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Abstract Adrenergic control of human fat cell lipolysis is
mediated by two kinds of receptor sites that are simultaneously
stimulated by physiological amines. To establish a correlation
between the binding characteristics of the receptor and bio-
logical functions, the ability of physiological amines to stim-
ulate or inhibit isolated fat cell lipolysis in vitro was compared
to the 8- and as-adrenoceptor properties of the same fat cell
batch. The B-selective antagonist (—)[*H]dihydroalprenolol
(*H]DHA) and the agp-selective antagonists [*H]yohimbine
(*H]YOH)and [*H]rauwolscine ((*HJRAU) were used to iden-
tify and characterize the two receptor sites. Binding of each
ligand was rapid, saturable, and specific. The results demon-
strate 1) the weaker lipolytic effect of epinephrine compared
with norepinephrine. This can be explained by the equipo-
tency of the amines at the §;-sites and the higher affinity of
epinephrine for as-adrenergic receptors. 2) The preponder-
ance of ap-adrenergic receptor sites labeled by [*H]YOH
(Bmax, 586 =95 fmol/mg protein; Kp, 2.7 + 0.2 nM) or
[*H]RAU (B, 580 = 100 fmol/mg protein; Kp, 3.7 = 0.1
nM). These two ligands can be successfully used to label ay-
adrenergic receptor sites. 3) The §-adrenergic receptor pop-
ulation labeled by [*H]DHA (B,..., 234 + 37 fmol /mg protein;
Kp, 1.8 £ 0.4 nM), although a third as numerous as the a»-
adrenergic population, is responsible for the lipolytic effect of
physiological amines and is weakly counteracted by simulta-
neous ay-adrenergic receptor stimulation under our experi-
mental conditions.Bll It is concluded that, in human fat cells,
the characterization of 8- and as-adrenergic receptors by sat-
uration studies or kinetic analysis to determine affinity (Ky)
and maximal number of binding sites (B,..x) is not sufficient
for an accurate characterization of the functional adrenergic
receptors involved in the observed biological effect.—Lafon-
tan, M., M. Berlan, and A. Villeneuve. Preponderance of
ay- over B1-adrenergic receptor sites in human fat cells is not
predictive of the lipolytic effect of physiological catechol-
amines. J. Lipid Res. 1983. 24: 429-440.
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It is now well accepted that lipid mobilization is mod-
ulated by the sympathetic nervous system and that cat-

echolamines control the lipolytic activity of the adipose
tissue of various species. The human fat cell is known
to have 8- and as-adrenoceptors in the plasma mem-
brane (1-6). Physiological studies have shown that epi-
nephrine and norepinephrine, although they are able
to stimulate both kinds of receptor, exert, when infused
intravenously, a predominant lipolytic effect (7) that is
ascribed to an action on the S-adrenoceptors. In vitro
studies on isolated fat cells have confirmed the physi-
ological observations. Generally, the stimulating effect
of norepinephrine on lipolysis, mediated by the §-ad-
renoceptors, is seen to predominate over the inhibitory
effects, involving as-adrenoceptors. However under
certain physiological conditions the balance between
these effects can be modified, leading to the occurrence
of antilipolytic effects for physiologic amines. Evidence
of an increased a-adrenergic effect has been reported
in humans during starvation (8-10), caloric restriction
(11), and hypothyroidism (12). Moreover this a-effect
seems to be predominant in the subcutaneous adipose
tissue at certain locations (13-15). The changes between
a- and (-receptor-mediated responses require a great
deal of additional data, taking the characteristics (num-
ber and affinity) of the two families of receptors and
various post-receptor events into account.

The direct identification of adrenergic receptors by
binding of radiolabeled ligand has improved the know!-
edge of fat cell adrenoreceptor properties considerably.
In the past few years a number of laboratories have
reported studies of 8- and a-adrenoceptor sites on fat
cell membrane extracts from humans, hamsters, and
rats using various radiolabeled ligands. The tritiated
antagonist (—)[*H]dihydroalprenolol ({*H]DHA) has

Abbreviations: [*H]DHA, (=)[*H]dihydroalprenolol; [*H]YOH,
[*H]yohimbine; [*HJRAU, [*H]rauwolscine; [*H]CLO, [*H]cloni-
dine; [*H}PAC, [*H]paraaminoclonidine; [*H]DHEC, [*H]di-
hydroergocryptine; KRBA buffer, Krebs Ringer bicarbonate-albumin
buffer.
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been widely used for the identification of fat cell g-ad-
renoceptors (6, 16-18). A number of radioligands have
been developed to permit a better insight into the a-ad-
renoceptor subtypes. Some studies have used
[PH]dihydroergocryptine ((>’H]DHEC), a non-subtype
selective a-antagonist (19, 20). The biological definition
of the fat cell a-adrenoceptor modulating lipolysis as an
ay-subtype (3, 4) promoted research focused on more
selective radioligands. Alphas-sensitive agonists such as
clonmdine (21) or paraaminoclonidine (4) have been used
to label human or hamster fat cell (22) adrenoceptors.
More recently, the as-antagonist, [*H]yohimbine
(*H]YOH) has been shown to be an excellent ligand
for the characterization of human fat cell as-adreno-
ceptors (23, 24).

Most of the data concerning the 8- and a-adreno-
ceptors of the adipose tissue given by use of radiolabeled
ligands were focused on the direct demonstration of the
sites. This information did not allow the results in the
literature to be used easily to interpret the biological
effects previously described. Numerous discrepancies
exist in the as-receptor number and affinities proposed
by various investigators (4, 21, 23). Possible explana-
tions for the apparent heterogeneity of the data include
poorly selected donors, differences in adipose tissue or-
igin or treatment, and membrane storage. The most
striking fact is that important differences exist in ago-
nist- or antagonist-binding properties to as-adrenocep-
tors that can be summarized as follows: two affinity
states of the receptor are apparently involved in the
binding of as-agonists (23, 25). Furthermore, the afhn-
ity of the as-receptor for the agonists is decreased in
the presence of guanine nucleotides (23, 25), and
lastly, the antagonist [°’H]YOH labels two to three times
as many sites as the agonists [*H]clonidine or
[*H]paraaminoclonidine (24, 26).

