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Adrenergic Regulation of Lipolysis In Situ at Rest and during Exercise
Peter Arner, Eva Kriegholm, Peter Engfeldt, and Jan Bolinder
Department of Medicine and Research Center, Huddinge Hospital, S-141 86 Huddinge, Sweden

Abstract

The adrenergic regulation of lipolysis was investigated in situ
at rest and during standardized bicycle exercise in nonobese
healthy subjects, using microdialysis of the extracellular space
in subcutaneous adipose tissue. The glycerol concentration was
about two times greater in adipose tissue than in venous blood.
At rest, the glycerol concentration in adipose tissue was rapidly
increased by 100% (P < 0.01) after the addition of phento-
lamine to the ingoing perfusate, whereas addition of proprano-
lol did not alter the adipose tissue glycerol level. Glycerol in
adipose tissue and plasma increased during exercise and de-
creased in the postexercise period. Propranolol in the perfus-
ate almost completely inhibited the increase in the tissue dialy-
sate glycerol during the exercise-postexercise period. Phento-
lamine, however, was completely ineffective in this respect.
During exercise, the lipolytic activity was significantly more
marked in abdominal than in gluteal adipose tissue; this was
much more apparent in women than in men. Thus, in vivo
lipolysis in subcutaneous adipose tissue is regulated by differ-
ent adrenergic mechanisms at rest and during exercise. Alpha-
adrenergic inhibitory effects modulate lipolysis at rest,
whereas beta-adrenergic stimulatory effects modulate lipolysis
during exercise. In addition, regional differences in lipolysis
are present in vivo during exercise, which seem governed by
factors relating to sex. (J. Clin. Invest. 1990. 85:893-898.) fat
cell * glycerol . catecholamines

Introduction

The mobilization of lipids from adipose tissue plays a key role
in the regulation of the energy balance at rest and during exer-
cise. Free fatty acids derived from lipolysis in fat cells consti-
tute the major fuel used during prolonged exercise and long
term anabolic situations. It is not clear which factors are in-
volved in the regulation of lipolysis at rest and during exercise
in vivo (1, 2). In man, the sympathetic nervous system proba-
bly plays an important role, because catecholamines are the
only hormones with a marked lipolytic effect on the fat cells of
adult subjects (3). In theory, all adrenoceptor subtypes may be
involved in the regulation of lipolysis, since binding sites for
alpha,-, alpha2-, beta,-, and beta2-adrenoceptors have been
found in human adipose tissue (4). Adrenergic effects on blood
flow may also be involved in the regulation of lipolysis (5). In
addition, the results of recent in vitro studies (6) suggest that
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human lipolysis is constantly inhibited by the action of hor-
mones and parahormones such as insulin, prostaglandins,
adenosine, nicotinic acid, and catecholamines (the latter act-
ing via alpha2-adrenoceptors). According to this theory, lipoly-
sis is stimulated by the elimination of endogenous inhibition.
Finally, the fat cell lipolysis regulatory system can be acutely
modified by exercise (7).

Another important aspect of fat mobilization is that there
are marked regional differences in the hormonal regulation of
lipolysis in human adipose tissue (8). Catecholamines are
much more lipolytic in the abdominal than in the gluteal/fem-
oral fat depots. The latter may be of importance for the devel-
opment of regional forms of adiposity such as android and
gynoid obesity (9). The regional variations in lipolysis have
been demonstrated only in vitro. It is not known whether they
are present in vivo.

The knowledge of human lipolysis is derived from in vitro
studies or from measurements of circulating lipolysis metabo-
lites. Previously there was no method available for the direct
investigation of lipolysis in vivo in human adipose tissue.
However, we have recently developed a method for in situ
investigations of adipose tissue lipolysis, using microdialysis
(10). With this technique it is possible to continuously monitor
glycerol (lipolysis index) in the extracellular space of adipose
tissue and at the same time deliver drugs locally to this space
through the microdialysis probe, thereby eliminating the gen-
eralized effects of the drug.

