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ABSTRACT 

Adipocyte cell proliferation is an important process in body fat mass development in obesity. 

Adiponectin or Acrp30 is an adipocytokine exclusively expressed and secreted by adipose tissue, 

which regulates lipid and glucose metabolism and plays a key role in body weight regulation and 

homeostasis. Adiponectin mRNA expression in adipose tissue and plasma level of adiponectin are 

decreased in obesity and type 2 diabetes. In obese rodents, the selective CB1 receptor antagonist 

rimonabant reduces food intake, body weight and improves lipid and glucose parameters. We have 

previously reported that rimonabant stimulated adiponectin mRNA expression in adipose tissue of 

obese fa/fa rats, by a direct effect on adipocytes. Here we report that rimonabant (10 to 400 nM) 

inhibits cell proliferation of cultured mouse 3T3 F442A preadipocytes in a concentration-

dependent manner. In parallel to this inhibitory effect on preadipocyte cell proliferation, 

rimonabant (25 to 100 nM) stimulates mRNA expression and protein levels of two late markers of 

adipocyte differentiation (adiponectin and GAPDH) with a maximal effect at 100 nM, without 

inducing the accumulation of lipid droplets. Furthermore, treatment of mouse 3T3 F442A 

preadipocytes with rimonabant (100 nM) inhibits basal and serum-induced p42/44 MAPkinase 

activity. These results suggest that rimonabant-inhibition of MAPkinase activity may be one of 

mechanisms involved in the inhibition of 3T3 F442A preadipocyte cell proliferation and 

stimulation of adiponectin and GAPDH expression. The inhibition of preadipocyte cell 

proliferation and the induction of adipocyte late "maturation" may participate in rimonabant-

induced anti-obesity effects and in particular the reduction of body fat mass. 
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Obesity is a complex metabolic disorder resulting from an imbalance between energy intake and 

expenditure. This dysregulation may have a genetic and/or behavioral origin, involving the quality 

and quantity of food intake as well as lifestyle (Carpino, 2000). Obesity is characterized by an 

increase in body weight and adipose tissue hyperplasia and hypertrophy with excessive fat storage 

(Hausman et al., 2001; Spiegelman and Flier, 2001). Adipose tissue is now considered as an active 

endocrine organ that produces and secretes various hormones and biologically active proteins 

called adipocytokines including leptin, adipsin, resistin, tumor necrosis factor alpha, interleukin 6, 

transforming growth factor beta, angiotensinogen, plasminogen activator inhibitor-1 and 

adiponectin (Trayhurn and Beattie, 2001; Fain et al., 2004; Trayhurn and Wood, 2004). Through 

auto-, para- and endocrine mechanisms, these adipocytokines play multiple and crucial roles in 

several patho-physiological processes such as obesity and associated chronic diseases including 

diabetes, dyslipidemia, cardiovascular disorders (atherosclerosis, hypertension, myocardial 

infarction, coronary diseases) and inflammation (Trayhurn and Beattie, 2001; Fortuno et al., 2003; 

Lyon et al., 2003; Rajala and Scherer, 2003; Reilly and Rader, 2003; Ruan and Lodish, 2003; 

Borst, 2004; Fain et al., 2004; Matsuzawa et al., 2004; Pischon et al., 2004; Trayhurn and Wood, 

2004; Wisse, 2004). 

In obesity, excessive visceral and abdominal body fat mass development is generally accompanied 

by changes in the structural and cellular composition of adipose tissue associated with dramatic 

dysregulation of synthesis and release of adipocytokines and of enzyme activities, involved in lipid 

and glucose metabolism (Dugail et al. 1988, 1992; Fried and Russell, 1988; Rolland et al., 1995; 

Guerre-Millo, 2002). This adipocytokine and adipo-enzyme dysregulation with resulting metabolic 

and behavioral dysfunctions may be the principal causes of obesity and associated diseases (Lyon 

et al., 2003; Rajala and Scherer, 2003; Reilly and Rader, 2003; Borst, 2004; Grundy, 2004; 

Matsuzawa et al., 2004; Pischon et al., 2004; Wisse, 2004). Structural and functional integrity of 
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adipose tissue play a pivotal role in maintaining metabolic regulation, body weight and 

physiological homeostasis. In fact, biological abnormality of adipose tissue may be a key step 

contributing to the emergence of pathologic features that characterize the metabolic syndrome and 

particularly obesity associated diseases. Adipocyte cell proliferation (hyperplasia) is an important 

process in body fat mass development in obesity. Studies in humans and in animal models indicate 

that increase in adipocyte cell size (adipocyte hypertrophy) often precedes increase in adipocyte 

cell number (Hausman et al., 2001) and the development of hyperplasic adipose tissue is currently 

associated with the most severe form of obesity and associated diseases (Hirsch et al., 1989). On 

the basis of these observations, drugs capable of restoring structure and functionality of adipose 

tissue may represent a novel approach to the therapeutic treatment of obesity and associated 

diseases. Adipocyte complement-related protein of 30 kDa (Acrp30) or adiponectin is an 

adipocytokine exclusively expressed and secreted by adipose tissue, which has been shown to 

regulate lipid and glucose metabolism and to play a key role in body weight regulation and 

homeostasis. Adiponectin has also been reported to be involved in obesity and with associated 

metabolic diseases. In fact, adiponectin mRNA expression in adipose tissue and its plasma level 

are decreased in obesity and associated pathologies (Hu et al., 1996; Arita et al., 1999; Fruebis et 

al., 2001; Weyer et al., 2001). 

