Effect of Submaxillary Gland Extirpation on
Glucose and Insulin Tolerance in Dogs

SUMMARY
Serum glucose and immunoreactive insulin (IRI) responses to oral glucose and intravenous insulin tolerance
tests were determined in dogs before and after total bilateral
extirpation of their submaxillary glands. A comparison was
made with a control group of dogs before and after sham
operations. Postoperative studies were performed at one,
three and six months after surgery. No significant differences in glucose and IRI responses were observed between
the two groups of dogs, nor upon comparison of the responses within each group at the various periods studied.
A review of the literature which relates the salivary
glands to diabetes mellitus in both experimental and clinical studies is presented. Our own experience of diabetes
mellitus with apparent salivary gland involvement is briefly
discussed.
It is concluded that despite the relatively frequent association of salivary gland involvement and diabetes mellitus, the role of these glands in the patho genesis and
management of diabetes mellitus is obscure. At this time
there is no apparent rationale to the performance of total
submaxillary gland extirpation for the treatment of diabetes
mellitus. DIABETES 21:722-32, June, 1972.

Several experimental1"6 and clinical7'11 studies have
resulted in conflicting reports regarding the relationship
of the salivary glands to glucose metabolism. Davidson
et al.8 have reviewed the association of parotid gland
enlargement and diabetes mellitus and have reported sixteen additional cases. The spontaneous disappearance of
insulin-resistant diabetes mellitus coincident with regression in size of enlarged submaxillary glands was reported by Bruce et al.9 Recently, Godlowski has re-
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ported the complete remission of the clinical manifestations of diabetes mellitus in three cases of the maturityonset type10 and the return to normal glucose tolerance
tests in two11 of them following the surgical ablation of
the submaxillary glands. He postulates that the submaxillary glands produce an insulin antagonist which
if removed, would result in an increased hypoglycemic
effect from circulating insulin. This hypothesis is based
upon his demonstration of increased insulin sensitivity
during insulin tolerance tests in dogs following the bilateral extirpation of the submaxillary glands.5
The purpose of this study was to determine the effect of bilateral submaxillary gland extirpation in dogs
on serum glucose and insulin responses during oral glucose tolerance and intravenous insulin tolerance tests.
MATERIALS AND METHODS
Nine mongrel dogs whose weights ranged from 14.5
to 21.4 kg. were placed on a standard kennel diet. They
were weighed three times a week during an observation
period of two weeks in order to establish a steady state
regarding food intake and maintenance of body weight.
On the day of testing, all dogs were in the postabsorptive state. All studies were performed while the dogs
were under sodium pentobarbital anesthesia, using 30
mg./kg. of body weight. After anesthesia was attained
and the oral-gastric tube and indwelling venous catheter
was in place, a thirty-minute period was allowed to
elapse before baseline blood specimens were obtained.
Oral Glucose Tolerance Tests
After the dogs were prepared as described above, the
head of the table was elevated to an angle of thirty
degrees in order to prevent regurgitation of the orally
administered glucose solution. Baseline blood specimens
were obtained and then each dog received a solution
DIABETES, VOL. 2 1 , NO. 6

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/21/6/722/346777/21-6-722.pdf by guest on 19 May 2022

Terry Steinberg, M.D., Victor Passy, M.D., and Grant Gwinup, M.D.,
Irvine

T. STEINBERG, M.D., V. PASSY, M.D., AND G. GWINUP, M.D.

separated and immediately frozen for storage and subsequent analysis.
Insulin Tolerance Tests
After a recovery interval of no less than one week,
all dogs were prepared as described above, except that
these studies were performed while the dogs were in
a horizontal position. After baseline blood specimens
were obtained, crystalline insulin in a dosage of 0.05
U./kg. of body weight was injected intravenously in a
vein different from that used for obtaining blood specimens. Subsequent blood specimens were obtained via
an indwelling intravenous catheter at 3, 5, 7, 10, 15, 20,
30, 45 and 60 minutes following the injection of in-
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of glucose containing 1.5 gm. of glucose per kilogram
of body weight which was administered via an oralgastric tube. The glucose solution was diluted so that
the concentration was no greater than 30 per cent w/v.
The entire solution was delivered within a five-minute
period and it was followed by a washing of the intragastric tubing with 50 cc. of tap water. Timing was begun after half of the volume of the glucose solution was
delivered. Subsequent blood specimens were obtained
at 10, 20, 30, 60, 90 and 120 minutes by means of an
indwelling intravenous catheter. All blood specimens
were placed in an ice bath immediately after collection
and then centrifuged within one hour. The serum was
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sulin. All blood specimens were immediately placed
in an ice bath and after the last specimen was obtained,
they were centrifuged and the serum was separated. The
serum was immediately frozen for storage and subsequent analysis.
Submaxillary Gland Extirpation
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When all baseline studies above were completed, five
dogs had total bilateral extirpation of the submaxillary
glands, while four dogs had sham surgeries in which
similar incisions were made exposing the superficial
portion of the submaxillary gland without disturbing the
gland itself, followed by routine skin closure. Intratracheal anesthesia was used for better exposure and dissection. All hair was shaved around the operative site.
The dogs were thoroughly prepared and draped. The

