no significant effect on the NE concentration 
in the fundic portion of gastric wall or on the labelling index of 
fundic mucosa. Table I11 also shows that there were no 
significant differences in the length of the zone of proliferating 
cells in the antral mucosa in the 6 groups. 

DISCUSSION 

Our presenl: results showed that CaCI2 inhibits gastric 
carcinogenesis aft.er treatment with MNNG and NaCl in 
Wistar rats. 

MNNG has an influence on water consumption. Kodama et 
al. (1991) found that MNNG acts as an anti-androgen. They 
reported that long-term administration of a salt-rich diet 
remarkably increases water consumption in mice, and that 
concomitant administration of MNNG solution in salt- 
conditioned mice reduces their water consumption to the level 
of non-conditioned mice. But, in this study, rats received a diet 
containing NaCl after 25 weeks of MNNG treatment. There- 
fore, the effects of MNNG on water consumption could be 
neglected. 

The mechanism of inhibition by CaCI2 of NaC1-enhanced 
gastric carcinogenesis is unknown, but 3 possible explanations 
may be considered. The first possible explanation is an effect of 
CaCI2 on ornithine decarboxylase (ODC) activity. Arlow et al. 
(1989) examined the effect of calcium on colon mucosal O D C  
in rats treated with the carcinogen, azoxymethane (AOM), and 
found that maximal stimulation of O D C  activity by AOM 
occurred 5 days after its injection. This stimulation was 
significantly suppressed when rats were given chow pellets 
containing 130 mg/day calcium. They also found that a 4-hr 
exposure of colon mucosal explants in organ culture to 
methylazoxymethanol, an active metabolite of AOM, signifi- 
cantly increased colon mucosal O D C  activity over that of 
controls, and that addition of CaCI? significantly suppressed 
this AOM-induced increase in activity of ODC. Similarly, 
Lipkin et al. (1991) observed a decrease of O D C  activity in 
human and rodent tissue after exposure to an increased level 
of calcium. However, there have been no reports on the effect 
of calcium on gastric mucosal O D C  activity. 

The second possible effect of calcium is on lipid peroxida- 
tion. Lipid peroxidation has been investigated as a possible 
mediator of various pathologic and physiologic processes 
(Logani and Davies, 1980). Nishikawa et al. (1992) found that 
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calcium significantly inhibits the development of gastric pre- 
neoplastic hyperplasia in rats treated with MNNG and NaCI. 
They also found that, in this experiment, calcium intake 
significantly reduced the levels of malondialdehyde, a marker 
of lipid peroxidation, in the gastric mucosa and urine. 

The third possibility is an increase in activity of the sympa- 
thetic nervous system. There is increasing evidence of neural 
involvement in the control of carcinogenesis in various organs. 
Compounds that enhance the sympathetic nervous system 
stimulate epithelial cell proliferation of the gastrointestinal 
tract (Gurkalo and Volfson, 1980; Tutton and Barkla, 1980). 
Previously, we found that administration of tyrosine methyl 
ester (a catecholamine precursor) after MNNG treatment 
significantly increases the N E  concentrations in the gastric wall 
and the labelling indices of gastric mucosal cells and increases 
the incidence of gastric cancers in Wistar rats (Tatsuta et al., 
1991). Hagihara et al. (1991) found that a calcium-deficient 
diet induces an increase in plasma catecholamine concentra- 
tion in rats. In the present study, we found that the NE 

concentration and the labelling index in the antral, but not 
fundic, portion of the stomach were increased in rats treated 
with MNNG and NaCl but were significantly decreased after 
CaC12 supplementation. Sympathetic nervous system activity 
can be assayed by measuring the N E  concentration in various 
tissues. Therefore, our findings suggest that enhancement by 
NaCl and attenuation by CaClz of gastric carcinogenesis is 
associated with changes in the sympathetic nervous system. 

In the  present study, we found that gastric carcinogenesis 
induced by MNNG was enhanced by treatment with NaCl and 
suppressed by CaClz supplementation. Our findings suggest 
that the activity of the sympathetic nervous system may be 
related closely to  gastric carcinogenesis. 
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