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The hypoglycemic response of moderately severe
diabetic patients to an orally administered test
dose of tolbutamide has been shown by Mirsky,
Diengott, and Dolger (1) to differ strikingly from
that of nondiabetic subjects. Indirect evidence of
a correlation between tolbutamide responsiveness
and pancreatic insulin content (1), coupled with
experimental support for the view that the drug
stimulates endogenous secretion of insulin (2-6),
suggest that this difference may be of more than
empirical interest. The purpose of the following
study was to compare response to intravenously
administered tolbutamide in nondiabetic and mild
diabetic subjects, including those with a normal
and near-normal fasting blood glucose level.

MATERIALS ANDMETHODS

One hundred nondiabetic controls were selected from
the medical, surgical, and otolaryngological wards of the
Dallas Veterans Hospital (85 subjects), and from
among medical students (15 subjects). The nondiabetic
status of all control subjects was established by means
of history, physical examination, and a negative oral
glucose tolerance test, interpreted according to the cri-
teria of the American Diabetes Association (7).
Seventy-nine mild, stable, diabetic patients, none of whom
required insulin therapy, were selected from the Park-
land Memorial Hospital Metabolic Clinic, from the
wards of the Dallas Veterans Hospital, and from among
subjects discovered by the Diabetes Detection Unit of
the Dallas City Health Department. Diabetic subjects
were subdivided according to their fasting blood glucose
level on the morning of the test. Thirty-four patients had
fasting hyperglycemia of diagnostic proportions (115 to
180 mg. per cent) and 45 had normal or slightly ele-
vated fasting blood glucose levels (below 115 mg. per
cent). Twenty-five of the latter had levels below 100
mg. per cent. The diabetic status of the latter group
was established by means of three hour oral glucose
tolerance tests. Because of the nonspecificity of this

1 This work was supported by a grant from the Upjohn
Company, Kalamazoo, Michigan.

2Presented in part at the annual meeting of the Ameri-
can Federation of Clinical Research, May, 1957.

test, as usually interpreted, in the borderline zone (8, 9),
the following stringent diagnostic criteria for diabetes
were employed: peak blood glucose level, 200 mg. per
cent or higher; two hour level, 170 mg. per cent or
higher; and three hour level, 135 mg. per cent or higher.

All subjects were requested to adhere to a diet con-
taining 300 Gm. of carbohydrate daily for at least three
days before the test. After an overnight fast, and the
withdrawal of a fasting blood specimen, 1 Gm. of so-
dium tolbutamide,8 diluted in 11 ml. of distilled water,
was injected intravenously at a constant rate over a
two minute period. Blood specimens were drawn 20, 30,
40, 60, and, in some instances, 90 and 120 minutes after
the midpoint of the injection period. Blood glucose con-
centration was determined in duplicate by the Somogyi-
Nelson technique (10). In our laboratory the standard
deviation of the replicate determinations included in this
study was 1.10.

RESULTS

The typical blood sugar response, exhibited by
nondiabetic subjects to intravenously administered
sodium tolbutamide, simulated the pattern usually
obtained after intravenous injection of insulin.
Glucose concentration declined rapidly to a nadir
in 20 to 50 minutes after injection, following which
a rebound towards normal usually occurred (Fig-
ure 1). At 20 minutes after the injection, the
blood glucose level of nondiabetic subjects had
declined to an average of 60 per cent of the pre-
test value (S. D., ± 14.2), and the range was
from 85 to 9 per cent. Thirty minutes after injec-
tion, the mean fall was to 51 per cent of the pre-
test level (S. D., ± 14.8), with a range of from
82 to 6 per cent. At 40 minutes, at which time
rebounding values became increasingly prevalent,
the mean percentage was 55.6 (S. D., ± 11.9),
with a range of from 91 to 22 per cent. At 60
minutes the mean was 72 per cent (S. D., ± 12.1),
and the range from 104 to 42 per cent (Figure
1, 2).

8 Sodium tolbutamide was generously supplied by Dr.
C. J. O'Donovan, Upjohn Company, Kalamazoo, Michi-
gan.
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FIG. 1. MEANTOLBUTAMIDERESPONSECURVESOF ALL
BUT FIVE OF THE SUBJECTS STUDIED ILLUSTRATING THE

BLOOD GLUCOSE RESPONSESTYPICAL OF NONDIABETICS
ANDOF MILD DIABETICS OF VARYINGDEGREESOF SEVERITY

The curve of 45 diabetics with fasting blood specimen
< 115 mg. per cent includes the 25 with fasting blood
specimen < 100 mg. per cent whose mean curve is also
shown separately. Five of the 79 diabetics in this study
are not represented in this figure, but their omission does
not perceptibly affect the results.

