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Abstract. The antilipolytic effect of insulin was
studied in 9 obese and 10 age- and sex-matched subjects
of normal weight. Isolated fat cells were taken before and
1 h after an 100 g oral glucose load. Insulin inhibition
of basal and isoprenaline-induced rates of lipolysis were
determined by using a sensitive bioluminescent glycerol
assay. Whencompared with the controls, the obese group
showed a lower glucose tolerance, a higher insulin secre-
tion, and a lower specific insulin receptor binding per
adipocyte surface area, which would suggest an insulin-
resistant state. Before oral glucose, however, the sensitivity
of the antilipolytic effect of insulin was enhanced 10-fold
in obesity (P < 0.01), but the maximum antilipolytic
effect was not altered. Glucose ingestion induced a 10-
25-fold increase in insulin sensitivity (P < 0.01) and a
10% but not significant increase in specific adipocyte in-
sulin receptor binding in the nonobese group. In the obese
group, however, neither the insulin binding nor the an-
tilipolytic effect of the hormone was increased by oral
glucose. After oral glucose, insulin sensitivity was similar
in the two groups. The concentration of the hormone
which produced a half maximum effect was about 1 gU/
ml. Similar results were obtained with insulin inhibition
of basal and isoprenaline-stimulated glycerol release. It
is concluded that, after an overnight fast, the sensitivity
of the antipolytic effect of insulin is markedly enhanced
in adipocytes of "insulin-glucose resistant" obese subjects,
presumably because of alterations at postreceptor levels
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of insulin action. In obesity, the antilipolytic effect of
insulin seems normal after glucose ingestion. Further-
more, in adipocytes of subjects of normal weight, oral
glucose rapidly stimulates the sensitivity of the antili-
polytic effect of insulin, apparently because of changes
at postreceptor sites. This short-term regulation of insulin
action following the ingestion of glucose does not seem
to be present in obesity.

Introduction

It is well known that the hypoglycemic effect of insulin is at-
tenuated in obesity. This is evidenced by an apparent decrease
in the sensitivity and responsiveness (maximum action) of insulin
(1, 2). Sensitivity usually reflects insulin binding, whereas re-
sponsiveness mirrors insulin action at postreceptor levels (3).
A decrease in insulin receptor binding (4), as well as in the
sensitivity and responsiveness of insulin stimulation of glucose
transport (5, 6), has been demonstrated in obesity by using
human adipocytes. Thus, insulin resistance in obesity may be
due to a combination of receptor and postreceptor defects in
insulin action on glucose transport. However, insulin has several
other primary actions. One of the more important is the in-
hibition of lipolysis in fat cells. Whether this insulin effect is
altered in obese subjects is a matter of uncertainty. This may
partly be due to the methodological difficulties of estimating
lipolysis, which occurs at a slow rate in human fat cells (7). We
have recently developed an ultrasensitive bioluminescent tech-
nique for the determination of glycerol release from human
adipocytes (8). This allows a detailed analysis to be made of
the dose-response relationship of insulin inhibition of lipolysis
in microsamples of these cells (9). Furthermore, insulin resistance
represents a chronic change in insulin action which develops
slowly. However, acute adaptation of the antilipolytic effect of
insulin has recently been demonstrated in man. Thus, human
fat cells obtained I h after glucose ingestion show a marked
increase in insulin sensitivity (10).

In the present study, the antilipolytic effect of insulin and
insulin receptor binding were studied in isolated fat cells obtained
from 9 obese subjects and 10 age- and sex-matched subjects of

673 Insulin Action in Obesity

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/84/03/0673/08 $ 1.00
Volume 73, March 1984, 673-680



normal weight. Subcutaneous fat was obtained before and 1 h
after the oral ingestion of 100 g of glucose. A marked increase
in the sensitivity of the antilipolytic of insulin was observed in
obesity before glucose ingestion. In contrast to the nonobese
subjects, however, no further increase in insulin sensitivity could
be demonstrated in the obese subjects after glucose ingestion.