The above considerations led us to undertake a study
in which we attempted to circumvent the factors causing
conflicting results and to compare binding studies and
biological effects. In this report, we present the results
of experiments that were carried out to delineate, on
the same human fat cell preparation, the 8- and as-ad-
renoceptor activity of physiological amines (epinephrine
and norepinephrine) and the number and affinity of the
- and as-adrenoceptor binding sites determined using
selective adrenergic antagonists. In this way, the 8-ad-
renergic receptors were identified by [’PH]DHA and the
as-adrenoceptors were identified by using [PH]YOH
and its diastereoisomer [*H]rauwolscine ([*H]RAU),
which are potent antagonists of as-adrenoceptors. We
found that the number of 8-binding sites is lower than
that of ay-binding sites. In order to assess our data on
ag-antagonist binding, we also present additional data
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on [’H]YOH binding characteristics to fat cell ay-ad-
renoceptors.

MATERIALS AND METHODS

Selection of patients

Subcutaneous abdominal adipose tissue was collected
at the end of the surgical procedure from obese females
(aged 21-50 years old) undergoing surgical lipectomy.
General anesthesia was induced with thiopental and the
patients had not received drugs active on the autonomic
nervous system. The patients fasted overnight before
tissue removal and had no identified metabolic or en-
docrinological disorder. Immediately after removal, the
tissue was placed in cooled, sterile physiological saline
and quickly transferred to the laboratory. For investi-
gation under the best conditions with a limited inci-
dence of inter-subject variations, all the assays of one
experiment were carried out on the same batch of tissue.
The complete investigation requires a mass of at least
100 g of adipose tissue which can be easily obtained
after abdominal lipectomy.

Human fat cell preparation

Isolated fat cells were obtained as previously de-
scribed (3) by collagenase digestion of adipose tissue
fragments in Krebs Ringer bicarbonate buffer contain-
ing 2 g/100 ml bovine serum albumin at pH 7.4. Under
our experimental conditions (1.5 mg/ml of collagenase
and 37°C with strong shaking), isolated fat cells were
obtained after 30-50 min of incubation (the collagenase
contact being as short as possible). Then the fat cells
were filtered on a silk screen and washed twice with the
incubation buffer.

Measurements of lipolysis

White fat cells (=20 mg of total lipid) obtained by

collagenase digestion were incubated in 1 ml of Krebs
Ringer bicarbonate buffer, pH 7.4, containing bovine
serum albumin (3.5 g/100 ml) and glucose (0.6 mmol/
100 ml) at 37°C with air as the gas phase with gentle
shaking (=60 cycles per min) in a water bath. After 90
min incubation, the tubes were placed on ice and 200-
ul aliquots of infranatant were removed for determi-
nation of glycerol release. Glycerol was measured by the
enzymatic method of Wieland (27) and total lipid was
determined gravimetrically after extraction according
to Dole and Meinertz (28). Ascorbic acid (0.1 mM) was
included in the incubation medium to prevent cate-
cholamine oxidation. Epinephrine and norepinephrine
were added just before the beginning of the assay in 10-
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ul portions to obtain the desired final concentration.
When necessary, the antilipolytic effects of catechol-
amines were studied in the incubation buffer supple-
mented with 2 ug/ml adenosine deaminase associated
with 1.6 mM theophylline, which are well known lipo-
lytic agents and allow more accurate investigation of
ay-mediated antilipolytic effects (3, 29, 30).

Preparation of human adipocyte membranes

The isolated fat cells were washed four times at 8-
10°C in a lysing medium (2.5 mM MgCly; 1 mM
KHCOs3; 1 mM ATP; 2 mM Tris-HCL, pH 7.6). Crude
adipocyte ghosts were pelleted by centrifugation (10 000
g, 10 min) at 4°C, washed twice in buffer (5 mM Tris-
HCI; 1 mM EDTA, pH 7.6) and finally resuspended in
the incubation buffer commonly used for binding stud-
ies (10 mM Mg Cly; 50 mM Tris-HCI, pH 7.5) at a final
concentration of 2-2.5 mg protein/ml and immediately
frozen. Some preparations were used immediately
(mentioned in text). The membrane preparation was
stored at —80°C. When specified, some ghosts were also
obtained after homogenization of fat cell suspensions
in a Potter apparatus with a Teflon pestle (8—10 strokes)
in buffer (0.25 M sucrose; 5 mM Tris-HCl; 1 mM
EDTA, pH 7.6) and treated as described above. Gen-
erally the treatment of the fat cells gave six to ten crude
fat cell membrane extracts, all containing the same pro-
tein concentration. The membranes were generally
used within 1-2 weeks; longer storage (5—6 weeks) re-
vealed a decrease in the total number of binding sites
although the affinity was less modified (not shown). Pro-
tein was assayed by the method of Lowry et al. (31)
using bovine albumin as standard.

Binding assays

Radioactive ligands, (—)[*H]dihydroalprenolol (a g-
antagonist), and [*H] yohimbine and [*H]rauwolscine
(ag-antagonists) were used. Thawed frozen membranes
were rehomogenized with four pestle strokes in a Potter
apparatus immediately before use. Binding studies were
conducted in a final volume of 400 ul as previously re-
ported (21, 24). The incubation mixture consisted of
100 ul of aqueous radioligand solutions ranging in final
concentration from 0.4 to 20 nM and 100 ul of the
membrane suspension (200-250 pg protein) made up
to the final volume of 400 ul with 50 mM Tris-HCI, pH
7.5, containing 10 mM MgCl,. Separate incubations
were carried out in the presence of 0.1 mM propranolol
or 0.1 mM yohimbine for the evaluation of nonspecific
binding. In the competition experiments, the agonists
or antagonists were dissolved in water or buffer, diluted,
and added to the assay (100 pl) just prior to the exper-
iments along with a mixture containing 750 gM ascorbic

