Endocrine Journal 1997, 44 (1), 181-185

NoTE

Effect of CL316,243, a Highly Specific 5;-Adrenoceptor
Agonist, on Lipolysis of Epididymal, Mesenteric and
Subcutaneous Adipocytes in Rats
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Abstract. To clarify whether a B3-adrenoceptor agonist is more lipolytic in the visceral adipocytes than
in the subcutaneous adipocytes, the lipolysis induced by CL316,243, a highly specific Bs-adrenoceptor
agonist (relative selectivities of 0, 1 and 100,000 for Bi-, f2- and Bs-receptors, respectively) was
investigated in adipose tissue from rats. White adipocytes were prepared from the subcutaneous,
mesenteric, and epididymal white adipose tissues of male Wistar rats (weighing about 150 g). Our
findings showed that lipolysis of white adipocytes was stimulated both by the non-specific f-
adrenoceptor agonist, isoproterenol, and by the Bs-specific adrenoceptor agonist, CL316,243, but the
lipolytic sensitivity to CL316,243 was about 10 times greater than that to isoproterenol in these three
adipose tissues. Both isoproterenol and CL316,243 induced more noticeable lipolysis in the epididymal
and mesenteric than in the subcutaneous adipose cells in terms of the pD; value [—log mol 1-1 for ECs
(the concentration of an agonist giving half of its own maximum stimulation)]. These findings show that
CL316,243 is more lipolytic in the visceral adipose cells than in the subcutaneous adipose cells, although
epididymal adipose cells showed a high lipolytic response close to those observed in visceral adipose
cells. CL316,243 may therefore be especially useful for the treatment of visceral fat type obesity related

to various diseases.
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Bs-ADRENOCEPTOR agonists reportedly behave
as anti-obesity drugs [1-5], because they promoted
the lipolysis of white adipocytes and activated
brown adipose tissue thermogenesis, consequently
leading to the loss of body weight. Although
reported [6, 7] in the adipocytes of small mammals,
such as rats and mice, the fz-agonist, BRL37344, is
more lipolytic than the non-specific f-adrenoceptor
agonist, isoproterenol, but in the adipocytes of
larger mammals, such as rabbits, isoproterenol is
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rather more lipolytic than BRL37344 and,
furthermore, in humans, the lipolytic action of
BRL37344 and CGP12177 (at present the only
known selective Bs-agonist in humans) was very
weak or absent. On the other hand, the
accumulation of visceral adipose tissue has been
shown to be closely associated with diabetes
mellitus, hyperlipidemia, hypertension, and
arteriosclerosis [8-11]. Visceral fat has been
reported to have a high metabolic activity, as
compared with subcutaneous fat [11, 12]. In
visceral fat type obesity, a decrease in body weight
specifically reduced visceral fat and improved
glucose intolerance and hyperlipidemia [13]. The
m-RNA expression of fz-adrenoceptors in human
adipose tissue also was higher in visceral than in
subcutaneous adipose tissue [14]. These findings
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lead to the hypothesis that f-adrenoceptor agonists
are more lipolytic in visceral adipose cells than in
subcutaneous adipose cells. In this study, we
therefore investigated this hypothesis by using
CL316,243 (Bi: B: Bs = 0:1:100,000) [2], a specific Bs-
adrenoceptor agonist in rats.

Materials and Methods

CL316,243, disodium (R,R)-5-[2-[[2-3(3-
chlorophenyl)-2-hydroxyethyl]-amino]propyl]-1,3-
benzodioxole-2,2-dicarboxylate, was developed by
Lederle Laboratories, American Cyanamid
Company (Pearl River, N.Y., USA) [2]. Isolated
adipocytes in 60 male Wistar rats (6 weeks old,
about 150 g) were prepared from the fat specimens
by collagenase treatment with slight modifications
[15, 16] of Rodbell’s original method [17].
Subcutaneous, mesenteric, and epididymal adipose
tissues (about 5 g, respectively) were removed from
the rats. Collagenase [Type II (Lot83H6844: Sigma
Chemical Co., St.Louis, MO, USA)] was dissolved
in modified Krebs-bicarbonate (m-KRB) solution
(mM: NaCl 118.4; KCl, 4.7; CaCl.:2H0O, 1.25;
NaHCOs, 25.0; MgS04-7H20, 1.2; glucose, 20.0;
KH,POy, 1.2; bovine serum albumin, 2%w/v; pH,
7.4) aerated with a gas mixture (5% CO,, 95% O»)
for 30 min and the concentration of collagenase
was adjusted to 30 mg/15 ml. Fat tissue was
suspended in m-KRB solution (15 ml per 5 g),
mixed with the same volume of collagenase
solution, and after replacing of air with the gas
mixture, was covered and incubated at 37 °C with
mild shaking for 50 min. The cell suspension was
filtered through gauze and centrifuged (400 g x 1
min) at room temperature. The fluid in the lower
layer was aspirated. By a similar procedure,
adipocytes were washed twice, and the cell count
was adjusted with a hemacytometer to a final
concentration of 5 x 105 cells/ml. The cell
suspension was placed in polyethylene tubes (450
ul per tube), preincubated for 5 min with 25 ul of
m-KRB solution, and mixed with 25 ul of
isoproterenol (Isop) or CL316,243 (CL)
(concentration at the time of measurement of
glycerol: Isop or CL, 10-4-10-1IM/I) to a total
volume of 500 ul. After replacing the air with a
gas mixture (5% COz, 95% O»), the cell suspension
was covered and incubated at 37°C for 90 min.

