Effect of CL316,243, a Highly Specific 3-Adrenoceptor Agonist, on Sympathetic
Nervous System Activity in Mice
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To examine whether long-term administration of a Bs-adrenoceptor agonist influences sympathetic nervous system {SNS)
activity, norepinephrine (NE) turnover, a reliable indicator of SNS activity, in the interscapular brown adipose tissue {IBAT), the
heart, and the spleen, as well as urinary excretion of NE, were measured using mice treated with CL316,243 (CL), a highly
specific Bz-adrenoceptor agonist, at a dose that stimulated thermogenesis and reduced body weight. CL significantly decreased
NE turnover in the IBAT, heart, and spleen and decreased urinary excretion of NE without affecting food intake over 1 to 4
weeks of treatment. These findings show that long-term administration of the 3-adrenoceptor agonist decreases SNS activity

and urinary excretion of NE.
Copyright © 1996 by W.B. Saunders Company

ESSENGER RNA encoding the p;-adrenergic recep-
tor is present in human white and brown adipose
tissue (BAT).! Because Bs-adrenoceptor agonists>? that
stimulate lipolysis in white adipose tissue and activate BAT
could emerge as effective drugs for the treatment of obesity
and diabetes in obese persons, the study and development
of such substances is actively pursued.*® However, it is not
clear whether B;-adrenoceptor agonists influence sympa-
thetic nervous system (SNS) activity. To clarify this point,
we measured norepinephrine (NE) turnover,”® a reliable
indicator of SNS activity, in the interscapular BAT
(IBAT),>10 the heart, and the spleen, as well as urinary
excretion of NE, using mice treated with CL316,243 (CL), 311
a highly specific Bs-adrenoceptor agonist, at a dose that
stimulated thermogenesis and reduced body weight.>!!

MATERIALS AND METHODS
Chemicals

CL,%2 disodium (R,R)-5-[2-[[2-3-(3-chlorophenyl)-2-hydroxethyl]-
amino]propyl]-1,3- benzodioxole-2,2-dicarboxylate, was provided
by American Cyanamid (Pearl River, NY).

Animals

One hundred twenty-eight female Institute of Cancer Research
(ICR) mice were obtained from Charles River (Osaka, Japan) at
the age of 8 weeks. They were housed in plastic cages, six mice per
cage, at 22° + 2°C with a 12-hour light-dark cycle, and were given
free access to laboratory chow and tap water. One week later, they
were divided into two groups. One group was administered CL
dissolved in distilled water at a dose of 0.1 mg/kg via a gastric tube
once daily for 1, 2, or 4 weeks. The other group (controls) was
administered plain distilled water once daily via a gastric tube for 1,
2, or 4 weeks. Body weight and daily food intake were measured at
1, 2, and 4 weeks of treatment. Urine for NE determinations from
animals in individual metabolic cages was collected under oil with
addition of 1.5 mL 1IN HCI for each 24-hour collection. One hour
after the last administration of CL or distilled water, NE turnover
was determined in IBAT, heart, and spleen from the inhibition of
NE biosynthesis by intraperitoneal administration of a-methyl-p-
tyrosine (MPT),81314 the methyl ester of a-MPT (80 mg/kg; Sigma
Chemical, St Louis, MO). After the 1-, 2-, or 4-week treatment, six
animals in each group were killed by cervical dislocation before and
at 3 and 6 hours after the injection. The IBAT, heart, and spleen
were removed and homogenized in 0.1N perchloric acid. NE
content of the tissues was determined by a high-performance liquid
chromatograph (LC-6A; Shimadzu, Kyoto, Japan) using our previ-
ously described method.’¥!¢ The electrode potential was set at
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0.5V versus Ag/AgClreference electrode. NE levels were recorded
by an integrator and calculated from the chromatographic peak
area (LC-6A; Shimadzu). NE content in urine was measured using
a minor modification of the above method™!® with Wakosil-Il
3C18 HG (¢ 4.6 mm x 50 mm; Wako Pure Chemical Industries,
Tokyo, Japan) for the precolumn and Wakosil-1I 5C18 HG (& 4.6
mm X 250 mm; Wako Pure Chemical) for the main column.
Urinary creatinine level was measured using a standard AutoAna-
lyzer (Hitachi-7450, Tokyo, Japan) technique.