In this investigation we have studied the adrenergic regula-
tion of lipolysis in situ in the intact subcutaneous adipose
tissue of nonobese male and female subjects. Adipose tissue
has been microdialysed at rest or during physical exercise,
using dialysis solvents with or without adrenoceptor blocking
agents.

Methods

Subjects. The study group comprised healthy nonobese drug-free vol-
unteers (eight men and nine women) of normal weight. The age
(mean±SE) was 32±3 yr in men and 37±4 yr in women. The body
mass index (kg/M2) was 24.2±0.05 in men and 21.5±0.7 in women.
The waist/hip-ratio was 0.953±0.011 in men and 0.871±0.039 in
women (P < 0.01). They all undertook regular moderate exercise but
no one was involved in athletic performances. The subjects were in-
vestigated on one or two occasions. The study was approved by the
Ethics Committee of the Karolinska Institute. The subjects were given
a detailed description of the study and their consent was obtained.

Microdialysis probe. The microdialysis probe was from Carnegie
Medicin, Stockholm, Sweden. It has been described in detail pre-
viously (1 1). Briefly, dialysis tubing (10 X 0.5 mm, 20,000 MWcutoff)
was glued to the end of a double steel cannula. The perfusion solvent
enters the probe through the inner cannula, passes down to the tip of
the probe, streams upwards in the space between the inner cannula and
the outer dialysis membrane, and leaves the probe through the outer
cannula via a side-arm from which it is collected.

Experiment protocol. The experiments performed at rest were con-
ducted as follows. The subjects were investigated in the supine position
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at 8 a.m. after an overnight fast. With a guide cannula (diameter 1.4
mm)the dialysis probe was inserted percutaneously without anesthesia
into the abdominal subcutaneous adipose tissue in a square (10 cm
X 10 cm) immediately to the right of the umbilicus or in the upper
lateral part of the gluteal region. Dependent upon the type of experi-
ment, one to three dialysis probes were used in each occasion. The
number of probes used in each type of experiment is stated in the
legends to the figures. The distance between each probe was always 3
cm. The inlet tubing of the probe was connected to a microinjection
pump (Carnegie Medicin) and was continuously perfused (5 Al/min)
with Ringer's solution. Adrenergic receptor blocking agents were
added as sterile solutions to the ingoing perfusate. This included pro-
pranolol (ICI, Chester, England) and phentolamine (Ciba-Geigy,
Basel, Switzerland). In each experiment, 15-min fractions of the outgo-
ing dialysate were collected for the analysis of glycerol. The first 15-
min fraction was deleted, since methodological experiments (12) have
shown that there is a transient rise in ATPconcentration in the outgo-
ing dialysate during the first 15 min of dialysis, which is probably due
to the initial trauma caused by insertion of the dialysis probe into the
adipose tissue. In vitro recovery experiments were performed as de-
scribed previously (10). At a perfusion velocity of 5 gl/min, the in vitro
recovery for glycerol is - 17%. During the dialysis experiments,
venous blood samples were drawn at 1 5-min intervals from an indwell-
ing polyethylene catheter placed in the cubital vein. The first sample
was obtained immediately before the probes were inserted in the sub-
cutaneous adipose tissue. Thereafter blood samples were obtained in
the middle of each microdialysis fraction.

The exercise experiments were performed at 8 a.m. after an over-
night fast with the subjects seated on a bicycle ergometer. The dialysis
probes were inserted and dialysis was performed in the exact same
manner as described above, except that 5-min fractions were collected
for assay of glycerol. The first three fractions were not used. When the
subjects had rested for 35 min on the bicycle ergometer, they exercised
for 30 min at two thirds of their maximum working capacity. Then
they rested on the bicycle ergometer for a further 30 min. Maximum
working capacity was assessed as described elsewhere (7). The maxi-
mumoxygen consumption (ml/kg X min) was 2.8±0.1 in the male
subjects and 2.0±0.2 in the female subjects. Venous blood samples
were drawn at regular intervals for the determination of plasma cate-
cholamines (13) and glycerol, using an indwelling catheter, as de-
scribed above.

