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Final Report

07/Q1803/1 The effect of rimonabant on energy expenditure, fatty acid metabolism,
triacylglycerol metabolism and body fat distribution

Aims: Although the CB1 antagonist rimonabant has been shown to reduce food intake in diet
induced obese mice, the effect was transient, yet a decrease in body weight was prolonged
suggesting an effect on energy expenditure (1). The aim of this study was to determine if,
when energy intake is maintained at pre-freatment levels in obese subjects, rimonabant still
induces weight loss due to effects on energy expenditure. Clinical trials with rimonabant have
shown treatment decreased plasma triglycerides, adiponectin and improved insulin sensitivity
(2). However the studies did not include a control group with matched weight loss, so these
effects may have been a consequence of weight loss rather than a direct effect of rimonabant.
The current study investigated whether in a dietary intervention group, matched for weight
loss in the rimonabant treated group, changes insulin sensitivity, triglyceride and fatty
metabolism were different from the rimonabant treated group. In addition measurements of
muscle and adipose tissue gene expression, whole body fat distribution, intrahepatocellular
fipid and intramyocellular lipid were made. Mid-way through the study the European
Medicines Agency withdrew marketing authorisation for rimonabant, Sanofi-Aventis
subsequently withdrew rimonabant from the market and the study was terminated
prematurely.

Results: Studies were completed in 14 obese (BMI, 33.0x1.9 kg/m2; body weight,
86.616.7kg) (mean+SD) post-menopausal women (57.8+4.7y) randomised info two groups
with seven in each group. Depression, measured with the Becks depression score did not
change during treatment in the rimonabant group. The study showed that when post-
menopausal obese women were tfreated with rimonabant for 12 weeks with daily energy
intake maintained throughout this period, they lost 2.6+0.5 kg (meantSEM) in weight with a
3.7+1.4 cm reduction in waist circumference. In the age and BM! matched group who followed
a dietary intervention to achieve the same weight loss (3.1£1.0 kg) there was a similar
reduction in waist circumference (3.5+2.5 cm). In the diet group there was a decrease in
resting energy expenditure (REE) from 1453176 to 1386476 kcals/day (p=0.055) as would be
predicted with weight loss but this was not found in the rimonabant group (1434159 to
143650 kcals/day) suggesting rimonabant influences energy expenditure. Activity energy
expenditure (AEE) measured with an Actiheart monitor over a 5 day period before and after
treatment decreased by 57kcal/d in the diet group, aithough this did achieve statistical
significance. There was no change in AEE in the rimonabant group.

in the diet group the reduction in energy intake was due {0 a decrease in fat intake, mainly
saturated and monounsaturated fatty acids, and carbohydrate intake. There was a similar
decrease in total fat mass in both groups, although this did not achieve statistical significance.
intrahepatocellular lipid and intramyoceltular lipid did not change significantly in either group.
tnsulin sensitivity measured as glucose infusion rate increased in both groups after the
intervention but was not different between groups. There was a significant decrease in
adiponectin in the diet group but no change in the rimonabant group. Leptin decreased
significantly in both groups (p<0.01).

Plasma triglyceride (TG) decreased in the diet group (p<0.02) but showed no change in the
rimonabant group. In the diet group very low density lipoprotein 1 (VLDL1) TG tended to
decrease (p=0.07) as did VLDL1 absolute secretion rate (p=0.06). In the rimonabant group
although there was no change in VLDL1 TG, VLDL1 absolute secretion rate tended to
increase (p=0.08) and the change between the 2 groups in VLDL1 TG and absolute secretion
rate was significant (p=0.02, p=0.007 respectively). VLDL1 fractional catabolic rate, VLDLZ2
TG concentration, fractional catabolic rate and absolute secretion rate did not change in either

group.

Palmitate production rate {(a measure of lipolysis) and palmitate metabolic clearance rate
increased following treatment with rimonabant (p<0.05, p<0.05 respectively) with no change
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change in these measurements in the diet group.



Palmitate oxidation rate increased in the rimonabant group {p=0.05) and decreased in the diet
group (p=0.06) with a significant difference in the change in palmitate oxidation rate between
groups (p=0.008).

Discussion: This study found that treatment, of a small group of post-menopausal women,
with rimonabant for 12 weeks with daily energy intake maintained at pre-treatment levels
throughout, resulted in weight loss suggesting that rimonabant can increase energy
expenditure in humans as has been shown previously in rodents (1). The mechanism may be
related to an increase in fatty acid oxidation since palmitate oxidation was increased. This
also confirms previous animal studies (1,3).

In the BMI matched group who followed a dietary intervention to achieve the same weight
loss there was a decrease in resting energy expenditure which was not found in the
rimonabant group. REE is approximately 80% of total energy expenditure. Non resting energy
expenditure accounts for the remaining 30% of total energy expenditure (TEE). Leibel et al (4)
showed that weight loss of 10% in obese subjects was associated with a decrease in total
energy expenditure (TEE) of 8kcal/d/kg fat free mass. Approximately half the decrease in TEE
was due to a decrease in REE and half 1o a decrease in non resting EE. Using these figures
the weight loss in the diet group would be expected to be associated with a decrease in TEE
of 120kcal/d. The mean decrease in REE of 67kcal/d is in line with the findings of Leibel et al
{4). It would be expected that the remaining decrease in EE would be accounted for by a
decrease in non resting energy expenditure. Non resting energy expenditure measured with
an Actiheart monitor over a 5 day period decreased by 57kcal/d in the diet group. The
decrease in the sum of REE and AEE is very similar to that found by Leibel et at (4).

While the maintenance of REE and AEE in the rimonabant group (approximately 100kcal/d)
accounts for some of the decrease in weight, it is insufficient to account for alf of it. A weight
toss of 1kg (part fat and part iean body mass requires a loss of 7,000kcal (5). This equates to
200 kcal/day in the rimonabant group. The extra energy expenditure could be due to an
increase in the thermic effect of feeding, which accounts for approximately 10% of TEE, but
was not measured in this study and/or activity energy expenditure not measured with the
Actiheart monitor. This monitor will not detect small movements such as fidgeting-like
activities at low work loads (unpublished data). Levine et al has shown that these movements
at very low work intensities are associated with substantial increases in energy expenditure
and may contribute substantively to energy balance (8).

A decrease in VLDL secretion rate with weight loss has been described previously (7). The
increase in VLDL1 secretion rate with rimonabant was unexpected. Since only 50% of the
increase in palmitic acid production rate was accounted for by an increased rate of oxidation
this could be explained by an increased delivery of fatty acids to the liver resulting in
increased TG synthesis and export.

This study demonstrates that rimonabant can cause weight loss when energy intake is
maintained and that this is in part due to an increase in fatlty acid oxidation. The study
highlights the need to develop endocannabinoid antagonists which specifically target the
peripheral system since these could be effective at reducing weight by increasing energy
expenditure rather than reduced appetite, which may have less central side effects.
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A full paper has been written and is currently being reviewed by alt authors. It is expected that
this will be submitted within the next month.

Information for participants
All participants were informed about the findings of the study. The information sheet is
enclosed.




