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Abstract

ŽŽ . Ž . .MPV-1743 A III " -4- 5-fluoro-2,3-dihydro-1H-inden-2-yl -1H-imidazole is a novel imidazoline derivative. In this study, it was
Ž . Ž .shown to bind with high affinity to a -adrenoceptor subtypes a IC s0.66"0.06 nM , a IC s3.8"0.53 nM , a2 2A 50 2B 50 2C

Ž . Ž .IC s3.1"0.61 nM in the recombinant S115 cells and to a IC s0.94"0.10 nM in the rat submandibular gland. MPV-174350 2D 50
Ž .A III also showed remarkably high affinity to a -adrenoceptors IC s150"12 nM in the rat cerebral cortex and to imidazoline1 50

Ž .I -binding sites IC s150"5.0 nM in the rat liver. The functional a -adrenoceptor antagonistic effect of MPV-1743 A III was2b 50 2

demonstrated by studying the ability of orally administered MPV-1743 A III to reverse and prevent the a -adrenoceptor agonist2
Ž .detomidine-induced mydriasis in rat. The anti-obesity effect of MPV-1743 A III was investigated in genetically obese farfa Zucker rats

Ž .in two different phases of obesity. Chronic treatment with MPV-1743 A III 0.3–3 mgrkg per day p.o. for 3 weeks dose dependently
decreased weight gain in early-phase obesity. In fully established obesity, GDP binding to mitochondria and expression of uncoupling
protein mRNA were increased in brown adipose tissue by MPV-1743 A III indicating an activation of non-shivering thermogenesis. The
present study shows that MPV-1743 A III has a modest anti-obesity effect in the genetic rodent model of obesity. The relative importance
of a - and a -adrenoceptors and imidazoline I -binding sites in mediating the effects of MPV-1743 A III needs further evaluation.2 1 2b

q 1997 Elsevier Science B.V.
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1. Introduction

Brown adipose tissue is the major site for non-shivering
Ž .thermogenesis Ricquier and Mory, 1984 and contributes

to energy balance by dissipating excessive dietary caloric
Žintake in diet-induced thermogenesis Rothwell et al.,

.1982 . Heat production in brown adipose tissue is based on
uncoupling of ATP synthesis from substrate oxidation by a
mitochondrial membrane protein, the uncoupling protein
Ž .Himms-Hagen, 1992 . Binding of the nucleotide guano-

Ž .sine diphosphate GDP to brown adipose tissue mitochon-
dria can be used as an indicator of uncoupling protein
amount and thermogenic activity of brown adipose tissue

) Ž . Ž .Corresponding author. Tel.: 358-2 333-7517; Fax: 358-2 333-7216;
e-mail: erisan@utu.fi

Ž .Nicholls, 1976; Milner et al., 1988 . The sympathetic
nervous system is the primary pathway in the regulation of

Žbrown adipose tissue thermogenesis Seydoux and Gi-
.rardier, 1978 . Since several models of experimental obe-

sity are accompanied with lowered sympathetic tone and
Ž .brown adipose tissue thermogenic activity Bray, 1990 ,

their activation has been brought up as a new approach in
the treatment of obesity. b -Adrenoceptor agonists have3

already been shown to effectively activate brown adipose
tissue thermogenesis and lower weight gain in experimen-

Ž .tal obesity Arch et al., 1984; Cawthorne et al., 1992 .
In addition to b -adrenoceptor agonists, also other pos-3

sibilities to increase lipolysis and thermogenesis in adipose
tissue, either directly or indirectly, exist. Theoretically,
a -adrenoceptor antagonists could activate sympathetic2

nervous system and brown adipose tissue thermogenesis
by two possible ways. First, blockade of the presynaptic

0014-2999r97r$17.00 q 1997 Elsevier Science B.V. All rights reserved.
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a -adrenoceptors increases the release of noradrenaline2

from presynaptic nerve terminals. Second, antagonism of
the inhibitory a -adrenoceptors by the unspecific a -2 2

adrenoceptor antagonist yohimbine has been shown to
potentiate isoprenaline-induced adenylate cyclase forma-

Ž .tion in brown adipocytes Domınguez et al., 1986 . Indeed,´
there are some experimental data suggesting that a -2

adrenoceptor antagonists may have beneficial effect on
energy balance in vivo. Yohimbine has been shown to

Žincrease lipolysis and thermogenesis in dogs Galitzky et
.al., 1991 . The lipolytic effect of yohimbine was also

demonstrated in humans and shown to be mainly due to
Žincreased noradrenaline in adipose tissue Berlan et al.,