In additional experiments the absolute concentration of glycerol in
subcutaneous adipose tissue was determined under steady-state condi-
tions using the in vivo calibration technique (14). The experiments
were performed as the resting experiments described above, except that
the probe was perfused with Ringer's solution followed by different
glycerol solutions (50, 200, 400, and 800 Amol/liter). With this
method, a linear relationship is established between the perfusate con-
centration and the increase or decrease in the dialysate glycerol con-
centration (14). By regression analysis, the glycerol concentration in
the perfusion medium, which is in equilibrium with the extracellular
tissue concentration, is determined.

Analysis ofglycerol. 25 AI of plasma or tissue dialysate were used for
the analysis of glycerol, using an ultrasensitive kinetic bioluminescence
assay of glycerol (15). An automatic luminescence analyzer (LKB In-
struments, Inc., Wallac, Helsinki, Finland) was used for the assay.

Statistical analysis. Values are means±SE. The coefficient of varia-
tion in duplicate determinations was calculated as the standard devia-
tion divided by the mean. The area under the glycerol curve was
determined by addition of the trapezoid parts of the area under the
curve. The t test or analysis of variance was used for statistical compari-
son of the values.

Results

The glycerol levels in the extracellular space were continuously
monitored for 2 h at rest using two different microdialysis
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Figure 1. Comparison of glycerol levels at rest in subcutaneous adi-
pose tissue dialysate from two different dialysis probes in the same
subjects. The probes were implanted in the abdominal area at a dis-
tance of 30 mmand perfused with Ringer's solution (5 ,l/min).
After a 1 5-min equilibrium period, perfusate was collected at 15-min
intervals. Values are mean±SE of four experiments.

probes in the same subject (Fig. 1). Ringer's solution was used
as the dialysis solvent. The adipose tissue dialysate glycerol
level was constant in both dialysates throughout the experi-
ments. The glycerol values in the two probes did not differ
statistically at any observation point. There was also no statis-
tical difference in glycerol values between the two probes when
analysis of variation was used as the statistical test. The coeffi-
cient of variation for the glycerol values between the two
probes was low, i.e., 6±2% in four subjects. Steady-state
plasma glycerol levels were also recorded throughout these
experiments (data not shown).

The effect of alpha- and beta-adrenergic blocking agents on
adipose tissue glycerol levels at rest was investigated in the
experiments shown in Fig. 2. Addition of the nonselective
beta-adrenergic blocking agent propranolol (l0-4 mol/liter) to
the ingoing perfusate solution did not alter the steady-state
adipose tissue perfusate glycerol level during a 75-min obser-
vation period. However, addition of the nonselective alpha-
adrenergic blocking agent phentolamine (l0-' mol/liter) to the
dialysis perfusate resulted in a rapid and marked increase in
the adipose tissue dialysate glycerol concentration at rest. The
glycerol level was more than doubled within 1 h after the
addition of phentolamine (P < 0.01). The local exposure of
adipose tissue to adrenoceptor blockade did not influence the
steady-state plasma glycerol level (data not shown).

20- Figure 2. Effect of
adrenoceptor blockade
on subcutaneous adi-
pose tissue dialysate

15- glycerol at rest. The ex-

periments were con-
ducted as described in

4 1 / Fig. 1. Three different
1-0 1T probes were inserted in

E 1 Tthe same subject in the
0 ~- abdominal area. They
2 were perfused with

05-M 30 60 90 120 Ringer's solution alone
Time, min (open circles) or with ei-

ther 10-4 mol/liter of
propranolol (triangles) or lIO- mol/liter of phentolamine (filled cir-
cles). Adrenergic drugs were added after 45 min of dialysis which is
indicated by an arrow. Values are means±SE of four experiments.
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Figure 3. Effect of adrenoceptor blockade on exercise-induced glyc-
erol levels in dialysates of abdominal subcutaneous adipose tissue.
Two dialysis probes were inserted in the abdominal area of the same
subject and perfused with Ringer's solution either in the absence
(open circles) or presence (filled circles) of either 10' mol/liter of
phentolamine (A) or 10-0 mol/liter of propranolol (B). The subjects
rested for 35 min. Then they exercised for 30 min at two thirds of
their maximum working capacity. Thereafter, they rested for a fur-
ther 30 min. After a 1 5-min equilibrium period, dialysate was col-
lected at 5-min intervals. The mean glycerol levels in the first four
fractions preceeding exercise were determined. This baseline glycerol
value was subtracted from the subsequent exercise and postexercise
values. Time 0 indicates the start of exercise. The arrow indicates the
end of exercise. Values are means±SE. A depicts experiments with
and without phentolamine performed on two men and six women. B
depicts experiments with and without propranolol performed on four
men and two women.