skin incision extended linearly downward from the
inferior portion of the dog's pina well into the nape
of the neck, approximately 6 cm. Careful semisharp and
blunt dissection exposed the submaxillary gland which
was found to be straddled by the superficial facial veins.
The gland itself was encapsulated with thick fascia and
was easily enucleated from the fossa surrounding the
gland. The dissection was carried anteriorly to include
approximately 3 cm. of the main duct. All the surgical
procedures were done with relative ease without complications. It was necessary to ligate the anterior superficial facial veins for removal of the gland. The remaining fossa was obliterated with 4-0 chromic suture. Fascia
and skin were approximated with 4-0 chromic suture.
Intensive medical therapy was given all dogs postoperatively, until final healing resulted in. about ten days.
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FIG. 3. Mean serum IRI responses of four dogs to 1.5 gm./lcg. glucose administered orally before and at one, three and six
months after sham operation. B = baseline

Postoperative

Studies

Oral glucose and intravenous insulin tolerance tests as
described above were repeated on all dogs at one, three
and six months, postoperatively. The glucose tolerance
and insulin tolerance studies on each dog were performed with an interval of one week between tests.
All specimens were analyzed for glucose by the Technicon-AutoAnalyzer procedure12 and immunoreactive
insulin concentrations were determined by the procedure
described in the Phadebas Insulin Test Radioimmunoassay kit.13* All specimens were assayed as a single
batch at the completion of the study.
RESULTS
At the conclusion of the study, the maximum weight
* Generously donated by Pharmacia Laboratory, Inc., Piscataway, New Jersey.
JUNE, 1972

changes in the dogs ranged from an increase of 16 per
cent to a loss of 23 per cent. However, there was no
significant difference between the initial mean weight
for each group of dogs when compared with the final
mean weight for each group. Each dog was weighed on
the day of study and the dosage of glucose and insulin
was adjusted accordingly as described above.
Oral Glucose Tolerance Tests
Serum glucose responses to the oral administration of
glucose are illustrated in figures 1 and 2. Although the
mean responses during each study period were quite
variable, there was no significant difference (p > 0.5)
in the glucose response during any time interval when
comparing the preoperative values with each of the postoperative periods in both the sham operated and extirpated groups. The corresponding insulin responses
during the oral glucose tolerance tests are depicted in
figures 3 and 4. Although it appears that the extirpated
725
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4. Mean serum IRI responses of five dogs to 1.5 gm./kg. glucose administered orally before and at one, three and six
months after total bilateral extirpation of submaxillary glands.

group had a diminished insulin response to the oral administrations of glucose, there was actually no significant
difference between the two groups, nor was there any
significant difference during any individual time period
when comparing the preoperative values with each of
the postoperative periods.
Insulin Tolerance Tests
The glucose responses to the intravenous administration of insulin are illustrated in figures 5 and 6. There
was no significant difference in the responses of the
sham operated group as compared with the extirpated
group. Although the greatest degree of hypoglycemia
was attained in the sixth month of the postoperative period for both groups of dogs, these values were not significantly different from the preoperative values at any
point during the one hour observation period. The insulin responses to the intravenous administration of in726