.1991 . Furthermore, a -adrenoceptor antagonists were2

shown to reverse the decreasing effect of a -adrenoceptor2

agonists on resting energy expenditure in rats, suggesting
that a -adrenergic receptors are involved in the regulation2

Ž .of energy expenditure also in this species Gazzola, 1993 .
However, the specific and potent a -adrenoceptor antago-2

nist atipamezole failed to affect weight gain and brown
Žadipose tissue thermogenesis in obese Zucker rats Santti

.et al., 1994 . In addition to a -adrenoceptors, there are2

a -adrenoceptors in brown fat, and their ability to potenti-1

ate b-adrenoceptor-mediated responses in brown adipose
Žtissue has been demonstrated in the rat Ma and Foster,

.1984; Granneman, 1988; Raasmaja and Larsen, 1989 .
In this study, a novel imidazoline derivative, MPV-1743

ŽŽ . Ž .A III " -4- 5-fluoro-2,3-dihydro-1H-inden-2-yl -1H-im-
.idazole, Fig. 1 was shown to bind with high affinity to all

a -adrenoceptor subtypes and with a somewhat lower2

affinity to a -adrenoceptors and imidazoline I -binding1 2b

sites. In addition, the efficacy of orally administered MPV-
1743 A III to antagonize central a -adrenoceptors was2

demonstrated. Finally, chronic treatment with MPV-1743
A III was shown to have an anti-obesity effect in geneti-

Ž .cally obese farfa Zucker rats at two different develop-
mental phases of obesity.

2. Materials and methods

2.1. Receptor binding studies

Cultured S115 cell lines each expressing one of the
Žhuman a -adrenoceptor subtypes Marjamaki et al.,¨2A,B,C

.1993 were cultured in a hollow fibre bioreactor in the
Ž .Centre for Biotechnology Turku, Finland , harvested and

Žwashed by centrifugation as described earlier Ala-Uotila
.et al., 1994 . The cell pellet was suspended in 30 volumes

Fig. 1. Chemical structure of MPV-1743 A III.

Ž .of 50 mM Tris buffer with 5 mM EDTA pH 7.5 at 48C
Žand homogenized in a Teflon-glass homogeniser Potter S,

.10 strokes with 1000 rpm . Cell homogenate was then
Ž .centrifuged twice at 47 800=g Sorvall RC-5C for 30

min at 48C with resuspension by two strokes in TrisrEDTA
buffer. The final pellet was resuspended in 10 volumes of
incubation buffer and distributed in aliquots to be stored at
y808C for later use.

For preparation of the rat submandibular gland and
cerebral cortex, the tissues were removed from adult fe-

Ž .male Sprague-Dawley rats 160–200 g , washed and ho-
Žmogenized in 30 volumes of ice-cold buffer 50 mM Tris,

5 mM EDTA, pH 7.4 at 48C for submandibular glands, and
50 mM Tris, 0.8 mM EDTA, pH 7.5 at 48C for cerebral

.cortex with an Ultra-Turrax. After an initial centrifugation
at 500=g for 5 min, the supernatant was centrifuged and
prepared to final storage aliquots as described above.

For preparation of the rat liver, the tissue was removed
and cleaned from the connective tissue and washed in

Žbuffer of 0.25 M sucrose with 5 mM Hepes pH 7.4 at
.48C , minced with scissors, frozen in liquid nitrogen and

stored at y808C. Frozen liver pieces were thawn and
Žhomogenized Potter S, 500 rpm, eight strokes with the
.Teflon pestle in 30 volumes of 0.25 M sucrose supple-

Žmented with 5 mM HEPES and 10 mM EDTA pH 7.4 at
. Ž48C as well as with the protease inhibitors 0.1 mM

phenylmethylsulphonyl fluoride, 2 mgrml bacitracin, 2
mgrml leupeptin, 2 mgrml pepstatin A and 2 mgrml

.soybean trypsin inhibitor . Stock solution of phenylmethyl-
sulphonyl fluoride was made in isopropanol freshly prior
to use. The liver suspension was centrifuged for 5 min at
600=g at 48C, and the supernatant was poured through a
double cheese-cloth, and the pellet was once homogenized
and centrifuged and filtered as above. The supernatants
were collected and centrifuged for 15 min at 47 800=g at
48C. After resuspension in 20 volumes of ice-cold 50 mM

Ž .Tris buffer with 10 mM EDTA pH 7.4 at 308C , the
homogenate was incubated for 30 min at 308C to remove
endogenous catecholamines, and then centrifuged as above.

