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Abstract

Adipose tissue has gained great attention during the last decade. It
represents not only a depot for energy stores, but also releases
adipocytokines regulating energy disposal and can therefore be considered
from therapeutic point of view. Hypoadiponectemia is an independent
threat for development of metabolic syndrome. When subjects treated with
antidiabetic (Thiazolidinediones) and antihypertensive (angiotensin receptor
blocker) agents , the plasma concentration of adiponectin, the only
component of adipocytokines, directly proportional to plasma values of
these drugs. The prevalance of hypertension and T2DM is mounting with
unprecedented degree in both developing and advanced countries,
therefore, there is a dire need to find safer and economical therapeutic
regimes for the treatment of these ailments, and intensive research is also
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underway for this purpose. PPARy serves as a common link in the actions of
ADN, TZDs and ARBs when exerting their effects, and it is responsible for
stimulation of adiponectin receptors, thus ultimately enhancing the levels
of adiponectin in plasma. This review aims to elucidate the role, link and
use of ARBs, ADN and TZDs as a safer and convenient approach for the
treatment of these co-morbidities as a unanimous or single remedy from
comparative point of view.

Keywords: Adiponectin (ADN), Thiazolidinediones (TZD), Angiotensin
receptor blocker (ARB), Peroxisome proliferator—activated receptor (PPAR),
Type 2 diabetes mellitus (T2DM)

1.1 Introduction

During the last ten years, adipose tissue has entered into the sphere
of cardiology. Adiponectin, an adipocytokine, is involved in regulating
different physiological mechanisms in body. Consequently, the idea of
considering the adipose tissue only as a metabolic storehouse for energy is
outdated. In reality, it should be recognised as a vitally important endocrine
organ which produces biologically active compounds, together known as
adipokines. The interaction between biological systems and adipose tissue
is attained through expression of bioactive mediators, known as
adipocytokines. Adiponectin, resistin, leptin, interleukin 6, tumour necrosis
factor and the inhibitor of plasmainogen activator-1 constitute the major
components of adipocytokines.

Adiponectin is now regarded as not only the secretory factor from
adipose tissue , but as an adipokine which has several beneficial effects on
body. Adipose complement is a related protein of 30 kDa, with 247-amino
acids having four differentiable domains. It was identified through ¢cDNA
cloning of the adipocyte mouse cell line 3T3-L1 and was referred to as
Acrp30 by Scherer (Scherer et al., 1995), meanwhile in 1996, while using
the adipocyte cell line, 3T3-F442A , isolated this protein and named it
AdipoQ (Hu, Liang et al. 1996). The other names used for adiponectin are
apM1 (Maeda et al., 1996) and GBP28 (Nakano et al.,1996). Thus this
protein was identified by different research groups as a protein exclusively
and abundantly formed in adipose tissue.

The insulin-sensitizing adipokine, adiponectin is composed of N-
terminal collagenous and C-terminal globular domain. It exists in three
isoforms, globular, multimeric, and full length (Fantuzzi 2005). It has also
been known as a ‘fat burning molecule’, because of its ability to mobilise
fatty acids to muscle for their oxidation. This is of enormous concern, as
entry of fatty acids in to the liver will decrease and therefore total
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triglyceride content will also fall, which ultimately lead to an insulin-
sensitivit state (Garaulet, et al., 2007).

Plasma concentration of AND ranges from 5 to 30 pg/pl, which
makes 0.01% of total plasma protein (Gil-Campos, et al, 2004). It exists
as full-length AND or globular domain ADN in plasma (Fruebis, et al.,
2001 and Yamauchi, et al., 2001, Kadowaki et al.,2005, Kadowaki, et al.,
2006) The most active form of ADN is the high-molecular-weight form,
and it is related to insulin sensitivity. Both hexamers and high-molecular-
weight oligomers circulate in blood with high concentrations of nearly
10 pg/ml (Waki H et al., 2003), with half- life in plasma up to 2.5 hrs
(Hoffstedt, et al., 2004). It is apparent that for these structures to have
different actions and properties, and the ratio between high molecular and
low molecular weight structures, as compared to their respective
concentrations, establish ADN physiological activity (Pajvani et al., 2004).
There is good evidence that ADN increases fatty acid oxidation in skeletal
muscle and hepatic insulin action, thus decreasing glucose levels, as
revealed from previous studies (Berg, et al., 2001 and Tomas, et al., 2002).
Production of ADN takes place robustly by differentiated adipocytes, liver
cells, and cardiomyocytes (Staiger et al., 2003, Pifieiro, et al., 2005 and
Ding et al., 2007), thus regulating glucose and lipid breakdown through
increases in fatty acid oxidation and glucose uptake with decrease of hepatic
gluconeogenesis (and Yamauchi et al., 2002 and Kadowaki et al., 2005)

Adiponectin has type 1 and type 2 receptors. In 2007, Yamauchi
isolated these two related receptors by expression cloning from human
skeletal muscle, and they share 67% of the gene sequencing. These receptors
are activated by full length and globular ADN, and stimulate enhanced
adenosine monophosphate (AMP) kinase, leading to gluconeogenesis,
PPAR-alpha ligand activity and B-oxidation with searching for reactive
oxygen species (Yamauchi et al., 2007). It is noteworthy that AdipoR1
binds to globular adiponectin, whereas AdipoR2 has affinity for full-length
adiponectin (Kharroubi, et al., 2003 and Peake et al., 2005. The expression
of AdipoR1 is greater in skeletal muscles, whereas liver is enriched with
AdipoR2 (Kadowaki and Ymauchi., 2005) as shown in Fig 1. Among these
tissues, AdipoR1 is important for the anti-inflammatory effects of ADN
on the walls of blood vessels and the cells lining. Several studies also
revealed that ADN acts as a powerful anti-inflammatory adipocytokine
(Yokota, et al. 2000, Yamaguchi, et al. 2005 and Thakur, et al., 2006 )
which also has anti-atherogenic and anti-diabetic properties (Trujillo et al.,
2005), whereas the increased expression of AdipoR2 is believed to increase
sensitivity of liver cells to ADN and thus augment the anti-diabetic activity
of ADN (Sun, et al., 2006). In humans, the probability of acquiring insulin
resistance, hyperinsulinaemia with an increased risk for type 2 diabetes is
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related to the low serum concentration of adiponectin (Weyer, et al., 2001
and Lindsay, et al., 2002). These receptors are up-regulated in fasting,
whereas down regulation takes place following insulin administration
(Tsuchida, et al., 2004). In addition, skeletal muscle and adipose tissue levels
of AdipoR1 and AdipoR2 were found to be less in congenitally obese Lep®®
mice and humans where the chances of heart attack are elevated (Ouchi,
Kihara et al. 2000). Inukai and coleagues confirmed the inhibitory effect on
obesity and found that AdipoR1 expression was suppressed in genetically
diabetic obese and obese mice (Inukai, et al., 2005). Plasma adiponectin
concentrations are decreased in obese individuals (Hotta et al., 2000,
Okamoto, et al., 2002 and Ouchi et al., 2007), in coronary artery disease
(Kumada, et al., 2003) and in hypertensive individuals (lwashima et al.,
2004). By contrast, high ADN levels have been found in patients with
essential hypertension, chronic and congestive heart failure ( Kistorp et al.,
2005 and George, et al., 2006). Its levels are positively related to insulin
sensitization, -oxidation, and cardiovascular safety (Kadowaki etal., 2006
and Scherer 2006 and), whereas hypoadiponectinemia, a risk for
hypertension is independent of insulin resistance and diabetes (Chow et al.,
2007). Male subjects have less of the HMW form as compared to females
and in obese, insulin-resistant subjects as opposed to lean subjects and
insulin-sensitive individuals. Human serum has generally the more abundant
trimer form as compared to mouse adiponectin and the quantity of HMW
form selectively decreases in the circulation when obesity reduces
adiponectin concentration (Schraw, et al., 2008)

It is also considered that hypoadiponectemia is an independent
threat for development of metabolic syndrome (Renaldi et al.,2009) and
Diabetes mellitus (Hara K et al.,2005). In addition, the genomic locus
encircling human Acrp30 gene, 3927, has been recognized as a vulnerable
locus for diabetes and metabolic syndrome X (Comuzzie, et al., 2001).
Studies in rhesus monkeys demonstrate that Acrp30 levels were inversely
related to body weight, fat content and resting levels of insulin, and
declined with progression toward the diabetic state (Hotta et al., 2001).
Apart from these observations, treatment with ADN is responsible for
reducing extent of insulin resistance in lipoatrophic/obese mice (Yamauchi
etal., 2001).
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Fig.1 (Drawn from Marta Garaulet et al., 2007) Configurations of adiponectin

