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Selective Potentiation of Insulin-mediated Glucose
Disposal in Normal Dogs by the Sulfonylurea Glipizide

WILLIAM S. PUTNAM, DANAK. ANDERSEN,R. SCOTTJONES, and
HAROLDE. LEBOVITZ, Departments of Medicine, Physiology and Surgery,
Duke University Medical Center, Durham Veterans Administration Medical
Center, Durham, North Carolina 27710

A B S T RA C T Investigative data have suggested
that the extrapancreatic actions of the sulfonylureas
may be paramount in their chronic antidiabetic action.
The present study examines the effects of chronic sul-
fonylurea treatment on in vivo insulin action. Pe-
ripheral insulin levels, hepatic glucose production (Ra),
and overall glucose disposal (Rd) were studied in six
awake, normal dogs given both 0.5 and 1.0 mU/kg per
min pork insulin for 2.5 h. This produces stable hyper-
insulinemia from 15 to 150 min. Fasting euglycemia
was held constant by the glucose clamp technique and
averaged 99% basal glucose in all studies. Ra and Rd
were determined from infusion of [3-3H]glucose, be-
gun 90 min prior to insulin infusion. 10 mg of the sul-
fonylurea glipizide, was given daily to the test animals
for the 10 to 20 d following appropriate control studies,
then was withheld for 24 h, and the dogs were restudied.
Glipizide treatment did not significantly alter basal
glucose turnover, Ra, mean glucose values, or mean
insulin levels as determined by radioimmunoassay. In-
crease in Rd above basal glucose turnover in response
to insulin (ARd) was significantly (P < 0.05) increased
by glipizide treatment at both insulin dosage levels
(paired analysis). At 1.0 mU/kg per min insulin, ARd
rose from 2.6 mg/kg per min before glipizide to 6.5 mg/
kg per min after glipizide treatment. At 0.5 mU/kg per
min insulin, ARd went from 1.1 mg/kg per min before
glipizide to 2.2 mg/kg per min after glipizide treatment.
Glipizide treatment doubled the effects of insulin on
Rd, while showing no significant effect upon insulin
suppression of Ra. Weconclude that a significant extra-
pancreatic chronic action of glipizide lies in its ability
to selectively potentiate Rd.
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INTRODUCTION

Insulin-independent diabetes mellitus is associated
with insulin resistance (1, 2) and/or defective glucose-
mediated insulin secretion (3). While initial investiga-
tions suggested that sulfonylurea drugs might amelio-
rate the hyperglycemia of insulin-independent diabe-
tes mellitus by increasing insulin secretion, more
recent studies strongly support the hypothesis that
extrapancreatic actions of sulfonylureas, particularly
those related to the potentiation of insulin action, are
primarily responsible for this therapeutic effect (4, 5).

In this regard, we have previously reported that
chronic treatment of patients with insulin-independent
diabetes with the sulfonylurea glipizide results in a
significant increase in insulin-mediated glucose dis-
posal from the plasma glucose pool (6). This effect of
glipizide was reproduced in normal mice and was
associated with a two- to threefold increase in hepatic
plasma membrane insulin receptors (7). The data are
compatible with the hypothesis that glipizide poten-
tiates insulin action by increasing the number of in-
sulin receptors on the plasma membrane of insulin-
sensitive tissues.

The present investigation was directed toward deter-
mining whether chronic glipizide therapy potentiates
all of the actions of insulin on glucose metabolism
equally or whether this sulfonylurea preferentially
modifies only some of these actions. The data show that
glipizide treatment in dogs potentiates the effects of
insulin on overall glucose disposal but does not sig-
nificantly alter the effects on hepatic glucose pro-
duction.

METHODS
Dog model. The study was conducted on healthy mongrel

dogs (body weight, 12-20 kg). The dogs were maintained on a
constant diet in the animal facility at Duke University Medical
Center for at least 4 wk prior to any metabolic investigations.
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The dogs were trained to stand quietly on study tables in
the upright position, supported by canvas straps. All studies
were done in conscious unanesthetized animals. After com-
pletion of control studies with insulin infusions of 0.5 and 1.0
mU/kg per min, each animal was given the sulfonylurea
glipizide (Pfizer Laboratories, New York), 5 mg twice a day,
orally. The 0.5- and 1.0-mU/kg per min insulin infusion
studies were repeated between the 10th and 20th d of
glipizide treatment. Glipizide therapy was withheld for 24 h
preceding each study. Insulin infusion studies were done at
least 1 wk apart. The order of the insulin infusion dose was
randomized. No correlation was noted between the duration
of glipizide treatment and the responses observed.

