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Abstract
We studied whether CB1 blockade with rimonabant has an anti-inflammatory effect in obese mice,
and whether this effect depends on weight loss and/or diet consumption. High-fat diet (HFD)–
induced obese mice were treated orally with rimonabant (HFD-R) or vehicle (HFD-V) for 4
weeks. Paired-feeding was conducted in 2 additional groups of obese mice to achieve either the
same body weight (HFD-BW) or the same HFD intake (HFD-DI) as HFD-R. All these groups of
mice were maintained on HFD throughout, with mice on normal diet throughout as lean controls.
Rimonabant treatment of obese mice induced marked diet-intake reduction and weight loss during
the first week, which was followed by maintenance of low body weight but not diet-intake
reduction. Lower HFD intake was required to reach the same degree of weight loss in HFD-BW.
HFD-DI had similar weight loss initially, but then started to gain weight, reaching a higher body
weight than HFD-R. Despite the same degree of weight loss, HFD-R had less fat mass and lower
adipogenic gene expression than HFD-BW. Compared to HFD-V or HFD-DI, HFD-R had reduced
inflammation in adipose tissue (AT) and/or liver indicated primarily by lower monocyte
chemoattractant protein–1 (MCP-1) levels. However, MCP-1 levels were not significantly
different between HFD-R and HFD-BW. In vitro incubation of rimonabant with AT explants did
not change MCP-1 levels. Thus, rimonabant induced weight loss in obese mice by diet intake–
dependent and –independent fashions. Rimonabant decreased inflammation in obese mice,
possibly through a primary effect on weight reduction.
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Introduction
Obesity is associated with chronic inflammation, evidenced by increased levels of
chemokines/cytokines such as monocyte chemoattractant protein–1 (MCP-1), regulated on
activation normal T cell expressed and secreted (RANTES), and tumor necrosis factor–α
(TNF-α) in adipose tissue (AT), liver, and/or blood, and increased accumulation and
activation of macrophages/dendritic cells (DCs) and T cells in AT and liver.[1–3] In
contrast, obesity is associated with decreased levels of adiponectin, a molecule secreted
exclusively by AT with anti-inflammatory properties.[4] Chronic inflammation plays a
critical role in the pathogenesis of cardiovascular disease (CVD) and diabetes,[5,6] and
therefore may be an important link between obesity and the related disorders of diabetes and
CVD. Various modalities of weight loss used to treat obesity have been shown to reduce
levels of proinflammatory molecules and increase levels of adiponectin in obese subjects,
[7,8] indicating that weight loss may exert beneficial effects by reducing the underlying
inflammation.

Recently, a role of the endocannabinoid system in food intake and energy metabolism has
been established. Endocannabinoid system overactivity in both brain and peripheral tissues
is now considered to contribute to the metabolic syndrome.[9] Pharmacological blockade of
the cannabinoid receptor CB1 has shed light on the treatment of obesity and metabolic
syndrome by acting on the brain and peripheral tissues.[10,11] For example, blockade of
CB1 receptor with rimonabant, a potent and selective CB1 receptor antagonist, induces a
transient reduction of food intake and a marked but sustained reduction of body weight, with
improvement of metabolic abnormalities in mice with diet-induced obesity.[12,13]
Rimonabant also increases adiponectin levels and decreases insulin hypersecretion in obese
animals.[12,14] In clinical studies, rimonabant induced a greater weight loss and produced
greater improvements in metabolic parameters in obese patients compared with placebo.[11]
Nevertheless, the effect of rimonabant on inflammation associated with diet-induced obesity
has not been well studied. Previous studies have shown that rimonabant reduced the
expression of some inflammatory molecules in AT of obese animals.[13,15] However, since
these studies did not include appropriate paired-feeding controls, it is not clear whether the
consequence of rimonabant treatment is due to its direct effect or mediated through weight
loss induction.

In the present study, using a mouse model of diet-induced obesity, we examined the effect of
CB1 receptor blockade with rimonabant on obesity-linked inflammation in AT, liver, and
blood, and also compared the effect of rimonabant with the effect of weight loss or diet
alone by using body weight– and diet intake–matched controls.

