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Short Communication

Effects of submandibular sialadenectomy on
N-methyl-N'-nitro-N-nitrosoguanidine-induced duodenal
carcinogenesis in mice
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The submandibular glands of male mice contain
epidermal growth factor (EGF) and other growth
factors that have tropic and mitogenic properties
(Byyny et al., 1972; Carpenter & Cohen, 1979).
EGF increases the incorporation of thymidine into
DNA of the mouse gastrointestinal tract (Scheving
et al., 1980) and stimulates ornithine decarboxylase
activity in mouse stomach and duodenum (Feldman
et al., 1978; Kingsnorth et al., 1982). Although
excision of the submandibular salivary glands in
mice does not alter the basal serum level of EGF
(Byyny et al., 1974), submandibular sialadenectomy
abolishes the increments in the RNA and DNA
content of small bowel in mice (Li et al., 1982)
produced by parenteral injection of fl-isoproterenol,
which normally increases salivary EGF production
and is associated with higher villi and a greater
number of cells in ileal mucosa (Li et al., 1983).
Furthermore, submandibular sialadenectomy in
mice suppresses the growth of subcutaneously
transplanted AIO carcinoma and C1300
neuroblastoma (Arnason et al., 1975) and retards
DMH-induced colon carcinogenesis (Li et al.,
1982).
To investigate effects on duodenal mucosa of

EGF and other growth factors present in the saliva
of male mice, we studied the incidence and
histological types of duodenal tumours induced by
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in
male mice following submandibular sialadenectomy.

Six-week-old CD- 1 male and female mice
(Charles River Breeding Laboratories, Wilmington,
Massachusetts) were used. Male mice were
randomly divided into two groups. Group 1 had
submandibular sialadenectomy (n=36) and group 2
had a sham sialadenectomy (n = 37) (Li et al.,
1983). Female mice were also randomly divided
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into two groups. Group 3 had submandibular
sialadenectomy (n = 33) and group 4 had sham
sialadenectomy (n=28). Two weeks after operation,
all four groups of mice were given N-methyl-N'-
nitro-N-nitrosoguanidine (Aldrich Chemical
Company, Inc., Milwaukee, Wisconsin) dissolved in
drinking water at a concentration of 100mgl-'.
The water bottles were covered with aluminium foil
to prevent photic degradation and were refilled with
fresh MNNG (1.25mgml-1) every 3 days. All mice
were housed in plastic cages (6 mice per cage) and
were fed Purina Laboratory Rodent Chow. Water
intake was measured during the first 18 weeks.
Although mice in all groups drank approximately
equal amounts of water (4mlday-1), as the female
mice weighed less than the male mice (P<0.05), the
concentration of MNNG provided to the male mice
was increased to 120mg 1 1 after the 24th week.
MNNG was given to all mice for 32 weeks and was
replaced by water thereafter. Moribund mice were
sacrificed and autopsied. Mice found dead in cages
before week 38, when the first tumours were
observed, had a limited autopsy because of variable
amounts of autolysis. Surviving mice were sacrificed
at week 40. Identity of all tumours was verified by
microscopy. Statistical analysis was by Student's t
test for unpaired data and by the 2 x 2X2 test with
Yates' correction for continuity.
The mean body weights of male and female mice

with and without submandibular sialadenectomy
given MNNG for 32 weeks are shown in Figure 1.
Male sialadenectomized mice persistently weighed
10% less than sham-sialadenectomized mice. Figure
2 shows the survival curves of male and female
sialadenectomized mice given MNNG for 32 weeks.
The incidence of MNNG-induced tumours in the
effective number of mice (the number of surviving
mice sacrificed after the first observation of tumour
at week 38) in the four groups were: Male
sialadenectomized mice 31.8%, male sham, 17.6%,
female sialadenectomized mice 25.9% and female
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Figure 1 Mean body weight of male and female
sialadenectomized mice during MNNG administration:
(0) male sialadenectomized; (0) male sham; (A)
female sialadenectomized; (A) female sham.