Insulin infusion studies. Dogs were fasted for 18 h before
each study. An 18-gauge intravenous polyethylene catheter
was inserted into the saphenous vein of each hind limb. One
catheter was used for withdrawal of peripheral blood samples;
the other catheter was used for infusion of glucose, [3-3H]-
glucose, and insulin.

A primed, continuous infusion of [3-3H]glucose (New Eng-
land Nuclear, Boston, Mass.) was begun 90 min before the ex-
perimental period. The ratio of the priming dose to the con-
stant infusion was -90:1, with the continuous infusion at
646 nCi/min (0.155 ml/min) throughout the control and ex-
perimental periods. Peripheral venous samples were with-
drawn at -40, -30, -20, -10, and 0 min in heparinized (beef
lung heparin, 1,000 U/ml., Upjohn Co., Kalamazoo, Mich.)
syringes, immediately centrifuged, and aliquots of plasma
saved for determination of glucose, specific activity of glucose
and immunoreactive insulin (IRI).1

At 0 min, a constant infusion of either 0.5 or 1.0 mU/kg per
min of purified porcine insulin was begun in a peripheral
vein and continued for 150 min. A priming dose that was
double the constant infusion dose was administered for the
first 6 min. The insulin solution was prepared in saline
(0.9%) with 1-1.5 ml of each individual animal's plasma/50 ml
of insulin infusate added to prevent insulin adsorption to glass-
ware and the plastic infusion tubing. At 4 min, glucose in-
fusion was begun. The blood glucose was maintained at con-
stant euglycemic basal levels by the glucose clamp technique
(8). Appropriate corrections in the glucose infusion rate were
made every 5 min. Basal plasma glucose was maintained for
150 min by a servocontrolled negative feedback system
coupled to a variable speed peristaltic infusion pump (Holter)
delivering either a 5 or 10% glucose solution. The pump was
calibrated prior to each study. The actual glucose concentra-
tion of the infusate was determined on a 1:100 dilution with a
Beckman glucose analyzer (Beckman Instruments, Inc., Ful-
lerton, Calif.) and since it was usually 92% of the presumed
value, the actual value was used in the calculations.

In all experiments, samples for plasma glucose, plasma
IRI, and plasma specific activity of glucose were obtained in
heparinized syringes from the withdrawal catheter every 2
min for 10 min after time zero, then every 5 min for the duration
of the study (150 min).

Chemical analyses. Plasma glucose concentrations were
measured in duplicate by the glucose oxidase method using
the Beckman glucose analyzer. This allowed determination
of plasma glucose concentration within 2-3 min of withdrawal
of the heparinized blood sample. Plasma IRI was assayed at
5-min intervals for each study using the double antibody
radioimmunoassay technique with porcine insulin as the
standard (9).

1Abbreviations used in this paper: IRI, immunoreactive in-
sulin; Ra, the rate of endogenous glucose production; Rd,
the rate of overall glucose utilization.

To determine the specific activity of glucose, plasma sam-
ples from 5-min intervals of each study were deproteinized
with perchloric acid and neutralized with potassium hy-
droxide (10). A 1.0-ml aliquot of the supemate was frozen and
lyophilized to remove tritiated water. The dry residue was
dissolved with 0.4 ml of water and 5 ml of Aquasol (New
England Nuclear), and counts per minute determined with
a liquid scintillation spectrometer. The specific activity of
glucose (using the glucose concentrations obtained from the
Beckman glucose oxidase method) was expressed as nanocuries
per milligram.

Statistical calculations. In the basal state when a dynamic
equilibrium prevailed (t = -40 to 0 min), the glucose turn-
over rate (milligrams per kilogram per minute) was calculated
by the isotopic dilution equation: Rt = Ra = Rd = F/SA,
where Rt = the rate of glucose turnover, Ra = the rate of
endogenous glucose production, Rd = the rate of overall glu-
cose utilization, F = the rate of infusion of the tracer (nano-
curies per kilogram per minute = 646 nCi/min in all studies),
and SA = the specific activity of plasma glucose at equilibrium
(nanocuries per milligram). Since the liver is essentially the
only source of glucose in the postabsorptive state, Ra can be
assumed to be the rate of hepatic glucose production. In non-
steady states (during the experimental period), Ra and Rd were
calculated by Steele's equations (11) in their algebraic form
for continuously overlapping 20-min intervals (10-30, 15-35,
20-40, etc.), assigning the value for the interval to the mid-
point of that interval. In the equations, 200 ml/kg was used for
V (glucose distribution volume) (12), and the pool fraction was
assumed to be 0.65 according to Cowan and Hetenyi (13). The
calculated Ra from Steele's equations minus the exogenous
glucose infused (5 min average previous to the Ra and Rd inter-
val midpoints) was assumed to be the endogenous glucose
production (hepatic glucose production, Ra). The assay of
glucose turnover by the primed-constant infusion and the
pool-fraction technique has been validated for both steady
and nonsteady states (14).