1.2 Mode Of Acton Of Adiponectin

There are perplexing observations regarding the function and mode
of action of ADN, in relation to inflammation and insulin resistance
(Garaulet, et al. 2007). In adipose tissue, ADN and TNF-a jointly slow
down each other's production (Maeda et al., 2001, 2002, Fasshauer, et al.,
2002 and Tomas, et al., 2002) through activation of its specific receptors,
AdipoR1 and AdipoR2 (Yamauchi, K et al. 2003). For the insulin-
sensitizing action of ADN, Yamauchi observed that full-length ADN
stimulated AMP-activated protein kinase (AMPK) phosphorylation in
hepatocytes, whereas globular adiponectin did same in skeletal muscle and
liver. The blockade of AMPK activation repressed the effects of globular
and full-length ADN, indicating that stimulation of fatty acid consumption
and glucose utilization occured through an antidiabetic hormone known as
AND (Berg et al., 2001 and Yamauchi et al., 2002 and ). In another study
Lodish and colleagues observed that the ADN globular domain improved
glucose transport and muscle fat oxidation by using acetyl-CoA carboxylase
inhibition and AMPK activation (Tomas et al., 2002). It was also observed
that ADN increased energy consumption and fatty-acid combustion (fat
burning molecule), through peroxisome proliferator activated receptor
(PPARQ) activation, which resulted in a decreased triglyceride content in
skeletal muscle and liver, and enhanced insulin sensitivity (Yamauchi et al.
2003). It has also been proposed that two pathways are involved in
improving  insulin  resistance  stimulated by PPARy  agonists
thiazolidinediones (TZDs), rosiglitazone and pioglitazone. TZDs increase
ADN levels, thereby improving insulin resistance, decreasing
gluconeogenesis in liver while increasing the AMPK activation (dependant
pathway). Whereas, independent of ADN, TZDs reduce serum FFA levels,
adipocyte size, as well as expression of resistin and TNF-a, which ultimately
alters the insulin resistance of skeletal muscle (Yamauchi et al., 2001, Waki
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et al., 2003, and Kubota et al., 2006). Adiponectin modulates intracellular
signaling pathways and stimulates PPARy, AMPK and MAPK in skeletal
muscle and liver( Kelesidis et al., 2006). Even if ADN activates AMPK,
there is also evidence which proves that activation of AMPK through the
AMP - mimetic and 5 — aminoimidazole — 4 - carboxamide ribonucleoside
(AICAR) enhances ADN gene expression (Lihn et al., 2004) signifying a
feedback circle between AMPK and ADN in adipose tissue. Studies using
spontaneously hypertensive rats revealed an overexpression of ADN
receptors (AdipoR1 and R2) and an impaired downstream signalling of
ADN via the AMPK-ACC-CPT1 pathway in liver and skeletal muscle
(Rodriguez, et al. 2008). Although adiponectin activates both AMPK and
PPAR-a pathways and increase the expression of AdipoR1 expression in
coronary artery disease, nonetheless, in spite of increased muscle and
circulating adiponectin levels, the PPAR-o/AMPK pathway is deactivated,
resulting in decreased AdipoR1 expression for glucose metabolism and fatty
acid, which favors a state of adiponectin resistance in coronary artery disease
(Berendoncks et al., 2010).
1.3 Peroxisome Proliferator - Activatedreceptor And Adiponectin
Peroxisome proliferator—activated receptor (PPARS), is a subgroup
of a superfamily of receptors which are closely related to thyroid hormone
(Rios-Vazquez et al., 2006). They are present in adipose tissue, vascular
smooth cells, macrophages, vascular endothelial and renal glomerular cells
(Tontonoz et al., 1994, Sarafidis P.A et al., 2006 and Sarafidis et al., 2008),
skeletal muscle ( Norris et al., 2003) and at high level in adipose tissue. So
far three PPAR isoforms have been recognized as PPAR-a, PPAR-B (ord)
and PPAR-y (Abbott et al., 2009). The nuclear hormone receptor peroxisome
proliferator—activated receptor-y (PPARy) serves as a factor in the
regulation of insulin sensitivity. PPARYy functions through activation of its
ligands such as prostaglandins and thiazolidinediones/glitazones, as a
transcriptional regulator of genes involved in glucose and lipid metabolism,
and through this means may ameliorate type 2 diabetes (Picard et al.,
2002). The master regulator of adipogenesis, adipose PPARY, is activated by
thiazolidinediones (TZDs) which are used clinically to stimulate the action of
insulin (Evans et al., 2004). PPARYy is highly expressed in adipose tissue,
and its activation with TZDs changes the fat landscape and adipocyte
phenotype besides up-regulating the genes responsible for fatty acid
metabolism and triglyceride storage (Nedergaard et al., 2005, Sharma and
Staels 2007). PPARy enhances adipose tissue modification besides fat mass
accumulation brought about with an enhanced adipocyte differentiation by
genes involved in lipid metabolism. Hydrolysis of triglyceride-rich
lipoproteins results in fatty acids which are forwarded towards adipose
tissue, hence glucose metabolism in the muscle increases, and it is linked
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with an enhanced expression of genes responsible for glucose uptake and
insulin signaling in adipose tissue and muscles, which ultimately could
influence glucose processing. Therefore, PPARy seems to care for cells
against intracellular triglyceride buildup which is connected with type Il
diabetes (Picard et al., 2002). The direct effect of PPAR-y on adiponectin
transcription is through PPAR-y activation (lwaki et al. 2003). The insulin-
sensitising activities of PPARy agonists causes the decrease of circulating
levels of free fatty acids by inhibiting adipocyte lipolysis, apart from
regulation of proteins which  modulates insulin sensitivity and lipid
metabolism ( Berger 2002, Desvergne, et al. 2004, Li and Glass 2004).
The increased expression of AdipoR2 leads to an enhanced sensitivity of
liver cells to adiponectin and thus improvement in anti-diabetic activity of
AND. (Sun, et al. 2006) The use of PPAR-y agonists results in an
improvement in glycaemia in diabetic mice and is linked with an increase in
circulating adiponectin levels (Berg, et al. 2001 and Bruce, et al. 2005).
PPARy activation has been shown to stimulate adiponectin expression in
adipocytes and to up-regulate ADN plasma levels in animals and humans
(Combs et al., 2002 and Fasshauer et al., 2004) Therefore, PPARY-
activating ligands improve adipose tissue function and thus help in averting
the development of insulin resistance to diabetes along with endothelial
dysfunction in atherosclerosis_(Sharma and Staels 2007). Activation of
PPARy promotes the transcription of ADN and AdipoR1 (Chinetti et al.,
2004 and Choi et al., 2005), whereas activation of AND receptors have
the potential for the treatment of endothelial dysfunction related to diabetes,
obesity, and atherosclerosis (Zhang et al., 2009)
1.4 Adiponectin And Thiazolidinediones

“Diabetes mellitus” is defined by high blood glucose level. There is a
failure of B-cells to produce insulin togather with a resistance of target
tissues to the action of insulin. Impaired insulin secretion by the pancreas
and insulin resistance in peripheral tissues are the characteristics of Type Il
diabetes, which has increased dramaticaly over the last 50 years. There are
about 285 million people worldwide in 2010 with this disease (Smyth and
Heron., 2006). The increased blood glucose level results in a range of
serious complications which arises from the persistently elevated blood
glucose levels. The major organ for glucose homeostasis is liver, in which
insulin stops gluconeogenesis and stimulate glycogen synthesis whereas in
muscle, insulin is responsible for glucose uptake and synthesis of glycogen;
and at white adipose tissue (WAT), where glucose uptake is stimulated by
insulin (Chao et al., 2000)

Thiazolidinediones (TZDs) are currently being used for the treatment
of T2DM (Bowen et al., 1991, Nolan et al.,1994, Saltiel., 2001, Rangwala
and Yki-Jarvinen 2004 ). They are categorized as antidiabetic drugs, with
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numerous effects on CVD and lipid metabolism, through increasing levels
of adiponectin.

Although adipose tissue only accounts for 10% of the uptake of
insulin- stimulated glucose, yet it plays an important role in whole-body
glucose homeostasis in adipose tissue, thus helping adipose differentiation
besides enhancing small adipocytes which are insulin sensitive (Okuno
etal., 1998, Olefsky 2000, Evans 2004 and Rangwala 2004). The
understanding that a fatty acid sensor like PPAR-y serves as an important
regulator of glucose metabolism began from the finding that the insulin-
sensitizing TZDs are potent agonists for PPAR, which are agonist ligands
(Forman et al., 1995 and Lehmann et al., 1995), for the transcription factor
and their antidiabetic effects are considered to be mediated through
stimulation of certain type of nuclear receptor known as PPARYy (Sarafidis et
al., 2008). Different studies have demonstrated that in mice and humans
treatment with TZDs causes transcriptional up-regulation accompanied by
increase endogenous production and secretion of ADN from adipocytes (Yu
et al., 2002 and Maeda et al., 2002). TZDs cause an increase in plasma
ADN levels (Pajvani et al., 2004) and high molecular weight ADN is the
principal form of ADN upregulated by TZDs (Karpichev et al., 2002). It is
also evident that TZDs increase plasma adiponectin levels in obese and
diabetic animal models, nondiabetic subjects as well as in patients with type
2 diabetes, by increasing glucose clearance in skeletal muscle by restraining
gluconeogenesis in liver, and improving insulin sensitivity (Yamauchi et
al., 2001, Combs et al., 2002 and Hirose et al., 2002). However, it is
recognised that there are PPAR-y-independent mechanisms by which TZDs
improve insulin sensitivity. Activation of AMPK, which is an adipose-
derived factor, ADN, mediates this effect (Kahn et al., 2005), and also
imitates the metabolic and vascular actions of insulin (Han, et al., 2007)

Rosiglitazone enhances AMPK activity cell lines of skeletal muscle
through an increase in the AMP/ATP ratio (Fryer, et al., 2002). In another
study, rosiglitazone treatment re-established a2AMPK activity in skeletal
muscle of insulin-resistant obese Zucker rats (Lessard, et al., 2006).
Scherer’s group observed that ob/ob mice exhibited a significant
improvement in  glucose tolerance with rosiglitazone, whereas Adipo™
ob/ob mice remained glucose intolerant (Nawrocki et al., 2006) which
suggested that rosiglitazone ameliorated glucose intolerance through ADN-
independent and dependent pathways. In another trial performed in 64 type
2 diabetic patients, rosiglitazone treatement for 6 months resulted in twice
the increase in plasma ADN level (Yang, et al., 2002) than observed in
normal subjects , while comparable results have been reported for
pioglitazone (Hirose et al., 2002). This synthetic PPAR-y agonist,
rosiglitazone, is reported to increase the serum ADN level in T2DM. The
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activation of PPAR-y by rosiglitazone increases adipocyte differentiation
thereby increasing the number of small adipocytes which promote body
weight apart from enhancing adiponectin gene transcription (Okuno et al.,
1998). These effects potentially protect diabetic patients from macrovascular
problems, and thus enable them to recover their insulin sensitivity as well
as glycemic control (Yang et al., 2002). Expression of Acrp30 transgene
results in modulation of lipogenesis and hepatic gluconeogenesis with a
consequent reduction in expression of two key genes: PEPCK
(phosphoenolpyruvate carboxykinase) and SREBP-1c (sterol regulatory
element-binding protein) in the liver (Shklyaev et al., 2003). Different
studies also confirmed that rosiglitazone treatment decreased plasma
concentrations of glucose, NEFA and triglyceride content, although body
weight increased in obese Zucker rats (Cai et al., 2000, Finegood et al.,
2001 and Reifel et al., 2005), whereas in animal models of metabolic
syndrome, rosiglitazone recovered the metabolic profile and increased
plasma levels of ADN and its gene expression. (Sharabi, et al., 2007).

The PPARreceptor-y ligand, pioglitazone, is another oral agent used
in the treatment of T2DM. Experimental studies have shown show that
pioglitazone has beneficial effects on insulin resistance (Yki et al.,2004),
hypertension (lglarz et al.,2003) and atherosclerosis (Thorp et al., 2007).
These beneficial effects of pioglitazone on glucose metabolism in patients
with T2DM are associated with an increase in the plasma concentration of
AND (Miyazaki, et al., 2004). Therefore, the pioglitazone-induced
improvement in insulin resistance is dependent on ADN to improve insulin
sensitivity (Kubota, et al., 2006), and this effect is self-regulating for
reduction in food intake and body weight increase or activation of PPARy
in adipose tissue. (Zhao et al., 2011)

Troglitazone treatment is also associated with an increase in ADN
levels in diabetic, obese and lean non-diabetic subjects (Yu, et al. 2002).
In another study, subjects with glucose intolerance used troglitazone for 12
weeks which markedly increased plasma ADN levels in a dose-dependent
manner (Maeda, et al., 2001).