Methods and Procedures
Animals and rimonabant treatment

Obesity was induced in male C57BL/6J (Jackson Laboratory, Bar Harbor, ME) mice by
feeding high-fat diet (HFD, 21% w/w fat; Dyets Inc., Bethlehem, PA), with mice fed normal
diet (ND; 4.5% w/w fat, PicoLab Rodent Chow 5053) used as lean controls.[1] After 6
months, obese mice were treated with either rimonabant in 0.1% Tween 80 (10 mg/kg/day;
HFD-R group) or with 0.1% Tween 80 alone (vehicle controls; HFD-V group) by daily oral
gavage for an additional 4 weeks with HFD ad libitum. Pair-feeding was conducted in 2
additional groups of obese mice: body weight–matched controls (HFD-BW) received a
limited amount of HFD to keep the same body weight as in HFD-R mice; diet intake–
matched controls (HFD-DI) were fed the same amount of HFD as consumed by HFD-R
mice. HFD-BW, HFD-DI, and lean mice (ND-V) were also administered vehicle by daily
oral gavage for the last 4 weeks. Body weight and food intake were recorded daily during
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rimonabant treatment and other interventions. Pair-feeding was conducted 1 day behind
rimonabant treatment. Whole body composition was examined 2 days before the end of
treatment by using a PIXI-mus Small Animal Densitometer (LUNAR, Madison, WI). After
4 weeks of treatment, mice were sacrificed under anesthesia, and perigonadal fat pads, liver,
and fasting plasma were collected. All animal studies were approved by the Institutional
Animal Care and Use Committee of Baylor College of Medicine.

Quantification of mRNA and protein
Total RNA was isolated from AT or liver using Trizol reagent (Invitrogen). mRNA quantity
of chemokines and leukocyte markers was determined by RNase protection assay (RPA).[1]
mRNA levels of adipogenic genes and adiponectin in AT, and of CD11c in the liver were
examined by quantitative reverse transcription polymerase chain reaction (RT-QPCR) using
predesigned primers and probes (for adiponectin and CD11c) or SYBR Green Reagent with
a melting curve (for adipogenic genes) (Applied Biosystems, Foster City, CA).

Plasma MCP-1 levels were examined by ELISA kit (R&D Systems, Minneapolis, MN).

Flow cytometric analysis of T cells and macrophages in AT
Collagenase digestion was performed to fractionate mouse AT into adipocytes and stromal/
vascular cells (S/Vs).[1] Flow cytometric analysis was conducted to quantify T cells and
marcrophages/DCs in S/V cells after staining with fluorescein isothiocyanate (FITC)–,
phycoerythrin(PE)–, or PE-Cy5–conjugated anti-mouse CD3, CD11b, CD11c (BD
Pharmingen), and/or F4/80 (eBioscience, Inc., San Diego, CA).[16]

Measurement of hepatic triglyceride (TG) content
A piece of liver tissue was homogenized in Folch reagent (2:1 chloroform:methanol), and
total lipid was extracted from liver homogenate and dried. The lipid extract was then
dissolved in isopropanol, and TG content was measured with a Triglyceride Test Kit (Wako
Chemicals USA, Inc. Richmond, VA). Hepatic TG content was normalized to liver wet
weight.

Statistical analysis
Values are presented as mean±SEM. GraphPad Prism 4 (GraphPad Software Inc, San Diego,
CA) and Instate 3 were used for statistical analyses. Student’s t-test (for comparison
between 2 groups) or one-way ANOVA followed by Bonferroni multiple comparison test
(for comparisons of ≥3 groups) was used for statistical analyses. Spearman correlation
coefficents were computed to examine correlations. All differences between groups were
based on mean values but were only considered significant when P<0.05.

Results
Effect of rimonabant on diet intake and body weight

Consistent with previous reports,[13,17] rimonabant treatment of obese mice (HFD-R)
markedly inhibited diet intake and induced weight loss during the first week as compared
with vehicle-treated obese controls (HFD-V) (Figure 1a). Subsequently, HFD-R mice
gradually increased diet intake, reaching even higher intake than HFD-V mice by day 10
through the end of treatment (Figure 1a). However, the body weight of HFD-R mice
remained lower than that of HFD-V controls (Figure 1a). To achieve the same body weight
as HFD-R mice, a lower amount of HFD was required for mice treated with vehicle only
(HFD-BW) (Figure 1a). Mice fed the same amount of HFD as consumed by HFD-R mice
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(HFD-DI) had similar weight loss during the first week, but then started to gain weight,
reaching a higher body weight than HFD-R mice by the end of the intervention (Figure 1a).