Two hour-long intervals were used for data comparisons
(30-90 min and 90-150 min). The 13 mean values each for
Ra, Rd, and plasma IRI for these periods were determined
for each individual animal, then the time period means were
averaged and expressed as mean+SEM. ARa and ARd were
computed for each data point by taking the difference be-
tween that data point and basal glucose turnover. Means for
time intervals for ARa and ARd were constructed in the same
manner as for Ra and Rd. Statistical analysis was performed
using Student's t test for paired and unpaired comparisons (15).

RESULTS

Characteristics of the glucose clamp model. The
experimental design used in these studies provides
stable euglycemic glucose values and achieves steady-
state peripheral plasma insulin levels. In each individ-
ual dog study the plasma glucose was maintained at
92 to 106% of the basal value, with an average of 99%.
Coefficients of variation of plasma glucose in individual
animals ranged for 2.1 to 7.0% with an average of 4.3%.
The steady-state insulin level in individual animals
from 15 to 150 min varied by <5%.

Effect of glipizide on insulin-mediated effects.
Figs. 1 and 2 show the mean data obtained during the
peripheral 1.0 mU/kg per min insulin infusions in dogs
during the control studies and while on glipizide
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FIGURE 1 The effects of peripheral 1 mU/kg per min insulin
infusion in six normal dogs. The first panel depicts the primed
continuous insulin infusion. The second panel shows the
euglycemia maintained during the glucose clamp (see Methods).
The third panel illustrates the steady state square wave of
hyperinsulinemia maintained throughout the study. The
fourth panel illustrates the steadily increasing glucose in-
fusions required to maintain euglycemia. The fifth panel
shows hepatic glucose production (Ra) depicted by the open
circles and overall glucose disposal (Rd) depicted by the
closed circles during the course of the study (see Methods).
Ra is decreased and Rd is increased by the insulin infusion.
Each data point is the mean+SE.

treatment. Mean plasma glucose and insulin levels are
quite constant in each study group and are comparable
between control and glipizide treatment studies. He-
patic glucose production (Ra) behaves the same during
control and glipizide treatment, declining rapidly
and then stabilizing between 1.0 and 1.5 mg/kg per
min. Overall glucose disposal (Rd) is much greater
during glipizide treatment. This is reflected in the
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FIGURE 2 The effects of peripheral 1 mU/kg per min insulin
in the same six dogs as in Fig. 1 during chronic glipizide treat-
ment. The five panels are as described in the legend for Fig. 1.
The steady state euglycemia and square wave plasma insulin
levels are the same as in the control studies shown in Fig. 1.
The glucose infusion rate necessary to maintain the steady-
state euglycemia was approximately twice as much during
glipizide treatment as in the control state. Insulin suppression
of hepatic glucose production was unaltered by glipizide
treatment but insulin-mediated overall glucose disposal was
increased about twofold. Data are mean+SE.

marked difference in glucose infusion rates between
the control and glipizide treatment studies.

The mean plasma glucose values (milligrams per
deciliter) for control (0.5 mU/kg per min dose 86+3.6;

1018 W. S. Putnam, D. K. Andersen, R. S. Jones, and H. E. Lebovitz



1 mU/kg per min dose 84+4.1) and glipizide-treated
(0.5 mU/kg per min dose 84 +4.1; 1 mU/kg per min dose
87 ±2.7) studies are comparable at both insulin infusion
rates. Mean plasma IRI levels (microunits per milli-
liter) for control (0.5 mU/kg per min dose 17+±2.9; 1 mU/
kg per min dose 30.9±4.5) and glipizide-treated (0.5
mU/kg per min dose 18.3±1.6; 1.0 mU/kg per min
32.1±2.8) studies are also comparable at both insulin
infusion rates. The constancy of the insulin infusions
is shown by the constancy of mean plasma IRI during
the 30 to 90- and 90 to 150-min intervals (data not
shown).