Rimonabant (SR141716), a selective CB1 receptor antagonist (Rinaldi-Carmona et al., 1994), has 

been shown to possess potent anti-obesity effects: it reduced food intake, body weight and fat 

mass, improved lipid parameters and insulin sensitivity in obese rodents (Arnone et al., 1997; 

Chaperon et al., 1998; Colombo et al., 1998; Di Marzo et al., 2001; Ravinet-Trillou et al., 2002; 

Bensaid et al., 2003; Poirier et al., 2005). Recently, we have reported that rimonabant stimulates 

adiponectin mRNA expression in adipose tissue of obese fa/fa rats, by a direct effect on 

adipocytes, and reduces hyperinsulinemia associated with this animal model (Bensaid et al., 2003). 

These results demonstrated for the first time that rimonabant regulates hormones implicated in the 
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control of lipid and glucose metabolism and that it could exert a metabolic “peripheral” action, 

which might account for its anti-obesity effect (Bensaid et al., 2003).  

The aim of the present study was to evaluate the effect of rimonabant on the cell proliferation, 

endocrine profile and enzyme expression in cultured mouse 3T3 F442A preadipocytes and to 

identify possible molecular mechanisms involved in these effects.  
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MATERIALS AND METHODS 

Cell culture 

Mouse 3T3 F442A preadipocytes were maintained in Dulbecco’s Modified Eagle Medium 

(DMEM) containing 10% calf serum and cultured as described previously (Green and Kehinde, 

1973; Kuri-Harcuch and Green, 1977). 

 

Cell proliferation assays 

Mouse 3T3 F442A preadipocytes were seeded at 5x104 cells per 35 mm plastic dish containing 

DMEM supplemented with 10% calf serum and exposed or not to increasing concentrations of 

rimonabant (10 to 400 nM) added every day. Five days after seeding, cell cultures were harvested 

by trypsin incubation and cell densities were determined with a Coulter Counter. Triplicate dishes 

were used for each experimental point and data are the mean ± SEM of three different experiments. 

 

RNA preparation and northern blot analysis 

Beta-actin and GAPDH cDNA probes were purchased from Clontech. Adiponectin cDNA was 

produced as described previously (Bensaid et al., 2003). Total RNA was prepared from 3T3 F442A 

preadipocyte cultured in DMEM containing 10% calf serum and treated or not with rimonabant or 

Bordetella pertussis toxin (PTX) or with the combination of rimonabant / PTX, at indicated 

concentrations, using TRIZOL reagent (Invitrogen). For northern blot analysis, 20 µg of total RNA 

was electrophoresed, and transferred to a nylon membrane (Hybond N+, Amersham Biosciences). 

The membranes were hybridized successively with Adiponectin, GAPDH and β actin probes 

labelled with [α32P] dCTP, using a random priming kit (Amersham Biosciences). Membranes were 

scanned on a STORM– phosphoimager. Relative quantification of RNA expression levels was 

performed with the IMAGE-QuaNT program (Amersham Biosciences). Results were normalized 

against the β actin mRNA expression and were presented as a percent of control values. 
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Western blot analysis of adiponectin and GAPDH expression 

3T3 F442A preadipocyte cellular proteins were dissolved in the lysis buffer (50mM Tris HCl pH 

7.5, 1% SDS, 10 mM EDTA, 100 mM NaCl and 1% β mercaptoethanol), containing protease 

inhibitors (Roche Diagnostics), and centrifuged at 12,000 g for 15 min at 4°C. The supernatants 

were collected and protein concentrations were determined by BCA protein assay kit (Pierce).   

3T3 F442A adipocyte cellular protein extracts (200 µg) and conditioned medium (lyophilized 100 

µl) were analyzed on the NOVEX pre-cast 4-20% Tris-glycine-SDS-PAGE gels and transferred on 

PVDF membranes as indicated by the NOVEX manufacturer’s. The following steps were 

performed at room temperature. The membranes were blocked with TBST (20 mM Tris-HCl pH 

7.5, 150 mM NaCl and 0.1% Tween 20) containing 5% of nonfat dry milk for 1 h and then they 

were incubated for 3 h with specific antibodies, rabbit anti-mouse Acrp30 or rabbit anti-mouse 

GAPDH (Affinity Bioreagents) in TBST containing 5% of nonfat dry milk. After three washes for 

10 min in TBST, membranes were then incubated for 30 min with horseradish peroxidase (HRP)-

conjugated, anti-rabbit antiserum (Sigma). Membranes were then washed three times for 10 min in 

TBST. The immuno-reactivity was revealed with the ECL-plus chemiluminescent substrate 

(Amersham Biosciences). Membranes were scanned on a KODAK Image Station 440 CF 

(KODAK digital science-NEN) and relative quantification of adiponectin and GAPDH protein 

levels were performed with 1-D image analysis software (KODAK digital science-NEN). 

 

Western blot analysis of the regulation of p42/44 MAP Kinase activity.  

Mouse 3T3 F442 preadipocyte cells were cultured in DMEM supplemented with 10% calf serum. 

At subconfluence, culture medium was changed and cells were exposed to serum free DMEM. 

After 24 h of incubation, cells were treated for 10 min with serum at 0%, 1% and 2% in the 

presence or absence of, rimonabant (100 nM) or PTX (100 ng/ml) or the combination of 
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rimonabant / PTX. p42/44 MAP kinase activity (phospho-p42/44 MAPK) was determined 

according to the manufacturer’s protocol (Cell Signaling). Briefly, treated cell cultures were 

washed twice in PBS buffer, lysed in 200 µl of SDS-PAGE buffer and immediately scarped and 

harvested. Cell extracts were sonicated, boiled at 95°C for 5 min and 30 µl were submitted to 

western blot analysis by using specific antibodies, rabbit anti phospho-p42/44 MAPK or rabbit anti 

p42/44 MAPK. Membranes were then incubated for 60 min, at room temperature, with horseradish 

peroxidase (HRP)-conjugated, anti-rabbit antiserum (1:2000). The immuno-reactivity was revealed 

with the LumiGLO chemiluminescent reageant (Cell Signaling). Membranes were scanned on a 

KODAK Image Station 440 CF (KODAK digital science-NEN) and relative quantification of 

phospho-p42/44 MAPK normalized against p42/44 MAPK protein levels was performed with 1-D 

image analysis software (KODAK digital science-NEN). Values represent the mean + SEM from 3 

independent experiments.   

