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A nonobese patient with maturity-onset diabetes mellitus
was hospitalized for treatment of an ulcer on his right foot.
During this episode, his diabetic control worsened, and he
proved unresponsive to exogenous insulin.
Unresponsiveness to insulin persisted after healing of the
ulcer. Tolbutamide therapy was then begun and produced
a marked reduction in blood sugar levels, Withdrawal of
the drug was accompanied by a progressive rise in blood
sugar level. Intravenous infusion of regular pork insulin at
rates of 45 U/h and single-component pork insulin at
rates of 120 U/h had minimal effect on the blood sugar
level. High levels of antibody to beef insulin were
measured, with lower levels of pork insulin antibodies. C-
peptide values were in a normal range before tolbutamide
treatment and increased after use of the drug.

THE sYNDROME of insulin resistance in diabetic patients
may be arbitrarily defined as an insulin requirement
greater than 200 U/day. The most frequent causes of this
resistance are obesity, infection, and the development of
antibodies to insulin. Less common causes include lipoa-
trophic diabetes and antibodies to the insulin receptor (1,
2). The therapeutic approaches used in insulin-resistant
diabetes include weight loss, treatment of infection, ster-
oids, and the use of insulin of decreased antigenicity (3,
4). The use of oral hypoglycemic agents in nonobese insu-
lin-resistant patients is uncommon. The present report
describes the successful treatment of such a patient with
tolbutamide.

Case Report

A 55-year-old white man with a 20-year history of diabetes
mellitus was admitted to the Miami Veterans Administration
Hospital with an uleer on the dorsum of his right foot. For the
first 6 years after discovery of his diabetes he had been treated
with chlorpropamide, with fasting blood sugar levels between
100 and 140 mg/dl. Treatment had then been changed to NPH
insulin, 20 units daily, maintaining fasting blood sugar levels in
the same range for the next & years. Then a gradual rise in
fasting blood sugar levels to the 250- to 300-mg/dl range led to
discontinuance of insulin and the use of acetohexamide, 500 mg
daily. In the several years before admission, his fasting blood
sugar levels varied from 200 to 290 mgsdl. At no time were
positive test results for ketones recorded.

On physical examination at the time of admission, he was a
muscular man of large frame who was 175 e¢m tall. In the
course of the previous 10 years, he had lost 32 kg from an
initially obese status and now weighed 81 kg, this being about
3% above his ideal body weight (5). Physical findings included
diffuse retinal microaneurysms; normal results of chest, cardiae,
and neurologic examinations; absent pedal pulses on the left;
and a posterior tibial pulse on the right. Initial laboratory val-
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ues included a hematocrit volume of 37%, leukocyte count of
10 400 cells/mm’ with 56 neutrophils and nine band forms, er-
ythrocyte sedimentation rate of 110 mm/h, normal electrolytes,
blood urea nitrogen value of 17 mgsdl with creatinine level of
1.2 mgsdl, and a plasma glucose of 300 mg/dl. Serum choles-
terol was 180 mg/dl. Roentgenograms of the feet showed multi-
ple small-vessel calcifications.

Treaiment consisted of bed rest and antibiotics Acetohexam-
ide was stopped and NPH insulin begun at a dose of 15 LF daily.
This dose was progressively increased as fasting blood sugar
levels rose from an initial fasting value of 232 to about 300 mgs
dl, with values at 1600 h attaining levels between 350 and 400
mgsdl. Ketones appeared in the uring in moderate to large
amounts. Regular insulin was added in divided doses and pro-
gressively increased to levels exceeding 200 U daily with no
effect; fasting blood sugar levels now averaged 350 mg/dl, with
values at 1600 h varying from 470 to 600 mg/dl.