The data are presented as the mean = SEM. Statistical analyses
used ANOVA analysis of covariance. In studies of NE turnover,
data were plotted semilogarithmically. The slope (fractional NE
turnover rate [K]) of the decline in endogenous NE after injection
of a-MPT was calculated by the method of least squares. Compari-
son of fractional turnover rates was made with analysis of covari-
ance. NE turnover rates were calculated as the product of the
fractional turnover rate (k) and the endogenous NE concentration.
Ninety-five percent confidence intervals were determined for NE
turnover rates as previously described.®!7

RESULTS

Body weight in the CL-treated group was significantly
(P < .01) less than in the control group treated with
distilled water after 1, 2, and 4 weeks of treatment (Table
1). Judging from the two-way ANOVA on CL and duration
of treatment, it is clear that CL had a significant effect
(P < .01) but duration of treatment did not. Moreover,
there was no significant interaction between CL and dura-
tion of treatment. CL did not affect food intake through 1 to
4 weeks of treatment. Urinary NE excretion in the CL-
treated group was significantly (P < .01) lower than in the
control group through 1 to 4 weeks of treatment. Results of
the two-way ANOVA showed CL to have a significant effect
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Table 1. Body Weight, Food Intake, Urinary NE Excretion, and NE Content and Turnover by the NE Synthesis-Inhibition Technique in the IBAT,
’ Heart, and Spleen of Mice Treated With CL

Control CL
1 Week 2 Weeks 4 Weeks 1 Week 2 Weeks 4 Weeks

Body weight (g} 31.2+03 31503 31.9+03 28.7 + 0.2t 282 + 0.2t 27.4 + 0.2T
Food intake (g/d) 6.9+ 0.5 6.9 = 0.3 6.8 + 0.4 7.3x05 7.2+05 7.2+ 04
Urinary NE excretion {ng * NE/mg - creatinine) 191.2 = 18.2 192.8 + 13.4 1964 + 16.7 138.6 = 9.4* 1384 = 10.2* 1514 £ 7.1*
IBAT

Weight (g) 0.76 + 0.09 0.78 = 0.07 0.81 + 0.06 0.88 + 0.06 0.89 = 0.05 0.91 £ 0.06

NE {ng/IBAT) 113.7 £ 55 110.7 £ 3.8 113.0 £ 2.6 109.0 = 4.2 108.2 + 3.3 110.2 = 4.1

NEk(%/h) 18.1 + 2.6 179 24 17.6 + 1.7 5.1 + 1.6t 4.8 + 1,6t 4.9 £ 131

NE turnover (ng - IBAT-* - h-1) 20.6 = 4.1 19.8 + 34 19.9 + 2.4 5.6 + 1.9*% 5.2 + 1.8*% 5.4 + 1.7%
Heart )

Weight (g) 0.148 = 0.005 0.151 = 0.005 0.146 + 0.005 0.148 + 0.003 0.150  0.005 0.150 = 0.005

NE {ng/heart) 1126 £ 24 111.0 £ 34 113.3 = 3.0 1107 £ 2.8 105.1 = 5.4 108.2 + 3.4

NE k (%/h) 18.1 = 1.7 187 =14 188 = 1.8 4.8 = 1.2t 2.9+ 1.2t 3.8 + 1.0t

NE turnover {ng - heart-1- h-1) 20324 20.8 £ 2.2 213+ 27 5.3 = 1.5% 3.0 £ 1.6* 4.1+ 1.3*
Spleen

Weight (g} 0.116 = 0.008 0.118 = 0.006 0.120 + 0.010 0.107 = 0.007 0.115 = 0.006 0.125 + 0.009