 

Analysis of lipid droplet accumulation. 

Subconfluent mouse 3T3 F442A preadipocytes cultured in DMEM supplemented with 10% calf 

serum were exposed or not (control) for ten days, to rimonabant (100 nM) added every day or to 

differentiating medium, containing insulin (5 µg/ml) used as a positive control for the ability of 

cultured 3T3 F442A preadipocytes to accumulate lipids. Cell accumulation of lipid droplets was 

monitored by microscopic analysis and confirmed by Oil Red O staining as previously described 

(Green and Kehinde, 1973). 
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RESULTS 

Inhibitory effect of rimonabant on mouse 3T3 F442A preadipocyte cell proliferation. 

To evaluate the effect of rimonabant on preadipocyte cell proliferation, mouse 3T3 F442A 

preadipocytes were seeded at a low initial density (5 x 104 cells per 35 mm dish) in 10% calf serum 

supplemented DMEM and exposed or not to increasing concentrations of rimonabant (10 to 400 

nM) added every day. Five days after cell seeding, final densities were determined by counting 

cells under a Coulter Counter. As shown in figure 1, in the absence of rimonabant, mouse 3T3 

F442A preadipocytes proliferated actively and reached a final density of 3.20 ± 0.20 x 105 cells per 

35 mm dish. The addition of rimonabant inhibited 3T3 F442A preadipocyte cell proliferation in a 

concentration-dependent manner with a half-maximal effect (IC50) at 60 ± 5 nM. No cyto-toxicity 

was observed in the culture treated with rimonabant, even at the highest concentration tested. At 

this rimonabant concentration (400 nM), final density of 3T3 F442A preadipocyte cell culture was 

1.7 ± 0.10 x 105 cells per dish, which represented 53 % of the final density of the control 

(rimonabant-untreated) culture, but remained 3.5 fold higher than the initial seeding density: 5 x 

104 cells per dish (Fig. 1). 

 

Rimonabant increases adiponectin and GAPDH mRNA and protein expression in cultured 

mouse 3T3 F442A preadipocytes. 

To investigate the action of rimonabant on endocrine function and on enzyme content of mouse 

3T3 F442A preadipocytes, we studied its effect on adiponectin (hormone) and GAPDH (enzyme) 

mRNA and protein expression in these cells. Four days of treatment of subconfluent cultures of 

3T3 F442A preadipocytes with rimonabant (50 or 100 nM) increased, in a concentration-dependent 

manner, cellular and conditioned medium (secreted) levels of adiponectin protein with a maximal 

effect at 100 nM (Fig. 2). The cellular and conditioned medium levels of adiponectin protein in 

cultures treated with rimonabant (100 nM) were 6.5 and 2.5 fold higher than those observed in 
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control cultures, respectively. These results agree with those reported previously showing that 

rimonabant stimulated adiponectin mRNA expression and increased cellular adiponectin level in 

these cells (Bensaid et al., 2003). At a higher concentration (200 nM) of rimonabant, these 

rimonabant-effects were not as pronounced as those observed using lower concentration of 

rimonabant (Fig. 2). Furthermore, the treatment of subconfluent cultures of 3T3 F442A 

preadipocytes with rimonabant (100 nM) induced a rapid increase in GAPDH mRNA expression. 

As shown in figure 3, GAPDH mRNA expression, compared to that of control cultures, increased 

by 2.1 and 3.5 fold after 30 min and 60 min of rimonabant (100 nM) incubation, respectively. After 

60 min of treatment, rimonabant (from 25 to 100 nM) increased GAPDH mRNA expression, in a 

concentration-dependent manner, with a maximal effect at 100 nM (Fig. 3).  In parallel, after 4 

days of treatment, and like adiponectin, rimonabant (from 50 to 200 nM) increased, in a 

concentration-dependent manner, the cellular content of GAPDH protein in cultured 3T3 F442A 

preadipocytes, with a maximal effect at 100 nM and a more modest effect at 200 nM (Fig. 4). 

 

Rimonabant does not induce lipid droplet accumulation in cultured mouse 3T3 F442A 

preadipocytes. 

The treatment for ten days of subconfluent mouse 3T3 F442A preadipocytes with rimonabant (100 

nM) added every day did not induce lipid droplet accumulation as monitored by Oil Red O 

staining. In contrast, subconfluent mouse 3T3 F442A preadipocytes exposed to differentiating 

medium, in the presence of insulin (5µg/ml) added every two days, used as an internal positive 

control for the maintain of cell culture integrity, showed lipid droplet accumulation. This lipid 

accumulation was visible at day 4 of differentiating medium incubation and increased rapidly 

thereafter to reach a maximal level on day 10, as monitored by microscopic analysis and confirmed 

by Oil Red O staining (Fig. 5). 
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Rimonabant inhibits basal and serum induced MAP kinase activities in cultured mouse 3T3 

F442A preadipocytes. 

To elucidate potential molecular mechanisms involved in the rimonabant-induced inhibition of 

mouse 3T3 F442A preadipocyte cell proliferation and increase of adiponectin and GAPDH 

expression, the effect of rimonabant on MAP kinase activity was tested. For this purpose, 

subconfluent mouse 3T3 F442A preadipocytes exposed to serum free DMEM for 24 h were treated 

for 10 min with calf serum at 0%, 1% and 2% in the presence or absence of rimonabant (100 nM). 

