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Fig. 4.3 Level of IGF-1R in human monocytes. The cells were isolated
from fresh whole-blood samples of 16 randomly chosen healthy donors. Cell
lysates were resolved by SDS-PAGE, blotted and immunodetected with
antibodies against IGF-1Rp and actin using the ECL system. The labels

above the lanes indicate the sex (M, male; F, female) and age of the donors.
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Fig. 4.4 Effect of regular insulin, AspB10, glargine, IGF-1, glulisine,
lispro and aspart on the incorporation of BrdU into DNA in SMC from
donor F56 (a), donor M21 (b), donor F16 (c) and donor M40 (d). Cells
were serum starved for 24 h and subsequently incubated with BrdU in the
absence or presence of peptide hormones for 16 h (open bars, 10 nmol/];
closed bars, 100 nmol/l. For IGF-1: open bars, 2 nmol/l; closed bars, 10
nmol/l). Cells were fixed and denatured and the incorporation of BrdU was
determined using an anti-BrdU antibody and ECL detection. Signals were
quantified using Lumilmager software. Data are expressed relative to the
basal control value, which was set as 100%. The data are presented as

meanstSEM, n27. n.s., no significant stimulation over basal; *p<0.05 vs

regular insulin.
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Fig. 4.5 Dose-response curve of BrdU incorporation into DNA in Fib of
two different donors, F52 (a) and F32 (b), after stimulation with insulin
(squares), AspB10 (triangles) or glargine (circles). Cells were serum
starved for 30 h and stimulated with regular human insulin or the indicated
insulin analogue. BrdU incorporation was determined as outlined in Fig. 3.

The data are presented as means*SEM, n25. *p<0.05 vs basal; 'p<0.05 vs

regular insulin.
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Fig. 4.6 Protein expression after silencing of IGF-1R and InsR in Fib.
Fib of donor F52 were transfected with 20 or 10 nmol/1 siRNA as described
in Methods. Lysates were prepared 72 h after transfection, immunoblotted
and analysed for expression of IGF-1R (a), InsR (b), Akt (¢) and ERK1/2 (d).
All data were normalised to the level of a-tubulin expression and are
expressed relative to non-silencing controls. Representative western blots
are shown. The data are presented as means*SEM, n=3. no transf, no
transfection; neg. control, transfection with non-silencing control RNA; si
IGF-1R, transfection with 20 nmol/l IGF-1R siRNA; si InsR, transfection
with 10 nmol/1 InsR siRNA. *p<0.05 vs both controls.
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Fig. 4.7 Akt (Ser473) phosphorylation in IGF-1R- and InsR-silenced Fib
after stimulation with insulin, IGF-1, AspBl10 or glargine. After
incubation in the absence or presence of siRNA for 72 h, the cells were
stimulated for 15 min with insulin, AspB10 or glargine at 100 nmol/l or
with IGF-1 at 10 nmol/l. Total cell lysates were resolved by SDS-PAGE and
immunoblotted with a phospho-specific Akt antibody. Blots were stripped
and reprobed with anti-a-tubulin to control for loading differences. Peptide-
stimulated phosphorylation of Akt after no transfection (a), incubation with
non-silencing control RNA (b), incubation with IGF-1R siRNA (c¢) or
incubation with InsR siRNA (d). Representative western blots are shown. All
data were normalised to the level of a-tubulin expression and are expressed
relative to the insulin-stimulated control value (no transfection, a). The data
are presented as means+*SEM, n>3. *p<0.05 vs insulin-stimulated control.
tp<0.0S vs corresponding values in both control situations. p-Akt,

phosphorylated Akt.
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Fig. 4.8 BrdU incorporation into DNA in IGF-1R-silenced Fib after
overnight stimulation with 5% FCS, insulin, IGF-1 or glargine at 10
nmol/l. Basal incorporation was set to 100%. Open bars, no transfection;
dotted bars, non-silencing control RNA; hatched bars, IGF-1R siRNA.
MeanstSEM, n=6. *Significantly different (p<0.05) from insulin-stimulated
values; 'p<0.05 for downregulation of BrdU incorporation vs no transfection

and non-silencing control siRNA.

- 114 -



Study 3

References

10.

11.