After ice-cooling for 10 min, 200 ul of IN NaOH
was added for neutralization. After centrifugation
(1500 x g, 4°C, 10 min), the middle layer was
obtained and used as samples. Glycerol was
measured using a F-kit Glycerol [18] (Boehringer
Mannheim, Mannheim, Germany). Dose-response
curves for glycerol release were used to determine
the concentrations of agonists giving half of their
own maximum stimulation (ECsg). The value for
this concentration represents pD; (—log mol /-1
for ECso). Intrinsic activities of the lipolytic agents
were determined as the percentage of the maximal
Isop response for each experiment separately.

Chemicals

Dl-isoproterenol hydrochloride (Isop) was
purchased from Wako Pure Chemicals (Osaka,
Japan), and albumin bovine essentially globulin free
lyophilized powder (Lot 79F 9302) and Hepes from
Sigma Chemical Co. (St. Louis, MO, USA). Various
reagents used for a phosphate solution were
purchased from Wako Pure Chemicals. All
chemicals were dissolved in and adjusted with
saline.

Statistics

Data were presented as the means + SEM and
analyzed by one-way or two-way analysis of
variance (ANOVA). After justification by ANOVA,
the Bonferroni t-test was performed.

Results

As shown in Fig.1(A), isoproterenol (Isop)
induced lipolysis at a concentration of more than
10-9 M and showed 100% lipolysis at more than
10-7 M in subcutaneous, mesenteric and
epididymal adipocytes. The pD; value for Isop
was 7.72 + 0.06 in subcutaneous, 8.02 + 0.07 in
epididymal and 7.96 + 0.05 in mesenteric
adipocytes. The lipolytic action of Isop was
significantly (P<0.01) greater in the epididymal and
mesenteric than in the subcutaneous adipocytes in
terms of the pD; value, but no significant difference
was observed between the epididymal and

mesenteric adipocytes.
As shown in Fig. 1 (B), CL316,243 (CL) induced
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Fig.1. (A): Isoproterenol-induced glycerol release in

isolated subcutaneous (I, N=10), mesenteric (A,
N=10) and epididymal (@, N=10) adipocytes. The
results are expressed as the means + SEM. The
lipolytic action of Isop was significantly (P<0.01)
greater in the epididymal and mesenteric than in
the subcutaneous adipocytes in terms of the pD,
value, but no significant difference was observed
between the epididymal and mesenteric adipocytes.
(B): CL316,243-induced glycerol release in isolated
subcutaneous (I, N=10), mesenteric (&, N=10) and
epididymal (@, N=10) adipocytes. The results are
expressed as the means + SEM. The lipolytic action
of CL was significantly (P<0.01) greater in the
epididymal and mesenteric adipocytes than in the
subcutaneous adipocytes in terms of the pD, value,
but no significant difference was observed between
the epididymal and mesenteric adipocytes.

lipolysis at more than 10-19M and showed 100%
lipolysis at more than 10-8M in subcutaneous,
mesenteric and epididymal adipocytes. The pD;
value of CL was 8.74 + 0.05 in subcutaneous, 9.31
+ 0.05 in epididymal and 9.22 + 0.06 in mesenteric
adipocytes. The lipolytic action of CL was
significantly (P<0.01) greater in the epididymal and
mesenteric than in the subcutaneous adipocytes in
terms of the pD, value, but no significant difference
was observed between the epididymal and
mesenteric adipocytes.

The lipolytic action of CL was about 10 times
higher than that of Isop in terms of the pD» value
in the three fat sites.

The intrinsic activity (the percentage of maximal
response induced by agonist in each experiment)
of CL which is related to maximum lipolytic rate

of Isop was 90 + 3% in subcutaneous, 97 + 4% in
mesenteric and 94 + 4% in epididymal adipocytes.
No significant difference was observed among
these three fat sites.