Western blot analysis of MAP kinase activities, by using rabbit anti-phospho-p42/44 MAPK, 

showed that the addition of calf serum at 1% or 2% induced a strong stimulation of MAPK activity 

in mouse 3T3 F442A preadipocytes (Fig. 6). The stimulation rate of MAPK activity, compared to 

that of serum free cultures, was 9.5 and 13.1 fold higher in the presence of 1% and 2% of calf 

serum, respectively. In contrast, rimonabant (100 nM) treatment strongly inhibited MAPK activity 

in mouse 3T3 F442A preadipocytes (Fig. 6). Rimonabant inhibited 90% of basal MAPK activity in 

mouse 3T3 F442A preadipocyte cell cultures exposed to serum free medium. Furthermore, 

rimonabant inhibited 75% and 50% of MAPK activity induced by 1% and 2% of calf serum 

supplemented medium, respectively (Fig. 6). The effect of rimonabant-increasing concentrations 

on MAP kinase activity induced by 1% of calf serum, was studied and showed a biphasic profile 

depending on used rimonabant concentrations (Fig. 7). In fact, at low concentrations (10, 50 and 

100 nM) rimonabant inhibited MAP kinase activity in a concentration-dependent manner with a 

maximal effect at 100 nM. The extent of MAP kinase activity-inhibition produced by rimonabant 

at 10, 50, and 100 nM was 15 %, 40% and 75%, respectively, in comparison with control cultures. 

Surprisingly, at high concentrations (200 nM and 400 nM), rimonabant slightly reduced MAP 

kinase activity. Indeed, the extent of rimonabant-inhibition of MAP kinase activity was 45%, and 

15% at concentrations 200 nM and 400 nM respectively (Fig. 7). This loss in the potency of 
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rimonabant at high concentrations, to inhibit MAP kinase activity is probably due to a saturation of 

signaling pathway. This hypothesis needs complementary studies to be elucidated. 

Effects of PTX on the regulation of adiponectin and GAPDH mRNA expression and MAP 

kinase activity in cultured mouse 3T3 F442A preadipocytes.  

Pretreatment of cultured 3T3 F442A preadipocytes by PTX (100 ng/ml) increased adiponectin and 

GAPDH mRNA expression. The potency of this effect was similar to that observed in cultures 

treaded by rimonabant (100 nM) alone. The addition of rimonabant (100 nM) to the culture of 3T3 

F442A preadipocytes pretreated by PTX did not induced supplementary effect (Fig. 8A). 

Furthermore and in the same way, pretreatment of cultured 3T3 F442A preadipocytes, by PTX 

(100 ng/ml), inhibited MAP kinase activity. The extent of this MAP kinase inhibition induced by 

PTX was comparable to that induced by rimonabant (100 nM)-treatment. The addition of 

rimonabant (100 nM) to the culture of 3T3 F442A preadipocytes pretreated by PTX did not 

induced supplementary effect (Fig. 8B). These results agree with those reported previously in CHO 

stably transformed with CB1 receptor (Bouaboula et al., 1997).  
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DISCUSSION 

Adipose tissue is now recognized to be a dynamic tissue and an important endocrine organ, 

secreting biologically active molecules called adipocytokines, which are involved in the regulation 

of energy metabolism and body weight homeostasis. It has been reported, in numerous studies, that 

these adipocytokines play a crucial role in several patho-physiological processes including obesity 

and associated diseases (Trayhurn and Beattie, 2001; Fortuno et al., 2003; Lyon et al., 2003; Rajala 

and Scherer, 2003; Reilly and Rader, 2003; Ruan and Lodish, 2003; Borst, 2004; Fain et al., 2004; 

Grundy, 2004; Matsuzawa et al., 2004; Pischon et al., 2004; Trayhurn and Wood, 2004; Wisse, 

2004). In obesity, adipose tissue development is due to adipocyte cell proliferation (hyperplasia) 

and adipocyte cell size increase (hypertrophy) with excessive fat storage inducing marked changes 

in cellular composition and distribution of adipose tissue with alteration of its endocrine function. 

This may be one of principal causes of obesity-associated diseases together with their progressive 

and chronic features. Adipocyte cell proliferation and differentiation represent two closely related 

cell processes that control adipose tissue homeostasis. One of the first events occurring during 

adipose tissue development in obesity is the re-entry of arrested preadipocytes into a proliferating 

state. After several rounds of clonal expansion, cells arrest proliferation again and undergo 

terminal adipocyte differentiation with energy storage as fat (triglycerides) and adipocyte size 

increase (Prins and O'Rahilly, 1997; Fajas et al., 2001; Hausman et al., 2001; Spiegelman and 

Flier, 2001; Trayhurn and Beattie, 2001). These events may be initiated by the availability of 

excessive energy, especially that resulting from an imbalance between energy intake and 

expenditure, which may be determined by the interaction between genetic, environmental and 

psychosocial factors and by changes in lifestyle (Carpino, 2000; Hausman et al., 2001; Spiegelman 

and Flier, 2001). The selective CB1 receptor antagonist, SR141716 (rimonabant), has potent anti-

obesity effects in rodents (Arnone et al., 1997; Chaperon et al., 1998; Colombo et al., 1998; Di 

Marzo et al., 2001; Ravinet-Trillou et al., 2002; Bensaid et al., 2003; Poirier et al., 2005), which 
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may result from its metabolic “peripheral” action on adipose tissue. This action of rimonabant 

involved, at least in part, a CB1 receptor mediated response producing a local stimulation of 

adiponectin expression (Bensaid et al., 2003).   