ŽThe pellet was resuspended in 50 mM Tris pH 7.4 at
.48C , centrifuged, and final resuspension was done in the

incubation buffer.
In a saturation binding experiment, ten concentrations

of radioligands were with the cell and tissue suspension
Ž20–50 mg per tube for the sources of a -adrenocep-2A – C

.tors and 100–200 mg of total protein for tissue sources in
a total volume of 0.25 ml in triplicate. Protein determina-

Žtions were done using a colorimetric assay Bradford,
.1976 . In a competition binding experiment, the radioli-

gands were incubated at concentrations close to their Kd
Žvalue with the cell and tissue suspension protein concen-

.tration as above with or without presence of a test com-
pound in a total volume of 0.25 ml. After a 30 min
incubation at 258C, incubation was terminated by rapid

Ž .filtration Tomtec 96 harvester through pre-wet glass fibre
Ž .filter mats Wallac, GFrB and three washes of ice-cold
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Ž .10 mM Tris buffer pH 7.5 at 48C . After drying, a solid
Ž .scintillate Meltilex, Wallac was melted on the filter mats

and the mats were measured for their radioactivity in a
Ž .counter Wallac BetaPlate with 35% efficacy for tritium.

Incubation buffers were as follows: 50 mM KH PO2 4
Ž . w3 xbuffer pH 7.5 at 258C for H RX821002 experiments,

Ž . w3 x50 mM Tris pH 7.4 at 308C for H idazoxan experi-
Ž . w3 xments, and 50 mM Tris pH 7.7 at 258C for H prazosin

experiments. Non-specific binding was determined using
Žw3 x .0.1 mM oxymetazoline H RX821002 , 20 mM cirazo-

Žw3 x . Žw3 x .line H idazoxan or 10 mM phentolamine H prazosin .
Saturation experiments resulted in the following radioli-

w3 xgand binding affinities and capacities: H prazosin Kd
Ž99"0.43 pM, B 180"17 fmolrmg protein slopesmax

.0.89"0.051, specific binding 85%, ns3 at a -adrenoc-1
w3 xeptors in the rat cerebral cortex; H RX821002 K 0.55d

Ž"0.011 nM, B 460"60 fmolrmg protein slopes1.1max
."0.081, specific binding 95%, ns3 at a -adrenocep-2A

tors in the recombinant S115 cells, K 3.0"0.22 nM,d
ŽB 2000"250 fmolrmg protein slopes0.99"0.004,max

.specific binding 94%, ns3 at a -adrenoceptors in the2B

recombinant S115 cells, K 1.2"0.034 nM, B 680"d max
Ž81 fmolrmg protein slopes1.0"0.013, specific binding

.96%, ns3 at a -adrenoceptors in the recombinant S1152C

cells and K 0.36"0.04 nM, B 140"20 fmolrmgd max
Žprotein slopes0.99"0.026, specific binding 97%, ns

.4 at a -adrenoceptors in rat submandibular gland;2D
w3 xH idazoxan K 3.3 " 0.45 nM, B 1200 " 150d max

Žfmolrmg protein slopes1.1"0.034, specific binding
.90%, ns5 at imidazoline I -binding sites in the rat2b

liver.

2.1.1. Chemicals
w3 xH RX821002, specific activity 48 Cirmmol, and

w3 xH idazoxan, specific activity 44 Cirmmol, were from
w3 xAmersham Life Science; H prazosin, specific activity

74.4 Cirmmol, was from DuPont NEN. Cirazoline, phen-
tolamine and oxymetazoline were from Sigma.

2.2. Efficacy and time-course of a -adrenoceptor blocking2

actiÕity of oral MPV-1743 A III

The a -adrenoceptor blocking activity of oral MPV-2

1743 A III was demonstrated in rats. a -Adrenoceptor2

agonists are able to induce mydriasis in rats through
central a -adrenoceptors located postsynaptically on the2

neurons of the Edinger-Westphal nucleus, the source of
Žparasympathetic innervation to the iris Berridge et al.,

.1983; Koss et al., 1984 . Measuring the ability of an
a -adrenoceptor antagonist to antagonize the a -adrenoc-2 2

eptor agonist-induced mydriasis can be used to determine
the antagonistic potency. Potency and time-course of a -2

adrenoceptor blocking activity of orally given MPV-1743
A III was determined by measuring its ability to prevent or
reverse the mydriasis induced by the a -adrenoceptor2

Ž .agonist detomidine Virtanen and Nyman, 1985 in anaes-
thetized rats.

ŽAdult Sprague-Dawley rats of both sexes Alab, Swe-
.den weighing 200–300 g were used. In all experiments

four rats were used in each group. The rats were anaes-
Ž .thetized with sodium pentobarbitone 60 mgrkg, i.p. and

15 min later a polyethylene cannula was inserted into the
Žlateral tail vein for intravenous drug administration see

.below . Pupil diameter was measured by means of an
operating microscope, which was provided with a 10 mm

Ž .graduated line 0.1 mm divisions in the ocular. The
microscope had an internal light source and the light was
maintained at a steady intensity throughout the experi-
ments.