The diameter of the adipocytes were 60.2 +
13.5 um for subcutaneous, 58.3 +10.4 um for
mesenteric, and 59.7 + 15.2 um for epididymal fat
tissues, when the diameters of 100 fat cells were
measured in each fat tissue. No significant
difference was observed among the three fat sites.

Discussion

Our findings showed that in rats the lipolysis of
white adipocytes was induced both by the non-
specific B-adrenoceptor agonist, Isoproterenol
(Isop), and the Bs-specific adrenoceptor agonist,
CL316,243 (CL), and that the lipolytic sensitivity
to CL316,243 was about 10 times greater than that
to Isop in these epididymal, mesenteric and
subcutaneous adipocytes. Regarding the action on
the different fat cells, both Isop and CL induced
more marked lipolysis in the epididymal and
mesenteric adipocytes than in subcutaneous
adipocytes in terms of the pD; value.

Regarding the relative affinities of Isop and
CL316,243 for the various B-adrenergic receptors,
it was reported [3] that the -, Bi- and B-adrenergic
activities (ECsp) were 0.013, 0.0015 and 0.0053 for
Isop and 0.0030, >100 and 30 for CL316,243,
respectively. The selectivity of B3/B1 and Bs/ B
was 0.11 and 0.41 for Isop and >33,000 and 10,000
for CL316,243, suggesting that CL316,243 is a highly
specific fs-adrenoceptor agonist. The pD, value
and the intrinsic activity which are related to the
epididymal fat of rats were reportedly [6, 7] 7.6
and 100% for Isop, 6.8 and 90% for adrenaline, 6.9
and 100% for noradrenaline, 7.0 and 110% for
Fenoterol (B-agonist), 5.8 and 100% for Salbutamol
(B2-agonist), 8.7 and 100% for BRL37,344 and 5.9
and 40% for CGP12177. The present findings
showing that the pD2 value and the intrinsic
activity in epididymal adipocytes were 8.02 + 0.07
and 100% for Isop and 9.31 + 0.05 and 94 + 4% for
CL316,243, was more lipolytic than those [6, 7]
reported above. Although the difference between
our results and other data was not unclear, it may
be explained by the body weight of rats used; we
used young rats (150 g) in which the size of the
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adipocytes does not vary among the regional sites
[19, 20], because lipolysis rates are higher in large
fat cells than in small fat cells [21, 22], but others
used more adult rats (160-250 g) [17, 23-25].
Regarding this point, we also plan to do further
examinations with animals.

On the one hand, Simard et al. [25] reported that
in such an experiment as the determination of
lipolytic rates, in vitro, preincubation for 15 min is
necessary to remove extracellular agents (fatty
acids, adenosine, lactate, etc.) that may affect the
linearity of lipolytic rates. In this study,
preincubation was conducted for 5 min.

The number of Bi-, B>- and Bs-adrenoceptors in
the visceral and the subcutaneous fats of rats have
not been reported, although the numbers of Bi-
and Br-adrenoceptors in humans have been
reported to be greater in omental white adipocytes
than in subcutaneous adipocytes [26]. The m-RNA
expression of fs-adrenoceptors in human white fats
has been reported [14] to be highest in the perirenal
white adipose tissue (WAT) followed in order by
omental WAT and subcutaneous WAT. Our
present findings suggested that the number of f-
adrenoceptors in rats is also greater in visceral
adipocytes than in subcutaneous adipocytes,
although Sztalryd et al. [27] reported that hormone
sensitive lipase (HSL) mRNA levels were higher
in epididymal and retroperitoneal adipocytes than
in subcutaneous adipocytes in rats. Further
examinations will therefore be conducted to test
this hypothesis by means of the RT-PCR technique.
Furthermore, Lonnqvist et al. [28] recently reported
the existence of a functional fs-adrenoceptor in

humans by showing that CGP12177 (at present the
only known selective fz-adrenoceptor agonist in
humans) was more lipolytic in omental than in
subcutaneous adipocytes, and the antagonist
[CGP20712A (selective Bi-antagonist), ICI118,551
(selective Br-antagonist)] did not alter the lipolysis
induced by CGP12177. Enocksson et al. [29] also
demonstrated the existence of an in vivo functional
Ps-adrenoceptor in humans by means of a
microdialysis technique. The existence of a
functional Bz-adrenoceptor is therefore certain even
in humans, although there were some contradictory
reports showing that Bs-adrenoceptors are not
functional in human adipocytes [24, 30, 31]. The
accumulation of visceral fat was shown to be
closely associated with diabetes mellitus, hyper-
lipidemia, hypertension, and arteriosclerosis [8-11].
Our present findings showing that CL is more
lipolytic in the mesenteric adipocytes than in
subcutaneous adipocytes therefore suggest that CL
may be especially useful for the treatment of
visceral fat type obesity that complicates these
various diseases.
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