Methods

Subjects. The study groups consisted of 10 healthy subjects of normal
weight and 9 weight-stable obese subjects who were otherwise healthy.
They are described in Table I. The onset of obesity occurred in childhood.
None of the obese subjects had recently been on a slimming program
involving caloric restriction or physical exercise. All subjects were on a
diet consisting of -45% carbohydrates, 35% fat, and 20%protein, which
had been calculated from a 24-h recall. None had a recent history of
the intake of any drug known to affect glucose tolerance, insulin release,
or adipose tissue metabolism. The subjects were examined in the out-
patient's department at 8 a.m. after an overnight fast. The study was
authorized by the hospital's Ethical Committee. Informed consent was
obtained from all subjects.

Protocol. A biopsy of subcutaneous adipose tissue (-0.5 g) was
taken from the gluteal region under local anesthesia. Pilocarpin was
injected in a way that did not affect adipose tissue metabolism (11).
After the biopsy, 100 g of glucose was ingested and samples of venous
blood were drawn for the determination of plasma glucose (12) and
plasma immunoreactive insulin (13) at 0, 15, 30, 45, 60, 90, and 120
min. At 60 min, another fat biopsy was taken. Isolated fat cells were
prepared by Rodbell's method (14).

Lipolysis determination. Isolated fat cells were incubated at a final
concentration of '20,000 cells/ml (2%, vol/vol) in Krebs-Henseleit
bicarbonate buffer containing glucose (2 mg/ml), albumin (40 mg/ml),
isopropyl noradrenaline (0 or 6 X 10-6 mol/liter), and insulin (0, 0.1,
0.25, 1, 2.5, 10, 25, 100, 250, and 1000 (;U/ml). It was not always
possible to use all of the insulin concentrations. The albumin:free fatty
acid molar ratio was 3:1. It was necessary to use a high glucose con-
centration in the medium in order to obtain a constant antilipolytic
effect of insulin in the isoprenaline experiments, since fat cells sometimes
were resistant to insulin at glucose concentrations below 2 mg/ml (9).
Each incubation was run in duplicate at 370C with 02:CO2 (95:5) as
the gas phase. The total incubation volume was 0.2 ml. After incubation,
aliquots of the medium were removed for the determination of glycerol,
by using a bioluminescent technique that has been described in detail
(8). The detection limit for glycerol was 0.5 Mmol/liter. The coefficient
of variance for glycerol release in one subject was 6%.

Determination of insulin binding. Isolated fat cells were incubated
in duplicate or triplicate at a final cell concentration of 4% (vol/vol) for
60 min at 240C in Krebs-Henseleit bicarbonate buffer (pH 7.4) containing
albumin (40 mg/ml), glucose (2 mg/ml), mono-'2514Tyr A,4-insulin
(0.05 pmol/ml), and unlabeled insulin (0-50 pmol/ml). The total in-
cubation volume was 0.2 ml. The binding reaction was terminated by
adding 2.5 ml of ice-cold saline and rapidly centrifuging the cells through
0.7 ml of silicon oil (15). The supernatant cells were then removed for
determination of radioactivity. Nonspecific binding was measured in
the presence of 20 nmol/ml of unlabeled insulin. All data were corrected
for nonspecific binding. Specific tracer binding increased in a linear
fashion when fat cells were incubated in concentrations ranging from
1-33% (vol/vol). With the use of this method, (a) insulin degradation
is negligible, (b) nonspecific binding is low, about 4%, and (c) a steady

state of insulin binding is always reached after 40 min and maintained
for at least 120 min (16). The coefficient of variance for insulin binding
to isolated fat cells was 7% in one subject.

Fat cell determination. Fat cell size was measured (17), and mean
fat cell volume and mean fat cell weight were calculated by using pre-
viously described methods (18).