acid, 25 uM pargyline, and 0.3 mM catechol. Incuba-
tions were carried out at 25°C in a water bath for 20
min under constant shaking at 150 cycles per min. At
the end of incubation duplicate 150-ul aliquots were
diluted in 4 ml ice-cold buffer and vacuum filtered im-
mediately through Whatman GF/C glass fiber filters
placed on a Millipore manifold. The filters were washed
twice with 10-ml portions of ice-cold incubation buffer.
Filters were placed in minivials, dried at 60°C for 30-
40 min and counted in 4 ml of liquid scintillation me-
dium (ACS-Amersham Centre) in an Intertechnique
scintillation spectrometer at an efficiency of 40-45%.
Specific binding was taken as the amount of radioactivity
bound to the membranes defined as total binding minus
binding in the presence of 0.1 mM cold ligand (pro-
pranolol or yohimbine). Specific binding ranged from
70-80% of the total binding for [*H]DHA and 90-95%
for [*H]YOH and [*H]RAU at final incubation concen-
trations of 2-10 nM. The binding data in this report
refer to specifically bound labeled ligands. In a typical
experiment run between concentrations of 0.4 and 20
nM, [*H]DHA specifically bound counts ranged from
195 to 2000 cpm. For an equivalent range of concen-
trations of [PH]YOH or [*H]JRAU, specifically bound
counts ranged from 450-700 cpm to 5000-6500 cpm
for equivalent protein concentrations (2.5 mg,/ml).

Data analysis

All experiments were performed in duplicate and
repeated 5-8 times unless otherwise specified. Half-
maximal inhibitory concentrations (EC5y values) and
slope factors (pseudo Hill coefhicients) for each compet-
itor were calculated from log-logit regression analysis.
The number (B,..,) and affinity (Kp) of the binding sites
were analyzed according to the method of Scatchard as
described in the Williams and Lefkowitz monograph
(32). The use of selective antagonist radioligands did
not require the use of computer modeling of the
data (33).

Materials

[*H]Dihydroalprenolol (90.0 Ci/mmol), [*H]yo-
himbine (89.7 Ci/mmol), and [*H]rauwolscine (85.7
Ci/mmol) were obtained from New England Nuclear
(Boston MA). (—)Epinephrine bitartrate, (—)norepi-
nephrine bitartrate, (—)isoproterenol chlorhydrate,
ascorbic acid, pargyline, pyrocatechol, theophylline, bo-
vine serum albumin (fraction V), and crude collagenase
were obtained from Sigma Chemical Co; (+)epineph-
rine and (+)norepinephrine came from Sterling-Win-
throp Company. The following drugs were kindly given
by the indicated companies: propranolol (ICI Pharma);
phentolamine (Ciba Geigy); prazosin (Pfizer); clonidine
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TABLE 1.

Comparison of the lipolytic and antilipolytic effects of epinephrine and norepinephrine in human adipocytes

—logio[Epinephrine or Norepinephrine] M

Control 8

7

6 5 4

A. Glycerol release of human isolated fat cells in response to increasing doses of catecholamines®

0.200 * 0.038°
0.200 + 0.038

(—)Epinephrine
(—)Norepinephrine

B. Inhibition by epinephrine and norepinephrine of lipolysis stimulated by theophylline in the presence of adenosine deaminase

0.670 = 0.090
0.670 = 0.090

0.589 + 0.116
0.614 = 0.117

(—)Epinephrine
(—)Norepinephrine

0.181 + 0.012
0.222 + 0.037

0.315 + 0.043
0.552 + 0.053***

0.245 + 0.032
0.415 = 0.100*¢

0.457 + 0.149
0.519 = 0.150%**

0.554 + 0.151
0.614 + 0.170*

d

0.203 = 0.032
0.320 = 0.083*

0.196 + 0.037
0.265 + 0.039**

“ Human fat cells (20-25 mg total lipid) were incubated in 1 mil of KRBA buffer containing 3.5% bovine serum albumin and 0.6 mmol%

glucose as described in Materials and Methods.

b Lipolysis is expressed as umol of glycerol released per 100 mg total lipid over 90 min; the values are means + SEM.

“* P < 0.05 **, P < 0.02; *** P < 0.01; indicates a significant difference between epinephrine- and norepinephrine-stimulated glycerol
release at the same concentration of catecholamines according to Student’s paired ¢ test.

¢ Human fat cells were incubated as in (A) with 1.6 mM theophylline and 2 ug/ml adenosine deaminase in the incubation buffer to promote
an increase in basal lipolytic activity of the cells. The inhibition experiments were performed in the presence of 1073 M propranolol (beta-

adrenergic antagonist).

(Boehringer Ingelheim); guanfacine (BS 100-141, N-
amidino 2-(2.6 dichlorophenyl) acetamide (Sandoz);
methoxamine (Wellcome); nicergoline (Specia). Pip-
eroxane and tramazoline were kindly given by Dr. H.
Schmitt (Department of Pharmacology~-Paris V). Aden-
osine deaminase, guanyl-5-yl-imidodiphosphate (Gpp
(NH)p), and enzymes were obtained from Boehringer
Mannheim. All other chemicals were reagent grade.