In the first experiment, the ability of MPV-1743 A III to
prevent the detomidine-induced mydriasis was studied.

ŽThe rats were pretreated with MPV-1743 A III 0.1 mgrkg,
.0.3 mgrkg or 1 mgrkg, p.o. . 45 min later the animals

were anaesthetized and cannulated, and after a further 15
min cumulative doses of detomidine were administered i.v.
at 5 min intervals.

In the second experiment, the ability of MPV-1743
A III to reverse the detomidine-induced mydriasis was
studied and compared with the effects of two reference

Ža -adrenoceptor antagonists, atipamezole Virtanen et al.,2
. Ž .1989 and idazoxan Doxey et al., 1983 . The rats were

injected 15 min after induction of anaesthesia with a
Žmaximally effective mydriatic dose of detomidine 100

. Ž .mgrkg i.v. . 10 min later the cumulative dosing i.v. of
the studied antagonists was started. The a -adrenoceptor2

antagonist potency was determined by calculating the cu-
mulative dose which reversed the a -adrenoceptor agonist2

induced mydriasis by 50%.
In the third experiment, the time-course of a -adrenoc-2

eptor blocking activity was studied. Roughly equipotent
doses of MPV-1743 A III or atipamezole were adminis-

Žtered orally to groups of rats at various times 1, 2, 4, 7, 16
.h before challenge with detomidine. Detomidine was in-

jected cumulatively at 5 min intervals 15 min after induc-
tion of anaesthesia as described above. Change in pupil
diameter was then plotted graphically against the log-dose
of detomidine for each group. The percentage antagonism
of the mydriatic effects of a 30 mgrkg dose of detomidine
was calculated for each pretreatment time point, which
permitted the establishment of a time–effect curve.

2.2.1. Drugs
MPV-1743 A III, atipamezole, idazoxan, detomidine and

Ž .sodium pentobarbitone Mebunat were from Orion Corpo-
ration Farmos, Finland.

2.3. The anti-obesity effect of MPV-1743 A III

2.3.1. Animals
Obese male Zucker rats were purchased from IFFA

Ž .Credo L’Arbresle, France . The rats in early phase obesity
were 7 weeks old and weighed 230"3 g at the beginning
of the experiment, whereas the rats with fully established
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obesity were approximately 13 weeks old and weighed
450"5 g. The animals were individually housed and

Žmaintained under a constant light-dark cycle lights on
.from 6.00 to 20.00 h . They had free access to normal

Ž .laboratory rat chow R36, Lactam, Sweden and water ad
libitum.

2.3.2. Experimental design
Ž .The rats in early phase obesity ns38 were divided

into four groups. One group received tap water only
Ž .control group and three intervention groups received

Ždifferent doses of MPV-1743 A III 0.3, 1 or 3 mgrkg per
.day dissolved in drinking water for 21 days. The rats in

fully established obesity received either MPV-1743 A III 1
Ž .mgrkg per day in the drinking water ns8 for 21 days

Ž .or tap water only ns8 . The intake of water was mea-
sured every day and the amount of MPV-1743 A III dis-
solved in the drinking fluid was adjusted every other day
to ensure a correct drug intake.

During the treatments, 48 or 24 h food intake was
measured throughout by placing a weighed amount of
pelleted food in the cage and calculating the amount
consumed. The cumulative food intake was calculated after
the experiment. The body weights were measured every
other day. The rats were decapitated on the morning of the
21st day. The early-phase obesity rats had free access to
food and drinking water until the time of decapitation,
whereas the rats with fully established obesity were fasted
for 21 h before decapitation.

After decapitation blood was collected into prechilled
EDTA tubes, whereafter plasma was separated and stored
at y708C until analyzed. Interscapular brown adipose
tissue was quickly dissected from surrounding tissues. One
lobe was used for the preparation of mitochondrial fraction
and the other lobe was quickly frozen for further analysis
of uncoupling protein mRNA expression. Epididymal and
intraperitoneal fat pads were removed and weighed.

2.3.3. Analytical procedures
w3 xBinding of H GDP to brown adipose tissue mitochon-

Ž .dria was measured as described earlier Santti et al., 1994 .
In brief, the fresh brown fat pads were minced, diluted in
250 mM ice-cold sucrose buffer and homogenized. The
homogenate was used for immediate preparation of mito-
chondria with differential centrifugation. The binding of
w3 xH GDP was determined by incubating mitochondria in a
basic medium containing 100 mM sucrose, 20 mM TES
Ž w xN-tris- hydroxymethyl -methyl-2-aminoethane-sulphonic

.acid , 1 mM EDTA, 10 mM choline chloride, 2 mM
w14 x w3 xrotenone, C sucrose and 10 mM H GDP.

