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Rimonabant: more than an anti-obesity drug?

B Costa
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The endocannabinoid system modulates many pathophysiological functions, including the brain pathways involved in the
regulation of body weight and adipose tissue function. The selective cannabinoid CB1 receptor antagonist, rimonabant, has
undergone phase III clinical testing as anti-obesity drug. Obesity is considered a mild inflammatory condition and predisposes
individuals to an increased risk of developing many diseases. It has been recently suggested that a successful intervention to
treat obesity is a therapy combining weight-reducing drugs with anti-inflammatory ones. In this scenario, rimonabant’s anti-
obesity action is accompanied by favorable changes in markers for insulin resistance, C-reactive protein, adiponectin, tumor
necrosis factor a (TNFa). The results reported by Croci and Zarini in this issue highlight the anti-inflammatory and anti-
hyperalgesic effect of rimonabant in obese animals, so suggesting that it could provide a more general and aggressive strategy
to protect obese patients from many pathological risks.
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Rimonabant is a selective cannabinoid CB1 receptor antago-

nist that has undergone extensive testing in the treatment

of obesity in human subjects. The story of rimonabant as

an anti-obesity compound begins with the understanding

that the endocannabinoid system (cannabinoid receptors

and their endogenous ligands) plays a significant role in

stimulating appetite through both central and peripheral

mechanisms (see Di Marzo and Matias, 2005 for review). The

rimonabant in obesity (RIO) program consisted of four phase

III clinical trials (RIO-Europe, RIO-Lipids, RIO-North America

and RIO-Diabetes) that compared rimonabant (5–20 mg per

day) with placebo and showed that rimonabant reduced

bodyweight and improved cardiovascular and metabolic risk

factors in both non-diabetic overweight or obese patients

and in overweight and obese subjects with type II diabetes,

inadequately controlled by metformin or sulphonylureas

(Scheen et al., 2006 for RIO-Diabetes results; Gadde and

Allison, 2006 for review).

Obesity predisposes individuals to an increased risk of

developing many diseases, including atherosclerosis, dia-

betes and some immune-mediated disorders. Importantly,

obesity is associated with chronic inflammatory responses,

such as arthritis and Crohn’s disease (Mokdad et al., 2003;

Mehrotra et al., 2004), which are characterized by abnormal

cytokine production, increased synthesis of C-reactive

protein and the activation of pro-inflammatory signalling

pathways (Wellen and Hotamisligil, 2005). Many of these

inflammatory mediators are produced through a complex

network involving both immune and metabolic systems.

In fact, adipose tissue is no longer considered to be an inert

tissue, but it is emerging as an important factor in the

regulation of many pathological processes. Various products

of adipose tissue have been described and, among these,

certain cytokines mainly produced by the adipocytes have

been named adipocytokines, particularly adiponectin and

leptin. Other products of adipocytes include tumor necrosis

factor-a (TNFa), interleukin-6, interleukin-1, mediators of the

clotting process and certain complement factors (Wellen and

Hotamisligil, 2005). The adipose tissue of obese individuals

also contains a large number of macrophages, recruited by

a chemokine released by adipocytes (CCL2), which are an

additional source of cytokines (especially TNFa) in the

adipose tissue.

Adiponectin, exclusively produced by adipocytes, regu-

lates the expression of many pro- and anti-inflammatory

cytokines. Its main anti-inflammatory effect might be related

to its capability to suppress the synthesis of TNFa and

interferon-g, and to induce the production of anti-inflam-

matory mediators such as interleukin-10. Consequently,

many diseases have been associated with a reduced level of

adiponectin, including inflammatory bowel disease and

rheumatoid arthritis. The role of leptin in regulating

inflammatory responses is incompletely understood even

though there is an increased expression of leptin in

conditions associated with the release of pro-inflammatory
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cytokines, particularly in animal models of experimental

autoimmune encephalomyelitis, antigen-induced arthritis or

experimentally induced colitis. Its role as pro-inflammatory

molecule in addition to regulating neuroendocrine function,

energy homeostasis, haematopoiesis and angiogenesis, has

become increasingly evident and has been recently reviewed

(La Cava and Matarese, 2004). Together, these findings

suggest that there are important pathways that link meta-

bolism with the immune system and vice versa.