In the present study, we investigated the effect of rimonabant on the proliferation of cultured 

mouse 3T3 F442A preadipocytes. Our results show that rimonabant treatment inhibits cell 

proliferation of cultured mouse 3T3 F442A preadipocytes, a process that has been shown to be the 

first and principal step of adipose tissue development (Hausman et al., 2001; Spiegelman and Flier, 

2001). To assess the effect of rimonabant on endocrine function and enzyme content of cultured 

mouse 3T3 F442A preadipocytes, we also studied the effect of rimonabant on the expression of 

adiponectin (an adipo-hormone) and GAPDH (an enzyme) involved in lipid and glucose 

metabolism. Here, we show that rimonabant treatment of cultured mouse 3T3 F442A 

preadipocytes increases the expression of adiponectin and GAPDH, two late markers of adipocyte 

cell maturation. Lipid accumulation in adipocytes is also another marker of adipocyte maturation 

and final stage of differentiation (Ailhaud, 1997; Prins and O'Rahilly, 1997; Fajas et al., 2001; 

Hausman et al., 2001; Spiegelman and Flier, 2001). Excessive fat accumulation in adipocytes is the 

second step involved in adipose tissue development, and may be associated with the endocrine and 

structural dysfunctions of adipose tissue in obesity and related diseases. For this reason we studied 

the effect of rimonabant on lipid accumulation in cultured mouse 3T3 F442A preadipocytes. 

Results show that rimonabant does not induce lipid accumulation in cultured mouse 3T3 F442A 

preadipocytes.   

Altogether, our results show that rimonabant, while inhibiting cell proliferation, induces the 

expression of two late markers of adipocyte maturation (adiponectin and GAPDH) without 

inducing lipid accumulation in cultured mouse 3T3 F442A preadipocytes. However, arrested 

adipocyte cell proliferation is generally followed by maturation and differentiation of adipocytes 

with accumulation of lipids (Hausman et al., 2001; Trayhurn and Beattie, 2001). Our hypothesis is 
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that, in this cellular animal model, rimonabant inhibits preadipocyte cell proliferation and induces 

an uncoupling of the association between the inhibition of adipocyte cell proliferation and lipid 

accumulation (Deslex et al., 1987; Ailhaud, 1997). This atypical property may account for the 

potent activity of rimonabant in obesity treatment. Complementary research is needed to clarify 

this hypothesis. 

On the other hand, treatment of mouse 3T3 F442A preadipocytes with rimonabant (100 nM) 

inhibited basal and serum-induced p42/44 MAP kinase activities. These results agree with those 

reported previously, showing the involvement of MAP kinase activities in the CB1 receptor 

signaling pathway (Bouaboula et al., 1997; Galve-Roperh et al., 2002) and suggest that the 

inhibition of MAP kinase activity induced by rimonabant may be one of the mechanisms involved 

in the inhibition of cultured 3T3 F442A preadipocyte cell proliferation and in the stimulation of 

adiponectin and GAPDH expression. The MAP kinase pathway involvement in the induction of 

adiponectin has been previously reported in mouse 3T3 L1 preadipocytes (Engelman et al., 1998). 

However, its involvement in the up-regulation of GAPDH remains to be elucidated.  These effects 

of rimonabant, may be mediated via antagonism of a local endocannabinoid tone or through the 

inverse agonist activity of this compound and involve functional CB1 receptors that have been 

reported previously to be expressed in rodent (Bensaid et al., 2003) and human (Guillot et al., 

2003) adipocyte cells. 

Finally, our results show clearly, that rimonabant, at low concentrations (from 25 to 100 nM), 

increased adiponectin and GAPDH expression and reduced MAP kinase activity in cultured 3T3 

F442A preadipocytes, however, at higher concentrations (200 nM or 400 nM) these rimonabant-

effects were slightly or not observed in this cell type. This loss of rimonabant potency, at higher 

concentrations, may be due to a saturation of signaling pathway. 

Indeed, the PTX-treatment increased adiponectin and GAPDH expression and inhibited MAP 

kinase activity in cultured 3T3 F442A preadipocytes. These PTX effects were comparable to those 
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observed with rimonabant-treatment. Furthermore, no additional effects were obtained when 

rimonabant was added to the culture of 3T3 F442A preadipocytes pretreated with PTX. This 

suggested that in cultured 3T3 F442A preadipocytes, the regulation by rimonabant of adiponectin 

and GAPDH expression and of MAP kinase activity, is mediated by the CB1 receptor coupled to 

PTX-sensitive Gi protein. 

Whatever the mechanism involved in the action of rimonabant, the inhibition of preadipocyte cell 

proliferation and the induction of adipocyte late "maturation" without fat accumulation, may 

participate in the anti-obesity effects of rimonabant, particularly in the reduction of body fat mass 

and in the restoration of adipose tissue homeostasis and its endocrine function. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

18/27 

ACKNOWLEDGEMENTS  

We thank Ruth LeGué for typing the manuscript, Isabel Lefevre and John Alexander for editing the 

manuscript and Joël Bockaert for his criticisms and helpful scientific discussions. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

19/27 

REFERENCES 

Ailhaud G (1997) Molecular mechanisms of adipocyte differentiation. J Endocrinol 155:201-202. 

Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, Hotta K, Shimomura I, 

Nakamura T, Miyaoka K, Kuriyama H, Nishida M, Yamashita S, Okubo K, Matsubara K, 

Muraguchi M, Ohmoto Y, Funahashi T and Matsuzawa Y (1999) Paradoxical decrease of an 

adipose-specific protein, adiponectin, in obesity. Biochem Biophys Res Commun 257:79-83. 