NE (ng/spleen) 97.1 = 3.0 94.4 = 3.3 94.1 + 2.7 89.5 + 3.8 92.7 + 5.1 89.0 + 4.3

NE k (%/h) 17129 18.2+24 16.6 + 2.5 2.9+ 141 4,3 + 1.7t 5.4 + 1.41

NE turnover (ng - spleen—1-h-1) 16.6 + 3.4 17.2 + 2.9 1656+ 2.9 2.6 & 1.4* 4.0 £ 1.9% 4.8 = 1.6%

NOTE. Data are presented as the mean = SEM and were analyzed by orie-way or two-way ANOVA and the Bonferroni ¢ test. NE turnover rates are
expressed as the mean with 95% confidence limits. Six mice were used at each time point to obtain turnover data. Endogenous NE is the value at time

0.
*P < .05, tP < .01: v corresponding controi group.

(P < .01). The weight and NE content of IBAT in the
CL-treated group did not change as compared with those in
the control group through 4 weeks. However, fractional NE
turnover (k) and total NE turnover of IBAT in the
CL-treated group were significantly (P < .01) lower than in
the control group through 4 weeks of treatment (Fig 1).
Judging from the two-way ANOVA with CL and duration
of treatment, CL had a significant effect (P < .01). The
weight and NE content of the heart did not change with CL
treatment. However, fractional and total NE turnover rates
in the heart in the CL-treated group were significantly
(P < .01) lower than in the control group from 1 to 4 weeks
of treatment (Fig 2). From the two-way ANOVA on CL and
duration of treatment, CL was shown to have a significant
effect (P < .01). The weight and NE content of the spleen
were not affected by CL treatment. Fractional and total NE
turnover rates in the spleen of the CL-treated group were
significantly (P < .01) inhibited compared with rates in the
control group from 1 to 4 weeks of treatment. Judging from
the two-way ANOVA on CL and duration of treatment, CL
had a significant effect (P < .01).

DISCUSSION

The present findings show that long-term administration
of CL,312 a specific Bz-adrenoceptor agonist, at a dose that
stimulates thermogenesis and reduces body weight,>!! de-
creases NE turnover (a reliable indicator of SNS activity) in
the BAT, heart, and spleen and decreases urinary NE
excretion: .

_The finding that CL decreases body weight without
affecting food intake is consistent with our previous reports
using obese diabetic yellow KK mice!! and MSG obese
mice® and other reports.12151 However, had we reduced
the body weight of mice from 31 g to 28 g by food restriction,

the reduced animals would have eaten ravenously if food
were available. Therefore, the fact that CL-treated mice did
not eat indicates that treatment with CL restrained food
intake. Furthermore, the present findings that the CL
compound decreases NE turnover in the BAT, heart, and
spleen and decreases daily urinary NE excretion are in
accordance with the report of Yen et al?® on acute injection
of LY104119, a B-agonist that is a thermogenic weight-
reducing compound, but are contrary to their data on the
NE turnover of BAT in a 2-week administration of
LY104119. Although the cause of the discrepancy between
long-term administration of CL and LY104119% is not
clear, the differences in Bj-receptor specificity between
these drugs may explain this discrepancy. That is, CL has
been reported®>'? to be superior to conventional drugs in
terms of B;-receptor specificity (relative selectivity, 0, 1, and
100,000 for By-, Bo-, and Ps-receptors, respectively), al-
though data on the relative selectivity for By-, B2-, and
Bs-receptors of LY104119 have not been reported.? Down-
regulation of the Bs-receptor has recently been reported?-2>
not to be caused by long-term administration of a Bs-
adrenoceptor agonist, although there have been reports
showing contradictory data.?6?” Downregulation of B,-, and
B,-receptors is induced by long-term administration of ;-
and PBj-adrenoceptor agonists.?®? Therefore, long-term
administration of the CL compound may continuously
stimulate Bs-receptors on peripheral organs without reduc-
ing its effect even in the chronic stage. In contrast, residual
B, and B, actions of LY104119% may lead to downregula-
tion of these B;- and B,-receptors, resulting in the increased
SNS activity seen 2 weeks after treatment with this drug.
The present experiment involved administration of CL by
gastric tube, and measurement of NE turnover started 1
hour later. Therefore, the short-term effect of the drug
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Fig 1. NE turnover determined by the NE biosynthesis-inhibition
technique in IBAT of mice treated with CL (O) for 1, 2, or 4 weeks
versus control mice (@). All data are plotted as the mean + SEM for
endogenous NE in IBAT of 6 animals in each group at 0, 3, and 6 hours
after injection of a-MPT (80 mg/kg). The null hypothesis that the two
regression lines could be represented by a common one was rejected
for 1 week [F{1, 32) = 18.99, P < .01], 2 weeks [F(1, 32) = 20.66,
P < .01], and 4 weeks [F(1, 32) = 33.90, P < .01].