It should be noted that the final concentration of propran-
olol and phentolamine in the extracellular space may be lower
than that in the dialysate solvent. The recovery of adrenergic
agents under the present conditions is about 10% (10). How-
ever, there is an unknown further dilution of the drugs when
they enter the extracellular water space through the dialysis
membrane.

Fig. 3 shows the changes in abdominal subcutaneous adi-
pose tissue dialysate glycerol during exercise, when this tissue
was microdialyzed with Ringer's solution in the absence or the
presence of an adrenergic blocking agent. In the absence of
such agents, the concentration of glycerol in the perfusate glyc-
erol gradually increased during the exercise period and peaked
at a level which was about 2.5-fold higher than the baseline
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level. After exercise, the adipose tissue perfusate glycerol con-
centration gradually decreased and approached the initial
value after 30 min of rest. The addition of l0-4 mol/liter of
phentolamine to the perfusate did not alter the dialysate glyc-
erol response to exercise. The changes in adipose tissue dialy-
sate glycerol occurring during and after exercise were almost
identical with or without the use of phentolamine in the dialy-
sis experiment. When, however, the perfusate was supple-
mented with l0-4 mol/liter of propranolol, the effect of exer-
cise on adipose tissue dialysate glycerol was markedly reduced.
On the average, propranolol inhibited an exercise-induced in-
crease in perfusate glycerol by about two thirds. The effect of
propranolol was statistically significant (P < 0.025 or less
comparing individual values; P < 0.01 using comparison of
the area under the curve). The data in Fig. 3 are expressed as
changes in glycerol above the baseline value. Similar results
were obtained when lipolysis during and after exercise was
expressed as a percentage of the baseline glycerol value. In
uncharted experiments, it was noted that plasma and adipose
tissue dialysate glycerol remained constant for at least 1 h in
the sitting resting position. The results in Fig. 3 represent
pooled data from women and men. However, the findings
were not altered when we excluded the data obtained from the
two men undergoing phentolamine experiments and from the
two womenundergoing propranolol experiments.

In order to investigate the possible existence of in vivo
regional differences in lipolysis, experiments were conducted
in which abdominal and gluteal subcutaneous adipose tissues
were simultaneously microdialyzed during exercise (Fig. 4). In
women, there were marked regional variations in the changes
in dialysate glycerol during the exercise and postexercise pe-
riods. The gluteal region was much less responsive to exercise
than the abdominal region. On the average, the difference was
more than threefold and statistically significant (P < 0.05 or
better, comparing individual values; P < 0.01, comparing area
under the curve). When, on the other hand, abdominal and
gluteal adipose tissues were simultaneously microdialyzed in
men, the regional differences in dialysate glycerol during and
after exercise were much less apparent than in women. On the
average, abdominal tissue was only about 50% more respon-
sive to exercise than gluteal tissue in men. This regional differ-
ence reached statistical significance only at the end of the ex-
ercise period and during the first 15 min of the postexercise
period. The resting adipose tissue dialysate glycerol levels did
not differ statistically between the regions or between the sexes.