After treatment for 4 weeks, HFD-R mice had lower body weight, smaller perigonadal fat
pads, smaller livers, and less total fat mass than HFD-V controls (Figure 1b). Body weight
was also lower, fat pads were smaller, and total fat mass was lower in HFD-R than HFD-DI,
although both groups consumed the same amount of HFD. Perigonadal fat pad weights were
comparable between HFD-R and HFD-BW, whereas HFD-R mice had larger livers than
HFD-BW mice (Figure 1b). Notably, although HFD-R and HFD-BW mice had comparable
total body mass, HFD-R mice had significantly less fat mass than HFD-BW mice (Figure
1b). These data suggest that rimonabant had an additional effect on fat mass reduction
compared to weight loss or diet alone.

Effect of rimonabant on expression of adipogenic genes
Examination of adipogenic gene expression showed that mRNA of SREBP1c, a regulator of
lipogenic molecules, tended to be lower in AT of obese mice than in AT of lean mice
(Figure 2), consistent with previous studies.[18] The target genes of SREBP1c, including
ACC, FAS, SCD-1, and Elovl 6, were decreased in AT of obese mice compared to lean mice
(Figure 2). Weight loss in HFD-BW mice tended to increase these adipogenic genes
compared to HFD-V mice. HFD-R mice, which had the same degree of weight loss as HFD-
BW, had lower levels of the adipogenic genes in AT than did HFD-BW (Figure 2),
suggesting that rimonabant may reduce fat mass by inhibiting expression of adipogenic
genes.

Effect of rimonabant on metabolic parameters
HFD-R mice had lower HOMA-IR and tended to have lower plasma levels of glucose,
insulin, cholesterol, FFA, and TGs than HFD-V or HFD-DI controls, but did not show
significant differences in these parameters compared to HFD-BW (Supplemental Figure I).

Effect of rimonabant on AT inflammation
Based on the active roles of chemokines in inflammation, we examined the effect of
rimonabant on chemokine expression in AT. Compared to lean ND-V mice, obese HFD-V
mice had increased mRNA levels of several chemokines, including RANTES, MCP-1,
eotaxin, MIP-1α, MIP-1β, and MIP-2, in AT (Figure 3a). Rimonabant treatment in HFD-R
mice significantly decreased AT MCP-1 mRNA levels compared to those in HFD-V
controls (Figure 3a). However, AT MCP-1 levels were not statistically different among
HFD-R, HFD-BW, and HFD-DI mice (Figure 3a). HFD-R mice also had lower mRNA
levels of RANTES and MIP-2 than HFD-DI mice. MIP-2 mRNA tended to be lower in
HFD-R and HFD-BW mice than in HFD-V mice, but this difference was not statistically
significant (Figure 3a).

To determine whether rimonabant had direct effects on chemokine expression in AT, obese
mice were administered either vehicle only (HFD-EV) or rimonabant (HFD-ER) once. After
6 hours, mice were sacrificed, and AT explants were harvested and cultured ex vivo in the
absence (for HFD-EV group) or presence (for HFD-ER) of 100 nM rimonabant for 24 hours.
After the culture, HFD-ER had a significant decrease in mRNA levels of MIP-2, but not
other chemokines tested in AT explants, compared with HFD-EV (Supplemental Figure II).