RESULTS

B- and ay-Adrenergic responses initiated by
physiological catecholamines

We compared simultaneously the effect of the two
putative physiological agonists with regard to their rel-
ative ability to stimulate or inhibit the lipolytic activity
of isolated human fat cells (Table 1). Dose-response
studies demonstrated that the two agents were able to
stimulate lipolysis, as previously known. However it is
noticeable that epinephrine is a weaker lipolytic agent
than norepinephrine. The order of potency of the drugs
eliciting a lipolytic response was isoproterenol
> norepinephrine > epinephrine; the maximal response
was with isoproterenol as previously shown (1, 2, 11).
However, when the ag-adrenoceptors were blocked by
the ay-adrenergic antagonist yohimbine (107° M) or the
mixed alpha-antagonist phentolamine (107° M), epi-
nephrine and norepinephrine-stimulated lipolysis were
potentiated to similar levels (0.870 + 95 vs 0.910 + 108
umol glycerol /100 mg lipid per 90 min, with 107> M
epinephrine or norepinephrine, respectively). Such data
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suggest the equipotency of the two catecholamines in
the stimulation of S-adrenoceptors and lipolysis. Since
the catecholamines are mixed beta /alpha-agonists, their
capacity to elicit antilipolytic actions through as-adreno-
ceptor stimulation was studied concomitantly. As the
inhibiting effect promoted by as-adrenoceptor stimu-
lation is mainly dependent on the level of basal lipolytic
activity, two well-known lipolytic agents, acting by a
mechanism unrelated to B-receptor sites, were included
in the incubation buffer to promote an increase in hu-
man fat cell lipolysis (29, 30). Adenosine deaminase (2
pg/ml) in the presence of theophylline (1.6 mM)
strongly stimulated lipolysis (0.670 = 0.090 vs. 0.200
+ 0.038 umol/100 mg lipid per 90 min in the absence
of lipolytic agents). The ability of epinephrine and nor-
epinephrine to inhibit lipolysis was measured in the pres-
ence of 107 M propranolol (in order to suppress the
B-adrenergic effect of the amines). The two catechol-
amines inhibited in a dose-dependent manner the li-
polytic activity of the adipocytes (Table 1). Epinephrine
was the most potent antilipolytic agent; the equilibrium
dissociation constant (K;) for (—) epinephrine and nor-
epinephrine, estimated from inhibition of lipolysis, was
35 + 9 nM for epinephrine and 130 + 20 nM for nor-
epinephrine. Thus, the order of potency at the ay-ad-
renoceptor sites, defined by the biological studies, was
epinephrine > norepinephrine.

The comparative study of the physiological cate-
cholamines demonstrated significant differences in their
lipolytic or antilipolytic potencies although, under our
experimental conditions, their predominant effect on
subcutaneous human fat cells was always lipolytic when
basal (unstimulated) lipolysis was taken as a reference.
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Identification of S-adrenoceptor sites
by PH]DHA binding

The comparison of the two types of adrenergic re-
ceptors was conducted on the same fat cell batch in
parallel with lipolysis studies. The use of unselected pop-
ulations of adipocytes can hamper binding results by
misleading measurements, owing to differences in tissue
localization or to variations in membrane recovery from
one experiment to another. Saturation binding exper-
iments performed with (—)[*H]dihydroalprenolol on
human fat cell membrane preparations demonstrated
that [PH]DHA binding sites appeared to be saturable at
concentrations of 8-10 nM of radioactive ligand (Fig.
2). The calculated total number of binding sites from
Scatchard analysis of the data was 234 + 37 fmol/mg
protein and the dissociation constant of the binding site
(Kp) was 1.80 = 0.4 nM (Table 2). The Scatchard plot
was linear (r = 0.98) and the Hill coefficients (ny) of 1
indicated the absence of any significant cooperative in-
teractions among the binding sites. Inhibition of
[*’H]DHA binding to human fat cell membranes by iso-
proterenol and the two physiological amines was in the
order of potency (—)isoproterenol > (—)epinephrine
= (—)norepinephrine, which is a typical binding for §;-
adrenergic receptors. Epinephrine and norepinephrine
were equipotent in inhibiting [’H]DHA binding (5 nM)
to human fat cell 8;-adrenoceptors; ECso values were
5.1 = 1.2 uM for epinephrine and 5.6 = 1.6 uM for
norepinephrine. Since this result fits previously re-
ported data on human fat cell g-adrenergic receptors,
a more detailed study of the kinetics of binding and
inhibition of [PH]DHA binding by competing antago-
nists is not reported in this study.

Identification of as-adrenoceptor sites
by as-antagonists

Kinetics of ’HJYOH and [’H]RAU binding. The careful
determination of the characteristics of as-adrenergic
receptor sites requires the labeling of the total popu-
lation of fat cell membrane as-adrenoceptors. The use
of ag-antagonists instead of the previously used ag-ag-
onists (4, 21) seemed to be more accurate for this pur-
pose (33). Two yohimbine diastereoisomers were used.
Yohimbine and rauwolscine (a-yohimbine) are known
to be practically equipotent at ay-adrenoceptor sites.
The main difference between the two drugs is that rau-
wolscine is less potent than yohimbine at «;-adrenocep-
tor sites of the central nervous system (34).

The results obtained from the study of the kinetics
of binding of the two drugs are presented in Fig. 1. The
binding characteristics of [*H]YOH and [*H]RAU are
not noticeably different. At 25°C, specific binding of

TABLE 2. Comparison of adrenergic receptor binding sites from
simultaneous determinations of [3H]DHA, [3H]YOH, and [*H]RAU
binding in human fat cell membranes of abdominal
subcutaneous adipose tissue

Receptor Radioligand N Bhiax" Kp? ny‘
Sfnol I mg protein nM
Beta PHIDHA 6 234+37 1.8+04 1.01£0.02
Alphag [®H]YOH 6 586 =95 2.7+0.2 0.98 +0.04
[PHJRAU 6 580100 3.7+0.1 1.00zx0.03

“ Bmax is the total number of binding sites.

Kp is the equilibrium dissociation constant of binding.

“ny represents the slope of the Hill plot. In the Hill plot the log
of radioligand concentration (L) is plotted against the ratio log(B/
Buiax — B) where (B) is the amount of ligand bound at various con-
centrations (L) and Byx is the maximum number of binding sites
determined by Scatchard analysis. The slope of the regression line
equals to ny (Hill number). Hill analysis of full saturation curves was
performed to determine the presence or absence of cooperativity
among the binding sites.

Parameters were determined from equilibrium studies by the use
of linear transformation described by Scatchard (32) of the saturation
binding data in which the amount of ligand specifically bound is plotted
against the ratio of bound to the free ligand as shown in a typical
example in Fig. 2. The data are expressed as means = SEM of (N)
separate experiments.

5-9 nM of the drugs was rapid (the half maximal specific
binding was obtained in 3-4 min and was monophasic).
The equilibrium was reached within the first 10 min
and was stable for at least 30 min. Dissociation of bind-
ing at 25°C in the presence of 107* M phentolamine,
added after the equilibrium had been reached, was
rapid and represented a first order process. The simi-
larity of kinetics of the two diastereoisomers of yohim-
bine suggests that they can be used independently on
human fat cell membrane preparations.

