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Several hormones influence the structure
and function of submandibular glands in the
mouse and rat (1). Among the end points
that have been studied is the intraglandular
level of sialic acid. Sialic acid appears to be
especially sensitive to alteration in the hor-
monal milieu of the body but the observations
reported do not permit the development of a
rational concept regarding hormonal regula-
tion of its metabolism within the gland. Thus,
an increase in sialic acid concentration is
reported in the rat made diabetic (2) and
after thyroparathyroidectomy (3); in the
mouse after orchiectomy (4); and in the ham-
ster after administration of estrogen (S5).
Pursuant to hypophysectomy sialic acid con-
centration of the submandibular gland is re-
duced and after adrenalectomy does not
change (6).

No data are available concerning the influ-
ence of progestins or oral contraceptive agents
on the sialic acid content of saliva or the
salivary glands. Since human use of oral
contraceptive agents is so widespread this
study was designed to ascertain the effect of
treatment with norethynodrel®, the major com-
ponent of the pill Enovid®, on sialic acid
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content in the submandibular gland. Sialic
acid probably plays a major role in maintain-
ing oral health since it promotes viscosity of
the saliva (7), protects salivary glycoproteins
against enzymatic degradation (8) and binds
calcium ions tightly to mucins so they may
form a protective layer over dental sur-
faces (9).

Material and Methods. Norethynodrel was
suspended in Upjohn vehicle 98 (carboxy-
methylcellulose, polysorbate, and propylpara-
ben) diluted 1:2 with 0.9% saline at con-
centrations to provide doses of 0.075 and 3
mg in 0.2 ml. Subcutaneous injections were
given daily for 10 days; control rats received
0.2 ml of the vehicle.

Thirty-day-old Sprague-Dawley rats were
used. Thirty rats were ovariectomized. Two
months later they and 30 intact rats from the
same shipment were arranged in groups of 10,
and treated as follows: (A) intact, vehicle;
(B) intact, 0.075 mg norethynodrel; (C) in-
tact, 3 mg norethynodrel; (D) ovariectomized,
vehicle; (E) ovariectomized, 0.075 mg nor-
ethynodrel; and (F) ovariectomized, 3 mg
norethynodrel.

Teklad Rat-Mouse Diet and water were
ofiered ed lib. to all rats from the time of
their arrival in the laboratory. Food was re-
moved 18 hr before termination of the experi-
ment. The animals were killed by cervical
dislocation 24 hr after the last injection. The
uteri were weighed to provide an index of the
estrogenic stimulation provided by norethy-
nodrel treatment. The submandibular glands
were excised and weighed. For quantification
of sialic acid the glands were homogenized
at 5% (w/v) in distilled water, and subjected
to acid hydrolysis in 0.1 N HsSOy (final con-
centration) at 80° for one hour (10). Pro-
teins were precipitated with 5% trichloracetic
acid at 4° for 15 min, followed by centri-
fugation at 2000 rpm. for 15 min. Sialic acid
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of the supernate was estimated by the thiobar-
bituric acid method (11) as N-acetylneura-
minic acid, using 3—4 aliquots for each homog-
enate. N-acetylneuraminic acid purified from
pig submandibular gland was used as the
standard.

Significance of the difference between mean
values for the various groups was determined
by the Student’s ¢ test.

Results. The loss in body weight of the
intact and ovariectomized rats (Table I,
Groups A and D) treated with the vehicle is
accounted for by the terminal starvation
period. Administration of norethynodrel to
intact rats did not cause a significant loss in
body weight (Groups A vs. B, A vs. C). In
ovariectomized rats a reduction in body
weight occurred only in those that received the
3 mg dose of norethynodrel (Groups D vs. F,
P < .05).

The absolute weight of the submandibular
gland was less after administration of the 3
mg dose of norethynodrel in both intact (Ta-
ble I, Groups A vs. C, p <.01) and ovari-
ectomized rats (Groups D vs. F, p <.02),
while the 0.075 mg dose did not elicit this
response. The minimal changes in weight of
the submandibular glands were probably re-
lated to alteration in body weight since no
significant differences were observed in the
mean submandibular weight/body weight ra-
tios between the vehicle- and norethynodrel-
treated rats whether intact or ovariectomized.
The loss in body weight probably resulted
from the intrinsic estrogenic property of
norethynodrel. That the compound was estro-
genic is indicated by an increase in mean
weight of the uterus from 75 mg for the
vehicle-treated ovariectomized rats (Group
D) to 117 mg at the 0.075 mg dose (Group
E) and 237 mg at the 3 mg dose of nor-
ethynodrel (Group F). All differences between
these values were significant at the 0.1% level.