These PPAR- agonists stimulate the production of adiponectin, which
promotes fatty acid oxidation and insulin sensitivity in muscle and liver. As a
result, hepatic glucose production is reduced and muscle glucose use is
increased (Guan, et al., 2002). Current evidence suggests close relationship
between activation of PPARy and restoration of insulin sensitivity by
reductions in the stimulation of PI3-K Pathway and also increase in ADN.
(Tjokroprawiro 2006) Deficits in AND production lessen the capability of
TZDs to recover glucose tolerance (Nawrocki et al., 2006) indicating the
importance of ADN in the protective effects of TZDs against cardiovascular
diseases. There are also different reports which confirm that the activation
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of PPARy or a PPARY agonist, such as TZD, which induces adipocyte
differentiation, improves insulin resistance (Tsuchida et al., 2004, Sharma
2007, Hunag et al., 2009 and DeFronzo 2010). Besides improving glycemic
control in subjects with T2DM, several studies support the notion that TZDs
have other important actions on metabolic syndrome, such as significant
reduction in blood pressure (BP), elevation in high-density lipoprotein—
cholesterol, reduction in triglycerides level (Lebovitz et al., 2001 and Stolar
et al., 2003), improvement in endothelial function, reduction of intracellular
Ca®* content in vascular smooth muscle cells and attenuation of sympathetic
overactivity (Sarafidis et al., 2006).

TZDs also have interactions with the renin-angiotensin system
(RAAYS), particularly, rosiglitazone decreases the production of angiotensins
I and Il from human subcutaneous adipose tissue (Harte et al., 2005),
whereas in other studies TZDs have been observed to downregulate the
expression of angiotensin AT1 receptor mMRNA and AT1 receptor protein in
vascular smooth muscle cells (Takeda et al., 2000 and Sugawara, et al.,
2001). Such actions of TZDs could be attributed to reports describing their
ability to blunt angiotensin Il-induced vascular smooth muscle cells
proliferation (Fukuda et al., 2002). Besides TZDs, which are effective
exogenous agonists of PPAR-y (Lehmann, Moore et al. 1995), the AT1
receptor antagonist telmisartan also acts as partial agonist of PPAR-y and
may potentially be useful in the treatment of diabetes and insulin resistance
in times to come (Kurtz 2005).

Table 1 shows observations pertaining to their effect as reduction in

blood pressure levels in animal studies conducted earlier.
Table 1: BP: Blood pressure, SHR: spontaneously hypertensive rats, TZD:
thiazolidinedione.

Study tre-gtzrr?ent Animal model Duration Erf]f(éc;
YZT{SS% et Troglitazone Obese Zucker rats A\'Nzr;?(f J
Fujiv;%rgloet al. Troglitazone He\r/nviir;fghfraeti;orrgtiszed 24 weeks S
Yosf;igglet all Troglitazone | 5/6 nephrectomized SHR 12 weeks J
Khanetal. 2005 | Rosiglitazone Obese Zucker rats 12 weeks
Buc;irigggmet Rosiglitazone Obese Zucker rats fngrr:(tjhz
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1.5 Adiponectin And Angiotensin Receptor Blockers

Essential hypertension, the major cause of mortality in developed
countries (Ezzati et al., 2002), is linked to additional metabolic irregularities
like obesity and dyslipidemia, glucose intolerance and insulin resistance,
which are collectively classified as the metabolic syndrome (Eckel et al.,
2005) It is considered that hypertension complicated with T2DM results in
an increased incidence of CVD. Therefore, treatment of hypertension along
with diabetes may be significant in reducing the risk of cardiovascular
complications in subjects with T2DM (Hansson, Zanchetti et al. 1998).
Metabolic syndrome relates to atherosclerosis and other cardiovascular
diseases (Gustafson et al., 2007). The activation of rennin-angiotensin
system (RAAS) is a general characteristic in patients with the metabolic
syndrome (Prasad et al., 2004)

Angiotensin Il apparently reduces adiponectin production. (Ran J et
al., 2006). However, the molecular mechanisms governing angiotensin Il
signaling reduction in adiponectin production is still not clear. There are
also reports that ACEI and ARBs enhances plasma adiponectin concentration
in hypertensive patients (Furuhashi et al., 2003 and Lely et al., 2007),
whereas sympathetic activation restrains ADN expression through J3
adrenergic mechanisms (Delporte et al., 2002, and Imai et al., 2006). One
pathway underlying ADN reduction is that via inflammatory cytokines, eg,
TNF-0, which causes transcriptional suppression and inhibition of
adiponectin secretion (Maeda et al., 2001).

ARBs, are now considereed as first line of treatment for hypertensive
individuals with T2DM. Apart from their antihypertensive activity, they
also have metabolic actions and improve insulin resistance and enhance
serum AND levels (Furuhashi et al., 2003 and Kurtz et al., 2006) They
play pivotal role in -cardiovascular, metabolic abnormailities like
hyperlipidemia, through AT, receptor-mediated signaling (Cooper et al.,
2007 and Perkins et al., 2008). These receptor blockers are characterizsed as
a class of orally active and effective antihypertensive drugs in diabetic and
hypertensive individuals (Adler 2002). They also act as fractional PPARYy
agonists (Drazen et al., 2007).

Adiponectin levels are higher in patients receiving long-term ARB
therapy, indicating that ARBs decrease arterial stiffness by increasing serum
ADN concentration and is independent of their effect on BP. One possible
mechanism is that ARB can cause an increase in adipogenes which results in
a larger capacity for ADN production, as in vitro studies have proved that
angiotensin |1 distinctly slow down adipogenic differentiation of human
adipocytes through angiotensin AT1 receptor (Sharma et al., 2002). Studies
in animlas established the function of angiotensin Il signaling in diabetes and
insulin resistance (Dahlof et al., 2002), whereas Agata and colleagues
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observed that long-term blockade of the (RAAS) could be appropriate
treatment for averting increased arterial stiffness and lessening chances for
cardiovascular complications, and this reduction in arterial stiffness after
ARB treatment could be due to an increase in serum ADN concentration
(Agata et al., 2004). The evaluation of antihypertensive drugs for their
effect on regulation of ADN, ACE inhibitors and ARBs treatment has been
shown to enhance ADN levels compared to other classes of antihypertensive
drugs. RAAS blockers enhance plasma adiponectin levels to a greater extent
than doxazocine, amlodipine and metoprolol regimens ( Yilmaz et al., 2007)
Eenhanced ADN levels recover endothelial function and insulin sensitivity
through various mechanisms (Koh et al., 20005). Most common ARBs are
not strong PPARy activators which only occurs when given in high
concentrations. There are also findings demonstrating that some AT;
receptor blockers (ARBs) have an agonistic action on nuclear PPARy
receptors (Benson et al.,2004, Schupp, et al., 2004, Kurtz., 2006, Iwali, et
al ., 2007 and Y. Tomono et al., 2008)

Among ARBs, there is clear order of potency. Telmisartan is the most
powerful and the only ARB to exhibit an effect at physiologically
achievable plasma concentrations. Adiponectin is linked with glucose
sensitisation and is modulated by activation of AT1, AT2 receptors and
PPARYy agonists which are considered to stimulate adipocyte differentiation,
as the breakdown of adipocyte differentiation is associated with T2DM
(Kintscher and Unger 2005). In recent times, ARBs (irbesartan, telmisartan)
have been shown to be ligands of the PPARY receptor. Telmisartan also
stimulates adiponectin protein expression, whereas the non-PPARy-
activating ARB like eprosartan does not express this effect. The PPARy
antagonist GW9662 significantly blocked irbesartan-induced AND
expression (Clasen et al., 2005). Telmisartan, acts as an incomplete agonist
of PPARy and manipulates the expression of PPARy target genes involved in
lipid and carbohydrate metabolism, ultimately lowering insulin, triglyceride
and glucose levels in rats on elevated carbohydrate and fat diets (Stephen
et al., 2004). Irbesartan and telmisartan act as binding/dissociation
discriminatory cofactors with a link between selective gene regulation and
ligand-induced conformational changes of PPAR- y at the molecular level,
and thus may activate specific metabolic effects (Berger., 2003, Wang, et
al .,2003 and Guan et al., 2005). Furthermore, the stimulatory effect of
ARBs on PPARy has been studied in a cell-free system, signifying the
binding of blockers with PPARY (Erbe, et al., 2006). The influence on the
perfection of metabolic profile confirmed by telmisartan and the inverse
correlation between ADN concentration and B.P could be partly due to its
partial PPARy agonistic activity (Negro et al., 2006). Analysis of PPARy
protein conformation using protease protection demostrated that irbesartan
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and telmisartan interacted with the receptor, thereby producing
conformational change which were different compared to those induced by
pioglitazone (Schupp., 2005). In another recently conducted study by
Shiota, this group also observed that telmisartan acted through a
PPARgamma-independent pathway, but to some extent exerted its effects
through a direct action on skeletal muscle AMPK/SIRT1 signalling pathways
(Shiota, et al. 2012) .

In vivo, irbesartan administration increased the DNA-binding
activity of PPARy in white adipose tissue (WAT) of atherosclerotic mice. It
increased adipocytes, and lessened WAT weight and increased mRNA
expression of PPARy in WAT. It can be assumed that a PPARy agonist
induces adipocyte differentiation, thereby, causing adipocytes of smaller size
and increasing insulin sensitivity (Tsuchida et al., 2005), whereas treatment
with angiotensin Il in rats decreased plasma ADN concentration via ATR1
receptor signalling (Ran J et al., 2006). These explanations suggest the
possibility that ARBs show partial agonistic activity of PPARy and through
this mechanism could improve adipocyte differentiation. In addition, the
ARBs losartan and candesartan enhance adiponectin plasma levels in
essential hypertensive individuals (Furuhashi, et al. 2003, Watanabe et al.,
2006 and Koh, Quon et al. 2004).

Apart from their role in the CVS, ARBs have been acknowledged as
controller of lipid and glucose metabolism in adipose tissue. Clinicians have
observed that AT1R antagonism lessen the risk for T2DM as compared to
other antihypertensive therapies _(Scheen 2004). Humans and rodents
studies have shown an improvement in insulin sensitivity when treated with
AT1 blockers (Benson et al., 2004, Negro et al., 2006, Aksnes, et al., 2007,
Nishimura, et al., 2008 and Rong et al., 2010). Moreover, Ang Il is believed
to antagonize insulin signaling in liver and skeletal muscles (Olivare et al.
2009). Furthermore Ang Il contributes to the pathogenesis of insulin
resistance and myocardial remodeling in pioglitazone treated subjects
through an ADN dependant mechanism (Li, et al., 2010).

