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Abstract

Although it is well established in several mammalian species
that ,3-adrenoceptors play a major role in regulating lipoly-
sis and thermogenesis in adipose tissue, the functional exis-
tence and role of this receptor subtype in man has been
controversial. We investigated whether the .33-adrenoceptor
functionally co-exists with Pi- and .82-adrenoceptors in vivo
in human adipose tissue. Subcutaneous abdominal adipose
tissue of healthy non-obese subjects was microdialyzed with
equimolar concentrations of dobutamine (selective f1-adre-
noceptor agonist), terbutaline (selective /32-adrenoceptor
agonist), or CGP 12177 (selective .3-adrenoceptor agonist).
All three agents caused a rapid, sustained, concentration-
dependent and significant elevation of the glycerol level in
the microdialysate (lipolysis index). However, only terbuta-
line stimulated the nutritive blood flow in adipose tissue, as
measured by an ethanol escape technique. Dobutamine and
CGP 12177 was equally effective in elevating the glycerol
level (maximum effect 150% above baseline). Terbutaline
was significantly more effective than the other two a-ago-
nists (maximum effect 200% above baseline). When adipose
tissue was pretreated with the (i1/,2-selective adrenoceptor
blocker propranolol the glycerol increasing effect of dobu-
tamine or terbutaline was inhibited by 80-85% but the
glycerol response to CGP 12177 was not influenced. It is
concluded that a functional ,B3-adrenoceptor is present in
vivo in man. It co-exists with fi- and fi2-adrenoceptors in
adipose tissue and may therefore play a role in lipolysis
regulation. It appears, however, that the fi2-adrenoceptor is
the most important ,-adrenoceptor subtype for the mobili-
zation of lipids from abdominal subcutaneous adipose tissue
because of its concomitant stimulatory effect on lipolysis
and blood flow. (J. Clin. Invest. 1995. 95:2239-2245.) Key
words: lipolysis - adipose tissue * catecholamines * glycerol
- blood flow

Introduction

Catecholamines were initially thought to act through two 3-
adrenoceptor subtypes, defined as 61I- and /32-adrenoceptors ( 1).
However, the introduction of an increasing number of selective
P-adrenoceptor ligands has led to the conclusion that this early
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classification is insufficient. Recently a third atypical f8-adreno-
ceptor subtype has been isolated by molecular cloning (2-5)
and the role of this receptor in catecholamine action should
also be considered. Studies on laboratory animals have now
established that a number of tissues express a third ,3-adrenocep-
tor subtype. For example, the thermogenic brown adipocyte ,/-
adrenoceptor can be differentiated from classical 63k- and 62-
adrenoceptors (6). Furthermore, lipolysis in white adipocytes
of several species is predominantly mediated by the f33-adreno-
ceptor (7, 8). In man, the presence of a biologically active ,63-
adrenoceptor has been controversial. In spite of this a number
of 63-adrenoceptor agonists have been developed and their
potential role for treating obesity has been tested in clinical
trials (9).

Earlier in vitro studies of lipolysis in isolated human subcu-
taneous fat cells or tissue have revealed little or no lipolytic
activity mediated by the ,63-adrenoceptor (10-13). However,
several groups have clearly demonstrated that 33-adrenoceptor
mRNA is expressed in human fat cells obtained from living
donors ( 14-16). Furthermore, the existence of a functional /33-
adrenoceptor involved in the regulation of lipolysis in human
omental fat cells has recently been demonstrated in vitro (17).
The latter study showed that CGP 12177, but not the "classi-
cal" 33-adrenoceptor agent BRL 37344 used in the earlier hu-
man studies, is a selective ,63-adrenoceptor agonist in isolated
human fat cells. CGP 12177 is a useful tool in ,83-receptor
studies, since it is not only a non-selective ,3,- and /32-adreno-
ceptor blocker but also has 133-agonist activity (9). Since a /3-
adrenoceptor may be involved in the pathophysiology of obesity
and diabetes it is necessary to find a functional role for this
receptor subtype in vivo in order to establish firmly its impor-
tance in man.