Because obesity is associated with leukocyte accumulation in AT, which may be mediated
by chemokines and contribute to AT inflammation,[1,2] we examined effects of rimonabant
on leukocyte accumulation in mouse AT. Compared to ND-V mice, HFD-V mice had
increased mRNA levels of CD3 (a total T cell marker), TCRα (an αβ T cell marker), and
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F4/80 (a macrophage/DC marker) in AT (Figure 3b). Compared to HFD-V controls, HFD-R
mice did not have significantly different mRNA levels of T cell or macrophage/DC markers
(Figure 3b). Flow cytometric analysis confirmed that HFD-R mice did not have significant
differences in total T cells (Figure 3c) or αβ T cells (data not shown) in AT as compared to
HFD-V, HFD-BW, or HFD-DI groups. The number of F4/80+/CD11b+ cells in AT was not
significantly different among HFD-R, HFD-V, HFD-BW, and HFD-DI groups (data not
shown). However, the proportion of CD11c+/CD11b+ leukocytes, a subset of F4/80+/
CD11b+cells that were increased in AT of obese mice compared to lean mice,[3] was
decreased in S/Vs of AT of HFD-R mice compared to HFD-V controls (Figure 3c). HFD-
BW also showed decreased CD11c+/CD11b+ leukocytes in AT compared to HFD-V; no
significant difference was observed in CD11c+/CD11b+ leukocytes in AT of HFD-R and
HFD-BW (Figure 3c).

Adiponectin mRNA in AT was lower in HFD-V than ND-V mice and tended to be higher in
HFD-R and HFD-BW mice than HFD-V or HFD-DI mice (Figure 3d). No significant
difference in AT adiponectin mRNA was observed between HFD-R and HFD-BW mice
(Figure 3d).

Effect of rimonabant on liver inflammation
HFD-V mice had higher mRNA levels of RANTES, MCP-1, and MIP-1β in the liver than
ND-V mice (Figure 4a). Rimonabant-treated obese mice (HFD-R) had lower hepatic MCP-1
mRNA levels than HFD-V or HFD-DI controls (Figure 4a). However, hepatic MCP-1
mRNA levels were not significantly different between HFD-R and HFD-BW mice (Figure
4a). Without rimonabant treatment, hepatic MCP-1 mRNA levels were highly positively
correlated with liver weights, which largely represented hepatic steatosis as reflected by TG
content in the liver (Figure 4b). However, rimonabant treatment changed this relationship.
For example, although the liver weights were not significantly different between HFD-R and
HFD-DI (Figure 1b), HFD-R mice had lower mRNA levels of MCP-1 (and MIP-1β) in the
liver than did HFD-DI (Figure 4a). In addition, although HFD-R mice had larger livers than
HFD-BW mice (Figure 1b), hepatic MCP-1 mRNA level was not higher in HFD-R mice
than HFD-BW mice (Figure 4a). These data suggest that rimonabant may have a direct
inhibitory effect on chemokine expression in the liver.

HFD-V mice had higher mRNA levels of F4/80 and CD11c, and a trend towards higher
CD3 and TCRα mRNA in the liver than ND-V mice. Rimonabant-treated mice did not show
different levels of F4/80 and T cell markers in the liver compared to HFD-V, HFD-BW, or
HFD-DI mice. However, HFD-R mice had lower CD11c mRNA in the liver than HFD-DI,
and a trend towards lower CD11c mRNA than HFD-V controls (Figure 4c).

Effect of rimonabant on plasma levels of MCP-1
Plasma MCP-1 levels were higher in HFD-V than ND-V mice. HFD-R mice had
significantly lower plasma MCP-1 levels than HFD-V or HFD-DI mice (Figure 5). HFD-R
mice also had a trend towards lower plasma MCP-1 levels than HFD-BW, but this
difference was not statistically significant (Figure 5).

Discussion
Our study confirmed that rimonabant suppressed diet intake transiently but induced
persistent weight loss in mice with diet-induced obesity. We also made the novel
observation that rimonabant treatment markedly reduced fat mass in obese mice, with more
fat mass reduction than in vehicle, body weight– or diet intake–matched controls.
Furthermore, we discovered that rimonabant-treated obese mice had decreased inflammation
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in AT, liver, and blood, primarily indicated by lower MCP-1. The decreases in inflammation
with rimonabant treatment may contribute to its beneficial effects on metabolic parameters
associated with diet-induced obesity.