The usefulness of Azilsartan in treatment of the metabolic
syndrome, the insulin-sensitizing effect is self-regulating of increase in
body weight and decreases in food intake or of the activation of adipose
PPARy in obese Koletsky rats (Zhao, et al. 2011). In another study, Iwai,
observed that in normotensive KK-Ay mice azilsartan was more effective as
compared to candesartan in reducing plasma concentrations of fatty acids
and glucose, enhancing adipose expression of PPAR-y with its target AND
genes, besides decreasing adipose tissue weight and size, without altering
B.P or plasma insulin concentrations (Iwai, Chen et al. 2007). Other ARBs
like efonidipine, ramipril and candesartan enhance ADN evels and insulin
sensitivity in subjects without body mass index change (Koh et al., 2005,
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Koh et al., 2006 and Koh, et al. 2007). Adding together ramipril and
candesartan have direct effects to exhance insulin-stimulated glucose
uptake and promote adipogenesis (Arya et al., 2002) and induce PPAR-y
activity which aides differentiation of adipocytes (Schupp et al., 2004).
Agents which block RAAS, candesartan and temocapril, increased ADN
levels with associated improvements in insulin sensitivity without affecting
adiposity (Furuhashi , et al., 2003). The system, through which these drugs
enhance ADN, is improvement in insulin sensitivity and modification in
adipocyte differentiation whereas quinapril enhances the expression of ADN
in T2DM patients ( Hermann et al., 2006), and ramipril prevents the
commencement of diabetes (Bosch et al., 2005).

Kidneys secrete renin and mediate the production of angiotensin Il
from angiotensinogen.. Adiponectin production is inhibited by angiotensin
I, whereas Angiotensin Il receptor blockers exhibit antidiabetic like activity
and B.P control via AND which stimulates the production of nitric oxide
(NO), and regulates blood pressure (Wang and Scherer 2008). In a recent
observation, irbesartan activated PPARy in WAT of atherosclerotic mice
which was associated with an improvement of adipose tissue function in
atherosclerosis and adipocyte differentiation (lwai, et al. 2011). The role of
ADN and mechanism of action of TZDs and ARBs through AND in diabetes

and hypertension is shown in Fig 2.

Q Adiponectm
A
)

Adipose tissue

AMPK, PPAR g‘
H s
. 2 pIEMAFK
Ppar gamma
u activation

Adipo R1

o

—*
=
=]

Adipocyte size, FFAs,
THFas & Resistin
lLiopgeresis
T AMP pressure

ﬂ

W
Angiotensinll PPAR agonists Thiazeolidiodines
receptor blocker

Fig 2: Role of adiponectin through ppar gamma in diabetes and hypertension
Mechanism of action of TZDS and ARBs directly and through adiponectin
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1.6 Conclusion And Future Directions

We are living in a world where the prevalence of T2DM and
hypertension are increasing at a rapid pace and their alarming increase
compels the scientists to make novel and effective remedies for both these
diseases. There are reports which are providing us with the latest figures
regarding these co-morbidities associated with metabolic syndrome from
developed and third world countries. PPAR-y is a universal pharmacological
objective as it plays its significant role as a negotiator for both
thiazolidinediones as well as ARBs, particularly in improving insulin
sensitivity, thereby offering protection against T2DM and the reduction in
blood pressure through an increase in adiponectin level. TZDs (antidiabetic
therapeutic agents), whose primary target is PPARY, require ADN as their
mediator for the expression of their desired effects, but there are serious
concerns regarding thier cardiovascular safety (Drazen JM et al., 2007).
Several studies have proven that treatment with antihypertensive drugs like
ARBs enhance ADN concentration with PPAR-y as their mediator and thus
exert multiple effects, like B.P control, antidiabetic activity, and
cardioprotection. There is no doubt ADN, as a guardian angel, may have
many beneficial effects to its credit, but there is another side of the coin that
the cost effectiveness of the compound and its admistration as therapeutic
agent, urges us to find alternate and safe therapeutic strategies. TZDs have
their own limitations. Angiotensin receptor blockers (ARBs) only address the
issue in an effective manner if the goal/purpose is only to activate PPAR-y
receptors and ultimately increase ADN concentrations in body, from
bifunctional treatment point of view. Adiponectin has become an important
potential focus for the development of therapeutic compounds, but the size
of the molecule and its glycosylation requirement presents difficulty in the
synthesis of this hormone. Different corporations have stopped their efforts
for secretion and of ADN through adipose tissue (George L Blackburn.,
2010). 1t is also controversial whether ADN bears a risk factor for
cardiovascular diseases (CVD). However, there can be further exploration
for the presence of ADN in natural sources, or for compounds which have
ADN as part of their molecular structure. Further studies on these lines will
help us gain a better perceptive of these findings and thus develop novel as
well as safer therapeutic compounds.

References:

Adler Al (2002) Treating high blood pressure in diabetes: the evidence.
Seminars in Vascular Medicine, 2, 127-137

Agata, J., D. Nagahara, S. Kinoshita, Y. Takagawa, N. Moniwa, D. Yoshida,
N. Ura and K. Shimamoto (2004). "Angiotensin Il Receptor Blocker

114



Prevents Increased Arterial Stiffness in Patients With Essential
Hypertension.” Circulation Journal 68(12): 1194-1198.

Aksnes, T. A, I. Seljeflot, P. A. Torjesen, A. Hoieggen, A. Moan and S. E.
Kjeldsen (2007). "Improved insulin sensitivity by the angiotensin Il-receptor
blocker losartan is not explained by adipokines, inflammatory markers, or
whole blood viscosity." Metabolism 56(11): 1470-1477.

Asuka Shiota, Michio Shimabukuro, Daiju Fukuda, Takeshi Soeki, Hiromi
Sato, Etsuko Uematsu, Yoichiro Hirata, Hirotsugu Kurobe, Norikazu Maeda,
Hiroshi Sakaue, Hiroaki Masuzaki, lichiro Shimomura and Masataka Sata
(2012). Telmisartan ameliorates insulin sensitivity by activating the
AMPK/SIRT1 pathway in skeletal muscle of obese db / db mice
Cardiovascular Diabetology, 11:139 doi: 10.1186 / 1475-2840-11-139
Published: 8 November 2012.

Benson, S. C., H. A. Pershadsingh, C. I. Ho, A. Chittiboyina, P. Desai, M.
Pravenec, N. Qi, J. Wang, M. A. Avery and T. W. Kurtz (2004).
"ldentification of Telmisartan as a Unique Angiotensin Il Receptor
Antagonist With Selective PPARy—Modulating Activity." Hypertension
43(5): 993-1002.

Berg, A. H., T. P. Combs, X. Du, M. Brownlee and P. E. Scherer (2001).
"The adipocyte-secreted protein Acrp30 enhances hepatic insulin action.”
Nat Med 7(8): 947-953.

Berger, J. and D. E. Moller (2002). "THE MECHANISMS OF ACTION OF
PPARS." Annual Review of Medicine 53(1): 409-435.

Berger, J. P., A. E. Petro, K. L. Macnaul, L. J. Kelly, B. B. Zhang, K.
Richards, A. Elbrecht, B. A. Johnson, G. Zhou, T. W. Doebber, C. Biswas,
M. Parikh, N. Sharma, M. R. Tanen, G. M. Thompson, J. Ventre, A. D.
Adams, R. Mosley, R. S. Surwit and D. E. Moller (2003). "Distinct
Properties and Advantages of a Novel Peroxisome Proliferator-Activated
Protein y Selective Modulator." Molecular Endocrinology 17(4): 662-676.
Bowen, L., P. P. Stein, R. Stevenson and G. I. Shulman (1991). "The effect
of CP 68,722, a thiozolidinedione derivative, on insulin sensitivity in lean
and obese Zucker rats.”" Metabolism 40(10): 1025-1030.

Bruce, C. R., V. A. Mertz, G. J. F. Heigenhauser and D. J. Dyck (2005).
"The Stimulatory Effect of Globular Adiponectin on Insulin-Stimulated
Glucose Uptake and Fatty Acid Oxidation Is Impaired in Skeletal Muscle
From Obese Subjects.” Diabetes 54(11): 3154-3160.

Buckingham RE, Al-Barazanji KA, Toseland CD et al. Peroxisome
proliferator-activated receptor-gamma agonist, rosiglitazone, protects against
nephropathy and pancreatic islet abnormalities in Zucker fatty rats. Diabetes
1998; 47: 1326-1334

Cai XJ, Lister CA, Buckingham RE et al. (2000). Down-regulation of orexin
gene expression by severe obesity in the rats: studies in Zucker fatty and

115



Zucker diabetic fatty rats and effects of rosiglitazone. Brain Res Mol Brain
Res; 77: 131-137.

Chao, L., B. Marcus-Samuels, M. M. Mason, J. Moitra, C. Vinson, E.
Arioglu, O. Gavrilova and M. L. Reitman (2000). "Adipose tissue is required
for the antidiabetic, but not for the hypolipidemic, effect of
thiazolidinediones.” The Journal of Clinical Investigation 106(10): 1221-
1228.

Chinetti, G., C. Zawadski, J. C. Fruchart and B. Staels (2004). "Expression
of adiponectin receptors in human macrophages and regulation by agonists
of the nuclear receptors PPARa, PPARy, and LXR." Biochemical and
Biophysical Research Communications 314(1): 151-158.

Choi, K. C., O. H. Ryu, K. W. Lee, H. Y. Kim, J. A. Seo, S. G. Kim, N. H.
Kim, D. S. Choi, S. H. Baik and K. M. Choi (2005). "Effect of PPAR-a and -
v agonist on the expression of visfatin, adiponectin, and TNF-a in visceral fat
of OLETF rats." Biochemical and Biophysical Research Communications
336(3): 747-753.

Combs, T. P., J. A. Wagner, J. Berger, T. Doebber, W.-J. Wang, B. B.
Zhang, M. Tanen, A. H. Berg, S. O’Rahilly, D. B. Savage, K. Chatterjee, S.
Weiss, P. J. Larson, K. M. Gottesdiener, B. J. Gertz, M. J. Charron, P. E.
Scherer and D. E. Moller (2002). "Induction of Adipocyte Complement-
Related Protein of 30 Kilodaltons by PPARy Agonists: A Potential
Mechanism of Insulin Sensitization." Endocrinology 143(3): 998-1007.
Chow WS, Cheung BM, Tso AW, Xu A, Wat NM, Fong CH, Ong LH, Tam S,
Tan KC, Janus ED, Lam TH, Lam KS. Hypoadiponectinemia as a predictor
for the development of hypertension: a 5-year prospective study.
Hypertension. 2007; 49: 1455-1461

Clasen R, Schupp M, Foryst-Ludwig A et al. (2005) PPARgamma-activating
angiotensin type-1 receptor blockers induce adiponectin. Hypertension, 46,
137-143.

Comuzzie, A. G., T. Funahashi, et al. (2001). "The Genetic Basis of Plasma
Variation in Adiponectin, a Global Endophenotype for Obesity and the
Metabolic Syndrome.” Journal of Clinical Endocrinology & Metabolism
86(9): 4321-4325.