In the present study, we have used the microdialysis tech-
nique (18) to investigate ,6-adrenoceptor subtype function in
human adipose tissue in vivo. The microdialysis method is
based on continuous monitoring of glycerol (lipolysis index)
in the extracellular water space of adipose tissue. The nutritive
blood flow in the tissue surrounding the microdialysis probe
can also be measured by the clearance of ethanol from the
perfusion media ( 19, 20). It is important to consider blood flow
in lipolysis experiments because of its potential effects on lipid
mobilization from adipose tissue (20, 21). With the microdia-
lysis method we compared the effects of the selective adrenergic
agonists dobutamine (13,-selective), terbutaline (/32-selective),
and CGP 12177 (663-selective) on lipolysis and nutritive blood
flow in situ in subcutaneous abdominal adipose tissue in non-
obese healthy subjects.

Methods

Subjects. The study group undergoing microdialysis comprised healthy
and drug-free non-obese volunteers (6 men and 14 women) who were

aged 19 to 57 years (mean 341yr). Some were investigated two or three
times, but with a different agonist each time. Body mass index (kg/
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m2) ranged from 18.4 to 24.8 (mean 21.2). They were investigated the
morning after an overnight fast. Some methodological in vitro studies
on isolated fat cells were also performed. For this purpose, subjects
undergoing elective abdominal surgery were investigated. None of them
had jaundice, metabolic disorder, or malignant disease. No attempt was
made to select the latter subjects on the basis of age, sex, or body
weight. No one had received any form of regular pharmacotherapy
during the 6 mo prior to the study. All subjects undergoing elective
surgery had fasted overnight. Biopsies of abdominal subcutaneous adi-
pose tissue were obtained during the operation, which was performed
in the morning. General anesthesia was induced by a short-acting barbi-
turate and maintained by fentanyl and a mixture of oxygen and nitrous
oxide. Only saline was given intravenously until the tissue specimen
had been removed. The study was approved by the Ethics Committee
at the hospital. The subjects were given a detailed description of the
experiments and their consent was obtained.

Microdialysis protocol. The microdialysis probe and the details of
the microdialysis experiments have been described previously (22, 23).
The probe consists of a dialysis tubing (10 x 0.5 mm; 20 kD molecular
weight cut-off), which is glued to the end of a double-lumen steel
cannula. An ethanol based perfusion solvent enters the probe through
the inner cannula, streams upwards in the space between the inner
cannula and the outer dialysis membrane and leaves the probe through
the outer cannula. Glycerol and ethanol are determined in the perfusate.
The former is used as an index of lipolysis and the ratio of ethanol out/
in is used for the evaluation of nutritive blood flow, as discussed (18).
The subjects were investigated in the supine position at 8 a.m. after an
overnight fast. The dialysis probe was inserted percutaneously without
anesthesia into the abdominal s.c. adipose tissue immediately to the
right or left of the umbilicus. Two or three dialysis probes were used
simultaneously in each experiment. The distance between adjoining
probes was - 30 mm. The probe was connected to a microinjection
pump and was continuously perfused ( 1.5 kl/min) with Ringer's solu-
tion (sodium 1.5 x 10' mol/liter; potassium 4 x 10-3 mol/liter,
calcium 2.3 x 10' mol/liter; chloride 1.6 x 10' mol/liter) supple-
mented with 50 mmol/liter of ethanol. The following agents in a sterile
solution were added to the basal dialysis solvent after 1 h of microdia-
lysis: terbutaline (selective 32-adrenoceptor or agonist), dobutamine
(selective /31-adrenoceptor agonist), and CGP 12177 (selective f33-adre-
noceptor agonist).

In each experiment, 15-min fractions of the outgoing dialysate were
collected, unless otherwise stated. The first fraction was excluded be-
cause there is a transient rise in the concentration of metabolites in the
outgoing dialysate during the first part of dialysis, which probably re-
flects the initial trauma when the dialysis probe is inserted into the
adipose tissue, as discussed in detail elsewhere (18). In the pres-
ent microdialysis conditions, the in vivo recovery of glycerol is
- 10% (24).

Previous experiments have clearly demonstrated that the glycerol
levels in the dialysate and the ethanol ratio are constant for several
hours when microdialysis is performed under basal conditions in the
supine position at rest ( 20, 23, 24).