Chemicals. Crystalline glucagon-free porcine insulin was kindly
supplied by Vitrum AB, Sweden. Mono-'2514Tyr A14-insulin was ob-
tained from Novo Research Institute, Copenhagen, Denmark and bovine
serum albumin (fraction V) from the Armour Pharmaceutical Co., En-
gland.

Expression of the results. Glycerol release and insulin binding were
expressed per number of cells. Insulin binding was also expressed per
cell surface area. The number of cells incubated was determined by
division of the lipid weight of the incubated sample by the mean fat
cell weight. Insulin responsiveness was defined as glycerol release in the
absence of insulin minus glycerol release at the maximum effective
insulin concentration. Insulin sensitivity was determined in three ways.
First, the ascending part of the mean dose-response curves for the an-
tilipolytic effect of insulin was linearized by using a plot of log insulin
concentration versus the log (y/100 -y), where y denotes the inhibition
of lipolysis at a particular insulin concentration, which was expressed
as a percentage of the maximum inhibitory effect. The apparent half-
maximum effect (ED,0)' was obtained from the point where the line
intersects the abscissa at zero. This plot has been described in detail
elsewhere (19). Differences in left-right position between linearized mean
dose-response curves were tested statistically (see below). Significant
differences in the slope and the intercept between lines were considered
to represent differences in insulin sensitivity. Secondly, the individual
ED50-values were calculated from each single dose-response curve.
Thirdly, the lowest concentration of insulin used that gave a significant
inhibition of glycerol release in the obese and nonobese groups, re-
spectively, was determined. The insulin-binding experiments were ex-
pressed by competition curves and by Scatchard's method (20).

Statistical methods. The reported values represent the
mean±standard error of the mean. The student's paired and unpaired
t test, linear regression analysis by the method of least squares, and the
F distribution test (21) were used for statistical evaluation of the results.

Results

Blood glucose, plasma insulin, and fat cell size. Table I shows
that two of the obese subjects (Nos. 4 and 8) had an elevated
fasting blood glucose at the time of the investigation. They were
studied on two other occasions and the values were then normal.
The obese subjects had moderate fasting hyperinsulinemia (Table
I). Their bodyweight was 75% higher and their fat cells were
35% larger than those of the nonobese subjects (Table I). The
results of a 100 g oral glucose load are shown in Fig. 1. In both
groups, the blood glucose and plasma insulin were significantly
elevated at 60 min when the second biopsy was taken. In com-
parison with the nonobese subjects, the obese ones displayed
significantly higher glucose and insulin values over a 2-h period,
which indicated an insulin-resistant state. Oral glucose did not
affect fat cell size (data not shown).

1. Abbreviation used in this paper: ED50, half-maximum effect.
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Table I. Clinical Data of the Study Groups

Blood Plasma Fat cell

Subjects Sex Age Body weight glucose insulin volume

yr %of average mmol/liter UsU/mI mm3x 1o-6

Nonobese 1 F 23 96 4.2 4.6 1017
2 F 24 101 4.2 4.1 1245
3 M 25 101 5.1 3.2 810
4 F 31 102 5.2 6.1 966

5 M 28 95 5.0 10.2 880
6 M 30 96 5.4 6.2 940
7 F 33 95 4.3 2.5 881
8 F 40 110 5.2 4.0 1172
9 F 46 91 3.9 2.7 618

10 F 50 97 4.1 2.8 999
Mean±SE 7/3 33±3 98±2 4.8±0.2 4.6±0.7 953±53

Obese 1 M 25 205 4.3 26.2 1511
2 F 38 196 4.8 16.7 1454
3 M 43 132 5.0 8.2 860
4 F 25 187 7.3 15.2 1154
5 F 35 147 3.8 3.1 973
6 F 35 170 4.4 3.7 1329
7 F 27 179 4.3 12.6 1568
8 F 33 169 6.5 16.2 1477
9 F 21 168 4.3 6.6 1340

Mean±SE 7/2 31±2 173t±8 5.0±0.4 12.1*+2.5 1296*+83

The subjects were investigated after an overnight fast. The average body weight was obtained from tables computed by Documenta Geigy (33).
The significance of the differences between nonobese and obese subjects were determined with the unpaired t test. * P < 0.01; t P < 0.00 1.