Table I gives the individual dog's ARa and ARd
values for the time periods 30-90- and 90-150 min for
the peripheral 0.5 mU/kg per min insulin infusion
studies, before and after glipizide treatment. As can be
seen, while basal glucose turnover and ARa are unaf-
fected by glipizide treatment, ARd is consistently
higher after glipizide treatment.

Table II gives the same data for peripheral 1.0 mU/
kg insulin infusion studies. As with the lower insulin in-
fusion dose, ARd is consistently higher after glipizide
treatment while basal glucose turnover and ARaare un-
affected.

Thus no significant change in ARa with glipizide
treatment at any insulin level or time period occurred.
Individual changes in ARa are both positive and nega-

tive in approximately equal numbers. Net change in
ARd, however, though highly variable, is consistently
positive. A significant increase (P < 0.05) in ARd at-
tributable to glipizide treatment occurs at each insulin
infusion rate and time period studied.

Relationship of initial insulin sensitivity to glipizide
potentiation of insulin-mediated overall glucose dis-
posal. Fig. 3 illustrates positive correlation between
ARd during the control studies (a measure of insulin
sensitivity) and the net increase in ARd due to glipi-
zide treatment (a measure of response to glipizide).
Thus, the greater the sensitivity that an individual
animal has to insulin's effect on overall glucose dis-
posal, the more responsive it appears to be to glipizide
potentiation of this effect.

DISCUSSION

The data presented in this study in normal dogs show
that chronic treatment with the sulfonylurea glipizide
increases the effectiveness of physiological concentra-
tions of insulin in overall glucose uptake; but, sur-
prisingly, it has no significant effect on insulin sup-
pression of hepatic glucose production. Since suppres-
sion of hepatic glucose production is more sensitive to
physiologic concentrations of insulin than is net overall
uptake of glucose (16-19), these findings indicate that

TABLE I
Effect of Glipizide Treatment on the Changes in Hepatic Glucose Production (ARa) and Overall

Glucose Disposal (ARd) in Response to Infusion of 0.5 mU/kg per min of Insulin

Basal glucose
Animal turnover ARa (mg/kg per min) ARd (mg/kg per min)

mg/kg per min 30-90 min 90-150 min 30-90 min 90-150 min

1 C 4.4±0.2 -1.7+0.1 -1.7+0.1 0.1±0.1 0.7±0.1
Glip 3.5±0.1 -1.9±0.1 -2.0±0.2 0.9±0.1 1.9±0.2

2 C 2.9±0.1 -1.1±0.2 -2.0±0.2 1.3±0.2 1.4±0.1
Glip 2.9±0.0 -2.2±0.2 -2.5±0.2 2.0±0.2 3.8±0.1

3 C 3.3±0.1 -2.2±0.1 -3.3±0.1 1.1±0.1 1.8±0.1
Glip 3.1±0.1 -1.9+0.2 -2.1±0.1 1.3±0.1 1.9±0.1

4 C 3.5±0.1 -1.5±0.1 -1.8±0.1 0.0±0.1 0.1±0.1
Glip 3.6±0.1 -0.5+0.1 -0.5±0.1 0.6±0.1 0.9±0.1

5 C 3.3±0.0 -0.7±0.1 -0.6±0.1 -0.2±0.0 -0.1+0.2
Glip 3.1±0.0 -0.3±0.1 -0.5+0.2 0.0±0.1 0.4±0.1

6 C 3.5±0.1 -2.1±0.1 -2.0±0.1 1.2±0.1 2.4±0.3
Glip 3.2±0.1 -1.2±0.1 -1.9±0.1 2.5±0.2 4.5±0.2

Mean±SE of differences
between C and Glip 0.2±0.3 0.3±0.3 0.6±0.2* 1.2 +0.41

Basal glucose turnover is mean±SE of five values (-40, -30, -20, -10, 0 min). ARa and ARd are
mean+SEof 13 values (30 to 90 min) and 12 values (90-150 min). C, control; Glip, glipizide treatment.
* P < 0.02.
t P < 0.05.