Studies on isolatedfat cells. Adipose tissue obtained during surgery
was immediately transported to the laboratory in saline. The fat cells
were isolated by Rodbell's method (25) and used for a lipolysis assay
that has previously been described in detail (26). Briefly, isolated fat
cells were incubated at a final concentration of 2% (vol/vol) in Krebs-
Ringer phosphate buffer (pH 7.4). The medium contained 20 g/l bovine
serum albumin, 1 gram/liter glucose and 0.1 gram/liter ascorbic acid
as well as various concentrations of /3-adrenergic ligands (dobutamine,
terbutaline, CGP 12177, the nonselective ,/-adrenergic agonist isoprena-
line, the 031-/32-selective antagonist propranolol and the p3,-selective an-
tagonist metoprolol). All ligands were added simultaneously at the start
of the incubation. Each incubation was run in duplicate for 2 h at 37°C,
with air as the gas phase. The release of glycerol to the medium at the
end of incubation was used as an index of lipolysis and was expressed
per gram of lipid. The total lipid content of the incubated fat cells was

Table I. Pharmacological Properties of Selective (3-Adrenoceptor
Agonists in Abdominal Subcutaneous Fat Cells

Metoprolol Propranolol
Agonist pD2 LA pA2 pA2

Dobutamine 7.1±0.3 1.06±0.11 7.9±0.2§ 8.6±0.5
(n = 14) (n = 8) (n = 5)

Terbutaline 6.7±0.2 1.06±0.15 6.4±0.2* 8.9±0.2
(n = 12) (n = 6) (n = 5)

CGP 12177 7.0±0.2 0.34±0.08t 5.7±0.2t 6.2±0.1t
(n = 14) (n = 8) (n = 6)

ANOVA NS <0.001 <0.001 <0.001

Values (mean±SE) were obtained from in vitro lipolysis experiments,
which were conducted as described in Methods. n = number of experi-
ments. * P < 0.05 compared with CGP 12177, * P < 0.001 compared
with dobutamine and terbutaline, I P < 0.001 compared with terbuta-
line. 1A, intrinsic activity relative to the maximum effective lipolytic
action of isoprenaline, which was determined from experiments per-
formed in parallel with the experiments with selective agonists. In the
whole material (n = 14) maximum isoprenaline effect was 587±61%
stimulation of the basal rate of glycerol release.

measured gravimetrically after organic extraction (27). The concentra-
tion of agonists that produced a half-maximum effect (ECs) was calcu-
lated from linear conversion of the concentration-response curve, as
described previously (28), and expressed as pD2 (-log mmol/liter for
ECmO). Antagonist potencies were evaluated by calculating their pA2
values (-log mol/liter). Concentration-response curves for agonists
were constructed from experiments made in the absence or the presence
of 3 or 4 different concentrations of each antagonist, and dose ratios
for each antagonist concentration were calculated from the EC5o values
thus obtained. Schild plots were constructed by the method of Arunlaks-
hana and Schild (29). The slopes of Schild plots determined by linear
regression analysis did not differ from 1 (P > 0.05, Student's t test).
The slopes were constrained to 1 for estimation of pA2 values (30).
The maximum lipolytic effect of each agonist was calculated and related
to the maximum effect of the full agonist isoprenaline. This relation is
termed intrinsic activity. Isoprenaline caused a 5-6-fold elevation of
the basal rate of lipolysis at the maximum effective concentration.

Analysis ofglycerol. 15 jl of perfusate or 50 p1 of fat cell incubation
medium were used for the analysis of glycerol. An automatic ultrasensi-
tive kinetic bioluminescent assay for glycerol (31 ) and a bioluminescent
analyzer were used for the assay.

Analysis of ethanol. 5 jil of dialysis solvent or perfusate were em-
ployed to measure ethanol, as described (20). The ratio of ethanol
concentration in the outgoing and ingoing dialysis solvents was deter-
mined whereby the nutritive blood flow could be evaluated. It has been
shown that changes in this ratio indirectly reflect changes in the nutritive
blood flow of the tissue surrounding the microdialysis probe (19, 20).

Drugs and chemicals. Bovine serum albumin (fraction V) and crude
collagenase (Clostridium histolyticum type I) were from Armour Phar-
maceutical Company (Eastbourne, UK) and Sigma Chemical Company
(St. Louis, MO), respectively. Ethanol and Ringer's solution were ob-
tained from the Central Wine and Spirits Company (Stockholm, Swe-
den) and Pharmacia, respectively. Dobutamine and terbutaline were
obtained from Lilly (Indianapolis, Indiana) and Draco (Lund, Swe-
den), respectively. The following drugs were gratefully received as
gifts: propranolol (Zeneca, MacCesfield, UK), CGP 12177 (SmithKline
Beecham, Epsom, UK), metoprolol (Hassle, Molndal, Sweden), and
isoprenaline (Draco, Lund, Sweden). The adrenergic agents used in the
microdialysis experiments were stored as stock-solutions at -70°C. The
same batches were used throughout the study.