Sialic Acid. The mean concentration of
sialic acid in the submandibular glands was
lower in ovariectomized (190.1 umol/100 g of
tissue) than in intact (231 umol) rats treated
with vehicle (Table I, Groups D and A). On
the other hand, administration of norethy-
nodrel to both intact and ovariectomized rats
increased the concentration of sialic acid, the
change being greater with the 3 mg than with
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the 0.075 mg dose. The percentage increase
was slightly greater in ovariectomized animals.

Ovariectomy had no effect on the total
amount of sialic acid in the submandibular
gland (Table I, Groups A and D) probably
because glandular enlargement compensated
for the reduced concentration of sialic acid.
However, treatment with the 3 mg dose of
norethynodrel increased the total amount of
sialic acid in both intact (Groups A vs. C)
and ovariectomized rats (Groups D vs. F).

Discussion. Although sialic acid occurs com-
monly in cellular membranes and intercellular
matrices its concentration is high only in
epithelial cells that secrete glycoproteins. With
respect to salivary glands, biochemical and
histochemical observations indicate that sialic
acid is localized primarily in the secretory
acini (5, 12). Evidence regarding the influ-
ence of sex hormones on submandibular acini
is conflicting, some investigators (13-16)
having claimed that estrogens increase the size
and functional activity of the acinar cells
while others (17-20) found no alterations.
Similarly the submandibular glands of female
rats (21) and hamsters (22) stain more
intensely with alcian blue than do those of
males and since sialic acid is stained by alcian
blue, these findings suggest that accumulation
of sialic acid results from estrogenic stimula-
tion. Shackleford and Klapper (5) suggested
that estrogen promotes incorporation of sialic
acid into the mucin molecule. Uncertainty
also exists regarding the influence of pro-
gesterone on the submandibular glands, since
some investigators (23, 24) have reported
responses indicative of stimulation while
others (16, 17, 25) observed no effects.

With respect to the action of norethynodrel
on the submandibular gland, its capacity to
increase the concentration and total content
of sialic acid is significant particularly in light
of the fall that occurred in absolute weight of
the gland. Liu et al. (26) also demonstrated
a reduction in weight of the submandibular
glands of rats treated with norethynodrel;
however, they reported an increase in glan-
dular weight/body weight ratio which did not
occur in our experiments,

Whether the estrogenic or progestational
property of norethynodrel is responsible for
the changes elicited in the submandibular
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gland cannot be ascertained at present.
Norethynodrel possesses some progestational
activity when administered subcutaneously
and exhibits 3-7% of the estrogenic activity
of estrone depending on the bioassay used for
comparison (27). The estrogenicity of nor-
ethynodrel is revealed also by its capacity to
stimulate prolactin cells (28, 29) and, as
observed in this study, to increase uterine
weight in ovariectomized rats. In our inves-
tigations these effects were not due to con-
tamination of the norethynodrel with other
estrogens since the preparation was free of
aromatic content (J. K. McGowan, personal
communication).

Liu and his colleagues observed a reduced
rate of increase in weight of submandibular
glands in prepubertal rats treated with con-
traceptive agents that possess significant
estrogenic activity (ethinyl estradiol (23),
mestranol, norethynodrel (26)) and an in-
crease after administration of a potent pro-
gestational agent (medroxyprogesterone) (23,
30). However, these observations cannot be
correlated with the changes we observed in
sialic acid content after treatment with nor-
ethynodrel because the total content increased
in spite of a decrease in glandular weight.
Nevertheless, the fall in sialic acid concentra-
tion in the submandibular gland after ovari-
ectomy and the increase in sialic acid levels
that appeared to result from the estrogenic
activity of administered norethynodrel seem
to indicate that estrogens are significant regu-
lators of sialic acid in the submandibular
gland. Furthermore, an important link to gen-
eral oral biology may be indicated by the
observation of Liu et al. (23, 26, 30, 31) that
the incidence of dental caries rises in rats
treated with either estrogenic or progestational
types of contraceptive agents.

Summary. The influence of norethynodrel
on the sialic acid content of the submandibular
gland was studied. Seventy days after ovari-
ectomy, the concentration of sialic acid in the
gland was reduced greatly. Administration of
norethynodrel at daily doses of 0.075 and 3
mg for 10 days to intact and ovariectomized
rats increased the concentration and total
amount of sialic acid in the gland, the response
being greater at the higher dose. The evidence
indicates that (a) the sialic acid content of
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the submandibular glands is dependent on
ovarian secretions, and (b) norethynodrel has
the capacity to increase the content of sialic
acid in the submandibular gland, this response
most likely being due to the estrogenic prop-
erty of norethynodrel.
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