In striking contrast to the response of non-

diabetics, diabetic subjects exhibited a more grad-
ual decline which sloped towards a nadir some-

where beyond the one hour specimen (Figure 1).
Twenty minutes after injection, the blood glucose
level of the diabetic group had fallen to a mean of
only 90 per cent of the pretest level (S. D., + 7.4),
with a range of from 108'to 61 per cent. At 30
minutes, the mean percentage of pretest values
was 83 per cent (S. D., 8.7) with a range of
from 105 to 49 per cent. At 40 minutes after in-
jection, the mean was 83 per cent (S. D., + 9.8),
with a range of from 107 to 53 per cent. At 60
minutes, the mean was 77 per cent (S. D., + 10.9),
with a range of from 129 to 49 per cent (Fig-
ure 1 ).

A separate analysis was made of the 45 dia-
betics with a fasting blood glucose level of less
than 115 mg. per cent, and of 25 diabetics with a

fasting level below 100 mg. per cent (Figure 1).
The hypoglycemic response of the milder diabetics
is somewhat more rapid than those whose fasting

blood glucose levels exceed 115 mg. per cent.
Nevertheless, the mean tolbutamide response
curve of each of these groups is shown to parallel
closely the mean response curve of the more severe
diabetics, and to differ strikingly from the mean
response curve of the nondiabetic group.

In Figure 3, the individual response curves of
12 nondiabetic controls are compared with those of
12 diabetic subjects whose fasting blood glucose
levels were in a similarly normal range. The
precipitous decline in the blood glucose level of
the nondiabetics, followed typically by a rebound
toward the pretest level, is in marked contrast to
the more gradual and often irregular slope ex-
hibited by the mild diabetics.

In Figure 2, the individual blood glucose levels
of all diabetic and nondiabetic subjects, expressed
as per cent of the pretest value, are recorded at
20, 30, 40, 60, and in a few instances, at 90 and
120 minutes after the tolbutamide injection.
Separation of the two groups is maximal at 20 and
30 minutes, at which time the blood glucose level
of nondiabetics approaches its nadir. Overlap
between groups becomes increasingly prevalent
thereafter, as the blood glucose level of the non-
diabetics returns towards its pretest value, while
that of the diabetics continues to decline. At 20
minutes after the injection of tolbutamide, the
blood glucose level of 96 per cent of nondiabetics
has declined to below 84 per cent of the pretest
value, and in 94 per cent, has fallen to below 80
per cent of pretest level. In contrast, the blood
glucose level of 94 per cent of the diabetic group
remained at 84 per cent of the pretest level or
higher, and in 95 per cent, remained at 80 per
cent or more.

At 30 minutes after the tolbutamide injection,
the blood glucose level of 99 per cent of the non-
diabetics fell below 77 per cent of the pretest value
(Figure 2). However, in 10 per cent of diabetic
patients, declines to 73 per cent of the pretest level
or less are noted.

DISCUSSION

The foregoing data indicate that the rate of
hypoglycemic response of nondiabetic subjects to
intravenously administered sodium tolbutamide
differs from that of mild stable diabetics. While
precise interpretation of this difference must await
final elucidation of the mechanism of sulfonylurea-

Mean Curve of:

100 Non-Diabetics o-----o
75 Diabetics -

30 diabetics with FBS > 115 mg.% .---
45 diabetics with FBS < 115 mg.% --'
25 diabetics with FBS < 100 mg.% _---_

I I I I I I
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FIG. 2. THE TOLBUTAMIDE RESPONSETESTS OF 100 NONDIABETIC AND 79
MILDLY DIABETIC SUBJECTS ARE RECORDED

Blood glucose levels are expressed as per cent of the fasting concentration.
Separation of the two groups is maximal at 20 and 30 minutes.

induced hypoglycemia, speculation as to its sig-
nificance is of interest.

Although this study in no sense contributes to

clarification of the problem of its mechanism of
action, the results are in harmony with the con-

cept that tolbutamide enhances the release of in-
sulin from the beta cells (2-6). The resemblance
between the nondiabetic tolbutamide response

curve and the normal insulin tolerance curve is
compatible with a release of stored insulin from
the beta cells ( 1). If this were the case, the
more gradual hypoglycemic response to tolbuta-
mide exhibited by diabetic subjects could be as-

cribed either to diminished insulin stores, or to

decreased rate of insulin release in response to

betacytotropic stimulation, although extrapan-

creatic interference with insulin degradation is
also possible. The apparent inverse correlation
between the rate of hypoglycemic response and
the fasting blood glucose concentration noted in
the diabetic group (Figure 1) may be a quanti-

tative expression of the severity of the disease,
or merely a nonspecific function of the pretest
blood glucose level.

There is, however, experimental evidence that
tolbutamide potentiates the action of exogenous

insulin in totally depancreatized animals (11-13).
The results of the present study can also be ex-

plained on the basis of potentiation by tolbutamide
of independently secreted endogenous insulin.