sulin are shown in figures 7 and 8. The results were
nearly identical for both groups of dogs. Although the
highest insulin levels were attained after the sixth postoperative month in both groups of dogs, these values
were not significantly different from the preoperative
insulin levels (p > 0.5).
Neither standard deviations nor standard errors of
the means are shown in any of the figures as they were
very great and were virtually superimposable at all
points in these studies.
DISCUSSION
The concept that the salivary glands are related to
endocrine physiology first appeared in the English literature in 1886.14 At that time, it was proposed that the
parotid glands are associated with the activity of the reproductive organs.15 Morgan and Raven7 unify the
DIABETES, VOL. 2 1 , NO. 6
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parotidectomy in rats and mice.
In the 1960's, the focus of attention was suddenly
shifted from the parotid glands to the submaxillary and
sublingual glands in the studies of Godlowski et al.5'6'10
It appears that the submaxillary glands were chosen for
further study because they are histologically more similar to the pancreas than the parotids.6 Despite the
histologic similarity, Godlowski does not propose a functional similarity. On the contrary, he hypothesizes that
the submaxillary glands secrete an insulin antagonist,
the removal of which will result in an enhancement of
insulin sensitivity.
Our study did not demonstrate any effect of total submaxillary gland extirpation on glucose and insulin re-
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above concept with diabetes mellitus in their review of
an endocrine theory based upon estrogen deficiency as
being etiologic of Sjogren's syndrome. A rather frequent association of Sjogren's syndrome with hyperglycemia and hypoglycemia has been reported.16-17
A number of reports which relate the salivary glands
to glucose metabolism was well reviewed by Zimmerman1 in 1932. In his own studies he showed that ligation of the parotid ducts in normal dogs resulted in increased glucose tolerance, but extirpation of the parotid
glands gave inconsistent results. In the next decade, the
work of Birnkrant2-3 on rat parotid glands supported the
studies of Zimmerman. In the decade that followed,
Gault* showed no effect on blood sugar levels after

EFFECT OF SUBMAXILLARY GLAND EXTIRPATION ON GLUCOSE AND INSULIN TOLERANCE

The present study corroborates the recent work of
Garcia et al.18 Glucose and immunoreactive insulin responses to intravenously administered glucose following
submaxillary gland extirpation were essentially identical
to their preoperative values. Their postoperative studies
were performed in the fourth week after surgery. Godlowski et al.5 felt that the stress of surgery was still
present by the fourth week since they observed reduced
sensitivity to insulin within that postoperative time. Our
study also suggests reduced insulin sensitivity one month
postoperatively (figures i, 2, 5, 6).
However, our repeated studies at the third and sixth
postoperative months showed no significantly increased
insulin sensitivity.
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sponses during oral glucose and intravenous insulin
tolerance tests in dogs. This is in marked contrast to the
results reported by Godlowski and Calandra.5 The glucose responses to intravenously administered insulin in
their study were highly significantly different (p <
o.ooi) upon our comparison of their preoperative and
sixth month postoperative data at both the thirty- and
forty-five-minute intervals. Perhaps this discrepancy is
due to the fact that we removed only the submaxillary
glands and they extirpated both the submaxillary and
sublingual glands. However, in their original5 and subsequent studies,6'10-11 Godlowski et al. stressed that the
source of the insulin antagonist was in the submaxillary
glands and designated it "submaxillary insulin inhibitor."
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FIG. 7. Mean serum IRI responses of four dogs to 0.05 unit/kg,
crystalline insulin administered intravenously before and
at one, three and six months after sham operation. B =
baseline.
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FIG. 8. Mean serum IRI responses of five
kg. crystalline insulin administered
and at one, three and six months
extirpation of submaxillary glands.
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eral hundred units of insulin per day during a period of
two weeks. The patient then became very responsive
to insulin and the diabetes was easily controlled with
30 units of NPH insulin daily coincident with the disappearance of the macroamylasemia and hyperamylasemia.
Finally, Godlowski et al.11 performed total ablation
of the submaxillary glands in eighty-six patients with
diabetes mellitus of various degrees of severity. At first10
he reported complete remission of diabetes mellitus in
three patients with the adult-onset type but later11 claimed
two remissions. He also stated that a number of insulin-dependent diabetics had a significant reduction in
their insulin requirement following surgery. We feel
that the above findings are not unlike those seen in most
large diabetic clinics with unoperated patients.
From our study and a review of others, it appears that
the role of the salivary glands in the pathogenesis and
management of diabetes mellitus is not at all clear at
this time. It has been suggested that salivary gland ablation should be performed in selected forms of diabetes
mellitus. However, we fail to understand the basis for
making such selections, other than perhaps in desperate
situations unresponsive to conventional therapy.
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