The ulcer began to heal; the leukocyte count and erythrocyte
sedimentation rate normalized. Although ketones disappeared
from the urine, fasting blood sugar levels remained at about 350
mg/dl, with levels at 1600 h ranging from 400 to 500 mg/dl. At
this point, treatment was changed to regular pork insulin, grad-
ually increasing from low levels until a total daily dose of 280 U
had been reached with no change in urine or blood sugar levels,
At this time tolbutamide, 500 mg daily, was added. A blood
sugar sample drawn at 1600 h 1 day after tolbutamide therapy
was begun was 330 mgsdl. Insulin was abruptly discontinued.
Blood sugar levels declined progressively as tolbutamide was
increased to 2 g daily (Figure la). Six days after the dose of
tolbutamide was increased to 2 g, the fasting blood sugar level
was 150 mgsdl with a level at 1600 h of 164 mg/dl. An increase
in blood sugar levels ensued with discontinuation of tolbutam-
ide (Figure la).

In order to confirm persisting insulin resistance, a continuous
infusion of regular pork insulin was carried out 7 days after
withdrawal of tolbutamide. By this time, his ulcer was healing
well, leukocyte count and eryvthrocyie sedimentation rate were
normal, and he had lost 5 kg since admission, now being within
his ideal body weight range. The patient received breakfast;
lunch was withheld. After baseline blood sugar measurements,
the infusion was begun at a rate of 10 Ush and progressively
increased over the next 2 h (Figure 1b, Jeft). The infusion was
terminated after a rate of 45 Ush had failed to measurably
influence the blood sugar level. Over the course of the infusion,
the blood sugar level dropped from 264 to 213 mg/dl. The day
before (Day 16, Figure la), as control, the patient’s lunch had
been stmilarly withheld; and his blood sugar in late afternoon,
without benefit of insulin, was 177 mg/dl. He was discharged
on tolbutamide, | g twice daily, Outpatient random blood sugar
levels averaged 140 mg/dl.

The mechanisms of insulin resistance and response to tolbu-
tamide were explored via measurement of anti-insulin antibod-
ies as well as measurement of C-peptide level (done by Dir.
Arthur Rubenstein). Antibodies to both pork and beef insulin
were ascertained by the technigue of Berson and Yalow (6).
Beef insulin antibody level was 185 mU/ml. this clearly in a
range compatible with immunologic insulin resistance. Pork in-
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Figure la. Response to tolbutamide: The progressive response to tolbutamide is indicated as is the worsening of blood sugar levels on
tolbutamide withdrawal. Urine sugar levels were measured by Clinitest® at 0400, 1000, 1600, and 2200 h and are 5o charted above.
Blood sugar levels were measured fasting (dashed fine) and at 1 600 h {solid ling). Insulin is charted as total daily dose. Please note that the
low blood sugar level at 1600 h on Day 16 represents a value after lunch was omitted to serve as control for the insulin infusion the
following day. b. Intravenous infusion of insulin: Left. After a fasting blood sugar of 214 mg/dl, the patient ate breakfast. Lunch was
withheld. Three blocd sugar samples were drawn before the infusion of regular pork insulin was begun. Blood sugar levels were measured at
15-min intervals. Insulin dose was progressively increased, Right. The infusion of single-component pork insulin was done in the same
fashion as the preceding infusion. Mote the linear fall of the blood sugar level as the infusion is increased, The blood sugar level at 1600 hon

the preceding day with lunch omitted was 140 mg. dl.

sulin antibody level was 36 mU/ml, which despite being slightly
elevated, perhaps as a result of cross-reaction with beefl insulin
antibody in the assay, was not in the same high range as the
beef insulin antibody level. C-peptide levels were measured with
the patient fasting and after he ingested a 400-cal Isocal® meal,
Results are shown in Table 1. Before inception of tolbutamide
treatment, two blood sugar measurements were done. Values
were found to be in the high normal range. One month after
tolbutamide therapy was begun, the fasting blood sugar level
was unchanged. The postprandial level, however, was markedly
increased beyond the normal range.