Statistical analysis. Values are mean±SE. The Student's t test or
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analysis of variance (ANOVA) with Fisher's PLSD test for posthoc
analysis were used for the statistical comparisons.

Results

The selectivity of the P-adrenergic agonists was investigated
on isolated fat cells from the abdominal subcutaneous region
by determining their pD2 values and the pA2 values for the
agonists versus /-adrenergic antagonists (Table I). These meth-
odological experiments could not be performed using microdia-
lysis because the pharmacological design required a vast num-
ber of combinations between agonists and antagonists. Dobu-
tamine, terbutaline, and CGP 12177 caused concentration-
dependent stimulation of glycerol release in vitro (graph not
shown). The pD2 values for all three agonists was - 7. The pA2
values for propranolol on terbutaline- or dobutamine-induced
lipolysis were high (- 9) and did not differ, whereas the pA2
values for propranolol on CGP 12177 were much lower (- 6)
and differed significantly from the values obtained with terbuta-
line or dobutamine (P < 0.001). This indicates that CGP 12177
acts on a receptor different from that of dobutamine or terbuta-
line. Metoprolol had a 1.5 log unit higher pA2 value for dobu-
tamine-induced lipolysis than terbutaline-induced lipolysis (P
< 0.001) and a 0.7 log unit higher pA2 value for terbutaline-
induced lipolysis than CGP 12177-induced lipolysis (P
< 0.05). Thus, terbutaline acts on a receptor different from that
of dobutamine and CGP 12177. Terbutaline and dobutamine
were full agonists relative to isoprenaline whereas CGP 12177
was a partial agonist, since the intrinsic activity of CGP 12177
was only 0.34. This confirms earlier data on fat cells from the
same adipose region (17).

Fig. 1 depicts the results with microdialysis experiments
where the action of the 63-adrenoceptor selective agents dobu-
tamine (/3k), terbutaline (/2), and CGP 12177 (,3) on the
glycerol level in adipose tissue was investigated. When 10-6 or
i0-5 mol/liter of these agents was added to the dialysate, a
significant, rapid, concentration-dependent, and sustained in-
crease in the perfusate glycerol level was observed. The maxi-
mum effect of the two concentrations was calculated in the
various experiments. These effects occurred at slightly different
times in the individual experiments. The mean glycerol level
in the dialysate level during the 45-min pretreatment period was
used as baseline value. At the lowest concentration dobutamine,
terbutaline and CGP stimulated the glycerol level by 63+±24,
137±11, and 60±10%, respectively. The terbutaline effect was
significantly different from the effects obtained with dobutam-

30 60 90 120 150 180 210

Time,minutes

Figure 1. Effect of the selective /3-adrenoceptor agonists dobutamine
terbutaline, and CGP 12177 on the glycerol level in adipose tissue.
Adipose tissue was microdialyzed for 195 min and glycerol was deter-
mined in the perfusate which was collected at 15-min intervals. 10-6
mol/liter or 10-5 mol/liter of the agonist was added after 45 min,
indicated by an arrow. The mean glycerol level during the 45-min
pretreatment period was calculated. All individual fractions were ex-

pressed as a percentage of this value: 22±3 pmol/liter in the experi-
ments with 10-6 mol/liter of dobutamine (n = 7); 19+3 mmol/liter in
he experiments with l0-5 mol/liter of dobutamine (n = 6); 23+2

yrmol/liter in the experiments with 10-6 mol/liter of terbutaline (n =

6); 26±3 jmol/liter in the experiments with 10-' mol/liter of terbuta-
line (n = 6); 33+4 ymol/liter in the experiments with 10-6 mol/liter
of CGP 12177 (n = 7); and 27±2 ,mol in the experiments with 10'
mol/liter of CGP 12177 (n = 7). These values did not differ signifi-
cantly. The change in glycerol over the whole experimental period was
evaluated by one way ANOVA for each agonist concentration using
the absolute glycerol values. The statistical results and symbols are
given in the graph. A statistical comparison of the two agonist concentra-
tions was also made on values for the whole time course (testing dose
vs. time with ANOVA). The concentration dependency was statistically
significant (P < 0.001) for all three agonists. Values are mean±SE.
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ine or CGP 12177 (P < 0.01 by ANOVA). The corresponding
values at the highest agonist concentration were 133±32,
206±38, and 152±22%. Again the terbutaline values differed
from the values obtained with dobutamine and CGP 12177 (P
< 0.01 by ANOVA). The values for the two different concen-
trations of dobutamine, terbutaline and CGP 12177 differed
significantly (P < 0.01 or better using Student's t test).