Equilibrium studies and Scatchard analysis of [’H|YOH
and [’H)RAU binding. Fig. 2A shows the steady state
binding of [*’H]YOH and [*H]RAU to human fat cell
membranes as a function of radioligand concentration
in a typical experiment. The binding was saturable and
equivalent for the two drugs. Scatchard plots of the data
(Fig. 2B) were linear, a single binding component was
found with no cooperativity among the binding sites,
and the Hill coeflicients (ny;) were not significantly dif-
ferent from 1 (Table 2). The mean apparent dissocia-
tion constant (Kp) was 2.7 = 0.2 nM and the mean re-
ceptor density (B..) was 586 * 95 fmol/mg protein
for [*H]YOH and K, was 3.7 £+ 0.1 nM with a B, of
580 = 100 fmol/mg protein for [PHJRAU. The mean
Kp for [*H]YOH was significantly lower (P < 0.05) than
that of [*HJRAU. As clearly shown in Fig. 2, the most
striking fact is the preponderance of ap-adrenoceptor
sites. The mean ratio of the number of [PH]JYOH bind-
ing sites to that of [*H]DHA, calculated from each fat
cell preparation from different patients, was 2.9 + 0.1.

Lafontan, Berlan, and Villeneuve ay- and §,-adrenoceptors interplay and lipolysis 433

2T0Z ‘6T aunr uo ‘1sanb Aq Bio 1) mmm wouy papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

i

l‘ﬂ.‘M Phentolamine

0 &= —

2 10 i) 30 40

Incubation time (min)

(3H)YOH or (3H)RAU Bound (%maximum)
S

15 . « (3H) RAU
1 crk|:[l.I194mm'nMI 0 o(sH; YOH
- B 1
@ ~ ]
L N gl o ky: 0049 min?
® @
@ . Z 3
o (]
8 / 4
e 051 ' ;
ok]:ﬂ,ﬂ”’hm"nM" 61
74 — .
051 2 3 4min 13 5 1 10 min

Fig. 1. Time-course of [*H]yohimbine and [*H]rauwolscine binding
and dissociation to human fat cell membranes. Data shown are aver-
ages of du?licate determinations from one representative experiment.
Panel A. ["H]YOH (6 nM) and [*H]RAU (9 nM) were incubated with
fat cell membranes for the indicated times at 25°C. Specific binding
was determined as described in Materials and Methods. In dissociation
studies, membranes were incubated with [*’H]YOH and [*H]RAU at
25°C for 20 min, followed by addition of an excess of phentolamine
(107*M) corresponding to time 0. 100% bound corresponds to specific
binding of [*H]ligands at equilibrium. Dotted line represents the ki-
netics of binding in the absence of phentolamine. Panel B. Pseudo first
order kinetic plot of initial [*’H]YOH and [*H]RAU binding. B,,, and
B, represent the amount of ligands specifically bound at equilibrium
and at time, respectively. The slope of the line (k,,) determined by
linear regression analysis (r = 0.99) provides an estimate of the ob-
served rate constant for the pseudo first order reversible reaction, i.e.,
0.45 min~' for [*"H]YOH and 0.20 min~' for ['H]RAU. Panel C. First
order kinetic plot of [’H]YOH and [*H]RAU dissociation from human
fat cell membranes after addition of 107*M phentolamine. B, is the
amount of [*H]ligand bound at the indicated time, while B, refers to
maximal specific binding at 0 time. The slope of the line, determined
by linear regression analysis (0.99), corresponds to the first order rate
constant of dissociation (ky). The second order constant of association
(k,) is determined from the equation k, = (k., — ky)/[ligand]; [ligand]
refers to the concentration of [PHJYOH or [PH]RAU used in kinetic
studies.

The similarity of the results furnished by [*’H]YOH
and [PH]RAU led us to select [*’H]YOH for further in-
vestigations on as-adrenoceptor characteristics. The
need for a further, more accurate characterization of
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[PH]YOH binding sites was made evident by the large
discrepancy between the number of sites we found and
that previously reported by another group (23), which
was only about 145 * 34 fmol/mg protein, and thus
lower than the S-receptor number we defined. Since the
authors used Potter lysis of the cells in an isotonic me-
dium, we carried out four experiments under similar
conditions and did not find significant differences with
our previous data; B,,,, values were similar to those re-
ported using hypotonic lysis of the adipocytes.

Competition studies of [’HJYOH binding. Adrenergic an-
tagonists competed for [*H]YOH binding sites in the
order expected for an a-adrenergic receptor (Fig. 3;
Table 3). The relative order of potency for the antag-
onists was: yohimbine > phentolamine > piperoxan
> nicergoline > prazosin. The antagonist competition
curves are characterized by slope factors that were not
significantly different from 1.0, suggesting the antago-
nists interact in a homogenous manner at [*H]YOH
binding sites. The binding of [PH]YOH was also inhib-
ited by various families of agonists such as catechol-
amines, imidazolines, and a phenyl guanidine (guanfa-
cine). Catecholamine binding displayed the expected
stereospecificity (Table 3). The agonsists exhibited shal-
low competition curves with slope factors (ny;; values)
ranging between 0.45 and 0.75 (Fig. 3A; Table 3), sug-
gesting that agonists interact in a heterogeneous man-
ner at [’H]YOH binding sites. The relative order of
potency of the drugs used was: clonidine > tramazoline
> guanfacine > adrenaline > noradrenaline > meth-
oxamine. Clonidine and tramazoline displayed the high-
est affinities for [PH]YOH sites, as expected for an ay-
adrenoceptor. One noticeable fact is the greater affinity
of (—)epinephrine for [*’H]YOH sites compared with
(—)norepinephrine (Table 3).

Effect of sodium ion and guanyl nucleotides on [’H|YOH
binding. 1t is well known that agonists’, but not antag-
onists’ affinities are modulated by cations and guanine
nucleotides (35-38) at the ay-adrenoceptors.

The inclusion of 100 mM NaCl plus the GTP analog
Gpp(NH)p (10™* M) in the binding assay had no effect
on the antagonist affinities, while the binding affinities
of a-adrenergic agonists to human fat cell ay-adreno-
ceptors were decreased (Table 4). A 15 to 20-fold de-
crease in the average affinity was observed with (—)epi-
nephrine and (—)norepinephrine while the decrease was
weaker for clonidine and guanfacine (3—-6 times). The
displacement curves (not shown) shifted to the right;
the slope factors were increased, but did not reach 1.
The clear difference between physiological amines and
the two other synthetic agonists (clonidine, guanfacine)
should be noted.