. Barnett AH (2003) A review of basal insulins. Diabet.Med. 20:

873-885

Bolli GB, Di Marchi RD, Park GD, Pramming S, Koivisto VA
(1999) Insulin analogues and their potential in the management
of diabetes mellitus. Diabetologia 42: 1151-1167

Heller S (2002) Reducing hypoglycaemia with insulin analogues.
Int.J Obes.Relat Metab Disord. 26 Suppl 3: S31-S36

Hermansen K, Fontaine P, Kukolja KK, Peterkova V, Leth G, Gall
MA (2004) Insulin analogues (insulin detemir and insulin aspart)
versus traditional human insulins (NPH insulin and regular
human insulin) in basal-bolus therapy for patients with type 1
diabetes. Diabetologia 47: 622-629

Nattrass M (2004) Insulin therapy-realising the potential. Int.J
Obes.Relat Metab Disord. 28 Suppl 2: S1-S2

Stoneking K (2005) Initiating basal insulin therapy in patients
with type 2 diabetes mellitus. Am J Health Syst.Pharm. 62: 510-
518

Vajo Z, Fawcett J, Duckworth WC (2001) Recombinant DNA
Technology in the Treatment of Diabetes: Insulin Analogs.
Endocr Rev 22: 706-717

Rosenfalck AM, Thorsby P, Kjems L, et al (2000) Improved
postprandial glycaemic control with insulin Aspart in type 2
diabetic patients treated with insulin. Acta Diabetol. 37: 41-46
Brunner GA, Hirschberger S, Sendlhofer G, et al (2000) Post-
prandial administration of the insulin analogue insulin aspart in
patients with Type 1 diabetes mellitus. Diabet Med 17: 371-375
Gerich JE (2004) Insulin glargine: long-acting basal insulin
analog for improved metabolic control. Curr.Med.Res.Opin. 20:
31-37

Garces K (2003) Insulin glargine: a long-acting insulin for

diabetes mellitus. Issues Emerg.Health Technol. 1-4

-115 -



Study 3

12.

13.

14.

15.

16.

17.

18.

19.

20.

Slieker LJ, Brooke GS, DiMarchi RD, et al (1997) Modifications
in the B10 and B26-30 regions of the B chain of human insulin
alter affinity for the human IGF-I receptor more than for the
insulin receptor. Diabetologia 40: S54-S61

Drejer K (1992) The bioactivity of insulin analogues from in vitro
receptor binding to in vivo glucose uptake. Diabetes Metab Rev
8: 259-285

Shymko RM, Dumont E, De Meyts P, Dumont JE (1999) Timing-
dependence of insulin-receptor mitogenic versus metabolic
signalling: a plausible model based on coincidence of hormone
and effector binding. Biochem.J 339 ( Pt 3): 675-683

Hansen BF, Danielsen GM, Drejer K, et al (1996) Sustained
signalling from the insulin receptor after stimulation with insulin
analogues exhibiting increased mitogenic potency. Biochem.J
315 (Pt 1): 271-279

Soos MA, Whittaker J, Lammers R, Ullrich A, Siddle K (1990)
Receptors for insulin and insulin-like growth factor-I can form
hybrid dimers. Characterisation of hybrid receptors in
transfected cells. Biochem.J 270: 383-390

Chisalita SI, Arnqvist HJ (2005) Expression and function of
receptors for insulin-like growth factor-I and insulin in human
coronary artery smooth muscle cells. Diabetologia

Bailyes EM, Nave BT, Soos MA, Orr SR, Hayward AC, Siddle K
(1997) Insulin receptor/IGF-I receptor hybrids are widely
distributed in mammalian tissues: quantification of individual
receptor species by selective immunoprecipitation and
immunoblotting. Biochem.J 327 ( Pt 1): 209-215

Nitert MD, Chisalita SI, Olsson K, Bornfeldt KE, Arnqvist HJ
(2005) IGF-I/insulin hybrid receptors in human endothelial cells.
Mol Cell Endocrinol 229: 31-37

Kurtzhals P, Schaffer L, Sorensen A, et al (2000) Correlations of
receptor binding and metabolic and mitogenic potencies of

insulin analogs designed for clinical use. Diabetes 49: 999-1005

-116 -



Study 3

21.

22.

23.

24.

25.

26.

27.

28.

29.