Sulfonylureas Potentiate Insulin Action on Glucose Disposal 1019



TABLE II
Effect of Glipizide Treatment on the Change in Hepatic Glucose Production (ARa) and Overall

Glucose Disposal (,ARd) in Response to Infusion of 1.0 mU/kg per min of Insulin

Basal glucose
Animal turnover ARa (mg/kg per min) ARd (mg/kg per min)

mg/kg per min 30-90 min 90-150 min 30-90 min 90-150 min

1 C 4.0+0.1 -1.9+0.1 -2.7+0.1 1.2±0.1 2.1+0.1
Glip 4.6+0.1 -4.6+0.1 -4.6+0.1 5.5+0.5 10.1+0.5

2 C 3.3+0.1 -1.9+0.3 -2.4+0.2 1.9+0.4 2.5±0.2
Glip 3.7+0.1 -3.6±0.2 -3.7+0.3 3.0+0.4 6.6±0.3

3 C 3.1+0.1 -2.1±0.1 -2.0±0.1 1.6±0.2 3.3±0.1
Glip 3.6±0.1 -1.6±0.1 -1.7+0.1 2.2±0.1 3.2±0.1

4 C 4.1±0.0 -1.8±0.2 -2.9±0.2 0.6±0.1 1.4+0.1
Glip 3.4t0.1 -1.3±0.1 -1.5±0.0 1.5±0.1 2.1±0.1

5 C 3.6±0.0 -1.1±0.1 -0.9±0.1 0.5±0.0 0.8+0.1
Glip 4.3±0.0 -1.3±0.4 -2.1±0.1 1.9+0.4 2.4t0.1

6 C 3.5+0.1 -3.0±0.2 -3.1±0.1 3.3t0.3 5.6+0.1
Glip 3.6t0.0 -2.2±0.3 -2.3±0.3 8.7±0.7 14.8±0.6

MeantSE of difference
between C and Glip -0.5±0.6 -0.3+0.5 2.3±0.8* 3.9+1.5*

Basal glucose turnover is meantSE of five values (-40, -30, -20, -10, 0 min). ARa and ARd are
mean+SE of 13 values (30 to 90 min) and 12 values (90-150 min). C, control; Glip, glipizide
treatment.
* P < 0.05.

there is some selectivity or differential sensitivity
of insulin responsive sites to this extra-pancreatic
effect of glipizide. Thus, sulfonylurea treatment may
not merely mimic insulin's action on glucose metabolism,
but may qualitatively alter it. The sensitivity of each
individual dog to glipizide potentiation of insulin-
mediated overall glucose disposal correlated well
with its base-line sensitivity to this action of in-
sulin suggesting that glipizide facilitated an existing
mechanism.

The experimental design does not absolutely ex-
clude glipizide having some, but albeit a much lesser
effect, on insulin-mediated suppression of hepatic
glucose production as compared with insulin-mediated
overall glucose disposal. The effects of higher con-
centrations of insulin or more prolonged glipizide
therapy were not studied.

Insulin resistance has been shown to be a significant
factor in the metabolic aberrations of patients with
insulin-independent (type II) diabetes mellitus (1-3).
Chronic sulfonylurea treatment of these patients is
associated with a significant potentiation of insulin ac-
tion and a partial or complete amelioration of this
insulin resistance (5, 6, 20). It is unclear as to
whether the insulin resistance is uniform at all insulin-
sensitive sites or is selective. Kimmerling et al. (21)
have presented data which show that insulin action in

increasing glucose uptake is markedly impaired in pa-
tients with chemical diabetes, while insulin action in
suppressing hepatic glucose production is only slightly
decreased. In patients with fasting hyperglycemia,
both aspects of insulin action appear to be equally
impaired (21). Our data indicate that if chronic glipi-
zide treatment has the same effects in diabetic man
as in our normal dogs, it should selectively ameliorate
the early defect in insulin-mediated glucose uptake
found in patients with chemical diabetes. If this were
so, it could explain why sulfonylurea therapy is so
beneficial in patients with the recent onset of a
modestly severe insulin resistant (normal to elevated
plasma insulin levels) diabetes mellitus.

The specific mechanism of insulin resistance in pa-
tients with insulin-independent diabetes mellitus is
unclear. Olefsky and Reaven (22) have demonstrated
decreased insulin receptors on circulating monocytes
in patients with insulin-independent diabetes mellitus
(22). Insulin resistance was shown to correlate well
with the decrease in insulin receptors in individuals
with chemical diabetes but not in those with overt
diabetes and fasting hyperglycemia (23). Other investi-
gators have suggested that the mechanism of insulin
resistance is due to a postreceptor defect that results
in hyperglycemia and increased insulin secretion (24,
25). The elevated plasma insulin levels would lead to a

1020 W. S. Putnam, D. K. Andersen, R. S. Jones, and H. E. Lebovitz
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FIGURE 3 Correlation between the effect of glipizide treat-
ment in increasing insulin-mediated overall glucose disposal
and the control insulin-mediated overall glucose disposal in
normal dogs. The data show that the glipizide effect is greatest
in those animals who are most sensitive to insulin in the
control state.

decrease in plasma membrane insulin receptors through
the mechanism of "down regulation." If the primary
mechanism for insulin resistance is a decrease in
insulin receptors, then any factor that increases the
number of receptors should ameliorate the resistance.
If the primary defect is a postreceptor event, then
alterations in plasma membrane receptors by various
therapeutic agents would be secondary events and of
little consequence.