Validation of either of these theories of sul-

fonylurea action would provide a rational basis
for the observed differences in tolbutamide re-

sponse. In this event, the intravenous tolbutamide
response test would constitute an index of beta

cell function, which might prove useful as a new

parameter for the diagnosis of mild diabetes. At-

tention is called to the fact that the blood glucose
concentration at 20 and 30 minutes, expressed as

per cent of pretest level, correctly segregated dia-

betic patients from nondiabetics in approximately
95 per cent of cases; this includes the mildest dia-
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FIG. 3. COMPARISONOF THE TOLBUTAMIDE RESPONSE
CURVES OF 13 NONDIABETICS AND 13 MILD DIABETICS
WHOSEFASTING BLOOD GLUCOSELEVELS WERE IN A

SIMILAR RANGE

The rapidity and magnitude of the decline of blood
glucose levels which characterize the nondiabetic group

are in contrast to the more gradual and occasionally ir-
regular responses of the diabetics.

betics, whose fasting blood glucose levels were in
a normal or near-normal range. Since this rec-

ord compares favorably with other routine clini-
cal tests now employed in the diagnosis of mild
diabetes (8, 9), further evaluation of the tolbuta-
mide response test as a diagnostic procedure
seems warranted.

SUMMARY

Intravenous sodium tolbutamide response tests

were performed in 100 nondiabetic and 79 mild,
stable diabetic subjects, and blood glucose con-

centration determined at 20 minute intervals for
up to two hours thereafter. Whereas the blood
glucose levels of nondiabetics fell rapidly, reach-
ing a nadir between 20 and 40 minutes after in-
jection, diabetics, including those with a normal
or near-normal fasting blood glucose value, ex-

hibited a more gradual decline. Possible ex-

planations for this striking difference in tolbuta-

mide response are discussed, and the practical
implications of these findings considered.

ACKNOWLEDGMENTS

The authors wish to express their thanks to Miss
Mary F. Camp for the technical aid rendered, and also
to Dr. Richard J. Kaufman for his kind assistance in
performing some of the tests.

REFERENCES

1. Mirsky, I. A., Diengott, D., and Dolger, H. The
relation of various variables to the hypoglycemic
action of 1-butyl-3-p-tolysulfonylurea in patients
with diabetes mellitus. Metabolism 1956, 5, 875.

2. Loubatieres, A. L'utilisation de certaines substances
sulfamidees dans le traitement du diabete sucre
experimental; recherches personnelles (1942-1946).
Presse med. 1955, 63, 1701.

3. Colwell, A. R., Jr., Colwell, J. A., and Colwell, A. R.,
Sr. Intrapancreatic perfusion of the antidiabetic
sulfonylureas. Metabolism 1956, 5, 749.

4. Fritz, I. B., Morton, J. V., Weinstein, M., and
Levine, R. Studies on the mechanism of action of
the sulfonylureas. Metabolism 1956, 5, 744.

5. Goetz, F. C., Gilbertsen, A. S., and Josephson, V.
Acute effects of Orinase on peripheral glucose utili-
zation. Metabolism 1956, 5, 788.

6. Madison, L. L., and Unger, R. H. Comparison of the
effects of insulin and tolbutamide on peripheral
glucose utilization in the dog. Metabolism. In
Press.

7. Diabetes Guide Book for the Physician, American
Diabetes Association. New York, E. R. Squibb &
Sons, 1950.

8. Unger, R. H. The standard two-hour oral glucose
tolerance test in the diagnosis of diabetes mellitus
in subjects without fasting hyperglycemia. Ann.
intern. Med. 1957, 47, 1138.

9. Unger, R. H., and Madison, L. L. The diagnostic
and prognostic significance of the abnormal oral
glucose tolerance test as determined by long-term
follow-up studies. Clin. Res. Proc. 1957, 5, 298.

10. Nelson, N. A photometric adaptation of the Somogyi
method for the determination of glucose. J. biol.
Chem. 1944, 153, 375.

11. Houssay, B. A., Penhos, J. C., Urgoiti, E., Teodosio,
N., Apelbaum, J., and Bowkett, J. The role of in-
sulin in the action of the hypoglycemic sulfonyl
compounds. Ann. N. Y. Acad. Sci. 1957, 71, 25.

12. Ricketts, H. T., Wildberger, H. L., and Schmid, H.
Long-term studies of the sulfonylureas in totally
depancreatized dogs. Ann. N. Y. Acad. Sci. 1957,
71, 170.

13. Caren, R., and Corbo, L. The potentiation of ex-
ogenous insulin by tolbutamide in depancreatized
dogs. J. clin. Invest. 1957, 36, 1546.

630