Although anti-obesity and metabolic effects of rimonabant have been documented,[10–
13,15,19] most of the previous studies did not include all the appropriate controls. In
addition to lean and obese vehicle controls, our study included 2 additional control groups:
body weight–matched controls, in which diet intake was adjusted to maintain the same
degree of weight loss as in rimonabant-treated mice, and diet intake–matched controls,
which received the same amount of HFD as rimonabant-treated mice. These control groups
enabled us to evaluate the effects of rimonabant beyond its effects on weight loss and diet
intake. Our study showed that early weight loss with rimonabant treatment closely correlated
with inhibition of calorie intake, whereas the maintenance of lower body weight afterwards
was independent of diet intake. Lower diet intake required for body weight–matched
controls and greater weight gain in the diet intake–matched controls also support an
additional anti-obesity effect of rimonabant besides calorie intake inhibition. One potential
explanation for the calorie intake–independent anti-obesity effect of rimonabant was an
increase in whole body energy expenditure mediated via both peripheral and central
endocannabinoid systems.[13,20]

Rimonabant treatment of obese mice decreased fat mass as compared to obese vehicle or
diet intake–matched controls. Of note, rimonabant-treated mice also had less fat mass than
body weight–matched controls, although both groups had comparable body weight and
weight loss. It is unclear which type of AT, visceral or subcutaneous, was reduced more
with rimonabant treatment in our study. Previous studies showed that obesity in both
animals and humans correlated with CB1-mediated overactivity of the endocannabinoid
system in visceral AT.[21–23] Rimonabant treatment was associated with greaterloss of
visceral than subcutaneous AT in obese humans,[24] and with reduced visceral fat in obese
rats compared to “pair-fed” controls (corresponding to our diet intake–matched controls, and
also with greater body mass than rimonabant-treated mice).[25] Consistently, we found
smaller perigonadal fat pads (part of intra-abdominal fat), in rimonabant-treated mice than
diet intake–matched controls. Rimonabant may decrease fat mass through increasing whole
body energy expenditure and enhancing lipolysis in AT.[13],[20] The increased energy
expenditure may also explain our observation of the inhibitory effect of rimonabant on
adipogenesis as supported by lower expression of adipogenic genes in AT of rimonabant-
treated mice than body weight–matched controls, which may also contribute to fat mass
reduction in rimonabant-treated mice. Consistently, Jourdan et al recently also reported that
rimonabant treatment of obese mice downregulated expression of several adipogenic genes
in AT, particularly in visceral fat.[26] These data, along with previous studies,[22],[27–29]
suggest that endocannabinoids may stimulate adipogenesis through CB1 receptors and that
CB1 receptor blockade can increase energy expenditure and induce weight loss–independent
reduction of adipogenesis.

Obesity is associated with AT inflammation characterized by increased chemokines/
cytokines and increased leukocyte accumulation in AT.[1,3,30] Rimonabant treatment of
obese mice decreased inflammation in AT primarily by decreasing MCP-1, a chemokine
critically involved in leukocyte migration.[31] Indeed, AT CD11c+ cells, which are
increased and show proinflammatory characteristics in obesity,[3,32] were reduced with
rimonabant treatment. Jourdan et al found that rimonabant treatment of obese mice also
decreased TNF-α expression in AT, particularly in subcutaneous fat, as compared with
obese controls.[26] Based on the important role of inflammation in the development of
obesity-linked metabolic abnormalities,[1,30] the reduced inflammation in rimonabant-
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treated obese mice may contribute to the improvement in insulin resistance observed in these
mice.

Despite reduced AT inflammation and improved insulin resistance compared to obese
vehicle controls or diet intake–matched controls, rimonabant-treated mice did not show
significant changes in these parameters compared to body weight–matched controls,
suggesting that rimonabant may exert beneficial effects on AT inflammation and insulin
resistance primarily through induction of weight loss. However, another possibility is that
the favorable effects of rimonabant, if any, were masked by the greater intake of the
proinflammatory western HFD (as compared to body weight–matched controls or, at some
time points, obese vehicle controls). In support of the latter, MIP-2 was significantly
reduced in AT explants by ex vivo treatment of rimonabant compared to vehicle alone and
reduced in AT of rimonabant-treated mice compared to diet intake–matched controls, but
was not significantly different in AT of rimonabant-treated mice compared to vehicle-treated
or body weight–matched controls. In addition, in the study from Jourdan et al, it appeared
that rimonabant was also fat type–specific in attenuating AT inflammation; treatment of
obese mice with rimonabant completely normalized TNF-α expression in subcutaneous fat,
whereas inflammation remained high in visceral fat.[26] As we did not examine
inflammatory markers in subcutaneous fat, it is unclear how rimonabant treatment affected
these markers in subcutaneous fat in our mouse models.