Treatment of patients with insulin-independent
diabetes mellitus with sulfonylurea drugs increases
circulating monocyte insulin receptors (26). However,
similar increases in circulating monocyte insulin re-

ceptors have been reported by effective treatment of
the same type of diabetic patients with diet (27), so
that it is unclear whether the increase in insulin re-

ceptors is the result of the effective treatment of the
diabetic state or the consequence of oral sulfonylurea
therapy. Chronic sulfonylurea treatment of normal
mice that did not alter fasting plasma glucoses or in-
sulins did cause increased insulin sensitivity and was

associated with a two- to threefold increase in the num-

ber of hepatic plasma membrane insulin receptors (7).

Several recent reports show that sulfonylureas influence
the internalization of plasma membrane receptors in
vitro (28,29), and Prince and Olefsky (30) have reported
that sulfonylureas cause a slight increase in the number
of insulin receptors on human fibroblasts grown in vitro
and significantly suppress down regulation of the in-
sulin receptor by insulin in the same model system
(30). Thus there is evidence to support either the
hypothesis that sulfonylureas directly increase insulin
receptors and this accounts for their extrapancreatic
effects in potentiating insulin action, or that sulfonyl-
ureas alter postreceptor insulin action and the change
in insulin receptors is a secondary phenomenon.

The findings in the present study are at variance with
a number of early observations on the effects of sul-
fonylureas on the liver. Several initial reports proposed
that sulfonylureas decreased hepatic glucose output
and that this effect could not be mimicked by insulin
(31-33). Those data were subsequently refuted by a
number of studies that showed that sulfonylurea ad-
ministration caused a decrease in hepatic glucose out-
put and had little or no discernable effect on peripheral
glucose uptake and that insulin caused very similar
effects (34-36). All of those early studies used acute
administration of the sulfonylurea and did not control
the glucose level. Most likely the observed effects
were related to the increased secretion of insulin.
Colwell (37) reported that acutely administered tol-
butamide but not acetohexamide potentiated insulin
action when both were infused into the portal vein of
dogs (37). He measured the fall in peripheral blood
glucose but did not specifically assess hepatic effects.
Blumenthal (38), using an in vitro liver perfusion,
showed that chlorpropamide augments insulin action
in inhibiting glucagon-stimulated glucose production
(38). The relevance of this in vitro model to the in vivo
studies is unclear.

Several experimental features that are included in our
studies strengthen the validity of our results. The blood
glucose was kept normal throughout the studies. Con-
scious normal dogs were used. Each animal served as
its own control. The sulfonylurea was given for 10-20 d
allowing for chronic effects to occur. Hepatic glucose
production and overall glucose disposal were deter-
mined. Physiological concentrations of insulin were
used. The use of normal animals in this initial phase
of the study obviated any possible effects due to the
regulation of hyperglycemia as would occur in diabetic
animals.

The effect of chronic glipizide administration in
increasing insulin-mediated overall glucose disposal
could be the result of an increase in peripheral glucose
uptake, an increase in hepatic glucose uptake or a
combination of both. Wedid not measure glucose dif-
ferences across the liver and do not know if changes in
hepatic glucose uptake occurred. Ample data in the
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literature indicate that chronic sulfonylurea treat-
ment potentiates insulin-mediated glucose uptake in
skeletal muscle (4, 39). Acute administration of sul-
fonylureas does not increase insulin-mediated pe-
ripheral glucose uptake (40, 41).

The present study, which indicates that chronic
glipizide treatment of normal dogs potentiates insulin-
mediated overall glucose disposal and has no significant
effect on insulin-mediated hepatic glucose production,
suggests that chronic sulfonylurea therapy qualitatively
alters insulin action. If such effects occur in diabetic
patients they could explain some of the enigmas in our
understanding of the usefulness of sulfonylurea ther-
apy. Elucidation of the mechanism of this selective
effect could provide unique insights into understanding
insulin action and perhaps the nature of the resistance
to insulin action in patients with insulin-independent
diabetes mellitus.
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