Insulin binding. Insulin receptor binding to adipocytes ob-
tained after an overnight fast is shown in Fig. 2. Whenbinding
was expressed per number of cells, the competition curves
showed no significant differences between obese and nonobese
subjects. The mean Scatchard plots for the two groups were
curvilinear and were almost identical. However, insulin binding
was definitely lower in subjects with obesity when it was expressed
per cell surface area. The mean competition curves in the obese
and the nonobese groups were significantly different over the
entire range of insulin concentrations tested. Transformation
of the binding by using Scatchard's method (20) showed that
the shift of the curve to the left in obese subjects was almost
parallel to that in the nonobese. This indicates that the decrease
of binding in obesity was largely due to a loss in total insulin-
binding sites. However, insulin receptor number was not de-
termined in this study, since it has recently been recognized
(22) that the determination of total binding capacity from cur-
vilinear Scatchard plots may be very inaccurate.

Insulin receptor binding was almost the same before and
after glucose ingestion in the obese subjects (Fig. 3). In the
nonobese subjects, however, insulin receptor binding was, on
the average, 10% higher after the oral glucose load than before
it, but the difference was not statistically significant (Fig. 3). In

a previous study of eight nonobese subjects (10), we also observed
a small increase in insulin receptor binding in postglucose adi-
pocytes, but this difference was statistically significant. The rea-
sons for the discrepancy in results are not clear.

There was no correlation between fat cell volume and tracer
insulin receptor binding (data not shown).

Sensitivity of the antilipolytic effect of insulin. Mean dose-
response curves for the insulin inhibition of basal glycerol release
are shown in Fig. 4. The study performed before oral glucose
showed a marked shift to the left in the dose-response curve
for obese subjects when compared with that for nonobese sub-
jects. This suggests an enhanced insulin sensitivity in obesity.
The lowest concentration of insulin that yielded a statistically
significant antilipolytic effect was 0.25 AU/ml in obese subjects
and 2.5 AcU/ml in control subjects. The mean ED50 for insulin
inhibition of basal lipolysis was 10 !U/ml in the nonobese group
and 0.6 AU/ml in the obese group, which was a more than 15-
fold difference. This difference was statistically significant (F
= 13.33, p < 0.01) when left-right positions of linearized dose-
response curves were compared in the manner described in
Methods. Whenthe antilipolytic effect of insulin was measured
in postglucose adipocytes, insulin sensitivity was similar in both
groups; the mean ED50 for insulin being -0.5 AU/ml. In the
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Figure 1. Results of oral glucose tests in 10 nonobese (.) and 9 obese
(o) subjects. The subjects were given a 100 g oral glucose load, and
plasma insulin (pU/ml) and blood glucose levels (mmol/liter) (mean
± SE) were followed for 120 min. The unpaired t test was used to
statistically compare the data in the two groups. NS, not significant,
X, P < 0.05; XX, P < 0.025; XXX, P < 0.01.

nonobese group, there was a 20-fold increase in insulin sensitivity
after oral glucose as judged by the mean ED50 value which
decreased from 10 to 0.5 ,U/ml. This difference in insulin
sensitivity was statistically significant (F = 14.94; P < 0.01) and
is similar to previous results reported for nonobese subjects (10).
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In the obese group, however, there was no change in insulin
sensitivity after oral glucose; the mean ED" values were 0.6
and 0.5 uU/ml of insulin in pre- and postglucose adipocytes.