perhaps played a role in suppressing the rate of NE
turnover, as well as the consequences of its long-term
administration. However, because Yen et al?® administered
L.Y104119 in food, the mice in their study did not receive it
as a single daily dose. Furthermore, it should be noted that
they reported the increase in NE turnover rate was per

789

HEART

1 Week
T 200+

CL t1/2 = 14.5h

5
L)
T
>
fe))
£
% TOO"“ ‘~~\ )
= \~~ \L
x A
w
Z 50 Control ‘~~“~~\
o t1/2 = 3.9h S el
o ~w
2 ~.
30- M
| 1 I
0 3 b (h)
2 Weeks
T 200~
3 CL t1/2 = 24.0h
h
N
o
S B ./
Ly 100"' B ~‘\ . ~ - o)
Z ~~\~
g ~~ N‘N
L
= | 20l
E 50 (;(;ntrol ~—~
¢ t1/2 = 3.7h e
=z \.,s‘~
30— '
r 1 L1
0 3 6 (h)
4 Weeks
T 200+ )
> CL t1/2=18.1h
ket
N
2 S ./
w ]OOﬂ ~‘s~ \Y'J T
=z ~a EE U
& S e
5 Ty
Z Control S
[ 50 S~
& t1/2=3.7h ~~e
2 .
30~
I 1 [
0 3 6 (h)

Fig 2. NE turnover determined by the NE biosynthesis-inhibition
technigue in the heart of mice treated with CL (O} for 1, 2, or 4 weeks
versus control mice (@). All data are plotted as the mean + SEM for
endogenous NE in IBAT of 6 animals in each group at 0, 3, and 6 hours
after injection of «-MPT (80 mg/kg). The null hypothesis that the two
regression lines could be represented by a common one was rejected
for 1 week [F(1, 32) = 39.87, P < .01, 2 weeks [F(1. 32) = 72.29,
P < .01), and 4 weeks [F({1, 32) = 50.37, P < .01].

gram of tissue, and when the total is calculated, the
difference was much smaller. Therefore, it would be inter-
esting to follow the time course of the increase in heat
production and to study the correlation between heat
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production and NE turnover after gastric administration of
the drug.

On the one hand, there is little possibility that the CL
compound works on neurons in the central nervous system,
because this agent did not cross the blood-brain barrier in
an experiment using rats (personal communication, Septem-
ber 1995, T.H. Claus, American Cyanamid, Pearl River,
NY), and furthermore, Bs-receptor was not detected in the
mouse brain.3® NE concentrations in the brain were not
affected by LY104119.20

On the other hand, long-term administration of the CL

YOSHIDA ET AL

compound decreased plasma thyroid hormone levels.!”
However, thyroxine administration decreased NE turnover
in BAT, but not in the heart or pancreas.’! Furthermore,
hypothyroidism causes an increase in urinary excretion of
NE and in NE turnover in rat hearts.33 Therefore,
decreased NE turnover may not depend on the reduced
thyroid hormone level that may be observed in mice treated
with the CL compound.
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