Figure 4. Glycerol levels during exercise in dialy-
sate of abdominal (open circles) and gluteal (filled
circles) subcutaneous adipose tissue of eight men
(left graph) and nine women (right graph). The
experiments were conducted as described in Fig.
3, using Ringer's solution as the perfusate. Two
probes were used simultaneously. One probe was
inserted in the abdominal area and one in the glu-

* * tx teal area of each subject. Time 0 represents the
* \9 baseline glycerol level. The exercise period is indi-

cated by an arrow. The results with abdominal
and gluteal adipose tissue were statistically ana-
lyzed using t test. Individual values and the area
under the curve were compared. Both tests gave
essentially the same results. The results of individ-

40 50 60 ual comparison are given in the figure. *, P
<0.05; **, P < 0.01.
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Fig. 4 also shows that the change in adipose tissue dialysate
glycerol induced by exercise was almost identical in the gluteal
region of men and womenbut was different between the sexes
in the abdominal region. The peak in adipose tissue dialysate
glycerol level in the abdominal area during exercise was about
twice as high in women as in men. This sex difference was
statistically significant (P < 0.05 to P < 0.01, comparing indi-
vidual values; P < 0.025, comparing the area under the curve).

Sex differences may also explain why the adipose tissue
glycerol response to exercise was about two times higher in Fig.
3 A than in Fig. 3 B. The former panel denotes experiments
with six womenand two men. In the latter panel, two women
and six men were investigated.

To find out whether alpha-adrenoceptors were involved in
the exercise-induced regional differences in adipose tissue dial-
ysate glycerol, experiments were performed in which abdomi-
nal and gluteal abdominal tissues were simultaneously dia-
lyzed using Ringer's solution supplemented with l0-4 mol/
liter of phentolamine (Fig. 5). In six women, phentolamine did
not influence the exercise-induced regional differences in adi-
pose tissue dialysate glycerol. The differences in glycerol,-re-
sponse to exercise between the regions were of the same mag-
nitude and showed the same dynaiic changes with phentol-
amine (Fig. 5) as without phentolamine (Fig. 4).

The in vivo findings in exercising men and women were
also compared. Fig. 6 depicts the in vivo results obtained durr,
ing the dialysis experiments presented in Fig. 4. The resting
plasma glycerol level was higher in women than in men (P
< 0.05). The exercise-induced changes in plasma glycerol were
significantly more pronounced in female than in male sub-
jects. However, there were no sex differences as regards pulse
or plasma catecholamines before, during, or after exercise
(data not shown). It should be noted that the pattern of glyc-
erol changes in plasma and adipose tissue during, and after
exercise were similar although the absolute values differed.

Although the major reason for the present study was not to
investigate the true concentration of glycerol in the extracellu-
lar space of adipose tissue, some attempts were made to com-
pare adipose tissue glycerol levels with the plasma glycerol
levels at rest. Two women and two men were investigated.
Abdominal and gluteal adipose tissues were simultaneously
dialyzed and the mean plasma glycerol level during the exper-

Figure 5. Effect of
alpha-adrenoceptor
blockade of glycerol
levels during exercise in

75 dialysates of abdominal
(open circles) or gluteal
(filled circles) subcuta-
neous adipose tissue of

50I six women. Two probes
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neously in each subject.
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conducted and the re-
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Figure 6. Changes in
and plasma levels of
glycerol during and
after exercise in eight
men (filled circles) and
nine women (open cir-
cles). The results were
obtained from the dial-
ysis experiments de-

* scribed in Fig. 4. Time
o represents the base-
line (i.e., resting) value.
The results with plasma
glycerol were statisti-

5o 60 cally evaluated as de-
scribed in Fig. 4.

iment was determined. The dialysate solvent was supple-
mented with increasing concentrations of glycerol and the
level of glycerol which is in equilibrium with adipose tissue was
determined. The values for glycerol in plasma, abdominal adi-
pose tissue, and gluteal adipose tissue were 61+6, 120±15, and
1 19±17 Mmol/liter, respectively. Thus, at rest there was a two-
fold difference in glycerol concentration between blood and
adipose tissue (P < 0.025) but no. apparent regional variation
between the fat depots. For several reasons, however, the equi-
librium technique was not employed in experiments depicted
in Figs. 1-5. First, it is very time consuming and therefore not
suitable for use in connection with other experiments. Sec-
ondly, it is necessary to expose adipose tissue to very high
concentrations of the investigated metabolite in the equilib-
rium experiments. Such high glycerol concentrations may ar-
tificially alter the following resting or exercise experiments. In
the described experiments, the adipose tissue dialysate glycerol
level at rest was alout 8 ,umol/liter, using Ringer's solution
with no glycerol as perfusate. In vivo glycerol recovery could
then be determined by dividing the latter glycerol value with
the equilibrium glycerol value. In vivo recovery was found to
be about 7%, which is much lower than in vitro recov-
ery (17%).