The mean dose-response relationship for the insulin inhi-
bition of the isoprenaline-induced rate of glycerol release is
shown in Fig. 5. Again, a marked increase in insulin sensitivity
was observed in adipocytes obtained from obese subjects after
an overnight fast as compared with nonobese subjects. The
lowest concentration of insulin that yielded a statistically sig-
nificant antilipolytic effect after an overnight fast was 0.25 ,uU/
ml in obese subjects and 1 AU/ml in control subjects. Before
oral glucose, the mean ED50 for insulin was 1.5 AU/ml in the
obese group and 10 AU/ml in the nonobese group, which rep-
resents an almost sevenfold difference in sensitivity. This dif-
ference was statistically significant when the positions of the
linearized mean dose-response curves were compared (F = 10.22,
P < 0.05). In adipocytes obtained after the oral glucose load,
insulin sensitivity was, however, almost identical in the two
groups; the mean ED50 being 1 MU/ml. The latter results are
also similar to those described above for insulin inhibition of
basal lipolysis. The effect of oral glucose on insulin sensitivity
was also evaluated. In the nonobese group, insulin sensitivity
increased 10-fold after oral glucose and the mean ED50 value
decreased from 10 to 1 gU/ml of insulin (F = 58, 52, P < 0.01).
In the obese group, however, insulin sensitivity was similar in
pre- and postglucose adipocytes and the mean ED50 values were
1.5 and 1 AU/ml, respectively.

Insulin sensitivity was also evaluated in the obese and non-
obese subjects by comparing the individual ED50 values for
insulin inhibition of basal and isoprenaline-stimulated lipolysis
(Table II). These results were similar to those obtained with
mean dose-response curves. Thus, in the fasting state, the ED50
values for insulin inhibition of both basal and isoprenaline-

4 6 8
nol/10' cells

Figure 2. Specific insulin binding to iso-
lated fat cells of 10 nonobese (-) and 9
(o) obese subjects. Fat cells were obtained
after an overnight fast. Binding data are
presented as competition plots (left) and
Scatchard plots (right), where B/F de-
notes bound/free and B denotes bound
hormone. (A) binding expressed per

8 12 16 number of fat cells, (B) binding expressed
nol mm2 10-2 as fat-cell surface area.
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tween studies in the basal state and in the presence of isoprenaline
(F = 2.9), or between results in obese and nonobese subjects
(F = 1.4). Positive correlations between the rate of glycerol
release and insulin responsiveness were also observed for basal
lipolysis in obese (r = 0.987) and control subjects (r = 0.843)
as well as for isoprenaline-induced lipolysis in obese (r = 0.815)
and nonobese subjects (r = 0.942). These results indicate that
insulin responsiveness was similar in obese and nonobese subjects
when the insulin action occurred at identical rates of lipolysis.

Basal and isoprenaline-induced rates of lipolysis. After an
overnight fast, the basal rate of glycerol release was 50% higher
in obese than in nonobese subjects, i.e., 6.2±1.5 and 4.2±1.0
gmol/ I0O cells per 2 h, respectively. This is in accordance with
previous findings (7). The rates of isoprenaline-induced glycerol
release were, however, similar in the two groups after an over-
night fast, 29.7±6.9 and 28.9±6.7 ,tmol/107 cells per 2 h, re-
spectively.

Neither in the obese nor in the nonobese group did oral
glucose affect the basal or the isoprenaline-induced rates of li-
polysis (data not shown).50

Figure 3. Effect of oral glucose on specific insulin binding to isolated
fat cells of (A) 9 obese and (B) 10 nonobese subjects. Fat cells were
obtained before (solid lines) and 60 min after (broken lines) a 100 g
oral glucose load. Binding data are presented as competition plots.
See legends to Figs. I and 2 for further details.

induced lipolysis were significantly higher in the nonobese than
in the obese group. In the nonobese group, significantly higher
ED50 values for insulin inhibition of both basal and isoprenaline-
stimulated lipolysis were recorded in preglucose fat cells as com-
pared with postglucose adipocytes. These differences were not
observed in the obese group. After oral glucose, the ED50 values
for insulin were similar in obese and in nonobese subjects, in
both the basal state and the presence of isoprenaline. The in-
dividual ED50 values for insulin were not correlated with the
rate of glycerol release in the absence of insulin (data not shown).