Arnone M, Maruani J, Chaperon F, Thiébot M-H, Poncelet M, Soubrié P and Le Fur G (1997) 

Selective inhibition of sucrose and ethanol intake by SR 141716 an antagonist of central 

cannabinoid (CB1) receptors. Psychopharmacology 132:104-106. 

Bensaid M, Gary-bobo M, Esclangon A, Maffrand JP, Le Fur G, Oury-Donat F and Soubrié P 

(2003) The cannabinoid CB1 receptor antagonist SR141716 increases Acrp30 mRNA 

expression in adipose tissue of obese fa/fa rats and in cultured adipocyte cells. Mol Pharmacol 

63:908-914. 

Borst SE (2004) The role of TNF-alpha in insulin resistance. Endocrine 23:177-182. 

Bouaboula M, Perrachon S, Milligan L, Canat X, Rinaldi-Carmona M, Portier M, Barth F, 

Calandra B, Pecceu F, Lupker J, Maffrand J-P, Le Fur G and Casellas P (1997) A selective 

inverse agonist for central cannabinoid receptor inhibits mitogen-activated protein kinase 

activation stimulated by insulin or insulin-like growth factor 1. J Biol Chem 272:22330-22339. 

Carpino PA (2000) Patent focus on new anti-obesity agents:  September 1999-February 2000. Exp 

Opin Ther Patents 10:819-831. 

Chaperon F, Soubrié P, Puech AJ and Thiébot M-H (1998) Involvement of central cannabinoid 

(CB1) receptors in the establishment of place conditioning in rats. Psychopharmacology 

135:324-332. 

Colombo G, Agabio R, Diaz G, Lobina C, Reali R and Gessa GL (1998) Appetite suppression and 

weight loss after the cannabinoid antagonist SR 141716 Life Sci 63:113-117. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

20/27 

Deslex S, Negrel R and Ailhaud G (1987) Development of a chemically defined serum-free 

medium for differentiation of rat adipose precursor cells. Exp Cell Res 168:15-30. 

Di Marzo V, Goparaju S K, Wang L, Liu J, Batkal S, Jaral Z, Fezza F, Milura GI, Palmiter RD, 

Sugiura T and Junos G (2001) Leptin-regulated endocannabinoids are involved in maintaining 

food intake. Nature (London) 410:822-825. 

Dugail I, Quignard-Boulange A, Brigant L, Etienne J, Noe L and Lavau M (1988) Increased 

lipoprotein lipase content in the adipose tissue of suckling and weaning obese Zucker rats. 

Biochem J 249:45-49. 

Dugail I, Quignard-Boulange A, Le Liepvre X, Ardouin B and Lavau M (1992) Gene expression of 

lipid storage-related enzymes in adipose tissue of the genetically obese Zucker rat. Co-

ordinated increase in transcriptional activity and potentiation by hyperinsulinaemia. Biochem J 

281:607-611. 

Engelman JA, Lisanti MP and Scherer PE (1998) Specific inhibitors of p38 mitogen-activated 

protein kinase block 3T3-L1 adipogenesis. J Biol Chem 273:32111-32120. 

Fain JN, Madan AK, Hiler ML, Cheema P and Bahouth SW (2004) Comparison of the release of 

adipokines by adipose tissue, adipose tissue matrix, and adipocytes from visceral and 

subcutaneous abdominal adipose tissues of obese humans. Endocrinology 145:2273-2282. 

Fajas L, Debril M-B and Auwerx J (2001) Peroxisome proliferators-activated receptor-γ: from 

adipogenesis to carcinogensis. J Mol Endocinol 24:1-9. 

Fortuno A, Rodriguez A, Gomez-Ambrosi J, Fruhbeck G and Diez J (2003) Adipose tissue as an 

endocrine organ: role of leptin and adiponectin in pathogenesis of cardiovascular diseases. J 

Physiol Biochem 59:51-60. 

Fried SK and Russell C (1998) Diverse roles of adipose tissue in the regulation of systematic 

metabolism and energy balance, in Handbook of Obesity (Bray, G.A., Bouchard, C. and James, 

W. eds) Marcel Dekker, New York, 397-413. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

21/27 

Fruebis J, Tsao TS, Javorschi S, Ebbets-Reed D, Erickson MR, Yen FT, Bihain BE and Lodish HF 

(2001) Proteolytic cleavage product of 30-kDa adipocyte complement-related protein increases 

fatty acid oxidation in muscle and causes weight loss in mice. Proc Natl Acad Sci USA 

98:2005-2010. 

Galve-Roperh I, Rueda D, Gomez del Pulgar T, Velasco G and Guzman M (2002) Mechanism of 

extracellular signal-regulated kinase activitation by the CB1 cannabinoid receptor. Mol. 

Pharmacol 62:1385-1392. 

Green H and Kehinde O (1973) Sublines of mouse 3T3 cells that accumulate lipid. Cell 1:113-116. 

Grundy SM (2004). Obesity, metabolic syndrome, and cardiovascular disease. J Clin Endocrinol 

Metab 89:2595-2600. 

Guerre-Millo M (2002) Adipose tissue hormones. J Endocrinol Invest 25:855-861. 

Guillot E, Le Bail JC, Le Claire S, Lechevalier P, Jagerschmidt A, Validire P, Baumert H and 

Galzin AM (2003) Evidence for CB1 cannabinoid receptor (CB1R) expression in the human 

adipocyte. Effect of the CB1R antagonist SR141716 (rimonabant) on pre-adipocyte 

differentiation. Abstract presented at the North American Association for the Study of Obesity 

(NAASO). Annual meeting 2003. Obesity Research. Ft. Lauderdale, Florida, USA. 

Hausman DB, DiGirolamo M, Bartness TJ, Hausman GJ and Martin JR (2001) The biology of 

white adipocyte proliferation. Obes Rev 2:239-254. 

