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isceral fat has long been associated
with the development of insulin
resistance. Although the mechanism is
not well understood, it has been sug-
gested that an increase in this fat depot
results in an elevation in portal vein levels
of free fatty acids and/or adipokines,
adversely affecting hepatic glucose pro-
duction. Overactivity of the endocanna-
binoid system is closely related to
abdominal obesity and type 2 diabetes,
suggesting CB receptor antagonism may
exert its beneficial effects by decreasing
visceral fat mass. A recent study published
from our laboratory explores the role of
chronic CB; receptor antagonism and the
longitudinal changes in insulin sensitivity
and fat deposition in the canine model.

Obesity has long been associated with
insulin resistance and hyperinsulinemia.’
Studies have demonstrated an increase in
hyperinsulinemia and insulin resistance
with weight gain that is reversed with
weight loss, suggesting a cause and effect
relationship.> Although the relationship
between obesity and the development of
insulin resistance has been well documen-
ted, the exact role that adipose tissue may
play in the pathogenesis of this disease has
not yet been elucidated. There is accu-
mulating evidence that adipose tissue,
particularly visceral (also referred to as
central, omental or abdominal) adipose,
may be critical in the development of
insulin resistance. Visceral fat has been
shown to be more lipolytically active than
subcutaneous fat in the presence of
catecholamines, in addition to being more
resistant to the anti-lipolytic actions of
insulin. As originally proposed by Vague’
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% an increase in

and expanded by others,*
central abdominal fat tissue can lead to an
elevation in the portal vein concentration
of free fatty acids (FFA), leading to an
increase of FFA delivered directly to the
liver thereby driving glucose production
upward. In addition to its lipolytic
properties, visceral fat has been found to
have greater gene expression of more
proinflammatory adipokines than subcuta-
neous fat,” and there is also a particularly
strong negative correlation between vis-
ceral adiposity and adiponectin levels.®
The endocannabinoid system may play
a key role in the link between adiposity
and insulin resistance. Overactivity of the
endocannabinoid system is intimately
related to abdominal adiposity and type
2 diabetes, and chronic CB; receptor
antagonism has been shown to alleviate
both obesity and insulin resistance.
Recently, we reported a
improvement in hepatic insulin resistance

significant

in dogs rendered obese and insulin
resistant with a high fat, hypercaloric diet
after only two weeks of treatment with a
CB; receptor antagonist, rimonabant
(RIM).” Hepatic insulin sensitivity was
almost completely restored to pre-diet
levels while visceral and subcutaneous fat
depots were virtually unaltered and rel-
atively little change in peripheral insulin
sensitivity. However, there was a concom-
itant increase in plasma adiponectin levels
which occurred with RIM that was not
observed in the placebo animals, suggest-
ing that the improvement in hepatic
insulin sensitivity observed with CB,
receptor antagonism may be mediated by
adiponectin.

Although it is well known that there
is a strong association between visceral
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adiposity and insulin resistance, a causal
relationship has yet to be determined. It
has been also been considered that insulin
resistance per se may cause visceral fat
accumulation such that insulin resistance
of subcutaneous fat would result in a
reduction of fatty acid uptake by this fat
depot, resulting in increased fat deposition
in visceral stores. Alternatively, it had been
thought that both visceral fat accumula-
tion and insulin resistance may be related
to another biological process.'” Studies
utilizing animal models with a selective
reduction in visceral fat have shown that
decreasing omental fat volume results in an
improvement in insulin resistance, sug-
gesting a direct relationship between this
fat depot and insulin sensitivity.""""?
However, reports in human studies have
been conflicting.'*'® In order to examine
the putative relationship between visceral
fat and insulin sensitivity, we employed
the use of a CB; receptor antagonist,
rimonabant. Previous studies conducted in
humans'’""’ have found that RIM treat-
ment results in favorable changes in
cardiometabolic risk factors that were
associated with significant reductions in
waist circumference—indicating a decrease
in visceral adiposity. These findings sug-
gest that rimonabant effects on insulin
resistance may be secondary to a reduction
in visceral fat. However, in our study, we
found a profound effect of RIM on hepatic
resistance with only a minimal change in
visceral fat, suggesting that the improve-
ment in insulin sensitivity must be due to
other mechanisms. Our study also revealed
a highly significant increase in plasma
adiponectin in the RIM treated animals
that occurred in concert with the improve-
ment in insulin sensitivity as well as a
marked increase in the expression of liver
adiponectin receptors (ADRI and ADR?2).
Additionally, we
expression of other mediators of hepatic

observed increased

References

1. Yalow RS, Glick SM, Roth J, Berson SA. Plasma
insulin and growth hormone levels in obesity and
diabetes. Ann N'Y Acad Sci 1965; 131:357-73; PMID:
5216975; hetp://dx.doi.org/10.1111/j.1749-6632.
1965.tb34803.x