Responsiveness of the antilipolytic effect of insulin. It appears
from the mean dose-response curves in Figs. 4 and 5 that insulin
responsiveness after an overnight fast was also enhanced in the
obese group. When individual values were analyzed, maximum
insulin-induced inhibition of the basal rate of glycerol release
was 4.4±1.3 gmol/10' cells per 2 h in the obese group and
2.1±0.4 lmol/10' cells per 2 h in the nonobese group. This
difference, however, was of only borderline statistical significance
(0.01 > P > 0.05). The individual values for maximum insulin
inhibition of isoprenaline-induced lipolysis were almost identical
in the obese and the nonobese groups, being 10.4±2.4 and
9.6±3.4 tmol/107 cells per 2 h, respectively. Insulin respon-

siveness depended on the lipolysis rate, as shown for preglucose
adipocytes in Fig. 6. In the entire material (obese and nonobese,
basal and isoprenaline experiments), there was a strong asso-

ciation between the rate of glycerol release in the absence of
insulin and the maximum insulin-induced inhibition of glycerol
release (r = 0.89; P < 0.01). No differences were observed be-

Discussion

The present results on antilipolysis in "insulin-resistant" obese
subjects differ substantially from those previously reported for
glucose metabolism. Both the sensitivity and the responsiveness
of insulin stimulation of glucose transport have been shown to
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Figure 4. Insulin inhibition
3 of basal glycerol release in

isolated fat cells of 10 non-

obese (solid symbols) and 9
obese (open symbols) sub-

jects. Fat cells were incu-
bated with various concentra-

tions of insulin. The antili-
polytic effect of insulin was

100 looo calculated as the rate of glyc-
insulin, pjU/ml erol release in the absence of

insulin minus the rate in the
10 presence of insulin. The
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are shown. For statistical
comparison, the ascending

4/ _/ part of these curves was lin-
earized using log-logit trans-
formation, as described in
Methods. The position of the

loo ' lines in the plot was deter-
Insulin, WiU/ml mined by using linear regres-

sion analysis. The statistical
difference in the position between lines was determined by the F-dis-
tribution test (21). The F value and the level of significance are given
in the graph. The concentration of insulin giving the ED50 is ob-

tained where the regression line crosses the abscissa at zero. This is
indicated in the dose-response curve by an arrow. (A) Fat cells ob-

tained before oral glucose, (B) fat cells obtained 60 min after oral

glucose. See legend to Fig. I for further details.
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be reduced in adipocytes obtained from obese subjects after an
overnight fast (5, 6). Weobserved a marked increase in sensi-
tivity, and a normal or increased responsiveness of the antili-
polytic effect of insulin in this situation. Thus, insulin resistance
in obese human fat cells does not seem to be an overall phe-
nomenon. It may even solely involve glucose metabolism since
primary actions other than glucose transport and antilipolysis
have not yet been investigated. Insulin sensitivity in this study
was evaluated in three ways. Individual ED"o values were in-
vestigated. Mean dose-response curves for the obese and non-
obese groups were analyzed. Finally, the lowest concentration
of insulin that yielded a significant antilipolytic effect was de-
termined. Increased sensitivity after an overnight fast was ob-

served in obese subjects by using all three methods. Furthermore,
the results were similar in studies of insulin inhibition of basal
and isoprenaline-induced lipolysis.