Because of the finding of elevated beef insulin antibody level
with far lower levels of pork insulin antibody, it was felt that
the resistance would respond readily to single-component pork
insulin, which is quite effective in such circumstances (3, 4, 7).
Accordingly, 1| month after discharge, the patient was rehospi-
talized for a trial of single-component insulin, The protocol fol-
lowed the same lines as during the previous hospitalization.
Tolbutamide was withdrawn for a period of 1 week. Lunch was
withheld. After baseline blood sugar measurements, single-com-
ponent insulin was infused at a progressively increasing rate,
finally reaching 120 Ush (Figure 1b, rmghe). Over the 3-h course
of the infusion, the blood sugar level fell from 230 to 123 mg/dl.
The slope of fall during infusion did not differ from that of the
preinfusion period and did not change appreciably with increas-
ing infusion rate. On the preceding day, as control, lunch was
similarly omitted, and the blood sugar level at 1600 h of 144
mg/dl was no different from the value the succeeding day dur-
ing the single-component insulin infusion. [t was therefore con-

Table 1. C-Peptide Values Before and After 1 Month of Treatment
with Tolbutamide

cluded that single-component insulin had, at best, a minimal
effect on this patient. Accordingly, he was discharged on 2 g of
tolbutamide daily. Four months later, despite considerable
weight gain, he continued to respond to the drug, with random-
ly measured blood sugar levels averaging 150 mg/dl.

Discussion

This patient is clearly resistant to insulin as defined by
the conventional criterion of insulin requirement exceed-
ing 200 U/day. In addition, he failed to respond to a
continuous infusion of regular pork insulin at a rate of
120 Us/h. Although our use of continuous infusion of
insulin in order to document resistance is new and there-
fore unstandardized, it may be compared to the use of
continuous insulin infusion in diabetic ketoacidosis where
infusion rates of 5 to 10 U/h decrease serum glucose level
by 75 to 100 mg/dl - h (8-10).

The source of insulin resistance in this patient is some-
what unclear. Apparently neither obesity nor infection
played a role, because at the time of insulin infusion he
was at or very close to his ideal body weight, and his foot
ulcer had healed. Insulin antibodies are implicated in the
observed resistance, although pork insulin antibody levels
were not in the high range of the beef insulin antibody
levels. It is interesting that normal fasting and postpran-
dial C-peptide levels were found before tolbutamide ad-
ministration. This suggests that the patient’s diabetic
state may be caused, at least in part, by extrapancreatic
factors, perhaps antibodies to his own endogenous insu-
lin. In fact, treatment with exogenous insulin during the
course of hospitalization may have exacerbated his un-
derlying insulin resistance, thereby worsening his hyper-
glycemia (11).

Despite his resistance to exogenous insulin, this patient
clearly responds to his endogenously produced insulin,
and he had a marked response to tolbutamide. It would
appear that the effect of tolbutamide was due, at least

C-Peptide Values
Fasting 2 h Postprandial
ng/ml

Mormal controls lto3 151w6
Patent

Before tolbutamide 49 58

356 54

After wolbutamide 3.2 8.6
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partially, to an enhancement of endogenous insulin pro-
duction because, although basal C-peptide levels re-
mained unchanged, the postprandial C-peptide was in-
ereased to supernormal levels 1 month after tolbutamide
therapy was begun. This finding does not, of course, ex-
clude additional extrapancreatic mechanisms of action of
tolbutamide in this patient (12-14), particularly enhance-
ment of insulin sensitivity.

Sulfonylureas are sometimes used with success in pa-
tients poorly controlled on insulin (15, 16). Such patients,
however, are usually obese and, more importantly, do
respond to insulin, albeit not to a therapeutically accept-
able extent. Our patient differs from these previously de-
scribed cases, first, by not being obese and second, by
showing no response to exogenously administered insu-
lin. There have been few attempts to assess the usefulness
of sulfonylureas in nonobese diabetic patients not re-
sponding to insulin. That our patient may not be unique
is suggested by Segre's report (17) of a similar case, al-
though the degree of insulin resistance was not as fully
documented. Sulfonylureas deserve further consideration
as a mode of therapy for selected patients with maturity-
onset diabetes resistant 1o exogenous insulin,
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