The RNA for the determination of uncoupling protein
mRNA content was extracted from brown fat by the acid

Žguanidinium-phenol-chloroform method Chomczynski and
.Sacchi, 1987 . Levels of brown adipose tissue uncoupling

protein mRNA were measured using slot-blot hybridiza-

Ž .tion manifold Schleicher & Schuell, Dassel, Germany as
Ž .described earlier Rouru et al., 1993 . Slot blots were

quantitated with an OSr2 based image analysis system
Ž .MCID, Imaging Research, Ontario, Canada . The amount
of uncoupling protein mRNA was expressed in relation to
the amount of 28S mRNA.

Plasma insulin was measured with a rat insulin radioim-
munoassay kit supplied by Novo Nordisk, Bagsvaerd,
Denmark. Plasma glucose was analyzed with the glucose
oxidase method with an Analox GM 7 measuring device
Ž .Analox Instruments, London, UK .

2.3.4. Statistical analysis
Statistical analysis was carried out by one-way analysis

Ž .of variance ANOVA followed by contrast analysis in the
early-phase obesity experiment and by Student’s t-test in
the fully established obesity experiment. Weight gain from
the beginning of the experiment was calculated for every
second day and analyzed by ANOVA for repeated mea-
surements to reveal the change in this parameter during the
treatments. When pooled orthogonal components showed
non-sphericity, Greenhouse-Geisser adjusted P-values
were used. Logarithmic transformation of the data was
performed when necessary. The calculations were per-

Žformed using the BMDP software BMDP Statistical Soft-
.ware, Los Angeles, CA, USA . A P-value less than 0.05

was considered statistically significant.

3. Results

3.1. Affinity of MPV-1743 A III to a -adrenoceptors, sub-1

types of a -adrenoceptors and imidazoline I -binding2 2 B

sites

Similarly to atipamezole, MPV-1743 A III showed high
affinity to a -adrenoceptors, with no remarkable selectiv-2

Ž .ity to the subtypes Table 1 . In contrast to atipamezole,
MPV-1743 A III had a remarkably high affinity to the
a -adrenoceptors in the rat cerebral cortex as well as to the1

Ž .imidazoline I -binding sites Tesson et al., 1995 in the2b
Ž .rat liver Table 1 .

3.2. Potency and time-course of a -adrenoceptor blocking2

actiÕity of peroral MPV-1743 A III

Peroral pretreatment with MPV-1743 A III shifted the
detomidine dose-response curve to the right in a parallel
manner without reducing the maximal effect, suggesting

Ž .competitive antagonism Fig. 2 . MPV-1743 A III and the
reference a -adrenoceptor antagonists atipamezole and2

Židazoxan reversed the detomidine-induced mydriasis Fig.
.3 . The rank order of antagonist potencies to cause a 50%

Ž .reversal was: MPV-1743 A III ED 33 nmolrkg G50
Ž . Žatipamezole ED 40 nmolrkg ) idazoxan ED 9150 50
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Table 1
Ž w3 x .Affinities of atipamezole and MPV-1743 A III to a -adrenoceptors in the rat cerebral cortex labelled by 0.15 nM H prazosin , a -adrenoceptor subtypes1 2

Ž Ž . Ž . Ž . w3 x . Ž w3 x .labelled by 0.5 nM a , 2.5 nM a or 1 nM a H RX821002 and imidazoline I -binding sites labelled by 0.4 nM H idazoxan2A,D 2B 2C 2b

Receptorrbinding site Atipamezole MPV-1743 A III

Ž . Ž .Slope IC nM pK n Slope IC nM pK n50 i 50 i

a 1.08"0.09 8 200"630 5.32"0.08 4 0.88"0.01 150"12 7.26"0.03 41

a 0.85"0.08 1.4"0.39 9.05"0.08 3 0.95"0.09 0.66"0.06 9.35"0.02 42A

a 1.03"0.03 2.4"0.34 8.93"0.07 3 0.97"0.03 3.8"0.53 8.66"0.06 32B

a 0.79"0.05 2.6"0.65 8.71"0.06 3 0.95"0.05 3.1"0.61 8.72"0.09 32C

a 0.92"0.04 0.70"0.05 9.49"0.01 4 1.18"0.02 0.94"0.10 9.51"0.03 42D

I 1.12"0.02 18 000"1 200 5.24"0.03 5 1.00"0.02 150"5.0 7.11"0.02 42b

Slope values denote Hill number; IC values denote concentration of the compound that inhibited specific binding by 50%; pK values denote the50 i
Ž . Žnegative logarithm of the inhibition constant K value ; n denotes number of experiments performed in triplicate. Numbers are arithmetic means for pKi i

.values, geometric means "S.E.M.