Our findings differ also from previous reports on the anti-
lipolytic effect of insulin on adipose tissue obtained from obese
subjects after an overnight fast. Jacobsson et al. (23) found
normal insulin inhibition of catecholamine-induced glycerol re-
lease in adipose tissue segments. In our study, insulin inhibition
of basal lipolysis in segments of adipose tissue was normal (19).
Pedersen et al. (6) found a decreased insulin inhibition of cat-
echolamine-induced lipolysis in isolated adipocytes. There may
be several reasons for the discrepancy in the results of inves-
tigations of antilipolysis in obesity. Previously, less sensitive
enzyme methods were used to determine the glycerol production
which occurs at low rates in human fat cells (7). High fat cell
concentrations have been used to obtain measurable glycerol
values. Fat cells or fat segments were previously incubated at
concentrations corresponding to 150,000-500,000 cells/ml. At
these fat cell concentrations, endogenous metabolites, such as
free fatty acids and adenosine, may accumulate and inhibit
lipolysis in human fat cells (24, 25) or alter the sensitivity of
the antilipolytic effect of insulin (26). The influence of endog-
enous metabolites is negligible at the adipocyte concentration
(20,000 cells/ml) used in this study. Furthermore, insulin in-
hibition of basal and catecholamine-induced lipolysis in human
fat cells has recently been found to be modified by the glucose
concentration in the medium (9). The maximuminsulin-induced
inhibition of lipolysis occurred when the concentration of glucose
was 2 mg/ml (9). The glucose concentration used previously
was lower than in the present study, i.e., 0.2 (23) and 1 mg/ml
(6), respectively. Thus, variations in incubation conditions may
at least partly explain the differences in results obtained with
antilipolysis in obesity. However, other factors, such as the type
of obesity, may also play a role. Weinvestigated subjects with
childhood obesity, who were only moderately hyperinsulinemic.
Insulin action may be different in those adult-onset obese sub-
jects, who tend to be more hyperinsulinemic. Finally, the location
of the adipose tissue may be of importance for antilipolysis in

Table I. Concentrations of Insulin-producing ED50 of the Lipolysis Rate

ED,0 (pU/ml, Mean±SE)

Basal state Isoprenaline

Before After Before After
Study group glucose glucose P, before vs. after glucose glucose P. before vs. after

Nonobese 11.9±4.9 2.5± 1.2 <0.025 7.5±3.0 0.6±0.2 <0.02
Obese 0.8±0.2 1.4±0.5 NS 0.8±1.0 0.8±1.8 NS
P, nonobese vs. obese <0.02 NS <0.05 NS

Isolated fat cells obtained from 10 nonobese and 9 obese subjects were incubated in the basal state or with isoprenaline (6 umol/liter). The dose-
response relationships for insulin inhibition of basal or isoprenaline-induced glycerol release were evaluated in each subject and the individual
ED50-values were determined. Statistical analysis was done by using the paired t test (within groups) and the unpaired t test (between groups).
NS, not significant.
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Figure 6. The relationship between the rate of lipolysis in the absence
of insulin and insulin responsiveness in isolated fat cells of 10 non-
obese (solid symbols) and 9 obese (open symbols) subjects. Fat cells
were obtained after an overnight fast and incubated in the manner
described in the legends to Figs. 4 and 5. The rate of basal (circles)
and isoprenaline-induced (triangles) rates of glycerol release are
shown on the x axis. Insulin responsiveness is shown on the y axis
and was calculated as the rate of glycerol release in the absence of
insulin minus the rate of glycerol release at the maximum effective
insulin concentration. The line corresponds to the linear regression
analysis of the whole material, r = 0.895; P < 0.001. The F distribu-
tion test was used for a statistical comparison of the results in the
obese vs. the control subjects, F = 1.40, NS; and in the basal state
vs. isoprenaline studies, F = 2.88, NS.

obesity. Site differences in the antilipolytic effect of insulin have
recently been demonstrated in nonobese subjects (27). Previ-
ously, only Pedersen et al. (6) had investigated gluteal fat. The
other studies were performed by using femoral (19) or abdominal
(23) fat.

In theory, there may be an association between the sensitivity
of the antilipolytic effect of insulin and the rate of lipolysis,
since a positive correlation between these two factors has been
demonstrated in normal weight subjects (19). The present find-
ings on insulin sensitivity in obese subjects who fasted overnight
cannot, however, be explained on the basis of the lipolysis rate
in the absence of insulin. First, in the isoprenaline experiments,
increased insulin sensitivity was observed in obesity although
the rate of isoprenaline-induced lipolysis was similar in obese
and nonobese subjects. Secondly, there was no association be-
tween the individual ED50 values for insulin and the rate of
lipolysis in the absence of insulin.