Dahlof, B., R. B. Devereux, S. E. Kjeldsen, S. Julius, G. Beevers, U. de
Faire, F. Fyhrquist, H. Ibsen, K. Kristiansson, O. Lederballe-Pedersen, L. H.
Lindholm, M. S. Nieminen, P. Omvik, S. Oparil and H. Wedel (2002).
"Cardiovascular morbidity and mortality in the Losartan Intervention For
Endpoint reduction in hypertension study (LIFE): a randomised trial against
atenolol.” The Lancet 359(9311): 995-1003.

Delporte, M.-L., T. Funahashi, M. Takahashi, Y. Matsuzawa and S. M.
Brichard (2002). "Pre- and post-translational negative effect of beta-

116



adrenoceptor agonists on adiponectin secretion: in vitro and in vivo studies.”
Biochem. J. 367(3): 677-685.

Desvergne, B., L. Michalik and W. Wahli (2004). "Be Fit or Be Sick:
Peroxisome Proliferator-Activated Receptors Are Down the Road.”
Molecular Endocrinology 18(6): 1321-1332.

Ding, G., Q. Qin, et al. (2007). "Adiponectin and its receptors are expressed
in adult ventricular cardiomyocytes and upregulated by activation of
peroxisome proliferator-activated receptor y." Journal of Molecular and
Cellular Cardiology 43(1): 73-84.

Drazen, J. M., S. Morrissey and G. D. Curfman (2007). "Rosiglitazone —
Continued Uncertainty about Safety." New England Journal of Medicine
357(1): 63-64.

Eckel, R. H., S. M. Grundy and P. Z. Zimmet "The metabolic syndrome."
The Lancet 2005; 365(9468): 1415-1428.

Evans RM, Barish GD, Wang YX. PPARs and the complex journey to
obesity. Nat Med 2004; 10: 355-

361.

Erbe, D. V., K. Gartrell, Y.-L. Zhang, V. Suri, S. J. Kirincich, S. Will, M.
Perreault, S. Wang and J. F. Tobin (2006). "Molecular activation of PPARy
by angiotensin Il type 1-receptor antagonists." Vascular Pharmacology
45(3): 154-162.

Ezzati, M., A. D. Lopez, A. Rodgers, S. Vander Hoorn and C. J. L. Murray
(2002). "Selected major risk factors and global and regional burden of
disease.” The Lancet 360(9343): 1347-1360.

Fasshauer, M., J. Klein, et al. (2002). "Hormonal Regulation of Adiponectin
Gene Expression in 3T3-L1 Adipocytes.” Biochemical and Biophysical
Research Communications 290(3): 1084-1089

Fasshauer, M., J. Klein, S. Kralisch, M. Klier, U. Ldssner, M. Bluher and R.
Paschke (2004). "Growth hormone is a positive regulator of adiponectin
receptor 2 in 3T3-L1 adipocytes.” FEBS Letters 558(1-3): 27-32.

Finegood DT, McArthur MD, Kojwang D et al. 2001. Beta-cell mass
dynamics in Zucker diabetic fatty rats. Rosiglitazone prevents the rise in net
cell death. Diabetes; 50: 1021-1029

Forman, B. M., P. Tontonoz, J. Chen, R. P. Brun, B. M. Spiegelman and R.
M. Evans (1995). "15-Deoxy-A12,14-Prostaglandin J2 is a ligand for the
adipocyte determination factor PPARY." Cell 83(5): 803-812.

Fruebis, J., T.-S. Tsao, S. Javorschi, D. Ebbets-Reed, M. R. S. Erickson, F.
T. Yen, B. E. Bihain and H. F. Lodish (2001). "Proteolytic cleavage product
of 30-kDa adipocyte complement-related protein increases fatty acid
oxidation in muscle and causes weight loss in mice." Proceedings of the
National Academy of Sciences 98(4): 2005-2010.

117



Fryer, L. G. D., A. Parbu-Patel and D. Carling (2002). "The Anti-diabetic
Drugs Rosiglitazone and Metformin Stimulate AMP-activated Protein
Kinase through Distinct Signaling Pathways." Journal of Biological
Chemistry 277(28): 25226-25232.

Fujiwara, K., K. Hayashi, Y. Ozawa, H. Tokuyama, A. Nakamura and T.
Saruta (2000). "Renal protective effect of troglitazone in wistar fatty rats.”
Metabolism 49(10): 1361-1364.

Fukuda N, Hu WY, Teng J et al. Troglitazone inhibits growth and improves
insulin signaling by suppression of angiotensin Il action in vascular smooth
muscle cells from spontaneously hypertensive rats. Atherosclerosis 2002;
163: 229-239.

Furuhashi, M., N. Ura, et al. (2003). "Blockade of the Renin-Angiotensin
System Increases Adiponectin Concentrations in Patients With Essential
Hypertension." Hypertension 42(1): 76-81.

G. Fantuzzi. (2005) Adipose tissue, adipokines, and inflammation, J Allergy
Clin Immunol, 115, p. 911

Garaulet, M., J. J. Hernandez-Morante, F. P. de Heredia and F. J. Tébar
(2007). "Adiponectin, the controversial hormone.” Public Health Nutrition
10(10A): 1145-1150.

George, J., S. Patal, D. Wexler, Y. Sharabi, E. Peleg, Y. Kamari, E.
Grossman, D. Sheps, G. Keren and A. Roth (2006). "Circulating adiponectin
concentrations in patients with congestive heart failure.” Heart 92(10): 1420-
1424,

George L Blackburn., (2010) “From bench to bedside: novel mechanisms
and therapeutic advances through the development of selective peroxisome
proliferator-activated  receptor g modulators’Am J Clin  Nutr;
91(suppl):251S-3S. Printed in USA.

Gil-Campos, M., R. Cafete and A. Gil (2004). "Adiponectin, the missing
link in insulin resistance and obesity." Clinical Nutrition 23(5): 963-974.
Guan, H.-P., Y. Li, M. V. Jensen, C. B. Newgard, C. M. Steppan and M. A.
Lazar (2002). "A futile metabolic cycle activated in adipocytes by
antidiabetic agents.” Nat Med 8(10): 1122-1128.

Gustafson, B., A. Hammarstedt, C. X. Andersson and U. Smith (2007).
"Inflamed Adipose Tissue: A Culprit Underlying the Metabolic Syndrome
and Atherosclerosis." Arteriosclerosis, Thrombosis, and Vascular Biology
27(11): 2276-2283.

Han, S. K, R. S. Kim, J. H. Lee, G. Tae, S. H. Cho and S. H. Yuk (2007).
Core-Shell Nanoparticles for Drug Delivery and Molecular Imaging.
Nanotechnologies for the Life Sciences, Wiley-VCH Verlag GmbH & Co.
KGaA.

Hansson, L., A. Zanchetti, S. G. Carruthers, B. Dahlof, D. Elmfeldt, S.
Julius, J. Ménard, K. H. Rahn, H. Wedel and S. Westerling (1998). "Effects

118



of intensive blood-pressure lowering and low-dose aspirin in patients with
hypertension: principal results of the Hypertension Optimal Treatment
(HOT) randomised trial." The Lancet 351(9118): 1755-1762.

Harte A, McTernan P, Chetty R et al. Insulin-mediated upregulation of the
renin—angiotensin system in human subcutaneous adipocytes is reduced by
rosiglitazone. Circulation 2005; 111: 1954-1961.

Hirose, H., T. Kawai, Y. Yamamoto, M. Taniyama, M. Tomita, K.
Matsubara, Y. Okazaki, T. Ishii, Y. Oguma, I. Takei and T. Saruta (2002).
"Effects of pioglitazone on metabolic parameters, body fat distribution, and
serum adiponectin levels in Japanese male patients with type 2 diabetes.”
Metabolism: clinical and experimental 51(3): 314-317.

Hoffstedt, J., E. Arvidsson, E. Sjolin, K. Wahlén and P. Arner (2004).
"Adipose Tissue Adiponectin Production and Adiponectin  Serum
Concentration in Human Obesity and Insulin Resistance.” Journal of Clinical
Endocrinology & Metabolism 89(3): 1391-1396.

Hotta, K., T. Funahashi, et al. (2000). "Plasma Concentrations of a Novel,
Adipose-Specific Protein, Adiponectin, in Type 2 Diabetic Patients."
Arteriosclerosis, Thrombosis, and Vascular Biology 20(6): 1595-1599.

Hotta, K., T. Funahashi, N. L. Bodkin, H. K. Ortmeyer, Y. Arita, B. C.
Hansen and Y. Matsuzawa (2001). "Circulating Concentrations of the
Adipocyte Protein Adiponectin Are Decreased in Parallel With Reduced
Insulin Sensitivity During the Progression to Type 2 Diabetes in Rhesus
Monkeys." Diabetes 50(5): 1126-1133.

Kumada, M., S. Kihara, et al. (2003). "Association of Hypoadiponectinemia
With Coronary Artery Disease in Men." Arteriosclerosis, Thrombosis, and
Vascular Biology 23(1): 85-89

Hu, E., P. Liang, et al. (1996). "AdipoQ Is a Novel Adipose-specific Gene
Dysregulated in Obesity." Journal of Biological Chemistry 271(18): 10697-
10703.

Huang, D., C. Yang, Y. Wang, Y. Liao and K. Huang (2009). "PARP-1
suppresses adiponectin expression through poly(ADP-ribosyl)ation of
PPARY in cardiac fibroblasts." Cardiovascular Research 81(1): 98-107

Iglarz, M., R. M. Touyz, F. Amiri, M.-F. Lavoie, Q. N. Diep and E. L.
Schiffrin (2003). "Effect of Peroxisome Proliferator—Activated Receptor-o
and -y Activators on Vascular Remodeling in Endothelin-Dependent
Hypertension." Arteriosclerosis, Thrombosis, and Vascular Biology 23(1):
45-51.

Imai, J., H. Katagiri, T. Yamada, Y. Ishigaki, T. Ogihara, K. Uno, Y.
Hasegawa, J. Gao, H. Ishihara, H. Sasano and Y. Oka (2006). "Cold
Exposure Suppresses Serum Adiponectin Levels through Sympathetic Nerve
Activation in Mice[ast]." Obesity 14(7): 1132-1141.

119



Inukai, K., Y. Nakashima, M. Watanabe, N. Takata, T. Sawa, S. Kurihara, T.
Awata and S. Katayama (2005). "Regulation of adiponectin receptor gene
expression in diabetic mice." American Journal of Physiology -
Endocrinology And Metabolism 288(5): E876-E882.

Iwai, M., R. Chen, Y. Imura and M. Horiuchi (2007). "TAK-536, a New
AT1 Receptor Blocker, Improves Glucose Intolerance and Adipocyte
Differentiation." Am J Hypertens 20(5): 579-586.