In addition to the effects on AT, HFD also induces fatty liver and liver inflammation,[1,3]
which contributes substantially to obesity-linked metabolic dysfunctions. Compared to
obese vehicle controls, rimonabant-treated mice had smaller livers and lower hepatic MCP-1
mRNA. Based on the highly positive correlation of liver weight with TG content, these data
suggested that CB1 receptor blockade in obese mice ameliorated fatty liver and also reduced
liver inflammation. However, it was unexpected that rimonabant-treated mice had larger
livers than body weight–matched controls. One potential cause is the greater intake of HFD,
resulting in more severe fatty liver. Most of the previous studies indicated that CB1 receptor
played an important role in the development of HFD-induced hepatic steatosis. For example,
Osei-Hyiaman et al showed a critical role of hepatic CB1 receptor in diet-induced steatosis.
[33] Gary-Bobo et al found that CB1 blockade with rimonabant reduced hepatic steatosis
and TNF-α level in obese rats compared with vehicle controls and “pair-fed” controls[34]
(equivalent to our diet-intake controls). Recently, Tam et al reported that in mice with
genetic or diet-induced obesity, a novel, peripherally restricted CB1 receptor antagonist
caused weight-independent improvements in glucose homeostasis and fatty liver.[35]
However, Koolman et al found that rimonabant treatment in mice did not change hepatic TG
accumulation and lipogenic gene expression.[36] The reasons for these differences are
unclear. Previous studies indicated that insulin levels or extent of insulin resistance affected
endocannabinoid levels.[37,38] Differences in animal species (mouse[33,35,36] [as in our
current study] vs. rat[34]), mouse background (C57BL/6J[35,36] [as in our current study]
vs. C57BL/6J × C57BL/6N[33]) and diet composition (type of fat and fat content) and
duration[33,34,36] could all influence insulin levels and extent of insulin resistance, thereby
potentially affecting in vivo endocannabinoid levels, which may impact effects of the CB1
receptor antagonist, thereby leading to the observed discrepancies in these studies.[33–36] In
addition to the comparisons between rimonabant treatment with obese controls or with (diet-
intake) “pair-fed” controls, our current study also made comparisons between rimonabant
treatment and body weight–matched controls.

Of interest, our study showed that, without rimonabant treatment, liver weight, which was
highly associated with hepatic TG content, seemed to be a major determinant of hepatic
MCP-1 expression, since MCP-1 mRNA levels were highly positively correlated with liver
weights in all mice without rimonabant treatment. However, although liver weight and TG
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content (data not shown) were comparable between rimonabant-treated mice and diet
intake–matched controls, rimonabant-treated mice had lower mRNA levels of MCP-1 (and
MIP-1β) in the liver than diet intake–matched controls, suggesting that rimonabant may
have a direct inhibitory effect on chemokine expression in the liver. Additional supporting
evidence is that MCP-1 mRNA levels in the liver of rimonabant-treated mice were not
higher than those of body weight–matched controls, although rimonabant-treated mice had
larger livers than body weight–matched controls. Consistent with its effect on AT and liver
inflammation, rimonabant treatment also lowered plasma MCP-1 levels compared to those
in obese vehicle-treated mice or diet intake–matched controls. As circulating MCP-1 levels
have been shown to be associated with atherosclerotic disease and obesity-related metabolic
dysfunctions,[39,40] the reduced plasma MCP-1 levels with rimonabant treatment may also
contribute to the favorable effects of rimonabant on the risks for these obesity-related
disorders.