In this issue of British Journal of Pharmacology, Croci and

Zarini (2007) add an important new insight, such as the anti-

inflammatory and anti-allodynic effect of rimonabant in

adjuvant-induced arthritis in obese rats. The demonstration

that the obese rats showed a greater arthritic score than the

lean rats after the inflammatory stimulus supports the view

that obesity has to be considered a mild inflammatory

condition. They also showed that, after 7 days of repeated

oral treatment, rimonabant (3 and 10 mg kg�1) reduced the

body weight concomitantly decreasing the severity of

arthritis (lower global arthritic score and joint width, with

no effect on paw edema) in obese but not in lean rats. This

result strongly suggests that rimonabant may have a selective

effect in reducing inflammation associated with the patho-

logical condition of obesity. The increased leptin and TNFa
plasma levels as well as the decreased adiponectin level,

observed in obese subjects may contribute to their increased

susceptibility to inflammation (Hauner, 2005). It has been

established that rimonabant stimulated adiponectin mRNA

expression in obese rats through a direct effect on adipocytes

(Bensaid et al., 2003) and that it increased the plasma

adiponectin in obese patients (Despres et al., 2005). This

might be the result of the reversal of the inhibitory effect on

adiponectin expression by permanently elevated endocan-

nabinoid levels, recently observed in hypertrophic adipo-

cytes (Matias et al., 2006). Indeed, a higher tone of the

endocannabinoid system has been observed in obese

rodents, both in the adipose tissue and in other organs (Di

Marzo and Matias, 2005; Osei-Hyiaman et al., 2005; Matias

et al., 2006), and this might explain also the higher efficacy

of rimonabant as an anti-inflammatory drug in obese versus

lean animals.

Another important finding emerging from the study of

Croci and Zarini (2007) is the antinociceptive effect of

chronic treatment with rimonabant. Furthermore, such an

effect occurred at doses similar to those shown to inhibit

a number of central and/or peripheral cannabinoid CB1

receptor-mediated responses. Although the drug potently

reduced thermal hyperalgesia and mechanical allodynia in

both lean and obese arthritic animals, these effects were

more prominent in obese than lean rats. We have previously

demonstrated the ability of rimonabant to counteract

neuropathic pain with a mechanism that was not a direct

action on the pain signalling system but a consequence of

the capability of the compound to reduce neurogenic

inflammation (Costa et al., 2005). In neurogenic inflamma-

tory pain, including that of arthritis and neuropathy, many

cytokines, especially TNFa, play key roles in the generation

and maintenance of hyperalgesia and TNFa-blocking drugs,

now used in arthritis therapy, reduce hyperalgesia in

peripheral neuropathy. On this basis, I agree with Zarini

and Croci that the anti-TNFa effect of rimonabant might

contribute to its anti-inflammatory properties and conse-

quently to the relief of pain. In the light of the well-

established analgesic properties of CB1 receptor agonists, it is

difficult to explain the anti-hyperalgesic effect of rimona-

bant, a CB1 receptor antagonist. However, it is tempting

to speculate that in the presence of CB1 receptor blockade,

endogenous cannabinoids might induce analgesia through

the activation of CB2 receptors and/or the desensitization

of the transient receptor potential vanilloid type I (TRPV1).

This possibility is supported by the recent finding showing

an upregulation of the two major endocannabinoids (ana-

ndamide and 2-arachidonoylglycerol) in spinal and supra-

spinal areas of neuropathic animals (Petrosino et al., 2006).

It will be worthwhile to investigate the possible antinoci-

ceptive action of rimonabant in diabetic neuropathy. This

suggestion is supported by the recently demonstrated

efficacy of rimonabant in type II diabetes patients, where

the drug produced a significant reduction in HbA1c, so

leading to an improvement of the glycaemic equilibrium

that seems crucial in preventing and treating the late

complications of diabetes, including the peripheral neuro-

pathy. Notably, such an effect was partially independent of

weight loss, with peripheral CB1 blockade as postulated

mechanism (Scheen et al., 2006). Indeed, if the potent anti-

inflammatory and anti-hyperalgesic effect of rimonabant,

shown in animal models, were to be confirmed in humans,

such a compound would represent an exciting new oppor-

tunity for treatment regimens.

Understanding the mechanisms that lead from obesity to

inflammation will have important implications for the

design of new therapies to reduce the morbidity and

mortality of obesity. It has been recently proposed that a

beneficial effect may be obtained by treating obesity with

therapies that combine drugs acting on overweight and

others acting on inflammation. In this scenario, rimona-

bant’s anti-obesity action is accompanied by favorable

changes in markers for insulin resistance, C-reactive protein,

adiponectin, TNFa, and presumably on neurogenic inflam-

mation and pain. Thus, it is intriguing to consider rimona-

bant as an example of a unique class of compounds, as it

could provide a more general strategy, aimed at several

targets, and a more aggressive strategy, to protect obese

patients from many pathological risks and leading to an

improved quality of life.
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