Iwaki, M., M. Matsuda, N. Maeda, T. Funahashi, Y. Matsuzawa, M.
Makishima and 1. Shimomura (2003). "Induction of Adiponectin, a Fat-
Derived Antidiabetic and Antiatherogenic Factor, by Nuclear Receptors.”
Diabetes 52(7): 1655-1663.

Iwashima Y, Katsuya T, Ishikawa K, Ouchi N, Ohishi M, Sugimoto K, Fu Y,
Motone M, Yamamoto K, Matsuo A, Ohashi K, Kihara S, Funahashi T,
Rakugi H, Matsuzawa Y, Ogihara T. 2004 Jun; Hypoadiponectinemia is an
independent risk factor for hypertension. Department of Geriatric Medicine,
Osaka University Graduate School of Medicine, Suita, Japan. Hypertension.
43(6):1318-23. Epub 2004

J.M. Perkins, S.N. Davis. (2008). The renin-angiotensin—aldosterone system:
a pivotal role in insulin sensitivity and glycemic control Curr. Opin.
Endocrinol. Diabetes Obes., 15, pp. 147-152

Kadowaki, T. and T. Yamauchi (2005). "Adiponectin and Adiponectin
Receptors.” Endocrine Reviews 26(3): 439-451.

Kadowaki, T., T. Yamauchi, N. Kubota, K. Hara, K. Ueki and K. Tobe
(2006). "Adiponectin and adiponectin receptors in insulin resistance,
diabetes, and the metabolic syndrome.” The Journal of Clinical Investigation
116(7): 1784-1792.

Kahn, B. B., T. Alquier, D. Carling and D. G. Hardie (2005). "AMP-
activated protein kinase: Ancient energy gauge provides clues to modern
understanding of metabolism."” Cell Metabolism 1(1): 15-25.

Karpichev L.V., et al. Multiple regulatory roles of a novel Saccharomyces
cerevisiae protein, encoded by YOLOQO02c, in lipid and phosphate metabolism.
J. Biol. Chem. 2002;277:19609-19617.

Kelesidis I, Kelesidis T, Mantzoros CS, 2006 Adiponectin and cancer: a
systematic review. Br J Cancer 94: 1221-1225.

Khan, O., S. Riazi, X. Hu, J. Song, J. B. Wade and C. A. Ecelbarger (2005).
"Regulation of the renal thiazide-sensitive Na-Cl cotransporter, blood
pressure, and natriuresis in obese Zucker rats treated with rosiglitazone."
American Journal of Physiology - Renal Physiology 289(2): F442-FA450.
Kharroubi, J. Rasschaert, D.L. Eizirik et al. (2003). Expression of
adiponectin receptors in pancreatic 3 cellsBiochem Biophys Res Commun,
312, p. 1118.

120



Kintscher, U. and T. Unger (2005). "Vascular protection in diabetes: a
pharmacological view of angiotensin Il type 1 receptor blockers." Acta
Diabetologica 42(0): s26-s32.

Kistorp, C., J. Faber, S. Galatius, F. Gustafsson, J. Frystyk, A. Flyvbjerg and
P. Hildebrandt (2005). "Plasma Adiponectin, Body Mass Index, and
Mortality in Patients With Chronic Heart Failure.” Circulation 112(12):
1756-1762.

Koh, K. K., M. J. Quon, S. H. Han, W.-J. Chung, J. Y. Ahn, Y.-H. Seo, M.
H. Kang, T. H. Ahn, I. S. Choi and E. K. Shin (2004). "Additive Beneficial
Effects of Losartan Combined With Simvastatin in the Treatment of
Hypercholesterolemic, Hypertensive Patients.” Circulation 110(24): 3687-
3692.

Koh, K. K., S. H. Han and M. J. Quon (2005). "Inflammatory Markers and
the Metabolic Syndrome: Insights From Therapeutic Interventions." Journal
of the American College of Cardiology 46(11): 1978-1985.

Koh, K. K., M. J. Quon, S. H. Han, J. Y. Ahn, D. K. Jin, H. S. Kim, D. S.
Kim and E. K. Shin (2005). "Vascular and Metabolic Effects of Combined
Therapy With Ramipril and Simvastatin in Patients With Type 2 Diabetes.”
Hypertension 45(6): 1088-1093.

Koh, K. K., M. J. Quon, S. J. Lee, S. H. Han, J. Y. Ahn, J.-a. Kim, W.-J.
Chung, Y. Lee and E. K. Shin (2007). "Efonidipine Simultaneously
Improves Blood Pressure, Endothelial Function, and Metabolic Parameters in
Nondiabetic Patients With Hypertension." Diabetes Care 30(6): 1605-1607.
Kubota, N., Y. Terauchi, et al. (2006). "Pioglitazone Ameliorates Insulin
Resistance and Diabetes by Both Adiponectin-dependent and -independent
Pathways." Journal of Biological Chemistry 281(13): 8748-8755.

Kumada, M., S. Kihara, S. Sumitsuji, T. Kawamoto, S. Matsumoto, N.
Ouchi, Y. Arita, Y. Okamoto, I. Shimomura, H. Hiraoka, T. Nakamura, T.
Funahashi, Y. Matsuzawa and f. t. O. C. S. Group (2003). "Association of
Hypoadiponectinemia With  Coronary Artery Disease in Men."
Arteriosclerosis, Thrombosis, and Vascular Biology 23(1): 85-89.

Kurtz, T. W. (2005). "Treating the metabolic syndrome: telmisartan as a
peroxisome  proliferator-activated receptor-gamma  activator." Acta
Diabetologica 42(1): s9-s16.

Kurtz, T. W. (2006). "New Treatment Strategies for Patients with
Hypertension and Insulin Resistance.” The American Journal of Medicine
119(5, Supplement 1): S24-S30.

Lebovitz HE, Banerji MA. Insulin resistance and its treatment by
thiazolidinediones. Recent Prog Horm Res 2001; 56: 265-294.

Lehmann, J. M., L. B. Moore, T. A. Smith-Oliver, W. O. Wilkison, T. M.
Willson and S. A. Kliewer (1995). "An Antidiabetic Thiazolidinedione Is a

121



High Affinity Ligand for Peroxisome Proliferator-activated Receptor y
(PPARY)." Journal of Biological Chemistry 270(22): 12953-12956.

Lely, A. T., J. A. Krikken, S. J. L. Bakker, F. Boomsma, R. P. F. Dullaart, B.
H. R. Wolffenbuttel and G. Navis (2007). "Low Dietary Sodium and
Exogenous Angiotensin Il Infusion Decrease Plasma Adiponectin
Concentrations in Healthy Men." Journal of Clinical Endocrinology &
Metabolism 92(5): 1821-1826.

Lessard, S. J., Z. P. Chen, M. J. Watt, M. Hashem, J. J. Reid, M. A.
Febbraio, B. E. Kemp and J. A. Hawley (2006). "Chronic rosiglitazone
treatment restores AMPKo2 activity in insulin-resistant rat skeletal muscle.”
American Journal of Physiology - Endocrinology and Metabolism 290(2):
E251-E257.

Li, A. C. and C. K. Glass (2004). "PPAR- and LXR-dependent pathways
controlling lipid metabolism and the development of atherosclerosis.”
Journal of Lipid Research 45(12): 2161-2173.

Li, P., R. Shibata, K. Unno, M. Shimano, M. Furukawa, T. Ohashi, X.
Cheng, K. Nagata, N. Ouchi and T. Murohara (2010). "Evidence for the
Importance of Adiponectin in the Cardioprotective Effects of Pioglitazone.”
Hypertension 55(1): 69-75.

Lihn, A. S., N. Jessen, S. B. Pedersen, S. Lund and B. Richelsen (2004).
"AICAR stimulates adiponectin and inhibits cytokines in adipose tissue."
Biochemical and Biophysical Research Communications 316(3): 853-858.
Lindsay, R. S., T. Funahashi, et al. (2002). "Adiponectin and development of
type 2 diabetes in the Pima Indian population.” The Lancet 360(9326): 57-
58.

Li, P., R. Shibata, K. Unno, M. Shimano, M. Furukawa, T. Ohashi, X.
Cheng, K. Nagata, N. Ouchi and T. Murohara (2010). "Evidence for the
Importance of Adiponectin in the Cardioprotective Effects of Pioglitazone.”
Hypertension 55(1): 69-75.

Maeda, K., K. Okubo, et al. (1996). "cDNA Cloning and Expression of a
Novel Adipose Specific Collagen-like Factor, apM1 (AdiposeMost
Abundant Gene Transcript 1)." Biochemical and Biophysical Research
Communications 221(2): 286-289.

Maeda, N., M. Takahashi, T. Funahashi, S. Kihara, H. Nishizawa, K.
Kishida, H. Nagaretani, M. Matsuda, R. Komuro, N. Ouchi, H. Kuriyama, K.
Hotta, T. Nakamura, I. Shimomura and Y. Matsuzawa (2001). "PPARy
Ligands Increase Expression and Plasma Concentrations of Adiponectin, an
Adipose-Derived Protein." Diabetes 50(9): 2094-2099.
Maeda,N.,I.Shimomura, et al. (2002). "Diet-induced insulin resistance in
mice lacking adiponectin/ACRP30." Nat Med 8(7): 731-737.

Miyazaki, Y., A. Mahankali, E. Wajcberg, M. Bajaj, L. J. Mandarino and R.
A. DeFronzo (2004). "Effect of Pioglitazone on Circulating Adipocytokine

122



Levels and Insulin Sensitivity in Type 2 Diabetic Patients." Journal of
Clinical Endocrinology & Metabolism 89(9): 4312-43109.

Nakano, Y., T. Tobe, et al. (1996). "lIsolation and Characterization of
GBP28, a Novel Gelatin-Binding Protein Purified from Human Plasma.”
Journal of Biochemistry 120(4): 803-812.

Nawrocki AR, Rajala MW, Tomas E, Pajvani UB, Saha AK, Trumbauer ME,
Pang Z, Chen AS, Ruderman NB, Chen H, Rossetti L, Scherer PE. Mice
lacking adiponectin show decreased hepatic insulin sensitivity and reduced
responsiveness to peroxisome proliferator-activated receptor gamma
agonists. J Biol Chem. 2006; 281: 2654-2660.

Nedergaard, J., N. Petrovic, E. M. Lindgren, A. Jacobsson and B. Cannon
(2005). "PPARy in the control of brown adipocyte differentiation."
Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease 1740(2):
293-304.

Negro R, Formoso G, Hassan H. 2006. The effects of irbesartan and
telmisartan on metabolic parameters and blood pressure in obese, insulin
resistant, hypertensive patients. J Endocrinol Invest; 29: 957-961.
Nishimura, H., T. Sanaka, Y. Tanihata, T. Naito, C. Higuchi and K. Otsuka
(2008). "Losartan Elevates the Serum High-Molecular
Weight[mdash]Adiponectin Isoform and Concurrently Improves Insulin
Sensitivity in Patients with Impaired Glucose Metabolism." Hypertens Res
31(8): 1611-1618.