2. Boden G. Free fatty acids (FFA), a link between obesity
and insulin resistance. Front Biosci 1998; 3:d169-75;
PMID:9450985

3. Vague J. Sexual differentiation. A determinant factor of
the forms of obesity. Med Pr 1947; 55:339-40.

48

lipid oxidation such as canitine palmitoyl-
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liver mediated by adiponectin, to increase
fat oxidation. As discussed in our publica-
other that
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studies have found
of hepatic CBl
increases hepatic gene expression of the
sterol regulatory element-binding protein-

tion,

Ic, a lipogenic transcription factor, and its
targets, acetyl-CoA carboxylase-1 and fatty
acid synthase,”® thereby contributing to
diet-induced steatosis and associated hor-
monal and metabolic changes,”' indicating
that there may be a prevalent role of
peripheral CB; receptors in the devel-
opment of insulin resistance. A more
recent study utilizing hepatic explants to
examine the direct effect of CB; receptor
antagonism on the liver demonstrated that
RIM treatment increased fat oxidation,**
confirming a direct effect of RIM on the
liver. Although CB; receptor antagonism
is well known for its central effects in
mediating food intake and weight loss,
increasing evidence has shown that CB,
receptors in peripheral tissues may also
play a role in directly regulating metabolic
processes, giving further evidence that in
our study, the improvement in insulin
sensitivity was not directly related to the
modest decrease in fat accumulation but
due to the action of RIM on increasing
adiponectin.

It has also been found that adipocyte
cell size may play a determining role in
determining insulin sensitivity, independ-
ent of cell number. In a separate publica-
tion® from our laboratory, adipocytes
isolated from both visceral and subcuta-
neous fat depots from placebo and RIM
animals were examined for qualitative
changes in cell size and distribution that
are undetectable by magnetic resonance
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altered the adipocyte size distribution in
both visceral and subcutaneous fat, result-
ing in the appearance of very large cells
(> 75 pum diameter). However, only the
appearance of these hypertrophic adipo-
cytes in visceral fat was found to be a
significant predictor of hepatic insulin
RIM treatment reversed the
effects of high fat diet in both depots by

eliminating the population of large adipo-

resistance.

cytes. Interestingly, while MRI showed
volume expansion in both fat depots, we
found qualitative differences at the cellular
level that could not be detected by MRL
This suggests that in addition to absolute
volume of adipose tissue playing a major
role in the development of hepatic insulin
resistance, size and distribution of adipo-
cytes in the fat compartment are also
important.

In summary, our study found an
almost complete restoration of hepatic
insulin sensitivity when the CB; receptor
antagonist rimonabant was administered
to animals rendered obese by a high fat
hypercaloric diet. This
occurred in the absence of a significant

improvement
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peripheral action.

7. Ibrahim MM. Subcutancous and visceral adipose tissue:
structural and functional differences. Obes Rev 2010;
11:11-8; PMID:19656312; http://dx.doi.org/10.1111/
j.1467-789X.2009.00623.x

8. Sugamura K, Sugiyama S, Fujiwara Y, Matsubara J,
Akiyama E, Maeda H, et al. Cannabinoid 1 receptor
blockade reduces atherosclerosis with enhances reverse
cholesterol transport. ] Atheroscler Thromb 20105 17:
141-7; PMID:20124735; http://dx.doi.org/10.5551/
ja.2865