Moreover, in five out of eight fat cell preparations
we noticed that Gpp(NH)p (107* M) + 100 mM NacCl
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Fig. 2. Specific binding of [*HJDHA, ["H]YOH, and [*HJRAU to human fat cell membranes from one rep-
resentative experiment. Panel A. As a function of [*H]ligands concentration. Fat cell membranes were incubated
with the indicated concentration of [*Hlligands for 20 min at 25°C and specific binding was determined as
described in Materials and Methods. Panel B. Scatchard plot of specific binding of [*H]ligands derived from the
saturation curves (Panel A). The ratio (Bound/Free) of bound ligands (nM) to free ligands (nM) is plotted as
a function of bound ligands. The slope of the plot (—1/K,) was determined by linear regression analysis. The
number of binding sites (B,,..) is calculated from the x intercept of regression line. Hill plots of ["H]ligands
binding (not shown) gave a slope (1), determined by linear regression analysis which was respectively: 1.06 for
[*HJDHA, 1.01 for [*"H]YOH and 0.98 for [*"H]RAU.
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Fig. 3. Displacement of ["H]YOH specifically bound to human adipocyte membranes by different alpha-ad-
renergic antagonists (A) and agonists (B). Membranes were incubated with (5~-7 nM) [*H]YOH and various
concentrations of competing agents at 25°C for 20 min, then the amount of speciﬁcallzf bound ligand was
determined as described in Materials and Methods. Results are expressed as percent of [*H]YOH specifically
bound in the absence of competing drugs. Number of experiments (n), ECs, values, and slope factors are given
in Table 3.
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TABLE 3. Inhibition of [*H]YOH binding to fat cell membranes
of subcutaneous adipose tissue by various alpha-adrenergic
agonists and antagonists

Competing Drugs N ECs0° nin®
nM
Alpha-adrenergic antagonists
Yohimbine 7 18 £ 4 0.97 £ 0.1
Phentolamine 6 24 £ 7 0.96 = 0.2
Piperoxan 4 120 + 20 091 + 0.3
Nicergoline 5 440 + 40 1.10 £ 0.1
Prazosin 5 9600 = 2000 0.95 + 0.3
Alpha-adrenergic agonists
Clonidine 8 60 £ 7 0.74 £ 0.1
Tramazoline 3 110 + 25 0.79 £ 0.1
Guanfacine 8 290 + 70 0.48 £ 0.1
(—)Epinephrine 8 510 % 60 0.48 £ 0.1
(+)Epinephrine 4 7000 £ 650 0.50 = 0.2
(—)Norepinephrine 8 1750 £ 170 0.61 = 0.1
(+)Norepinephrine 4 13500 + 1200 0.55 + 0.1
Methoxamine 3 55150 £ 10000 0.55 0.1

2 ECs¢, concentration of competing agent causing 50% inhibition

of specific [*H]YOH binding.
nHin, slope factors (pseudo Hill coefficients). The two parameters

were determined from Hill plot transformations of drug competition
curves (8-10 concentrations) and regression analysis of the data.

Fat cell membranes were incubated 20 min at 25°C with [3H]YOH
(7 nM) in the presence of increasing concentrations (1079-10-3 M) of
competing drugs as explained in Materials and Methods and shown
in Fig. 3. Each value is mean + SEM of (N) separate experiments
performed in duplicate.

increased the specific binding of [*H]YOH without any
noticeable effect on nonspecific binding. Scatchard anal-
ysis demonstrated that the increase in binding was es-
sentially due to an increase in B, (doubled) without
any change in the affinity. Since this effect clearly did
not occur in all the fat cell preparations, an interpre-
tation of the fact would be premature since an unde-
tected parameter will be involved in such an effect.
More research is needed to assess this preliminary ob-
servation.

DISCUSSION

Our results indicate that the differences in the lipo-
lytic potencies of physiological amines in isolated human
fat cells can be explained by the significant difference
in their relative affinities for aj-adrenergic receptor
sites. Furthermore, characterization of - and ay-adren-
ergic receptors by radioligand binding studies with se-
lected antagonists reveals the preponderance of ay-ad-
renoceptor sites over (-adrenoceptors. These results
will be discussed in terms of the validity of radioligand
binding data in the interpretation of the biological ef-
fects of physiological amines in human fat cells.

First of all, our findings demonstrate that epineph-
rine is less potent than norepinephrine as a lipolytic
agent, while it is a most efficient antilipolytic agent
(Table 1). Although there were some discrepancies
among the various fat cell batches concerning maximal
responses, the mean relationship quoted was found in
each individual preparation and K, values were always
higher for epinephrine compared with norepinephrine
(Table 5). The significant difference between lipolytic
potencies of the two catecholamines could reflect either
a higher affinity of norepinephrine for fat cell 8;-ad-
renergic receptors in comparison with epinephrine, or
a higher affinity and efficiency of epinephrine for the
ag-adrenoceptor site compared to the lower affinity of
norepinephrine. With regard to their comparative po-
tencies at the B-adrenergic site, we observed that when
ag-adrenoceptors are blocked by yohimbine or phen-
tolamine, norepinephrine and epinephrine exhibit sim-
ilar lipolytic effects. This result fits in with the binding
data which demonstrated that, as previously reported
for B;-adrenoceptors (39), human fat cell f-adrenocep-
tors that are of the §,-subtype have approximately the
same affinity for the two physiological catecholamines
(Table 5); the Kps obtained by displacement of [PH|DHA

TABLE 4. Parameters of the regulatory effects of Gpp(NH)p (10™% M) associated with sodium
(100 mM) on the competition of (—)epinephrine, (—)norepinephrine, clonidine, and guanfacine
with [*H]YOH binding sites in human fat cell membranes

No Additions With Gpp(NH)p and NaCl
Competing Drugs N¢ ECs¢* nHil’ ECso nHill
nM nM
(—)Epinephrine 8 510 = 60 0.48 £ 0.06 10500 + 2300 0.76 £ 0.04
(—)Norepinephrine 5 1850 + 140 0.56 + 0.07 24370 + 3460 0.78 + 0.03
Clonidine 8 60 = 10 0.74 = 0.06 350 + 20 0.78 + 0.04
Guanfacine 8 290 + 70 0.48 + 0.03 750 = 130 0.72 £ 0.03

2 Values are the means + SEM of (N) experiments.

b ECs0, concentration of competing drug producing 50% inhibition of specific [*H]YOH binding.