Berti L, Kellerer M, Bossenmaier B, Seffer E, Seipke G, Haring
HU (1998) The long acting human insulin analog HOE 901:
characteristics of insulin signalling in comparison to Asp(B10)
and regular insulin. Horm.Metab Res 30: 123-129

Staiger K, Staiger H, Schweitzer MA, et al (2005) Insulin and its
analogue glargine do not affect viability and proliferation of
human coronary artery endothelial and smooth muscle cells.
Diabetologia 48: 1898-1905

Clowes AW, Schwartz SM (1985) Significance of quiescent
smooth muscle migration in the injured rat carotid artery. Circ
Res 56: 139-145

Gockerman A, Prevette T, Jones JI, Clemmons DR (19995)
Insulin-like growth factor (IGF)-binding proteins inhibit the
smooth muscle cell migration responses to IGF-I and IGF-II.
Endocrinology 136: 4168-4173

Goodyear LJ, Giorgino F, Sherman LA, Carey J, Smith RJ, Dohm
GL (19995) Insulin receptor phosphorylation, insulin receptor
substrate-1 phosphorylation, and phosphatidylinositol 3-kinase
activity are decreased in intact skeletal muscle strips from obese
subjects. J Clin Invest 95: 2195-2204

Del Valle L, Enam S, Lassak A, et al (2002) Insulin-like growth
factor I receptor activity in human medulloblastomas. Clin
Cancer Res 8: 1822-1830

Eckel J (2006) Insulin Analogs Revisited. Current Medicinal
Chemistry - Immunology, Endocrine & Metabolic Agents 5: 475-
484

Li G, Barrett EJ, Wang H, Chai W, Liu Z (2005) Insulin at
physiological concentrations selectively activates insulin but not
insulin-like growth factor I (IGF-I) or insulin/IGF-I hybrid
receptors in endothelial cells. Endocrinology 146: 4690-4696
Bornfeldt KE, Gidlof RA, Wasteson A, Lake M, Skottner A,
Arnqvist HJ (1991) Binding and biological effects of insulin,

insulin analogues and insulin-like growth factors in rat aortic

-117 -



Study 3

30.

31.

smooth muscle cells. Comparison of maximal growth promoting
activities. Diabetologia 34: 307-313

Ciaraldi TP, Phillips SA, Carter L, Aroda V, Mudaliar S, Henry RR
(2005) Effects of the Rapid-Acting Insulin Analog Glulisine on
Cultured Human Skeletal Muscle Cells: Comparisons with
Insulin and Insulin-Like Growth Factor I. J Clin Endocrinol
Metab 90: 5551-5558

Rakatzi I, Ramrath S, Ledwig D, et al (2003) A novel insulin
analog with unique properties: LysB3,GluB29 insulin induces
prominent activation of insulin receptor substrate 2, but
marginal phosphorylation of insulin receptor substrate 1.

Diabetes 52: 2227-2238

-118 -



Chapter 5

General Discussion

5.1 The endocannabinoid system as a new player in the

negative crosstalk between fat and muscle

5.1.1 The endocannabinoid system in peripheral tissues —

implication of its activation or blocking

While the brain endocannabinoid system takes part in regulating
energy balance beside various other physiological processes, in the
periphery it is engaged in control of nutrient storage and metabolism.
Its overactivation due to obesity is associated with improper function
of peripheral tissues.

Analysis revealed the presence of a  functional
endocannabinoid system in adipose tissue and data from several
studies suggest that in state of imbalanced energy supply the level of
endocannabinoids and CB1R expression are changed, as outlined in
the introduction. The presence of CB1R was shown in human
[73,74,189], mouse [70-72,190] and rat adipocytes [70,191]. Beside
CBI1R, the expression of CB2R could also be demonstrated in human
adipocytes but its functional implication is currently not known
[73,74]. In human adipose tissue, the expression of NAPE-PLD,
DAGL, FAAH, and MAGL and the presence of endocannabinoids
[73,189] as well as an altered expression levels of these enzymes in
obese humans compared to lean controls were proven [73].
Furthermore, Gonthier et al. used isolated mature adipocytes from
human subcutaneous fat to verify that adipocytes are able to
synthesize 2-AG and AEA [192].