Hirsch J, Fried SK, Edens NK and Leibel RL  (1989) The fat cell. Med Clin North Am 73:83-96. 

Hu E, Liang P and Spiegelman BM (1996) AdipoQ is a novel adipose-specific gene dysregulated 

in obesity. J Biol Chem 271:10697-10703. 

Kuri-Harcuch W and Green H (1977) Increasing activity of enzymes on pathway of triacylglycerol 

synthesis during adipose conversion of 3T3 cells. J Biol Chem 252:2158-2160. 

Lyon CJ, Law RE and Hsueh WA (2003) Minireview: adiposity, inflammation, and atherogenesis. 

Endocrinology 144:2195-2200. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

22/27 

Matsuzawa Y, Funahashi T, Kihara S and Shimomura I (2004) Adiponectin and metabolic 

syndrome. Arterioscler Thromb Vasc Biol 24:29-33. 

Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB and Rimm EB (2004) Plasma adiponectin 

levels and risk of myocardial infarction in men. JAMA 291:1730-1737. 

Poirier B, Bidouard JP, Cadrouvele C, Marniquet X, Staels B, O'connor SE, Janiak P, Herbert JM. 

(2005) The anti-obesity effect of rimonabant is associated with an improved serum lipid 

profile. Diabetes Obes Metab 7:65-72. 

Prins JB and O'Rahilly S (1997) Regulation of adipose cell number in man. Clin Sci 92:3-11. 

Rajala MW and Scherer PE (2003) Minireview:  the adipocyte – at the crossroads of energy 

homeostasis, inflammation, and atherosclerosis. Endocrinology 144:3765-3773. 

Ravinet-Trillou C, Arnone M, Delgorge C, Gonalons N, Keane P, Maffrand J P and Soubrié P 

(2002) Anti-obesity effect of SR141716, a CB1 receptor antagonist, in diet-induced obese 

mice. Am J Physiol Regul Integr Comp Physiol 284:R345-R353. 

Reilly MP and Rader DJ (2003) The Metabolic syndrome more than the sum of its parts? 

Circulation 108:1546-1551. 

Rinaldi-Carmona M, Barth F, Heaulme M, Shire D, Calandra B, Congy C, Martinez S, Maruani J, 

Néliat G, Caput D, Ferrara P, Soubrié P, Brelière JC and Le Fur G (1994) SR141716A, a potent 

and selective antagonist of the brain cannabinoid receptor. FEBS Lett 350:240-244. 

Rolland V, Dugail I, Le Liepvre X and Lavau M (1995) Evidence of increased gylceraldehyde-3-

phosphate dehydrogenase and fatty acid synthetase promoter activities in transiently transfected 

adipocytes from genetically obese rats. J Biol Chem 270:1102-1106. 

Ruan H and Lodish H F (2003) Insulin resistance in adipose tissue: direct and indirect effects of 

tumor necrosis factor-α. Cytokine Growth Factor Rev 14:447-455. 

Spiegelman BM and Flier JS (2001) Obesity and the Regulation of Energy Balance. Cell 104:531-

543. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

23/27 

Trayhurn P and Beattie JH (2001) Physiological role of adipose tissue: white adipose tissue as an 

endocrine and secretory organ. Proc Nut Soc 60:329-339. 

Trayhurn P and Wood IS (2004) Adipokines: inflammation and the pleiotropic role of white 

adipose tissue. Br J Nutr 92:347-355. 

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE and Tataranni PA (2001) 

Hypoadiponectinemia in obesity and type 2 diabetes: close association with insulin resistance 

and hyperinsulinemia. J Clin Endocrinol Metab 86:1930-1935. 

Wisse, BE (2004) The inflammatory syndrome:  the role of adipose tissue cytokines in metabolic 

disorders linked to obesity. J Am Soc Nephrol 15:2792-2800. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 9, 2005 as DOI: 10.1124/mol.105.015040

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 15040 

24/27 

FIGURE LEGENDS 

Fig. 1. Effect of rimonabant on cell proliferation of cultured mouse 3T3 F442A preadipocytes. 

Mouse 3T3 F442A preadipocytes seeded at a density of 5 x 104 cells per dish in DMEM 

supplemented with 10% calf serum, were exposed or not (control) to increasing concentrations of 

rimonabant (10 to 400 nM) added every day. Five days after seeding, cells were harvested and 

counted by using a Coulter Counter. Values represent the mean ± SEM of final cell densities from 

three independent experiments. 

Fig. 2. Effect of rimonabant on adiponectin protein levels in cellular extract and in 

conditioned medium of cultured mouse 3T3 F442A preadipocytes. Subconfluent mouse 3T3 

F442A preadipocytes cultured in DMEM supplemented with 10% calf serum were exposed or not 

(Control) to various concentrations of rimonabant (50 to 200 nM) added every day. After four days 

of treatment, the medium was changed and cell cultures were exposed for an additional 24h to 

serum free medium. (A) Cellular protein extracts (200 µg) and (B) secreted proteins from 

conditioned medium (24h) were analyzed by western blot using rabbit anti-mouse Acrp30 antibody 

at 1:1000 (Affinity Bioreagent), as described under Materials and Methods. Top: representative 

western blot analysis. Bottom: bar graphs showing results of quantification analysis of adiponectin 

protein level in cellular extract and conditioned medium using Image analysis Software (Kodak 

Digital Science). Values represent the mean + SEM from three independent experiments. *, 

p<0.05; **, p<0.01, when compared with control. 