Discussion

In this study, the adrenergic regulation of lipolysis in situ has
been investigated for the first time in man. This was done by
continuously monitoring the glycerol levels in the extracellular
space of subcutaneous adipose tissue using a microdialysis
technique. This is a new technique for in vivo lipolysis investi-
gations which has recently been developed and evaluated
by our laboratory (10). Microdialysis has previously been
used mainly to investigate the extracellular space of the rat
brain (16).

In the present study, it was found that the exposure of the
extracellular space of adipose tissue to a nonselective beta
blocking agent did not alter lipolysis at rest (which showed a
steady state activity for several hours). This indicates that
beta-adrenergic mechanisms are not involved in the regulation
of basal (i.e., resting) lipolysis. On the contrary, the local ad-
ministration of a nonselective alpha-adrenoceptor blocking
agent doubled the resting lipolytic activity in subcutaneous
adipose tissue. This suggests that resting lipolysis is modulated
by alpha-adrenergic inhibition. The findings with propranolol
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in situ are different from previous in vivo results showing a
decrease in plasma free fatty acid- levels after intravenous pro-
pranolol infusions (17). However, the differences may be re-
lated to the route of administration of propranolol. When this
agent is given intravenously, several neuronal, hormonal, and
circulatory factors may be altered which are not influenced by
in situ administration of the drug.

The findings with respect to adrenergic regulation during
exercise were contrary to those at rest. Hence, local adminis-
tration of a nonselective beta-adrenoceptor blocking agent
markedly inhibited the exercise-induced increase in subcuta-
neous adipose tissue glycerol. However, the local administra-
tion of a selective alpha-adrenoceptor blocking agent did not
alter the rise and fall in adipose tissue glycerol during and after
exercise. This suggests that beta-adrenergic, but not alpha-
adrenergic, mechanisms modulate lipolysis during exercise.

Thus, the present results indicate that catecholamines may
play different roles in lipid mobilization from subcutaneous
adipose tissue at rest as compared with those during physical
work. At rest, the inhibitory mechanisms mediated by alpha-
receptors are of importance, whereas the stimulatory mecha-
nisms mediated by beta-adrenoceptors operate during work. It
is not possible at present to say to what extent adipocyte fac-
tors or circulatory factors (i.e., blood vessels) contribute to
these regulatory mechanisms. Unfortunately, the microdialy-
sis technique cannot distinguish between events occurring at
the level of fat cells or at the level of the microcirculation in
adipose tissue. Moreover, it is not known which adrenoceptor
subtypes are involved in the in vivo regulation of lipolysis at
rest and during work. The experimental protocol is elaborate
and, for practical reasons, it is not possible at present to simul-
taneously use agents that selectively block all the four adreno-
ceptor subtypes in microdialysis experiments.

With this microdialysis technique, it was also possible for
the first time to investigate whether regional differences in
lipid mobilization occurs in vivo. Exercise was accompanied
by a marked rise in adipose tissue glycerol in the abdominal
region and a small increase in the gluteal area. This indicates
that lipids are mobilized more readily from the former than
from the latter adipose region during exercise. Moreover, these
regional differences in lipolysis were much more pronounced
in women than in men. This suggests that sex hormones or
some other regulatory factors related to sex are to some extent
responsible for site differences in in vivo lipolysis regulation
during exercise. The mechanisms underlying these regional
variations are not known at present. However, alpha-adrener-
gic-mediated effects seem of less importance, since the site
differences in the lipolysis of women who exercise were pre-
served in microdialysis experiments using nonselective alpha-
adrenoceptor blockade. The findings of regional differences in
the lipid mobilization of exercising womenmay be of interest
with regard to female fat distribution. Thus, decreased lipolysis
activity during physical work in the gluteal as compared with
the abdominal area may to some extent explain why women
tend to accumulate subcutaneous fat more readily around the
hips than the abdomen.