¢ nuin, slope factor (pseudo Hill coefficient). Slope factors and ECgg values were determined from Hill
plot transformations of drug competition curves (8~10 concentrations) and regression analysis.

Fat cell membranes were incubated 20 min at 25°C with [3H]YOH (5~7 nM) in the presence of various
competing drugs with or without 10™* M Gpp(NH)p and 100 mM NaCl as described in the text and

Table 3.
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TABLE 5. Comparison of dissociation constants for the physiological agonists (epinephrine and
norepinephrine) estimated from in vitro studies on lipolysis in intact fat cells or from direct
radioligand binding to plasma membranes

Direct Radioligand Binding

Lipolysis
Kp Kp Kp
Ka? K (PHIDHAY (*H]YOH)  (PHICLO)
nM
(—)Epinephrine 2600 + 500 (8) 35 £9(8) 2050 700]58) 240 + 40 (8) 9+2(8)
(—)Norepinephrine 1350 + 400* 130 + 20* 1750 + 530NS 820 = 110* 43 + 16*

9 Ka, Agonists concentration required for half maximal stimulation of lipolysis.
b K;, Equilibrium dissociation constants for agonists estimated from experiments on inhibition of k-

polysis (Table 1).

“Kp, Equilibrium dissociation constants (apparent dissociation constants) were calculated from the

equation: Kp = ECso

/( - {H]ligand
Kp ligand

. ECsg is the concentration of agonist causing a 50% inhibition

of [*H]ligand binding. [3H]ligand is the concentration of [3H]DHA, [3H]YOH, and [*H]CLO present
in the assays (5-8 nM), while Kp ligand is the dissociation constant obtained in saturation studies for
each ligand. Binding studies were performed as described in Materials and Methods.

Each value is the mean * SEM of (n) determinations. *, P < 0.01, result significantly different from
correspondent value (by Student’s paired ¢ test); NS, not statistically significant.

binding are similar. Thus, it seems reasonable to pro-
pose that the differences in the lipolytic effects of the
physiological amines are linked to a greater affinity of
epinephrine (as opposed to norepinephrine) for the a,-
adrenoceptors of fat cell membrane. Comparison of the
K; values estimated from inhibition of lipolysis and the
K values estimated from inhibition of [*H][YOH bind-
ing (Table 5) demonstrates that epinephrine exhibits a
higher affinity than norepinephrine for the ay-sites in
in vitro assays and binding studies. However, when de-
termined by competitive displacement of [’ H]YOH, the
observed Ky, values were about an order of magnitude
higher than the K; values. This data could be explained
by heterogenous interaction of catecholamines with
[PH]YOH binding sites (23, 25). A better correlation
between binding studies (Kp) and lipolytic studies (K;)
is obtained when the Ky values for epinephrine and
norepinephrine are determined in displacement studies
with agonist binding ([*H]clonidine) (Table 5). Thus,
under these conditions, a rather good correlation is ob-
tained between the K; values and the K values. This
result suggests that the use of high affinity sites, labeled
with [*H]clonidine gave a better approximation of the
Kps when correlations with biological effects are re-
quired.

Compared with norepinephrine, which mainly acts
as a neurotransmitter, epinephrine is a circulating hor-
mone which is known to act predominantly at §y-ad-
renoceptor sites (40, 41). As is the case for fs-adreno-
ceptors, human fat cell az-adrenoceptors react prefer-
entially with the circulating hormone. Is there a
correlation between such an observation and the fact
that there is no direct innervation of adipocytes (42)?

The physiological significance of such noticeable dif-
ferences in fat cell ay-adrenoceptor selectivity between
the physiological amines is still unexplained and makes
the adrenergic regulation of human fat cell function
more complex to understand. Nevertheless, although
the physiological significance of the antilipolytic a,-ad-
renergic receptors is still subject to question (43), mainly
because their efficiency is not immediately obvious and
cannot generally be shown without special experimental
conditions (Table 1), their existence explains the dif-
ferences between the in vitro lipolytic potencies of phys-
iological amines.

The present study also deals with receptor charac-
terization. The specific binding of [*’H]DHA to human
fat cell membranes. (Fig. 2; Table 2) was practically
identical to that previously reported (4, 6, 26). Con-
cerning ay-adrenergic receptors, [’HJYOH and
[PH]RAU labeled a similar family of binding sites and
probably the same population of sites if we refer to Kp
and B, values (Fig. 2; Table 2). The B, values were
three to four times higher than those previously re-
ported in a similar study (23). The authors used isoos-
motic lysis instead of hypotonic lysis. Moreover we de-
termined that the difference in the lysing method was
without effect on the total number of binding sites. This
discrepancy is still unexplained. However, two results
mainly argue for the validity of our determinations.
First, the total number of [*’H]DHA binding sites found
in our experiments is similar to that previously reported
(4, 6), and suggests that the fat cell membranes were
unaltered. Second, during the formulation of this paper
a report by Burns et al. (26) on [*H]YOH binding on
human fat cell membranes appeared to fit in with our
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results. The authors found 543 = 99 fmol/mg protein
of [*H]YOH binding sites in fat cell membranes of hu-
man subcutaneous adipose tissue. The binding sites
identified with the particulate membrane preparations
(fat cell ghosts) used in the studies of fat cell adrenocep-
tors contain a mixture of membranes from outer and
inner structures of the cell. It seems likely that the re-
ceptor density is underestimated compared to that ex-
pected for the plasma membrane alone. In the present
experiments, simultaneous investigations on lipolysis
and [PH]DHA or [*H]YOH binding determinations
were performed on the same fat cell batch, with the
same membrane preparation and the same assay con-
ditions. The significant difference in [PH]DHA vs
[*’H]YOH or [*'H]RAU maximum binding capacity (Ta-
ble 2; Fig. 2), whatever the contaminating internal mem-
brane proteins, is unquestionable.