It has been inferred that changes in insulin sensitivity and
insulin receptor binding are related (3). However, Haring et al.
(28) demonstrated that insulin sensitivity of rat fat cells decreased

after ATP depletion without a concomitant change in insulin
receptor binding. The present results concerning antilipolysis
in obese subjects who fasted overnight cannot be attributed to
abnormalities in insulin receptor stoichiometry. Insulin receptor
binding showed no change in obese subjects when expressed
per fat cell number, but was significantly decreased when ex-

pressed per cell surface area. This agrees with recently published
data (6). Olefsky (4) has also demonstrated a reduced insulin
binding per fat cell number in obese subjects. However, the
discrepancy in results may be more apparent than real. Our
obese subjects had moderate fasting hyperinsulinemia and the
onset of obesity occurred in childhood, two factors which may
be associated with a less severe inhibition of insulin binding.
Furthermore, there may be regional differences in the influence
of obesity on insulin binding to human adipocytes. We and
Pederson et al. (6) investigated gluteal cells, whereas Olefsky (4)
studied abdominal adipocytes. It has recently been observed in
obese women that maximum adipocyte insulin-binding capacity
is more than twice as high in the former as in the latter cells
(29). It is not known whether the total insulin receptor number
per cell or the receptor density (number per unit cell surface
area) is more important for the antilipolytic effect of insulin.
In any case, the presently observed increase in insulin sensitivity
can be explained only by an alteration at postreceptor levels of
the antilipolytic action of insulin in obesity.

Although it is well known that the circulating level of free
fatty acids is increased in fasting obese subjects (7), the effect
of insulin on this parameter in these subjects is not clear. How-
ever, caution must be exercised in extrapolating the present in
vitro findings to circulating free fatty acids in vivo. Weinves-
tigated glycerol release, which is an accurate index of the lipolysis
rate, since glycerol is not metabolized by human fat cells (7).
Plasma free fatty acid levels, on the other hand, reflect the sum
of lipolysis and the utilization by fat and other tissues. Fur-
thermore, there are important interindividual and diurnal vari-
ations in plasma free fatty acids (7, 30). These variations are
most marked during the morning hours (30) when the present
study was performed.

Insulin resistance in obesity and other clinical conditions
have been attributed to chronic changes in the action of the
hormone, which develop slowly (1, 2). Recently, it has been
demonstrated that glucose ingestion mediates a rapid increase
in the insulin effect on human (10) and rat (31) adipocytes,
which may be an important moderating factor for insulin action
on these cells. In the present study as in the previous one (10),
it was observed that the sensitivity of the antilipolytic effect of
insulin was markedly enhanced in adipocytes obtained from
nonobese subjects at 1 h after an 100 g oral glucose load. The
results with insulin receptor binding indicate that the acute
moderating effect of oral glucose was mainly the result of a
postreceptor alteration of insulin sensitivity. In the fat cells of
obese subjects, however, oral glucose did not stimulate the an-
tilipolytic effect of insulin. Thus, a defect in the short-term
regulation of insulin action in human obesity is strongly sug-
gested.
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The further increase in body weight in obesity, in spite of
resistance to insulin action on glucose metabolism, is a perplexing
finding. However, only a minute part of ingested glucose is
metabolized by human adipose tissue (32). In obesity, both the
fasting and the postprandial insulin levels are increased. This,
coupled with the increased sensitivity of antilipolysis in fasting
and normal sensitivity after glucose ingestion, suggest that li-
polysis is more suppressed in obese than in nonobese subjects
under all physiological circumstances. This may explain why
increase adipose mass and fat cell size continue to increase in
obese subjects in spite of "insulin-glucose" resistance.
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