In an attempt to compare local and circulating glycerol
levels, we have also in this study determined the adipose tissue
glycerol concentration at rest. The gluteal and abdominal adi-
pose tissue glycerol levels were about two times higher than the
plasma glycerol level at rest. Such differences are to be ex-
pected, since fat cells are the major source of glycerol. It has

recently been shown that the in vivo recovery of glucose by a
subcutaneous microdialysis probe is the same in the fasting
state and when the circulating glucose level is elevated by glu-
cose infusions (1 8). Unfortunately, it is not possible to perform
such types of experiments with glycerol. However, it is likely
that in vivo recovery for glycerol also is the same under basal
and stimulated conditions. If so, the maximal glycerol level in
adipose tissue should be at least two times higher than that in
blood during exercise. It should be noted that we have com-
pared glycerol from adipose tissue with venous samples from a
site draining a muscular area (i.e., the cubital vein). However,
our venous sample is probably representative for overall
changes in plasma glycerol during prolonged experiments, in-
asmuch as the latter metabolite is not reused by adipose tissue.
The close correlation between changes in glycerol occurring in
blood and abdominal adipose tissue during exercise/postexer-
cise speaks in favor of this assumption.

It was observed that in vivo recovery for glycerol by the
probe was lower than the in vitro recovery. The reason for this
discrepancy is unknown at present but could be due to more
rapid uptake of glycerol in vitro than in vivo. Similar differ-
ences in recovery between in vivo and in vitro conditions have
been reported for glucose (12, 14).

An additional finding in the present study was that the
plasma glycerol level was higher in womenthan in men at rest
and even higher during exercise. The mechanisms responsible
for this sex variation are unknown at present, but cannot be
described to differences in heart rate or circulating catechol-
amines. One factor which may be involved is the presently
observed higher lipolytic activity in abdominal adipose tissue
of womenthan menduring exercise. The plasma glycerol find-
ings are in accord with a recent study (19) in which plasma
glycerol levels at rest and during abdominal surgery were
higher in womenthan in men.

For several reasons, it is justified to statistically compare
adipose tissue perfusate glycerol levels during exercise in the
different regions of men and women, although the absolute
concentration of glycerol in the extracellular water was not
determined in these experiments, because of methodological
reasons discussed previously. First, the resting levels of adipose
tissue dialysate glycerol did not differ statistically between the
sexes or between the regions. Second, the coefficient of varia-
tion for glycerol using two microdialysis probes in the same
individual is very low (i.e., 6%).

It could be argued that the findings with adipose tissue
glycerol may be artificially influenced by disruption of the
extracellular space made by the insertion of the dialysis probe.
For example, diffusion distances could be altered due to over-
all expansion of the extracellular space and the dialysis unit
could disrupt the surface of tissue cells. However, the results of
previous methodological experiments suggest that the dialysis
probe cause only little damage to adipose tissue. First, there is
only an initial and transient evidence of cell damage (12).
Second, identical changes in subcutaneous adipose tissue glyc-
erol were observed in two different probes in the same animal
after intravenous injection of isoproterenol to rats (10).

In summary, the present study shows different kinds of
adrenergic regulation of lipolysis in situ in the resting and in
working man. At rest, subcutaneous adipose tissue lipolysis
seems to be modulated by inhibitory mechanisms that are
mediated via alpha-adrenoceptors. During physical work, li-
polysis in this tissue appears to be modified mainly by stimula-
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tory effects which are mediated by beta-adrenoceptors. In ad-
dition, there are marked regional variations in lipolysis during
exercise that favor lipid mobilization from the abdominal
rather than from the gluteal fat depots. This finding is much
more apparent in women than in men and may be an impor-
tant factor in the development of regional obesity in females.
Finally the investigation also suggests that microdialysis is a
suitable technique for investigations of in vivo lipolysis regula-
tion in humans.
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