Thus, after this sort of observation, one must con-
sider whether the sites detected with [PH]YOH or
[PHJRAU possess all the characteristics expected for
ay-adrenergic receptors. Competition for [PH]YOH
binding sites in fat cell particulates by unlabeled agonists
or antagonists (Table 3; Fig. 3) gave results that are in
complete agreement with the data reported in biological
studies (2, 3, 24) or by ag-agonist binding investigations
(4, 21, 24). Moreover, these observations suggest that
a-agonists bind to heterogeneous binding sites of more
than one affinity as previously reported for human plate-
lets (36, 37), rat liver (44), and hamster adipose tissue
(38). This effect is observed whatever the chemical na-
ture of the agonists (Table 3). Agonist afhnity for ay-
adrenoceptors has been described to be modulated by
cations and guanyl nucleotides in various tissues (35~
38, 44), while antagonist binding is unaffected. The
guanine nucleotide analog Gpp(NH)p in association
with 100 mM NaCl was seen to decrease markedly the
ability of epinephrine and norepinephrine to inhibit
[PH]YOH binding (Table 4). Clonidine and guanfacine,
which are potent synthetic as-adrenergic agonists, gave
similar results. However it is noticeable that the binding
athnities of these agonists are less affected by Gpp(NH)p
and Na* than are the binding affinities of the physio-
logical amines. The significance of this observation is
not fully understood although we tried to associate the
binding characteristics of clonidine and {(—)epinephrine
with the results of adenylate cyclase activities in a pre-
liminary paper (25). Another fact which still requires
further studies concerns the total number of [PH]YOH
binding sites (B.x) which was seen to be increased by
the addition of 100 mM sodium chloride plus Gpp(NH)p.
A recent report by Woodcok and Murley (45) men-
tioned similar results for central and hypothalamic as-
adrenergic receptors.

What do our studies tell us about the significance of
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human fat cell §;- and as-adrenergic receptors identi-
fied by [*H]DHA and [*H]YOH, respectively? The use
of radiolabeled ligands for a- and B-adrenergic receptor
identification has been claimed to be a convenient tool
for physiological studies, bringing to light correlations
between variations in the biological effects of physio-
logical amines and receptor number and affinity. This
kind of correlation has been made for 8- and a-adren-
ergic receptors in various tissues after desensitization
experiments (6, 26) endocrine gland removal (46-48),
or hormonal treatments (49, 50). Nevertheless, a recent
report on the pancreatic islets of the rat mentioned that
there are 2.7 times as many B-adrenergic binding sites
as a-binding sites, while the inhibitory influence of the
a-receptor predominates (51). Such a finding suggests
that mechanisms other than receptor number can mod-
ify biological effects. The preponderance of as-adren-
ergic binding over 8;-adrenergic binding in human fat
cells seems inadequate to interpret the effect of cate-
cholamines on fat cell lipolysis. Several interpretations
can be reasonably proposed. It is now well documented,
in the adipose tissue and various other tissues, that ;-
adrenergic receptors are linked to adenylate cyclase in
a stimulatory fashion while ay-adrenergic receptors are
coupled to the same enzyme in an inhibitory fashion
(62-56). If we consider the biological effect promoted
by circulating physiological amines (mainly epineph-
rine), the dissociation constants of the two receptors
being similar, the excess number of as-adrenoceptors
([*H]YOH binding sites) will be considered to dominate
the lower $8,-adrenergic receptor population. Instead of
this hypothesis, the §,-adrenoceptor-mediated adenyl-
ate cyclase stimulation is always prominent and explains
the lipolytic effects (Table 1). It is not counteracted by
the inhibitory as-adrenoceptors. Such a result suggests
that not all the [*H]YOH binding sites, with ap-adreno-
ceptor characteristics, are involved in adenylate cyclase
inhibition. The hypothesis of uncoupling or loose cou-
pling of a,-adrenoceptors to adenylate cyclase can be
proposed, the coupling systems being independent for
stimulatory or inhibitory actions (55, 56). Such a hy-
pothesis seems to be reasonable since it must be noticed
that although homogeneous in binding studies, §,-ad-
renoceptors of human fat cells display functional het-
erogeneity; 50% of the B,-adrenoceptor population is
coupled to adenylate cyclase while the remaining 50%
1s uncoupled (6). Saturation binding experiments and
kinetics analysis, although commonly used for receptor
definition, do not allow a demonstration to be made of
heterogeneity or cooperative interactions among the
8- or as-adrenoceptor population of human fat cell
membranes (Fig. 2; Table 2) and do not give any in-
formation on the sites involved in biological effects.
Functional heterogeneity of receptors and various af-
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finity levels can be detected by agonist-induced confor-
mational changes (25, 35-38) or desensitization studies
(6, 26). High and low affinity states of the as-receptor
for the agonists is revealed by competition studies of
ag-antagonist binding (Table 4) or when as-adrenocep-
tors are labeled by an as-agonist such as clonidine (21)
or paraamino-clonidine (4).

In conclusion, our studies have 1) provided an exper-
imental design that permitted us to delineate selectively
the physiological agonist of each kind of receptor and
to focus on epinephrine efficiency at as-adrenoceptors;
2) demonstrated the preponderance of as-adrenergic
receptors (labeled by [*°H]YOH or [’ HJRAU); 3) focused
on the fact that, although a third as numerous as the
ag-sites, the B;-adrenergic receptor population (labeled
by [*’H]DHA) is responsible for the lipolytic effect of
physiological amines and weakly counteracted by ay-ad-
renoceptors. For human fat cells, determinations of af-
finity and maximal number of binding sites and the po-
tency orders for agonists or antagonists in competing
for the sites labeled by a tritiated ligand ([*H]DHA,
[*H]YOH, [*H]RAU) are not sufficient for an accurate
characterization of adrenergic receptor efficiencies.
One should focus on the distinction between [PH]YOH,
[*H]CLO, or [*H]DHA binding sites and the true 8- or
ag-adrenergic receptors coupled with adenylate cyclase
and involved in biological effects. Bl
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