Volume 2 Issue 1


http://www.ncbi.nlm.nih.gov/pubmed/5216975
http://www.ncbi.nlm.nih.gov/pubmed/5216975
http://dx.doi.org/10.1111/j.1749-6632.1965.tb34803.x
http://dx.doi.org/10.1111/j.1749-6632.1965.tb34803.x
http://www.ncbi.nlm.nih.gov/pubmed/9450985
http://www.ncbi.nlm.nih.gov/pubmed/9643790
http://dx.doi.org/10.1016/S0140-6736(05)79052-8
http://dx.doi.org/10.1016/S0140-6736(05)79052-8
http://www.ncbi.nlm.nih.gov/pubmed/1773700
http://dx.doi.org/10.2337/diacare.14.12.1132
http://dx.doi.org/10.2337/diacare.14.12.1132
http://www.ncbi.nlm.nih.gov/pubmed/10952470
http://dx.doi.org/10.1007/s001250051474
http://www.ncbi.nlm.nih.gov/pubmed/19656312
http://dx.doi.org/10.1111/j.1467-789X.2009.00623.x
http://dx.doi.org/10.1111/j.1467-789X.2009.00623.x
http://www.ncbi.nlm.nih.gov/pubmed/20124735
http://dx.doi.org/10.5551/jat.2865
http://dx.doi.org/10.5551/jat.2865

Kim SP, Woolcott OO, Hsu IR, Stefanoski D,
Harrison LN, Zheng D, et al. CB(1) antagonism
restores hepatic insulin sensitivity without normaliza-
tion of adiposity in diet-induced obese dogs. Am J
Physiol Endocrinol Metab 2012; 302:E1261-8; PMID:
22374758; http://dx.doi.org/10.1152/ajpendo.00496.
2011

. Frayn KN. Visceral fat and insulin resistance—causative

or correlative? Br J Nutr 2000; 83(Suppl 1):S71-7;
PMID:10889795; htep://dx.doi.org/10.1017/
S0007114500000982

. Barzilai N, She L, Liu BQ, Vuguin P, Cohen P, Wang

J, et al. Surgical removal of visceral fat reverses hepatic
insulin resistance. Diabetes 1999; 48:94-8; PMID:
9892227; http://dx.doi.org/10.2337/diabetes.48.1.94

. Huffman DM, Barzilai N. Role of visceral adipose

tissue in aging. Biochim Biophys Acta 2009; 1790:
1117-23;  PMID:19364483;  http://dx.doi.org/10.
1016/j.bbagen.2009.01.008

. Lottati M, Kolka CM, Stefanovski D, Kirkman EL,

Bergman RN. Greater omentectomy improves insulin
sensitivity in nonobese dogs. Obesity (Silver Spring)
2009; 17:674-80; PMID:19214178; http://dx.doi.org/
10.1038/0by.2008.642

. Thérne A, Lonngvist F, Apelman J, Hellers G, Arner P.

A pilot study of long-term effects of a novel obesity
treatment: omentectomy in connection with adjustable
gastric banding. Int ] Obes Relat Metab Disord 2002;
26:193-9; PMID:11850750;  http://dx.doi.org/10.
1038/sj.ij0.0801871

. Csendes A, Maluenda F, Burgos AM. A prospective

randomized study comparing patients with morbid
obesity submitted to laparotomic gastric bypass with or
without omentectomy. Obes Surg 2009; 19:490-4;
PMID:18712575; http://dx.doi.org/10.1007/s11695-
008-9660-2

www.landesbioscience.com

. Fabbrini E, Tamboli RA, Magkos F, Marks-Shulman

PA, Eckhauser AW, Richards WO, et al. Surgical
removal of omental fat does not improve insulin
sensitivity and cardiovascular risk factors in obese
adults. Gastroenterology 2010; 139:448-55; PMID:
20457158;  http://dx.doi.org/10.1053/j.gastro.2010.
04.056

. Després JP, Golay A, Sjostrom L, Rimonabant in

Obesity-Lipids Study Group. Effects of rimonabant on
metabolic risk factors in overweight patients with
dyslipidemia. N Engl J Med 2005; 353:2121-34;
PMID:16291982; heep://dx.doi.org/10.1056/
NEJMoa044537

. Pi-Sunyer FX, Aronne L], Heshmati HM, Devin ],

Rosenstock J, RIO-North America Study Group. Effect
of rimonabant, a cannabinoid-1 receptor blocker, on
weight and cardiometabolic risk factors in overweight
or obese patients: RIO-North America: a randomized
controlled trial. JAMA 2006; 295:761-75; PMID:
16478899; http://dx.doi.org/10.1001/jama.295.7.761

. Van Gaal LF, Scheen AJ, Rissanen AM, Réssner S,

Hanotin C, Ziegler O, RIO-Europe Study Group.
Long-term effect of CB1 blockade with rimonabant on
cardiometabolic risk factors: two year results from the
RIO-Europe Study. Eur Heart ] 2008; 29:1761-71;
PMID:18417461; http://dx.doi.org/10.1093/eurheartj/
¢hn076

Adipocyte

20.