shams, 15.8% (Table I). There was no statistical
difference in the incidence of tumour formation
among the 4 groups of mice (P>0.05, X2 test, 2 x 2
comparison). All tumour-bearing mice except one
had single tumours. All tumours were located
within 8cm distal to the pylorus, the length of the
mouse duodenum. No tumours were found in the
oesophagus, stomach, or colon. The diameters of
tumours ranged from 0.5-8 mm. All were
carcinomas; no benign adenomas were observed.
The retardation of growth in male

sialadenectomized mice agrees with previous reports
(Arnason et al., 1975; Li et al., 1982, 1983; Shaw &
Wollman, 1958). However, the difference in body
weight between the female sialadenectomized and
female sham-operated mice was not significant.
Since EGF is present in large amounts only in male
salivary glands, the occurrence of growth
retardation solely in male sialadectomized mice
lends support to the possibility that EGF present in
saliva has a specific physiological or metabolic role
(Li et al., 1982). Removal of submandibular
salivary glands from male mice results in a lower
respiratory quotient (Li et al., 1982), but decreased
metabolism and other in vitro effects in both male
and female mice argue against salivary growth
factors having specific metabolic roles (Velasco-
Plaza et al., 1979, 1980).
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Figure 2 Survival curves for male and female
sialadenectomized mice given MNNG: (0) male
sialadenectomized; (0) male sham; (A) female
sialadenectomized; (A) female sham.

Although submandibular sialadenectomy reduces
the number of colonic tumours in DMH-treated
male mice, (Li et al., 1982), the lack of effect of
submandibular sialadenectomy on MNNG-induced
duodenal carcinogenesis may reflect differences in
the process of tumour induction and the intestinal
segment involved. For EGF in the submandibular
salivary gland to have had an effect, the incidence
of MNNG-induced tumours in the male
sialadenectomized mice should be less than that in
the sham-operated mice as well as the female
sialadenectomized mice, inasmuch as salivary EGF
is present in high concentrations in the male mice
only (Byyny et al., 1972). Perhaps EGF secreted
from Brunner's glands of the duodenum (Carpenter
& Cohen, 1979; Feldman et al., 1978) mitigates the
loss of salivary EGF. However, a significant
difference (P= 0.05) between male sialadenecto-
mized mice and sham-operated mice might have
been observed if the sample size in this study were
3 times larger and the tumour incidence remained
unchanged.
MNNG is an alkylating agent that produces

gastric and intestinal adenocarcinomas when given
orally to Wistar rats (Sugimura et al., 1970).
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Table I Tumour incidence and types of duodenal tumour induced by MNNG

Carcinomas

Effective ratio Mice with tumours Moderately Poorly
(no. of micea) (no.) differentiated differentiated Undifferentiated Metastasisb

Group
Male
Submandibular

sialadenectomy 22/36 7 3 2 1 1
Sham-adenectomy 17/37 3 0 2 1 0

Female
Submandibular

sialadenectomy 27/33 7 3 3 0 1
Sham-adenectomy 19/28 3 1 1 1 0

aNumber of surviving mice when the first tumour was found in the group/initial no. mice.
bOne serosal metastasis in the duodenum and one with adenosarcoma metastatic to lung.

Variation in susceptibility to MNNG-induced
gastric carcinogenesis in different strains of rats
seems to be under genetic control (Ohgaki et al.,
1983). We confirm that mouse stomach, unlike rat
stomach, is resistant to MNNG carcinogenesis.
Male and female dd/I mice given MNNG orally
and similarly observed bear duodenal tumours (type
unspecified), but no gastric carcinomas (Matsuyama
et al., 1970).

In rat stomach, MNNG is converted to N-
methyl-N'-nitro-guanidine, which is not carcino-
genic under the acidic conditions in the stomach
(McKay & Wright, 1947). However, MNNG
reaching the duodenum is converted under alkaline
conditions to diazomethane, which is a strong
alkylating agent (Sugimura & Kawachi, 1978). An
accelerated gastric emptying rate, permitting excess
MNNG to reach the duodenum, may lead to
increased duodenal carcinogenesis. In fact, Wistar

rats given MNNG followed by pyloroplasty have
an increased incidence of duodenal carcinomas,
either from more rapid emptying or from reflux of
duodenal contents and premature alkalinization of
gastric contents (Salmon et al., 1982). Greater
alkalinity and an increased concentration of
nitroso-compounds or nitrites in the gastric
aspirates of patients follows gastric resections and
drainage operations for duodenal ulcer and appear
to be associated with dysplastic changes in the
duodenal mucosa (Sturniolo et al., 1983; Watt et
al., 1984). While the increase in nitroso-compounds
after gastric surgery may be a risk factor for
development of gastric stump cancer, there is no
clinical evidence to suggest that the duodenum and
proximal small bowel are equally at risk.
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