Studies in cultured mouse adipocytes revealed that the level of

CB1R mRNA as well as the CBIR protein rised 3-4 fold during
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differentiation [70]. Also, the amount of 2-AG increased during
differentiation, which is accompanied by an elevated expression of
DAGL but unchanged expression of MAGL. For AEA, a peak at day 4
was observed which goes along with a peak of NAPE-PLD at day 4
and its decrease thereafter, while FAAH expression increased from
day O to day 12 [84]. Treatment of pre-adipocytes with CB1R agonist
HU-210 accelerated the differentiation as shown by enhanced
expression of PPARy and accumulation of lipid droplets at day 8 [84].
In differentiated adipocytes the stimulation of CBI1R increases
glucose uptake and GLUT4 translocation [73] as well as insulin-
stimulated glucose uptake [72], lipoprotein lipase activity [71], and
expression of fatty acid synthase mRNA [75]. Additionally,
endocannabinoids inhibit the AMP-activated protein kinase (AMPK)
[193].

The described effects of CB1R stimulation were prevented by
treatment with specific CB1R antagonists like rimonabant. In obese
Zucker (fa/fa) rats rimonabant reduced the body weight and
stimulated the expression of adiponectin in adipose tissue. In mouse
adipocytes it caused overexpression of adiponectin mRNA and protein
[70]. Very recently, Tedesco et al. reported a novel effect of
rimonabant on mitochondrial biogenesis in white adipocytes. They
demonstrated an increase of eNOS expression which resulted in an
increase of mitochondrial DNA amount, mRNA levels of genes
involved in mitochondrial biogenesis, and mitochondrial mass and
function. The involvement of eNOS was proven by use of siRNA-
mediated decrease in eNOS which blunted the effect of rimonabant
[194].

In conclusion, an overactivated endocannabinoid system
results in routing excess energy to the adipocytes and enhances the
storage of fat, thereby increasing fat depots. These effects can be
counteracted with CB1R antagonists like rimonabant. The lipogenic
action of activated CB1R in adipocytes can explain in part why CB1
knockout mice fed with the same amount of food as wild-type mice

still develop less fat mass [71].
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The liver is the central metabolic organ and is involved in the
regulation of glucose, fat and amino acid metabolism. It plays an
important role in de novo lipogenesis and gluconeogenesis as well as
in storage of glycogen. In fact, the liver plays an even greater role in
lipogenesis than does adipose tissue [195]. Osei-Hyiaman and co-
workers investigated the impact of CB1R stimulation in the liver
using a diet-induced obese mouse model [75]. The presence of CB1R
was confirmed by multiple methods, and after 3 weeks of high-fat diet
its expression was increased compared to controls. Also, the hepatic
level of AEA was increased while no change was observed for 2-AG
level. This observation is accompanied by a decreased activity of
FAAH while the activity of N-acyltransferase and the expression of
FAAH remained unaltered. These changes were observed before
obesity was detectable.

Stimulation of CBI1R inhibits the activity of AMPK [193],
induces expression of the lipogenic transcription factor SREBP-1c
and its target enzymes acetyl coenzyme-a carboxylase-1 (ACC1) and
fatty acid synthase, and also increases de novo fatty acid synthesis.
Pretreatment of mice on high-fat diet with rimonabant reduced the
rate of fatty acid synthesis. In CB1R/- mice which are resistant to
diet-induced obesity, the high-fat diet did not result in altered basal
rate of fatty acid synthesis [75]. The results of this study suggest that
the hepatic endocannabinoid system is activated during early stages
of high-fat diet-induced obesity and that this may be required for the
development of obesity, primarily due to an increase in de novo
lipogenesis [196].

The endocrine pancreas is an important part of the regulatory
network to maintain glucose homeostasis by secreting insulin in
response to increasing blood glucose levels. Expression of the
endocannabinoid system components in the pancreas suggests that a
connection exists between the endocrine function and the
endocannabinoid system. The expression of cannabinoid receptors in
the pancreas was shown by several working groups [77,78,84,197],

whereas the distribution of cannabinoid receptors appears to be
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species-specific. A detailed study by Bermudez-Silva [198] revealed a
distinct distribution of cannabinoid receptors in human pancreas by
immunofluorescence staining. CB1R expression was detected in
alpha cells and in a small portion of beta cells, but not in delta cells
or exocrine pancreas. On the other hand, CB2R expression was found
in delta cells and exocrine pancreas, but absent in alpha and beta
cells. In mice, CB1R is not expressed in beta cells but in non-beta
cells, while CB2R is expressed in beta and non-beta cells. In rats,
both cannabinoid receptors are expressed in beta and non-beta cells
[77,198]. Also, the enzymes for synthesis and degradation of
endocannabinoids are expressed in a specific pattern. Within the
islet, DAGL and MAGL expression was found, and FAAH expression
was detected in beta cells but not in alpha cells. NAPE-PLD was
almost absent in islet but detected in acinar surrounding tissue.
Beside in human islets, the enzymes of biosynthesis and degradation
were also demonstrated in rat insulinoma RIN-mSF beta cells [84]
and mouse pancreas [78].