Fig. 3. Effect of rimonabant on GAPDH mRNA expression in mouse 3T3 F442A 

preadipocytes. Mouse 3T3 F442A preadipocytes were cultured in DMEM supplemented with 

10% calf serum. At subconfluence, cells were exposed or not (control) to rimonabant (100 nM). At 

indicated times, total cellular mRNA were prepared and analyzed by northern blot as described 

under Materials and Methods. (A) Representative northern blot analysis. Bar graphs show results 

of quantification analysis of GAPDH expression normalized against the expression levels of β 
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actin by using IMAGE QuaNT program (Amersham Biosciences). Values represent the mean + 

SEM from three independent experiments. *, p<0.05; **, p<0.01, when compared with control. (B) 

Concentration-dependent effect of rimonabant (at 60 min of the treatment) on GAPDH mRNA 

expression in cultured mouse 3T3 F442A preadipocytes. Values represent the mean + SEM from 

three independent experiments. *, p<0.05; **, p<0.01, when compared with control (in the absence 

of  rimonabant). 

Fig. 4. Effect of rimonabant on GAPDH protein level in cultured mouse 3T3 F442A 

preadipocytes. Subconfluent mouse 3T3 F442A preadipocytes cultured in DMEM supplemented 

with 10% calf serum were exposed or not (control) to various concentrations of rimonabant (50 to 

200 nM) added every day. After four days of treatment, cellular protein extracts (200 µg) were 

analysed by western blot using rabbit anti-GAPDH antibody at 1:2000 (Affinity Bioreagent). (A), 

representative western blot analysis. (B), Bar graph shows results of quantification analysis of 

cellular GAPDH level, using Image analysis Software (Kodak Digital Science). Values represent 

the mean + SEM from three independent experiments. **, p<0.01, when compared with control. 

Fig. 5. Lack of lipid accumulation in cultured mouse 3T3 F442A preadipocytes treated with 

rimonabant. Subconfluent mouse 3T3 F442A preadipocytes cultured in DMEM supplemented 

with 10% calf serum were exposed or not (control) to rimonabant (100 nM) added every day. As a 

positive control of lipid droplet accumulation, other control 3T3 F442A preadipocytes cultures 

were exposed to differentiating condition in the presence of insulin (5 µg/ml) added every two 

days. After ten days of treatment, cell accumulation of lipid droplets was monitored by 

microscopic analysis and confirmed by Oil Red O staining. 

Fig. 6. Inhibition of MAP kinase activity in cultured mouse 3T3 F442A preadipocytes by 

rimonabant. Mouse 3T3 F442 preadipocytes were cultured in DMEM supplemented with 10% 

calf serum. At subconfluence, culture medium was changed and cells were exposed to serum free 

DMEM for 24h. Then, cells were treated for 10 min with calf serum at 0%, 1% and 2% in the 
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presence or absence of rimonabant (100 nM). MAP kinase activity was determined as described 

under Material and Methods. (A), representative MAP kinase activity (Phospho-p42/44 MAPK) 

analysis. (B), Bar graph shows results of quantification analysis of MAP kinase activity normalized 

against p42/44 MAP kinase (MAPK) cellular level, using Image analysis Software (Kodak Digital 

Science). Values represent the mean + SEM from three independent experiments. **, p<0.01, when 

compared with rimonabant untreated cell cultures. 

Fig. 7.   Concentration-dependent effect of Rimonabant on MAP kinase activity in cultured 

mouse 3T3 F442A preadipocytes. Mouse 3T3 F442 preadipocytes were cultured in DMEM 

supplemented with 10% calf serum. At subconfluence, culture medium was changed and cells were 

exposed to serum free DMEM for 24h. Then, cells were treated for 10 min with calf serum at 1% 

in the absence or in the presence of rimonabant (10 to 400 nM). MAP kinase activity was 

determined as described under Material and Methods. (A), representative MAP kinase activity 

(Phospho-p42/44 MAPK) analysis. (B), bar graph shows results of quantification analysis of MAP 

kinase activity normalized against p42/44 MAP kinase cellular level, using Image analysis 

Software (Kodak Digital Science). Values represent the mean + SEM from three independent 

experiments. **, p<0.01, when compared with rimonabant untreated cell cultures. 

Fig. 8. Effects of PTX on the regulation of adiponectin and GAPDH mRNA expression and 

MAP kinase activity in cultured mouse 3T3 F442A preadipocytes. (A), mouse 3T3 F442A 

preadipocytes were cultured in DMEM supplemented with 10% calf serum. At subconfluence, 

cells were exposed or not (control) to, rimonabant (100 nM) or PTX (100 ng/ml) or the 

combination of rimonabant / PTX. After 60 min of treatment, total cellular mRNA were prepared 

and analyzed by northern blot as described under Materials and Methods. Representative northern 

blot analysis is showed and bar graphs show results of quantification analysis of adiponectin and 

GAPDH expression normalized against the expression levels of β actin by using IMAGE QuaNT 

program (Amersham Biosciences). Values represent the mean + SEM from three independent 
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experiments. **, p<0.01, when compared with control cultures. (B), mouse 3T3 F442 

preadipocytes were cultured in DMEM supplemented with 10% calf serum. At subconfluence, 

culture medium was changed and cells were exposed to serum free DMEM for 24h. Then, cells 

were treated for 10 min with calf serum at 1%, in the absence (Control) or in the presence of, 

rimonabant (100 nM) or PTX (100 ng/ml) or the combination of rimonabant / PTX. MAP kinase 

activity was determined as described in Figure 6. Representative MAP kinase activity (Phospho-

p42/44 MAPK) analysis is showed and bar graphs show results of quantification analysis of MAP 

kinase activity normalized against p42/44 MAP kinase (MAPK) cellular level, using Image 

analysis Software (Kodak Digital Science). Values represent the mean + SEM from three 

independent experiments. **, p<0.01, when compared with control cultures. 
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Figure 8
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