Nolan, J. J., B. Ludvik, P. Beerdsen, M. Joyce and J. Olefsky (1994).
"Improvement in Glucose Tolerance and Insulin Resistance in Obese
Subjects Treated with Troglitazone." New England Journal of Medicine
331(18): 1188-1193.

Norris, A. W., L. Chen, S. J. Fisher, I. Szanto, M. Ristow, A. C. Jozsi, M. F.
Hirshman, E. D. Rosen, L. J. Goodyear, F. J. Gonzalez, B. M. Spiegelman
and C. R. Kahn (2003). "Muscle-specific PPARy-deficient mice develop
increased adiposity and insulin resistance but respond to thiazolidinediones."
The Journal of Clinical Investigation 112(4): 608-618.

Ouchi, N., S. Kihara, et al. (2000). "Adiponectin, an Adipocyte-Derived
Plasma Protein, Inhibits Endothelial NF-xB Signaling Through a cAMP-
Dependent Pathway." Circulation 102(11): 1296-1301.

Okamoto, Y., S. Kihara, N. Ouchi, M. Nishida, Y. Arita, M. Kumada, K.
Ohashi, N. Sakai, I. Shimomura, H. Kobayashi, N. Terasaka, T. Inaba, T.
Funahashi and Y. Matsuzawa (2002). "Adiponectin Reduces Atherosclerosis
in Apolipoprotein E-Deficient Mice." Circulation 106(22): 2767-2770.
Okuno, A., H. Tamemoto, K. Tobe, K. Ueki, Y. Mori, K. lwamoto, K.
Umesono, Y. Akanuma, T. Fujiwara, H. Horikoshi, Y. Yazaki and T.
Kadowaki (1998). "Troglitazone increases the number of small adipocytes

123



without the change of white adipose tissue mass in obese Zucker rats." The
Journal of Clinical Investigation 101(6): 1354-1361.

Olefsky, J. M. and A. R. Saltiel (2000). "PPARY and the Treatment of Insulin
Resistance.” Trends in Endocrinology &amp; Metabolism 11(9): 362-368.
Olivares-Reyes, J. A., A. Arellano-Plancarte, et al. (2009). "Angiotensin 11
and the development of insulin resistance: Implications for diabetes.”
Molecular and Cellular Endocrinology 302(2): 128-139.

Ouchi, N., S. Kihara, Y. Arita, Y. Okamoto, K. Maeda, H. Kuriyama, K.
Hotta, M. Nishida, M. Takahashi, M. Muraguchi, Y. Ohmoto, T. Nakamura,
S. Yamashita, T. Funahashi and Y. Matsuzawa (2000). "Adiponectin, an
Adipocyte-Derived Plasma Protein, Inhibits Endothelial NF-xB Signaling
Through a cAMP-Dependent Pathway." Circulation 102(11): 1296-1301.
Ouchi, N. and K. Walsh (2007). "Adiponectin as an anti-inflammatory
factor.” Clinica Chimica Acta 380(1-2): 24-30.

Pajvani U.B., et al. Complex distribution, not absolute amount of
adiponectin, correlates with thiazolidinedione-mediated improvement in
insulin sensitivity. J. Biol. Chem. 2004;279:12152-12162.

Picard, F. and J. Auwerx (2002). "PPARy AND GLUCOSE
HOMEQOSTASIS." Annual Review of Nutrition 22(1): 167-197.

Pifieiro, R., M. J. Iglesias, R. Gallego, K. Raghay, S. Eiras, J. Rubio, C.
Diéguez, O. Gualillo, J. R. Gonzalez-Juanatey and F. Lago (2005).
"Adiponectin is synthesized and secreted by human and murine
cardiomyocytes." FEBS Letters 579(23): 5163-5169.

Prasad A, Quyyumi AA. 2004. Renin-angiotensin system and angiotensin
receptor blockers in the metabolic syndrome. Circulation; 110: 1507-1512.
P.W. Peake, A.D. Kriketos, L.\VV. Campbell et al. (2005). The metabolism of
isoforms of human adiponectin: Studies in human subjects and in
experimental animals Eur J Endocrinol, 153, p. 409.

Ran, J., T. Hirano, T. Fukui, K. Saito, H. Kageyama, K. Okada and M.
Adachi (2006). "Angiotensin Il infusion decreases plasma adiponectin level
via its type 1 receptor in rats: an implication for hypertension-related insulin
resistance.” Metabolism 55(4): 478-488.

Rangwala, S. M. and M. A. Lazar (2004). "Peroxisome proliferator-activated
receptor v in diabetes and metabolism." Trends in Pharmacological Sciences
25(6): 331-336.

Reifel-Miller A, Otto K, Hawkins E et al. (2005). A peroxisome proliferator-
activated receptor alpha/gamma dual agonist with a unique in vitro profile
and potent glucose and lipid effects in rodent models of type 2 diabetes and
dyslipidemia. Mol Endocrinol; 19: 1593-1605.

Renaldi O Fau - Pramono, B., H. Pramono B Fau - Sinorita, L. B. Sinorita H
Fau - Purnomo, R. H. Purnomo Lb Fau - Asdie, A. H. Asdie Rh Fau - Asdie

124



and A. H. Asdie (2009) "Hypoadiponectinemia: a risk factor for metabolic
syndrome.” (0125-9326 (Print)

Rios-Vazquez, R., R. Marzoa-Rivas, I. Gil-Ortega and J. C. Kaski (2006).
"Peroxisome Proliferator-Activated Receptor-[gamma] Agonists for
Management and Prevention of Vascular Disease in Patients with and
without Diabetes Mellitus." American Journal of Cardiovascular Drugs 6(4):
231-242.

Rodriguez, A., V. Cataléan, S. Becerril, M. J. Gil, C. Mugueta, J. GOmez-
Ambrosi and G. Frihbeck (2008). "Impaired adiponectin-AMPK signalling
in insulin-sensitive tissues of hypertensive rats." Life Sciences 83(15-16):
540-549.

Rong X, Li Y, Ebihara K et al. (2010). Irbesartan treatment up-regulates
hepatic expression of PPARalpha and its target genes in obese Koletsky
(fak/fak) rats: a link to amelioration of hypertriglyceridaemia. Br J
Pharmacol; 160: 1796-1807.

R.A. DeFronzo. (2010) Insulin resistance, lipotoxicity, type 2 diabetes and
atherosclerosis: the missing links. The Claude Bernard Lecture 2009
Diabetologia, 53, pp. 1270-1287.

Saltiel, A. R. (2001). "New Perspectives into the Molecular Pathogenesis and
Treatment of Type 2 Diabetes.” Cell 104(4): 517-529.

Sarafidis PA, Lasaridis AN. (2006); Actions of PPAR ¥ agonists explaining a
possible blood pressure lowering effect. Am J Hypertens 19: 646-653
Sarafidis PA. (2008) Thiazolidinedione derivatives in diabetes and
cardiovascular disease: An update. Fundam Clin Pharmacol;22:247-264.
Scheen, A. J. (2004). "Prevention of Type 2 Diabetes Mellitus Through
Inhibition of the Renin-Angiotensin System." Drugs 64(22): 2537-2565.
Scherer, P. E., S. Williams, et al. (1995). "A Novel Serum Protein Similar to
C1q, Produced Exclusively in Adipocytes.” Journal of Biological Chemistry
270(45): 26746-26749.

Scherer PE. (2006). Adipose tissue: from lipid storage compartment to
endocrine organ. Diabetes.; 55: 1537-1545.

Schraw, T., Z. V. Wang, N. Halberg, M. Hawkins and P. E. Scherer (2008).
"Plasma  Adiponectin  Complexes  Have Distinct  Biochemical
Characteristics.” Endocrinology 149(5): 2270-2282.

Schupp, M., J. Janke, R. Clasen, T. Unger and U. Kintscher (2004).
"Angiotensin Type 1 Receptor Blockers Induce Peroxisome Proliferator—
Activated Receptor-y Activity." Circulation 109(17): 2054-2057.

Schupp M, Clemenz M, Gineste R et al. (2005) Molecular characterization
of new selective peroxisome proliferator-activated receptor y modulators
with angiotensin receptor blocking activity. Diabetes, 54, 3442-3452.
Sharabi, Y., M. Oron-Herman, Y. Kamari, I. Avni, E. Peleg, Z. Shabtay, E.
Grossman and A. Shamiss (2007). "Effect of PPAR-[gamma] Agonist on

125



Adiponectin Levels in the Metabolic Syndrome: Lessons From the High
Fructose Fed Rat Model." Am J Hypertens 20(2): 206-210.

Sharma, A. M., J. Janke, K. Gorzelniak, S. Engeli and F. C. Luft (2002).
"Angiotensin Blockade Prevents Type 2 Diabetes by Formation of Fat
Cells." Hypertension 40(5): 609-611.

Sharma, A. M. and B. Staels (2007). "Peroxisome Proliferator-Activated
Receptor y and Adipose Tissue—Understanding Obesity-Related Changes in
Regulation of Lipid and Glucose Metabolism.” Journal of Clinical
Endocrinology & Metabolism 92(2): 386-395.

Shklyaev, S., G. Aslanidi, M. Tennant, V. Prima, E. Kohlbrenner, V.
Kroutov, M. Campbell-Thompson, J. Crawford, E. W. Shek, P. J. Scarpace
and S. Zolotukhin (2003). "Sustained peripheral expression of transgene
adiponectin offsets the development of diet-induced obesity in rats.”
Proceedings of the National Academy of Sciences 100(24): 14217-14222.
Smyth, S; Heron, A (2006 Jan). "Diabetes and obesity: the twin epidemics”.
Nature Medicine 12 (1): 75-80. doi:10.1038/nm0106-75. PMID 16397575.
Staiger, H., C. Kausch, A. Guirguis, M. Weisser, E. Maerker, M. Stumvoll,
R. Lammers, F. Machicao and H. U. Haring (2003). “Induction of
adiponectin gene expression in human myotubes by an adiponectin-
containing HEK293 cell culture supernatant.” Diabetologia 46(7): 956-960.
Stolar MW, Chilton RJ. (2003). Type 2 diabetes, cardiovascular risk, and the
link to insulin resistance. Clin Ther; 25 (Suppl B): B4-B3L1.

Sugawara A, Takeuchi K, Uruno A et al. Differential effects among
thiazolidinediones on the transcription of thromboxane receptor and
angiotensin Il type 1 receptor genes. Hypertens Res 2001; 24: 229-233

Sun, X., R. Han, Z. Wang and Y. Chen (2006). "Regulation of adiponectin
receptors in hepatocytes by the peroxisome proliferator-activated receptor-y
agonist rosiglitazone." Diabetologia 49(6): 1303-1310.