.nmolrkg . The time-course of central a -adrenoceptor2

blockade after peroral administration of MPV-1743 A III
or atipamezole is given in Fig. 4. The duration of action of

Ž .oral MPV-1743 A III is clearly longer t 5.7 h than that1r2
Ž .of atipamezole t 2.1 h .1r2

3.3. Anti-obesity effect of MPV-1743 A III

3.3.1. Early-phase obesity
Chronic treatment with MPV-1743 A III reduced weight
Žgain treatment effect: Ps0.002, time effect: P-0.001,

interaction of treatment and time: Ps0.001, ANOVA for
.repeated measurements . The two higher dose groups dif-

Žfered significantly from the control group 1 mgrkg per
day: treatment effect: Ps0.035, time effect: P-0.001,
interaction: Ps0.103; 3 mgrkg per day: treatment effect:
Ps0.004, time effect: P-0.001, interaction: Ps0.072,

.ANOVA for repeated measurements, Fig. 5 , whereas the
smallest dose had no effect. When the weight gains up to

ŽFig. 2. Prevention of the mydriatic effect of detomidine detomidine
. Ž . Ž .alone, ` by MPV-1743 A III 0.1 mgrkg v , 0.3 mgrkg B , 1
Ž .mgrkg ' in anaesthetized rats. MPV-1743 A III was administered

perorally 45 min before induction of anaesthesia and 60 min before
challenge with cumulative i.v. doses of detomidine at 5-min intervals.
Values are mean"S.E.M., ns4 in each group.

the last day were compared, there was a significant treat-
Ž .ment effect Ps0.003, one-way ANOVA ; the 3 mgrkg

Žper day group differed significantly Ps0.009, contrast
.analysis and 1 mgrkg per day group somewhat less

Ž .Ps0.056 from the control. Cumulative food intake
tended to be lower in these groups, the difference being

Ž .almost significant Ps0.06 one-way ANOVA, Table 2 .
None of the MPV-1743 A III doses had any effect on

Ž .cumulative water intake Table 2 .
Binding of GDP to brown adipose tissue mitochondria

was not affected by the treatment with MPV-1743 A III
Ž .Table 2 . Similarly, there was no change in the expression
of uncoupling protein mRNA in brown adipose tissue after

Ž .the treatment when compared to the control Table 2 .
Chronic treatment with MPV-1743 A III had no effect

Ž .on plasma concentration of insulin or glucose Table 2 .
The weights of epididymal and intraperitoneal white fat
pads were not changed when compared to the control
Ž .Table 2 .

Ž .Fig. 3. Reversal of detomidine 100 mgrkg i.v. 10 min before induced
Ž . Ž .mydriasis in anaesthetized rats by MPV-1743 AIII v , atipamezole `

Ž .and idazoxan I . The antagonists were administered i.v. cumulatively at
5 min intervals. Values are mean"S.E.M., ns4 in each group.
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Fig. 4. Duration of central a -adrenoceptor blockade after administration2
Ž .of an oral dose of MPV-1743 A III 0.3 mgrkg B and atipamezole 1

Ž .mgrkg ` . ns4 in each group.

3.3.2. Fully established obesity
Weight gain was lower in the MPV-1743 A III treated

group than in the control, although the difference did not
Žquite reach statistical significance Ps0.059, ANOVA

for repeated measurements; Ps0.081, Student’s t-test in
.the last time point, Fig. 5 . MPV-1743 A III had no effect

on cumulative food or water intake in fully established
Ž .obesity Table 3 .

Chronic treatment significantly increased GDP binding
Ž .in this age group 67% higher than the control, Table 3 .

Similarly, the expression of uncoupling protein mRNA in
brown adipose tissue was increased after the treatment
Ž .143% higher than the control, Table 3 .

MPV-1743 A III did not change plasma insulin or glu-
Ž .cose concentrations Table 3 . The weights of epididymal

or intraperitoneal white fat pads were not affected when
Ž .compared to the control Table 3 .

4. Discussion

In this study we found that a 3-week treatment with
MPV-1743 A III, a novel imidazoline derivative, decreased

Ž .weight gain in obese farfa Zucker rats in the early phase
and in fully established obesity. In the latter, the binding of
GDP to mitochondria and uncoupling protein mRNA ex-
pression were increased in brown adipose tissue indicating
activation of non-shivering thermogenesis. In the former,
food intake tended to be slightly lower in the MPV-1743
A III treated groups than in the control group.