In uncharted experiments it was observed that the ability
of the adrenergic agonists to increase the glycerol level was
reversible. Thus, when adrenergic agonists were removed from
the dialysis solvent the glycerol level in the microdialysate grad-
ually fell towards the baseline.

The results with blood flow are depicted in Fig. 2. Neither
dobutamine nor CGP 12177 influenced the ethanol ratio. The
same was true of the low concentration of terbutaline. At lo-5
mol/liter, however, terbutaline caused a rapid, marked and sus-
tained decrease in the ethanol ratio, which was significant. The
latter data indicate a stimulation of nutritive blood flow. The
curves for ethanol ratio obtained with 10-6 and 10' mol/liter
of terbutaline differed significantly.

To investigate further the selectivity of the action of CGP
12177 in vivo, adipose tissue was microdialyzed with f3-adren-
ergic agonists after pretreatment of the tissue for 1 h with 10-5
mol/liter of propranolol (Fig. 3). CGP 12177 (10-5 mol/liter)
caused a marked, rapid, significant and sustained increase in
the glycerol level. The maximum glycerol increase over baseline
induced by io-5 mol/liter of CGP 12177 was 156±15% in the
presence of propranolol. This value did not differ statistically
from the corresponding value (152±22%) obtained with 10'
mol/liter of CGP 12177 alone in the experiments depicted in
Fig. 1. However, the glycerol increasing effect induced by IO-5
mol/liter of either dobutamine or terbutaline was almost com-
pletely blocked by propranolol. The maximum responses in-
duced by dobutamine and terbutaline were 30±4 and 27±6%,
respectively, as compared with the responses induced by these
agents in the absence of propranolol, (from the experiments in
Fig. 1), which were 133±28 and 206±36%, respectively. These
results differed significantly (P < 0.01 using t test) when exper-
iments with and without propranolol were compared. In the
propranolol experiments the glycerol response to CGP 12177
was significantly different (P < 0.01) from that to dobutamine
or terbutaline. The latter two glycerol responses did not differ
statistically. The ethanol ratio was also determined in the pro-
pranolol experiments (graph not shown). Dobutamine, terbuta-
line or CGP 12177 did not alter the ethanol ratio, which varied
between 65 and 70% throughout all experiments.

Discussion

This study presents direct in vivo evidence that a functional 63-
adrenoceptor exists in human subcutaneous adipose tissue. Its
existence was shown by a new technique for in situ lipolysis
investigations-microdialysis of the extracellular water space
of intact adipose tissue. It is possible to deliver simultaneously
pharmacologically active molecules to the tissue and sample
molecules from the tissue through the microdialysis probe with-
out disturbing the composition of the extracellular compartment,
as reviewed in detail (18).

The microdialysis technique measures net changes in the
metabolite concentrations in the extracellular water space of
adipose tissue. No or little glycerol enters the adipose tissue via
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Figure 2. Effects of dobutamine, terbutaline or CGP 12177 on the
ethanol ratio. Ethanol was determined in the ingoing and outgoing mi-
crodialysis solvents in the experiments described in the legend to Fig.
1. Mean±SE of the ratio in each dialysate fraction is given. The change
over time was statistically evaluated by one-way ANOVA. The two
curves in the terbutaline experiments differed significantly (P < 0.01
by two-way ANOVA). The two curves in the experiments with dobu-
tamine or CGP 12177 did not differ statistically.
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Figure 3. Effects of propranolol on agonist-induced changes of the
adipose tissue glycerol level. Adipose tissue was microdialyzed with a

solvent containing 10'- mol/liter of propranolol. Dobutamine, terbuta-
line, or CGP 12177 were added after 45 min in a final concentration of
10-' mol/liter. The upper graph shows the time course for the experi-
ments which were conducted and evaluated as described in legend to
Fig. 1. The mean pretreatment glycerol level was 35±4 mol/liter in the
experiments with dobutamine (n = 8), 33±3 pmol/liter in the terbuta-
line experiments (n = 8), and 31±3 jsmol/liter in the experiments with
CGP 12177 (n = 8). The lower graph depicts the maximum increase

in glycerol in the different experiments. ANOVA and posthoc analysis
revealed that the data with CGP 12177 differed significantly from the
data with dobutamine or terbutaline, whereas the data with the latter
two agents did not differ statistically.