Analysis of the pancreatic endocannabinoid level in diet-
induced obese mice revealed an increase of AEA and 2-AG levels
compared to lean controls [78,84]. Stimulating RIN-mSF beta cells
with 33 mM glucose elevated both AEA and 2-AG level. When these
cells were cultured under low glucose condition (13 mM), co-
stimulation with 33 mM glucose and insulin prevented glucose-
induced increase of the endocannabinoid level. However, cultivation
in high glucose condition (33 mM) mimicking hyperglycaemia not
only prevented the inhibitory effect of insulin on glucose-induced
increase of the endocannabinoid level, but also enhanced the level of
AEA and 2-AG per se.

A study in isolated mouse pancreatic islets showed, that
glucose-induced Ca2?* oscillation and insulin secretion was prevented
by stimulation of CB1R [199] and CB2R [77]. Administration of AEA
to rats resulted in glucose intolerance which could be improved by
treatment with CB1R antagonists [200]. Interestingly, administration

of CB2R agonists resulted in improved glucose tolerance which is
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Figure 5.1 Schematic overview of the consequences of an overactivated endocannabinoid
system on peripheral tissue. ACC1, acetyl coA carboxylase-1; AMPK, AMP-activated protein
kinase; CB1R, cannabinoid type 1 receptor; EC, endocannabinoids; FAAH, fatty acid amide
hydrolase; FAS, fatty acid synthase; SREBP-1c, sterol regulatory element binding protein-1c.

contrary to the results in mouse islets [198]. The action of CB2R on
insulin release may be species-specific as also suggested by the
species-specific distribution of the cannabinoid receptors in the
various pancreatic cell types. In the insulinoma model, stimulation of
CBI1R increased insulin secretion when the cells were kept in high
but not in low glucose condition [84]. In isolated human islets the
stimulation of pancreatic CB1R resulted in secretion of insulin,
despite the relatively low abundance of CB1R in beta cells [201]. This
indicates that the result of CB1R stimulation depends on the
glycaemic status, and more studies are needed to understand the role
of the endocannabinoid system in the pancreas. The available data

suggest, that under hyperglycaemic conditions the endocannabinoid
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level in the endocrine pancreas raises and is no longer depressed by
insulin. The endocannabinoid system becomes dysregulated and the
subsequent overstimulation of CB1R might reinforce insulin release
resulting in hyperinsulinemia which in turn starts a vicious circle by
further increasing the endocannabinoid level. These findings are
mirrored in the pre- and postprandial blood endocannabinoid level of
lean normoglycaemic and obese hyperglycaemic subjects. While in
the normoglycaemic group the AEA level decreased postprandially, in
the hyperglycaemic group the level of both AEA and 2-AG increased
significantly, suggesting that normal regulation of the blood

endocannabinoid level is disrupted [84].

5.1.2 The endocannabinoid system and skeletal muscle

Currently, only few data are published regarding the impact of
the endocannabinoid system in skeletal muscle. Cavuoto et al.
reported the expression of CB1R, CB2R, and FAAH mRNA in human
and rodent skeletal muscle [79]. Furthermore, CB1R mRNA was
shown to be elevated in skeletal muscle of diet-induced obese mice
compared to lean controls [93], while no difference in mRNA level was
detected between human myotubes derived from lean or obese
subjects [202]. In our lab, we detected CB1R and CB2R protein in
human primary muscle cells and a differentiation-dependent increase
of cannabinoid receptor protein expression.