The central a -adrenoceptor blocking properties of2

MPV-1743 A III were demonstrated in the present study by
showing the ability of MPV-1743 A III to antagonize
mydriasis induced by the a -adrenoceptor agonist detomi-2

dine. The two reference a -adrenoceptor antagonists, ati-2

pamezole and idazoxan, were slightly weaker with the rank
order of potency being MPV-1743 A IIIGatipamezole)

Ž .idazoxan Fig. 3 . It was also shown that after oral admin-
istration MPV-1743 A III had a longer duration of action

Ž .than atipamezole Fig. 4 . Furthermore, the receptor bind-
ing profile of MPV-1743 A III was investigated. MPV-1743
A III bound to a -adrenoceptors with high affinity show-2

Ž .ing no remarkable selectivity to the subtypes Table 1 .
MPV-1743 A III had also a remarkably high affinity to the
a -adrenoceptors and other studies have indicated that this1

reflects its activity as an agonist on a -adrenoceptors in1
Ž .various tissues in the rat Savola, data not shown . In

addition, MPV-1743 A III bound to the imidazoline I -bi-2b
Ž .nding sites Tesson et al., 1995 . Although the lack of a

suitable assay method to functionally characterize MPV-
1743 A III at the imidazoline I -binding sites prevents us2b

from saying anything conclusive on the significance of its
affinity at these sites, it is noteworthy that in another series

Ž .of experiments Tesson et al., 1995 a close correlation of
binding affinity of a ligand to its property to inhibit

Ž . Ž . Ž . Ž .Fig. 5. Effect of MPV-1743 A III 0.3 mgrkg per day B , 1 mgrkg per day v , 3 mgrkg per day ' and control ` on weight gain in early-phase
Ž . Ž .obesity left panel and fully established obesity right panel in farfa Zucker rats. Drugs administered p.o. for 21 days, ns8–10 in each group. Values

) ) ) a Ž .are mean"S.E.M. P-0.01, P-0.05, Ps0.059 when compared to the control ANOVA for repeated measures .
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Table 2
Ž .Effects of MPV-1743 A III p.o. for 3 weeks or control treatments in early-phase obesity in farfa Zucker rats

Ž .Control MPV-1743 A III dose mgrkg per day

0.3 1 3

Ž .Cumulative food intake g 567"10 570"12 545"9 537"7
Ž .Cumulative water intake ml 591"16 600"16 575"17 559"14

Ž .GDP binding pmolrg of tissue 138"15 175"19 157"15 148"10
Ž .Uncoupling protein mRNA relative density units 5.4"2.2 2.9"1.0 1.9"0.4 1.8"0.6

Ž .Plasma insulin ngrml 21.7"2.6 23.1"2.5 25.3"3.7 24.7"2.6
Ž .Plasma glucose mmolrl 7.8"0.2 7.5"0.2 8.0"0.2 8.2"0.2
Ž .Epididymal fat g 5.6"0.3 5.5"0.2 5.2"0.2 5.6"0.2

Ž .Intraperitoneal fat g 10.6"0.5 10.2"0.3 9.8"0.3 10.1"0.4

Values are mean"S.E.M.; ns9–10 in each group. No statistically significant differences observed between the control and any of the MPV-1743 A III
groups.

monoamine oxidase was found. MPV-1743 A III also binds
with micromolar affinity to muscarinic, serotonergic and
histaminergic receptors, but whether they contribute to the
pharmacological effects of MPV-1743 A III remains ques-

Ž .tionable Savola, data not shown .
a -Adrenoceptor antagonists may increase sympathetic2

activation directly by blocking postsynaptic inhibitory a -2

adrenoceptors and indirectly through presynaptic receptors
by increasing the release of noradrenaline. In addition,
antagonism of central a -adrenoceptors may indirectly2

activate sympathetic outflow. Sympathetic activation leads
to increased lipolysis and heat production in adipose tissue,
and therefore, a -adrenoceptor antagonists have been stud-2

Žied as possible anti-obesity agents Lafontan et al., 1992a;
.Galitzky et al., 1988 . In contrast to the anti-obesity effect

of MPV-1743 A III seen in this study, chronic treatment
with the a -adrenoceptor antagonist atipamezole had no2

effect on weight gain or brown fat thermogenic activity in
Ž . Žobese farfa Zucker rats in our previous study Santti et

.al., 1994 . As demonstrated in this study, the receptor
binding profiles of the compounds are different. Both
MPV-1743 A III and atipamezole show high affinity to
a -adrenoceptors with no subtype selectivity, but in con-2

trast to atipamezole, MPV-1743 A III has high affinity to

Table 3
Ž .Effects of MPV-1743 A III 1 mgrkg per day p.o. for 3 weeks or control

treatments in fully established obesity in far fa Zucker rats

Control MPV-1743 A III

Ž .Cumulative food intake g 619"13 608"17
Ž .Cumulative water intake g 568"17 517"25