the blood stream, because blood contains 2-3 times less glyc-
erol than adipose tissue reviewed (18). Since glycerol is not
metabolized by adipose tissue to a significant extent (32), the
contribution of fat cells to the glycerol level in the extracellular
compartment is influenced only by the rate of production. Local
blood flow may be of importance for substrate mobilization
from adipose tissue (20), so that changes in blood flow may
alter the glycerol level in the extracellular water space indepen-
dently of lipolysis. Thus, it is necessary that changes in glycerol
and tissue flow are considered together in the microdialysis
experiment when lipolysis is examined. An indirect evaluation
of tissue flow is possible using the ethanol escape technique
(19, 20). The validity of this method has recently been investi-
gated in detail (33, 34).

When microdialysis was performed with no active drug,
steady-state levels of glycerol and the ethanol ratio during the
45-min pretreatment period, which confirms previous data (20,
23, 24). When, however, dobutamine, terbutaline or CGP 12177
were added, there was a concentration-dependent, rapid, and
sustained increase in the tissue glycerol level without a concom-
itant change in the ethanol ratio, except with the highest concen-
tration of terbutaline, which rapidly and continuously stimulated
nutritive blood flow. This strongly suggests that all three selec-
tive 16-adrenoceptor agonists caused a concentration-dependent
stimulation of the lipolysis rate in situ. These effects were prob-
ably mediated through specific P-adrenoceptor subtype interac-
tions. Methodological pA2 experiments performed on isolated
fat cells from the same region as the microdialysis was per-
formed-abdominal subcutaneous adipose tissue-clearly re-
vealed that dobutamine, terbutaline, and CGP 12177 were selec-
tive agonists for their assigned 63-adrenoceptor subtype. The
concentration of agonist leaving the probe is 10 times less than
the concentration entering it, since in vivo recovery under the
present conditions is - 10% (24). In addition, there is a further
unknown dilution of the drug in the extracellular space until it
reaches the fat cells. The in vitro data suggested that the potency
Of p3I-, /62-, and 63-adrenoceptors in human fat cells for the
specific agonists is about IO-7 mol/liter (i.e., pD2). The in situ
concentration of dobutamine, terbutaline and CGP 12177 at the
target tissue level should be less than i0-' or 10-6 mol/liter,
respectively, on the basis of the information discussed above.
At these submaximum effective concentrations the action of
receptor subtype specific agonists primarily reflects interactions
with their assigned receptor subtype (35). Therefore, the find-
ings with dobutamine, terbutaline and CGP 12177 most likely
represent /3-adrenergic receptor subtype specific interactions. In
addition, it is almost impossible that CGP 12177 caused any
lipolytic effects through the,61- or /32-adrenoceptors, since it is
a non-selective blocker of 6,1- and /62-adrenoceptors in addition
to its selective stimulatory effect on ,f3-adrenoceptors (36). The
present data with propranolol further support the notion that the
agonist effect of CGP 12177 is ,63-adrenoceptor selective. This
agent inhibited the lipolytic response to dobutamine and terbuta-
line almost completely bud did not influence the lipolytic action
of CGP 12177.