One study investigated the effect of CB1R activation or blocking
on the expression of genes involved in regulating energy metabolism
in human skeletal muscle cells, which were derived from lean or
obese subjects, respectively [202]. Stimulation with AEA alone did not
alter the gene expression of AMPKal, AMPKa2, PGC-1a or PDK4. The
antagonist AM251 increased mRNA level of AMPKal and decreased
PDK4, while no effects were seen in gene expression of AMPKa2 and
PGC-1a. Differences between myotubes derived from lean and obese

subjects were observed when antagonist and agonist were combined.
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Such differences include a decrease of AMPKal, AMPKa2 and PGC-
lao. mRNA in myotubes from obese subjects, but an increase of
AMPKo2 gene expression and no effect on AMPKal and PGC-la
mRNA level in myotubes from lean subjects. These data are
consistent with an overall increase in metabolic capacity within
skeletal muscle following antagonism of CB1R.

Liu et al. used the genetically obese Lep°P/Lep°P mouse model
to investigate the effects of rimonabant treatment on metabolism.
They reported a 38% increase of oxygen consumption in rimonabant-
treated animals compared to vehicle-treated animals as well as
increased basal glucose wuptake in isolated soleus muscle
preparations [203]. Recently, Migrenne et al. reported that the
increase of insulin sensitivity observed with rimonabant depends on
adiponectin while the weight reducing effect is independent of
adiponectin, as revealed by studies with adiponectin knockout mice
[204]. Therefore, the effect on glucose uptake observed by Liu et al. is
probably secondary due to the effect of rimonabant on the expression
of adiponectin.

Therefore, our study is the first to analyse direct effects of
rimonabant in human skeletal muscle cells. By using the model of
adipocyte-conditioned medium to induce insulin resistance, we could
prove that blocking CB1R prevents the negative consequences of CM
on insulin-stimulated Akt phosphorylation and glucose uptake.
Despite the fact that rimonabant decreases basal glucose uptake by a
yet unknown mechanism, it restores insulin sensitivity in these cells.
This effect may contribute to the improved glucose and HbAlc level
and insulin sensitivity observed e.g. in the RIO-trials [205,206].

Additionally, we were able to provide evidence that chronic
activation of the endocannabinoid system in skeletal muscle may play
a role in the induction of insulin resistance. Incubation with AEA
impaired insulin-stimulated Akt phosphorylation in a concentration-
dependent manner. This effect was also observed with Win55.212-2,

a synthetic CB1R agonist which differs in its structure from AEA. The
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reduction of Akt activation after insulin stimulation was similar for
both compounds, ~ 40 % at 10 umol/l. Analysis of the signalling
pathways revealed an activation of the stress kinases ERK1/2 and
p38 MAPK by AEA. Both kinases have been shown to be involved in
the development of insulin resistance [207-209].

In summary, the antidiabetic effects of rimonabant are
mediated by its action on different organs and tissue such as adipose
tissue and liver. As the primary tissues of glucose uptake [12]
skeletal muscle is assumed a possible target as well and our data
suggest that stimulation of CB1R may play a role in the induction of
insulin resistance in skeletal muscle. However, while our data provide
novel insights into molecular pathways leading to insulin resistance,
many new questions arise from this study. No data are available
whether skeletal muscle cells themselves are able to produce
endocannabinoids, whether a high level of AEA may influences the
differentiation @ from  myoblasts to  myotubes, or how
endocannabinoids influence the secretion profile of skeletal muscle
cells. Clearly, further studies are needed to fully understand the
consequences of endocannabinoid system overactivation in this

tissue.

5.1.3 Rimonabant & co -lifestyle drug or more?

Rimonabant is the first specific CB1R antagonist which is
available for therapy, at least in Europe. Originally, it was developed
as an anti-obesity drug based on findings, that central CB1R are
involved in the regulation of food intake. While stimulation of these
receptors promotes food intake, its inactivation by antagonist or
knockout approaches reduces the consumption of food. Subsequent
studies in vitro and in vivo revealed that beside central effects,
peripheral effects have major contributions to the improvements of
several metabolic parameters, as described before.