Ž .GDP binding pmolrg tissue 60"9 101"16 )

Uncoupling protein mRNA 0.6"0.1 1.2"0.4 )

Ž .relative density units
Ž .Plasma insulin ngrml 9.3"1.5 8.7"1.1
Ž .Plasma glucose mmolrl 7.4"0.1 7.3"0.3
Ž .Epididymal fat g 9.8"0.4 9.3"0.3

Ž .Intraperitoneal fat g 18.4"0.9 18.7"0.5

Values are mean"S.E.M.; ns8 in each group. ) P -0.05 when com-
Ž .pared to control Student’s t-test .

Ža -adrenoceptors and to imidazoline I -binding sites Ta-1 2b
.ble 1 .

The role of a -adrenoceptors in the regulation of brown1
Žadipose tissue thermogenesis is still controversial Cannon

.et al., 1996 . However, there is evidence that a -adrenoc-1

eptor agonism can potentiate b-adrenoceptor-mediated re-
Žsponses in brown adipose tissue Ma and Foster, 1984;

.Granneman, 1988; Raasmaja and Larsen, 1989 , and that
cold acclimation and recruited states increase the number
of a -adrenoceptors in brown adipose tissue, which sug-1

gest an increased importance of the a -adrenoceptor path-1
Žway in activated brown adipose tissue Raasmaja and

.York, 1988 . Imidazoline I -binding sites have been previ-2

ously shown to exist in white adipose tissue in various
Ž .species MacKinnon et al., 1989; Langin et al., 1990a,b .

They are located on monoamine oxidases, and ligand
binding leads to inhibition of monoamine oxidase activity
Ž .Tesson et al., 1995 . Although the role of imidazoline
I -binding sites in white adipose tissue metabolism is still2

Ž .unknown Carpene et al., 1990a; Lafontan et al., 1992b , it´ ´
is not possible to exclude that MPV-1743 A III could also
indirectly affect sympathetically mediated regulation of
non-shivering thermogenesis by modifying the function of
monoamine oxidase and thereby metabolism of catechol-
amines in the adipose tissue. Eventually, MPV-1743 A III
might be an interesting tool to elucidate the role of imida-
zoline I -binding sites in the regulation of adipose tissue2

metabolism.
Treatment with MPV-1743 A III activated brown adi-

pose tissue thermogenesis only in fully established obesity.
This is in line with earlier studies demonstrating abnormal-
ities associated with obesity in both a - and a -adrenoc-1 2

eptor pathways in adipose tissue. The number of a -adren-2

oceptors in white adipose tissue increases with age and
Žobesity in rats Kobatake et al., 1991; Carpene et al.,´ ´

.1990b and the antilipolytic effect of the a -adrenoceptor2

agonist UK 14304 has been shown to increase with age
Žand to be larger in obese than lean Zucker rats Carpene et´ ´

.al., 1990b . In contrast, the number of a -adrenoceptors in1
Žbrown adipose tissue is decreased in obesity Raasmaja

.and York, 1988 .
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Although the effects of MPV-1743 A III treatment on
weight gain and brown adipose tissue thermogenesis after
3-week treatment were statistically significant, they were
only modest. A similar type of treatment with a b -adren-3

oceptor agonist, BRL 35135, reduced weight gain by 19%
and increased GDP binding to brown adipose tissue mito-

Ž .chondria 45-fold in obese Zucker rats Santti et al., 1994 .
The far greater effect of BRL 35135 probably reflects the
predominance of b -adrenoceptors over a - and a -adren-3 1 2

oceptors in rat adipose tissue. In several other species
including man, a -adrenoceptors play a more important2

Žfunctional role in adipocytes Lafontan et al., 1992a; Gal-
.itzky et al., 1988 . The sympathetic tone is lowered in

Ž . Ž .obese farfa Zucker rats Godbole et al., 1978 , and they
also possess a reduced number of b -adrenoceptors com-3

Ž . Ž .pared to lean FArFA Zucker rats Muzzin et al., 1991 .
This could also partly explain the modest anti-obesity
effect of MPV-1743 A III in obese Zucker rats.

In conclusion, the present study shows that MPV-1743
A III has an anti-obesity effect in a genetic rodent model of
obesity. However, the relative importance of a - and2

a -adrenoceptors and imidazoline I -binding sites in me-1 2b

diating the effects of MPV-1743 A III needs further evalua-
tion.
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