21.

22.

23.

Osei-Hyiaman D, DePetrillo M, Pacher P, Liu J,
Radaeva S, Bétkai S, et al. Endocannabinoid activation
at hepatic CB1 receptors stimulates fatty acid synthesis
and contributes to diet-induced obesity. J Clin Invest
2005; 115:1298-305; PMID:15864349
Osei-Hyiaman D, Liu ], Zhou L, Godlewski G,
Harvey-White J, Jeong WI, et al. Hepatic CB1 receptor
is required for development of diet-induced steatosis,
dyslipidemia, and insulin and leptin resistance in mice.
J Clin Invest 2008; 118:3160-9; PMID:18677409;
heep://dx.doi.org/10.1172/JCI34827

Jourdan T, Demizieux L, Gresti J, Djaouti L, Gaba L,
Verges B, et al. Antagonism of peripheral hepatic
cannabinoid receptor-1 improves liver lipid metabolism
in mice: evidence from cultured explants. Hepatology
2012; 55:790-9; PMID:21987372; http://dx.doi.org/
10.1002/hep.24733

Kabir M, Stefanovski D, Hsu IR, Iyer M, Woolcott
OO, Zheng D, et al. Large size cells in the visceral
adipose depot predict insulin resistance in the canine
model. Obesity (Silver Spring) 2011; 19:2121-9;
PMID:21836643; htep://dx.doi.org/10.1038/0by.
2011.254

49


http://www.ncbi.nlm.nih.gov/pubmed/22374758
http://www.ncbi.nlm.nih.gov/pubmed/22374758
http://dx.doi.org/10.1152/ajpendo.00496.2011
http://dx.doi.org/10.1152/ajpendo.00496.2011
http://www.ncbi.nlm.nih.gov/pubmed/10889795
http://dx.doi.org/10.1017/S0007114500000982
http://dx.doi.org/10.1017/S0007114500000982
http://www.ncbi.nlm.nih.gov/pubmed/9892227
http://www.ncbi.nlm.nih.gov/pubmed/9892227
http://dx.doi.org/10.2337/diabetes.48.1.94
http://www.ncbi.nlm.nih.gov/pubmed/19364483
http://dx.doi.org/10.1016/j.bbagen.2009.01.008
http://dx.doi.org/10.1016/j.bbagen.2009.01.008
http://www.ncbi.nlm.nih.gov/pubmed/19214178
http://dx.doi.org/10.1038/oby.2008.642
http://dx.doi.org/10.1038/oby.2008.642
http://www.ncbi.nlm.nih.gov/pubmed/11850750
http://dx.doi.org/10.1038/sj.ijo.0801871
http://dx.doi.org/10.1038/sj.ijo.0801871
http://www.ncbi.nlm.nih.gov/pubmed/18712575
http://dx.doi.org/10.1007/s11695-008-9660-2
http://dx.doi.org/10.1007/s11695-008-9660-2
http://www.ncbi.nlm.nih.gov/pubmed/20457158
http://www.ncbi.nlm.nih.gov/pubmed/20457158
http://dx.doi.org/10.1053/j.gastro.2010.04.056
http://dx.doi.org/10.1053/j.gastro.2010.04.056
http://www.ncbi.nlm.nih.gov/pubmed/16291982
http://dx.doi.org/10.1056/NEJMoa044537
http://dx.doi.org/10.1056/NEJMoa044537
http://www.ncbi.nlm.nih.gov/pubmed/16478899
http://www.ncbi.nlm.nih.gov/pubmed/16478899
http://dx.doi.org/10.1001/jama.295.7.761
http://www.ncbi.nlm.nih.gov/pubmed/18417461
http://dx.doi.org/10.1093/eurheartj/ehn076
http://dx.doi.org/10.1093/eurheartj/ehn076
http://www.ncbi.nlm.nih.gov/pubmed/15864349
http://www.ncbi.nlm.nih.gov/pubmed/18677409
http://dx.doi.org/10.1172/JCI34827
http://www.ncbi.nlm.nih.gov/pubmed/21987372
http://dx.doi.org/10.1002/hep.24733
http://dx.doi.org/10.1002/hep.24733
http://www.ncbi.nlm.nih.gov/pubmed/21836643
http://dx.doi.org/10.1038/oby.2011.254
http://dx.doi.org/10.1038/oby.2011.254

	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23