In conclusion, by comparing control groups that were lean, obese receiving vehicle only, or
obese receiving vehicle and matched for body weight or diet intake, we showed that
blockade of the CB1 receptor with rimonabant induced weight loss in obese mice in diet
intake–dependent and –independent fashions. Furthermore, we found that rimonabant had
weight loss– and diet intake–independent effects on fat mass reduction, at least partially via
inhibition of adipogenesis. We also demonstrated that rimonabant treatment reduced
inflammation in obese mice particularly as assessed by MCP-1 levels in AT, liver and
plasma. Considering the contribution of inflammation to the development of diabetes and
CVD, we postulate that pharmacological blockade of CB1 receptor may reduce risks for
these disorders in obese individuals by lowering the underlying inflammation.

In previous studies, exogenous and endogenous cannabinoids attenuated experimental
autoimmune hepatitis by suppressing cytokine levels,[41]and cannabinoids appeared to
suppress immune and inflammation functions through cannabinoid receptor CB1 on neurons
and CB2 on autoreactive T cells.[42,43]In contrast, our current study and other studies
demonstrated that CB1 receptor blockade with rimonabant reduced obesity-associated
inflammation.[13,44] Compared with previous studies on obesity-related inflammation, our
study was the first to systematically examine the effect of CB1 receptor blockade on
obesity-related inflammation, including that in AT, liver, and plasma, and to compare the
effect of rimonabant treatment with body weight–matched controls. The comparable anti-
inflammatory effects of rimonabant with those of weight loss in body weight–matched
controls indicated that rimonabant may exert anti-inflammaory effects primarily through
induction of weight loss. Alternatively, the potential favorable direct effect of the CB1
receptor blocker on obesity-linked inflammation may be counteracted by continuous
consumption of proinflammatory western HFD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect of rimonabant on diet intake and physical characteristics
Mice with diet-induced obesity were treated with rimonabant in 0.1% Tween 80 (10 mg/kg/
day; HFD-R) or 0.1% Tween 80 vehicle alone (HFD-V) by daily oral gavage for 4 weeks
and received HFD ad libitum; pair-feeding was conducted in 2 separate groups of obese
mice to achieve either the same body weight (HFD-BW) by adjusting HFD intake or the
same HFD consumption (HFD-DI) as HFD-R; lean mice (ND-V), HFD-BW, and HFD-DI
mice were also administered 0.1% Tween 80 alone by daily oral gavage during this period;
n=12–19 mice/group. (a) Daily diet intake during the whole period of treatment and average
daily diet intake for the period of stable body weight (days 10–28 after starting treatment) of
HFD-V, HFD-R, and HFD-BW mice; diet intake by HFD-DI mice was the same as HFD-R
mice. Daily body weight of each group of mice is shown during the whole period of
treatment. (b) Body weight, weights of perigonadal fat pads and livers, and total fat mass
expressed as percentage of total body mass at the end of treatment.
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Figure 2. Effect of rimonabant on AT expression of adipogenic genes
mRNA levels of selected adipogenic genes in mouse AT after rimonabant treatment or other
interventions were examined by RT-QPCR; n=3 samples/group; each sample was pooled
from 3 mice.
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Figure 3. Effect of rimonabant on AT inflammation
(a) mRNA levels of chemokines or (b) T cell (CD3, TCRα) and macrophage/DC markers
(F4/80) in AT examined by RPA at 4 weeks after rimonabant treatment or other
interventions; n=7–14 mice/group. (c) T cells and CD11c+/CD11b+ cells examined by flow
cytometry in stromal/vascular cells (S/Vs) of mouse AT; n=9–11 samples/group. (d)
Adiponectin mRNA quantitated in mouse AT by RT-QPCR; n=9–17 mice/group.
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Figure 4. Effect of rimonabant on liver inflammation
(a) mRNA levels of chemokines in mouse liver assayed by RPA; n=7–15 mice/group. (b)
Relationship of liver weight with MCP-1 mRNA in the liver from mice without rimonabant
treatment (n=45) and relationship of liver weight with hepatic TG content (n=66). (c)
mRNA levels of T cell (CD3, TCRα) and macrophage/DC (F4/80, CD11c) markers in
mouse liver examined by RPA or RT-QPCR; n=7–15 mice/group.
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Figure 5. Effect of rimonabant on plasma MCP-1 levels
MCP-1 protein levels examined in mouse plasma by ELISA; n=9–19 mice/group.
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