The present data strongly suggest that a functional /33-adre-
noceptor seems to co-exist with /,3- and 632-adrenoceptors in
vivo in human subcutaneous adipose tissue and it is involved
in lipolysis regulation. What is the relative importance of the
three receptors subtypes for lipolysis regulation? We presently
compared two equimolar agonist concentrations. Both doses
were more effective using terbutaline (- 200 and 150% stimu-
lation, respectively) than using dobutamine or CGP 12177
(- 150% and 50% stimulation, respectively). In addition, the
highest concentration of terbutaline also stimulated local blood
flow. The latter enhances the removal of glycerol from the
extracellular space and consequently lowers the glycerol con-
centration in this compartment. In other words the difference
in lipolytic potency between terbutaline and the other /3-adreno-
ceptor agonists may be underestimated at the high agonist con-
centration. This indicates that 62-adrenoceptors are more im-
portant than the 6, 1- and 633-adrenoceptors for in vivo lipolysis
stimulation. Whether the latter two receptors are equally effec-
tive remains to be established. CGP 12177 is only a partial
agonist, whereas dobutamine is a full agonist. Thus, the true
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lipolytic action of i33-adrenoceptors relative to ,31-adrenoceptors
may have been underestimated. A complete understanding of
the relative importance of the three ,6-adrenoceptor subtypes
for lipolysis in vivo can only be obtained when the true rate of
glycerol mobilization (i.e., concentration times the rate of local
tissue flow) is determined at submaximum and maximum effec-
tive concentrations of the different agonist alone or in different
combinations. Unfortunately, such studies cannot be performed
at present, since the ethanol escape technique only measures
tissue flow in a semi-quantitative fashion.

We observed no effects of the fI- or #3-adrenoceptor ago-
nists on nutritive tissue blood flow in the present experiments
whereas the highest concentration of terbutaline stimulated this
process. This suggests that only vasodilatory f32-adrenoceptors
are present in the vessels draining human subcutaneous adipose
tissue. This is different from the case of dogs, where the vascular
,f-adrenoceptors of the subcutaneous adipose tissue seem to be
of the 13-subtype (37). However, previous studies in man show
indirectly a predominance of vascular 132-adrenoceptors (38,
39). When data with nutritive blood flow and lipolysis are
considered together, they demonstrate the major role of /2-
adrenoceptors in stimulating lipid mobilization from the subcu-
taneous fat depots in man. Because of the combined stimulatory
effects on lipolysis and blood flow, /32-adrenoceptors can mobi-
lize lipids from adipose tissue much more rapidly after catechol-
amine stimulation. This is similar to the inhibitory role of a2-
adrenergic receptors in lipid mobilization in situ. Recent mi-
crodialysis studies on subcutaneous adipose tissue have sug-
gested that a2-adrenoceptors inhibit lipid mobilization through
a combination of antilipolytic and vasoconstrictor effects (20).

It is of interest to compare the present in vivo and in vitro
data with lipolysis, since the results were obtained from of the
same adipose region. CGP 12177 was clearly less effective than
both terbutaline and dobutamine in vitro as judged from the
values for intrinsic activity. On the other hand, CGP 12177 and
dobutamine were equally effective in vivo. Thus, some caution
should be exercised when extrapolating from in vitro to in vivo
when lipolysis is investigated in man.

The lipolytic effects of the investigated /3-adrenergic agonist
were rather stable over a long period of time. In a previous
study, we observed only transient effects with dobutamine but
stable effects with terbutaline (40). The differences in results
are probably due to the use of different concentrations of agonist
in the studies (10-8 mol/liter in the former study and 2 10-6
mol/liter presently).

We presently observed marked lipolytic effects of /33-adre-
noceptor stimulation in vitro in subcutaneous human fat cells,
which is in contrast to earlier findings, showing no or small
effects in vitro (10-13). Methodological reasons may explain
the discrepancy in results. Unlike earlier investigation we are
using a very sensitive lipolysis assay, based on dilute cell sus-
pensions, which can detect lipolytic effects of physiological
(i.e., circulating) concentrations of catecholamines-for exam-
ple 1-10 nmol/liter of noradrenaline (41). In the previous
studies BRL 37344 was used as 33-adrenoceptor agonist. How-
ever, this agent is probably not a suitable ,83-adrenoceptor ago-
nist in man since it has non-selective interactions with /3-adreno-
ceptors in human fat cells (17). In a recent study the lipolytic
action of CGP 12177 was investigated in vitro in subcutaneous
human fat cells from the mammary region using a very sensitive

lipolysis assay (42). The latter study showed marked and selec-
tive lipolytic effects of CGP 12177.

In summary, the present study demonstrates the existence
of an in vivo functional f33-adrenoceptor in man, which co-
exists with P3I- and f32-adrenoceptors in adipose tissue and plays
a role in lipolysis regulation. However, f32-adrenoceptors seem
to be of greater importance for catecholamine stimulation of
the mobilization of lipids (at least from abdominal subcutaneous
adipose tissue) because of the combined stimulation of lipolysis
and nutritive blood flow by this receptor subtype.
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