In 2006, rimonabant was introduced into the market as

Acomplia®. At the moment, it is available in U.K., France, Germany,
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Denmark, Sweden, Finland, Norway, and other countries. The drug is
approved as additional therapy in combination with diet and physical
activity for the treatment of obese patients (BMI > 30 kg/m?2) or
overweight patients (BMI > 27 kg/m?), if they display additional risk
factors such as type 2 diabetes or dyslipidemia. The most common
adverse effects reported during the trials were nausea, mood
alteration with depressive symptoms, depressive disorders, anxiety
and dizziness. Because of concerns regarding its depressive side
effects, a FDA advisory panel refused the approval of rimonabant for
the U.S. market in 2007. The EMEA revised the approval last year
based on new information on the psychiatric safety of rimonabant
focusing on cases of depression, including suicidal ideation and
suicide attempts. It was shown that depression and suicidal
tendencies occur about twice as frequently with rimonabant as with
placebo [210]. Therefore, the prescribing information was changed in
a way that it is contraindicated to ongoing major depression or use of
antidepressants and treatment is terminated if depressions are
developed during therapy. Hence, one important aspect of prospective
CBI1R antagonists will be a better control of the psychiatric side
effects. In case of taranabant, the current phase III CB1R antagonist
of Merck, data are available only from two studies in healthy
volunteers. As with rimonabant, taranabant treatment was
associated with dose-related increased incidence of clinical adverse
events, including mild to moderate gastrointestinal and psychiatric
effects [211,212]. However, larger and longer-duration studies will be
needed to obtain a more accurate assessment of the psychiatric
profile of taranabant.

In the third quarter of 2007, the sales volume of Acomplia®
reached € 21 Mio, and € 58 Mio in the first 9 month of 2007 [213].
While rimonabant is paid by the insurances as therapy for the
treatment of overweight or obese type 2 diabetic patients in France
and Switzerland, in Germany Acomplia® was classified as a so-called
lifestyle drug by the appropriate authority (Gemeinsamer

Bundesausschuss, G-BA) which means that the health insurance
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companies do not pay for a therapy with Acomplia®. The reason for
this decision is based on the indication as a central effective drug for
treatment of overweight. The position of the G-BA is that
improvements of metabolic risk factors can be achieved by weight
reduction alone. Therefore, the use of rimonabant is seen primarily as
an improvement of life quality since it supports weight management
efforts, similar to orlistat. However, the decision does not consider
data about the peripheral effects of blocking the CB1R. These data
predominantly come from animal and cell culture studies, and it has
been shown that the metabolic effects of rimonabant are partially
independent of weight loss. The mechanisms behind these
observations are not yet fully clarified, but positive effects such as
improvement of insulin sensitivity, HbAlc, adiponectin, HDL
cholesterol, and triglycerides have also been observed in clinical
trials. Considering the enormous costs associated with type 2
diabetes and metabolic syndrome, it seems necessary to think about
all possibilities to prevent or delay the progression of these diseases
which also includes pharmacological therapy. Thereby, the peripheral
effects of rimonabant are of important relevance. The outcomes of
ongoing clinical studies will hopefully provide substantial support for
the additional approval of CB1R antagonists as anti-diabetic drugs.

However, the best way to prevent disorders associated with the
metabolic syndrome and type 2 diabetes is a healthy lifestyle. The
worldwide raising prevalence of obesity and type 2 diabetes has
pushed this topic to the awareness of public and politics. Recently,
the German Government decided to start various action plans, which
aim to improve the information and knowledge about appropriate
food consumption and the importance of physical activity. It seems
that a large part of our population needs to learn a healthier and
better lifestyle, from children to adults. Hopefully, the action plans

will provide useful support for a change.
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5.2 Is insulin resistance reversible?

5.2.1 Link between obesity and insulin resistance

Insulin resistance is an early defect in the pathogenesis of type
2 diabetes and usually occurs long before this disease is diagnosed. It
affects central and peripheral tissues such as adipose tissue, liver
and skeletal muscle. Skeletal muscle represents one of the major
insulin-sensitive organs and accounts for about 80 % of insulin-
stimulated glucose disposal [12]. Therefore, this tissue is target of
intensive research to understand the mechanisms which are involved
in the development of insulin resistance, i.e. disturbed insulin
signalling and insulin action.

Obesity is one of the major components of the metabolic
syndrome and a strong risk factor for the development of type 2
diabetes. It is associated with increased circulating plasma levels of
free fatty acids (FFA) and triglycerides which contribute to insulin
resistance in peripheral tissues like skeletal muscle [214]. Originally,
adipose tissue was considered to be a storage organ, an energy
reservoir for triglycerides. Over the last decade it has become clear
that adipocytes are also active secretory cells which release FFA by
lipolysis and produce a variety of cytokines, the so-called adipokines
[215,216]. Furthermore, adipose tissue is the source of key hormones
for the control of body weight and secretes a range of adipokines,
some of which may be directly implicated in the pathologies
associated with obesity [217]. In the state of obesity, the fat depots as
well as the adipocytes themselves are enlarged and characterised by
an altered secretion profile of adipokines compared to lean
conditions, like reduced adiponectin or increased Ileptin levels
[216,218-221].

The association of obesity and insulin resistance is well

accepted and weight gain has been shown to be a strong predictor of
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the metabolic syndrome. Increased fat mass, especially visceral fat
mass, was proven to lead to metabolic defects like impaired insulin
sensitivity and to increase the risk for cardiovascular diseases [222].
Much effort is being made to investigate the endocrine link
connecting lipid and glucose metabolism. In obese individuals,
adipose tissue releases increased amounts of FFA, glycerol,
hormones, pro-inflammatory cytokines and other factors that are
involved in the development of insulin resistance [223]. The increased
FFA flux to other tissues leads to increased triglyceride storage in
these tissues, which promote insulin resistance and other adverse
effects, referred to as lipotoxicity. In humans, the triglyceride content
of muscle directly correlates with insulin resistance [214,224].
Several cytokines such as TNFa, resistin, IL-6 and adiponectin were
identified and shown to have an impact on insulin action in skeletal
muscle [225]. The list of newly discovered adipokines is rapidly
growing and the influence of novel players like endocannabinoids
such as AEA and 2-AG add additional components to the complex
mechanisms that lead to the development of insulin resistance in
skeletal muscle. The adipose-derived factors constitute a
communication network between fat and other tissues which assures
a balanced metabolism under normal conditions. In a state of obesity,
secretion of these factors is altered resulting in disturbed

communication.

5.2.2 A model to analyse the crosstalk between fat and skeletal

muscle

The establishment of the co-culture model of human skeletal
muscle cells and adipocytes in our laboratory allows us to directly
study interactions between these two cell types [226]. Co-culture
models are a generally accepted approach to investigate paracrine
interaction between two cell types [227-229] and our model has
already provided direct evidence for a negative crosstalk between

adipocytes and skeletal muscle. Co-culture impairs insulin signalling
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and insulin action in skeletal muscle cells similar to the defects
observed in skeletal muscle of diabetic patients [27,32,36,39]. The
cells show decreased insulin-stimulated phosphorylaton of IRS-1,
Akt, and GSK3, and a markedly reduced GLUT4-translocation to the
plasma membrane [226,230]. A variation of the co-culture model is
the generation of adipocyte-conditioned medium (CM) which contains
a complex mixture of adipokines secreted by differentiated adipoctyes
during a 48 h period. CM mimics the co-culture approach and causes
a similar reduction of insulin-stimulated IRS-1 and Akt
phosphorylation [207,230,231].

Analysis of CM with cytokine arrays revealed that human
adipocytes secrete various cytokines including IL-6, IL-8, macrophage
inflammatory protein-lo/f (MIP-1a/B), and MCP-1. MCP-1 was
identified as a potential player in the negative crosstalk between fat
and skeletal muscle since it was able to impair insulin signalling at
doses similar to its physiological plasma concentrations.
Furthermore, it significantly reduced insulin-stimulated glucose
uptake in SkM [207].

The model of CM was also used to study a possible involvement
of the endocannabinoid system in the development of insulin
resistance. Gonthier et al. reported the production of 2-AG, AEA and
the anandamide analogues N-palmitoylethanolamine (PEA) and N-
oleylethanolamine (OEA) in a model of human subcutaneous
adipocytes [192]. The total level of endocannabinoids produced by
adipocytes were reported to be 7.05 pM for 2-AG, 9.07 pM for AEA,
7.25 pM for OEA, and 89.16 for PEA, thus PEA was the most
abundant endocannabinoid in their model. PEA is known for its anti-
inflammatory effects but does not bind to cannabinoid receptors
[232]. It may rather potentiate AEA effects by competing with AEA for
FAAH-mediated degradation [192]. This and other reports of the
capability of adipocytes to synthesise endocannabinoids as well as
the protective effects of CB1R antagonists against CM-induced
impairment of insulin signalling and insulin action lead us to the

conclusion that CM most likely also contains CB1R-activating factors.
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