S.A. Cooper, A. Whaley-Connell, J. Habibi, Y. Weli, G. Lastra, C. Manrique,
S. Stas, J.R. Sowers. (2007) Renin-angiotensin—aldosterone system and
oxidative stress in cardiovascular insulin resistance Am. J. Physiol. Heart
Circ. Physiol., 293, pp. H2009-H2023.

Takeda K, Ichiki T, Tokunou T et al. Peroxisome proliferator-activated
receptor gamma activators downregulate angiotensin Il type 1 receptor in
vascular smooth muscle cells. Circulation 2000; 102: 1834-1839.

Thakur, V., M. T. Pritchard, et al. (2006). "Adiponectin normalizes LPS-
stimulated TNF-alpha production by rat Kupffer cells after chronic ethanol
feeding.” American Journal of Physiology-Gastrointestinal and Liver
Physiology 290(5): G998-G1007.

Thorp, E., G. Kuriakose, Y. M. Shah, F. J. Gonzalez and I. Tabas (2007).
"Pioglitazone Increases Macrophage Apoptosis and Plaque Necrosis in

126



Advanced Atherosclerotic Lesions of Nondiabetic Low-Density Lipoprotein
Receptor-Null Mice."” Circulation 116(19): 2182-2190.

Tjokroprawiro A. (2006 )”’New approach in the treatment of T2DM and
metabolic syndrome (focus on a novel insulin sensitizer, Diabetes and
Nutrition Center, Dr. Soetomo Teaching Hospital-Airlangga University,
Faculty of Medicine, Surabaya. Acta Med Indones. Jul-Sep;38(3):160-6
Tomas, E., T.-S. Tsao, A. K. Saha, H. E. Murrey, C. c. Zhang, S. I. Itani, H.
F. Lodish and N. B. Ruderman (2002). "Enhanced muscle fat oxidation and
glucose transport by ACRP30 globular domain: Acetyl-CoA carboxylase
inhibition and AMP-activated protein kinase activation.” Proceedings of the
National Academy of Sciences 99(25): 16309-16313.

Tomono, Y., M. lwali, S. Inaba, M. Mogi and M. Horiuchi (2008). "Blockade
of AT1 receptor improves adipocyte differentiation in atherosclerotic and
diabetic models.” Am J Hypertens 21(2): 206-212.

Tontonoz, P., E. Hu, R. A. Graves, A. |. Budavari and B. M. Spiegelman
(1994). "mPPAR gamma 2: tissue-specific regulator of an adipocyte
enhancer." Genes & Development 8(10): 1224-1234.

Trujillo and Scherer, 2005 M.E. Trujillo, P.E. Scherer Adiponectin-journey
from an adipocyte secretory protein to biomarker of the metabolic syndrome
J. Intern. Med., 257 (2005), pp. 167-175.

Waki, H., T. Yamauchi, J. Kamon, Y. Ito, S. Uchida, S. Kita, K. Hara, Y.
Hada, F. Vasseur, P. Froguel, S. Kimura, R. Nagai and T. Kadowaki (2003).
"Impaired Multimerization of Human Adiponectin Mutants Associated with
Diabetes: MOLECULAR STRUCTURE AND MULTIMER FORMATION
OF ADIPONECTIN." Journal of Biological Chemistry 278(41): 40352-
40363.

Tsuchida, A., T. Yamauchi, Y. Ito, Y. Hada, T. Maki, S. Takekawa, J.
Kamon, M. Kobayashi, R. Suzuki, K. Hara, N. Kubota, Y. Terauchi, P.
Froguel, J. Nakae, M. Kasuga, D. Accili, K. Tobe, K. Ueki, R. Nagai and T.
Kadowaki (2004). "Insulin/Foxol Pathway Regulates Expression Levels of
Adiponectin Receptors and Adiponectin Sensitivity." Journal of Biological
Chemistry 279(29): 30817-30822.

Van Berendoncks AM, Garnier A, Beckers P, et al, 2010 Functional
adiponectin resistance at the level of the skeletal muscle in mild to moderate
chronic heart failure. Circ Heart Fail 3: 185-194.

Waki, H., T. Yamauchi, et al. (2003). "Impaired Multimerization of Human
Adiponectin  Mutants  Associated with  Diabetes: MOLECULAR
STRUCTURE AND MULTIMER FORMATION OF ADIPONECTIN."
Journal of Biological Chemistry 278(41): 40352-40363

Wang, M. and S. Tafuri (2003). "Modulation of PPARYy activity with
pharmaceutical agents: Treatment of insulin resistance and atherosclerosis.”
Journal of Cellular Biochemistry 89(1): 38-47.

127



Wang, Z. V. and P. E. Scherer (2008). "Adiponectin, Cardiovascular
Function, and Hypertension." Hypertension 51(1): 8-14.

Watanabe, S., T. Okura, M. Kurata, J. Irita, S. Manabe, K.-i. Miyoshi, T.
Fukuoka, K. Murakami and J. Higaki (2006). "The effect of losartan and
amlodipine on serum adiponectin in Japanese adults with essential
hypertension.” Clinical Therapeutics 28(10): 1677-1685.

Weyer, C., T. Funahashi, et al. (2001). "Hypoadiponectinemia in Obesity
and Type 2 Diabetes: Close Association with Insulin Resistance and
Hyperinsulinemia." Journal of Clinical Endocrinology & Metabolism 86(5):
1930-1935.

Yamaguchi, N., J. G. M. Argueta, et al. (2005). "Adiponectin inhibits Toll-
like receptor family-induced signaling.” FEBS Letters 579(30): 6821-6826.
Yamauchi, T., J. Kamon, et al. (2001). "The fat-derived hormone
adiponectin reverses insulin resistance associated with both lipoatrophy and
obesity." Nat Med 7(8): 941-946.

Yamauchi, T., J. Kamon, H. Waki, Y. Terauchi, N. Kubota, K. Hara, Y.
Mori, T. Ide, K. Murakami, N. Tsuboyama-Kasaoka, O. Ezaki, Y. Akanuma,
O. Gavrilova, C. Vinson, M. L. Reitman, H. Kagechika, K. Shudo, M. Yoda,
Y. Nakano, K. Tobe, R. Nagai, S. Kimura, M. Tomita, P. Froguel and T.
Kadowaki (2001). "The fat-derived hormone adiponectin reverses insulin
resistance associated with both lipoatrophy and obesity.” Nat Med 7(8): 941-
946.

Yamauchi, T., J. Kamon, Y. Minokoshi, Y. Ito, H. Waki, S. Uchida, S.
Yamashita, M. Noda, S. Kita, K. Ueki, K. Eto, Y. Akanuma, P. Froguel, F.
Foufelle, P. Ferre, D. Carling, S. Kimura, R. Nagai, B. B. Kahn and T.
Kadowaki (2002). "Adiponectin stimulates glucose utilization and fatty-acid
oxidation by activating AMP-activated protein kinase." Nat Med 8(11):
1288-1295.

Yamauchi, T., J. Kamon, et al. (2003). "Globular Adiponectin Protected
ob/ob Mice from Diabetes and ApoE-deficient Mice from Atherosclerosis.”
Journal of Biological Chemistry 278(4): 2461-2468.

Yamauchi T, Nio Y, Maki T, Kobayashi M, Takazawa T, lwabu M, Okada-
Iwabu M, Kawamoto S, Kubota N, Kubota T, Ito Y, Kamon J, Tsuchida A,
Kumagai K, Kozono H, Hada Y, Ogata H, Tokuyama K, Tsunoda M, Ide T,
Murakami K, Awazawa M, Takamoto I, Froguel P, Hara K, Tobe K, Nagai
R, Ueki K, Kadowaki T. (2007) Targeted disruption of AdipoR1 and AdipoR2
causes abrogation of adiponectin binding and metabolic actions. Nat Med. ;
13: 332-339.

Yang, W.-S., C.-Y. Jeng, T.-J. Wu, S. Tanaka, T. Funahashi, Y. Matsuzawa,
J.-P. Wang, C.-L. Chen, T.-Y. Tai and L.-M. Chuang (2002). "Synthetic
Peroxisome Proliferator-Activated Receptor-y Agonist, Rosiglitazone,

128



Increases Plasma Levels of Adiponectin in Type 2 Diabetic Patients.”
Diabetes Care 25(2): 376-380

Yilmaz, M. I, A. Sonmez, K. Caglar, T. Celik, M. Yenicesu, T. Eyileten, C.
Acikel, Y. Oguz, I. Yavuz and A. Vural (2007). "Effect of antihypertensive
agents on plasma adiponectin levels in hypertensive patients with metabolic
syndrome.” Nephrology 12(2): 147-153.

Yki-Jérvinen, H. (2004). "Thiazolidinediones." New England Journal of
Medicine 351(11): 1106-1118.

Yokota, T., K. Oritani, |. Takahashi, J. Ishikawa, A. Matsuyama, N. Ouchi,
S. Kihara, T. Funahashi, A. J. Tenner, Y. Tomiyama and Y. Matsuzawa
(2000). "Adiponectin, a new member of the family of soluble defense
collagens, negatively regulates the growth of myelomonocytic progenitors
and the functions of macrophages.” Blood 96(5): 1723-1732.

Yokota, T., K. Oritani, et al. (2000). "Adiponectin, a new member of the
family of soluble defense collagens, negatively regulates the growth of
myelomonocytic progenitors and the functions of macrophages.” Blood
96(5): 1723-1732.

Yoshida K, Kohzuki M, Xu HL et al. Effects of troglitazone and temocapril
in spontaneously hypertensive rats with chronic renal failure. J Hypertens
2001; 19: 503-510.

Yoshioka, S., H. Nishino, T. Shiraki, K. lkeda, H. Koike, A. Okuno, M.
Wada, T. Fujiwara and H. Horikoshi (1993). "Antihypertensive effects of
CS-045 treatment in obese Zucker rats." Metabolism 42(1): 75-80.

Yu, J. G., S. Javorschi, A. L. Hevener, Y. T. Kruszynska, R. A. Norman, M.
Sinha and J. M. Olefsky (2002). "The Effect of Thiazolidinediones on
Plasma Adiponectin Levels in Normal, Obese, and Type 2 Diabetic
Subjects.” Diabetes 51(10): 2968-2974.

Zhang, P., Y. Wang, Y. Fan, Z. Tang and N. Wang (2009). "Overexpression
of Adiponectin Receptors Potentiates the Antiinflammatory Action of
Subeffective Dose of Globular Adiponectin in Vascular Endothelial Cells.”
Arteriosclerosis, Thrombosis, and Vascular Biology 29(1): 67-74.

Zhao, M., Y. Li, J. Wang, K. Ebihara, X. Rong, K. Hosoda, T. Tomita and K.
Nakao (2011). "Azilsartan treatment improves insulin sensitivity in obese
spontaneously hypertensive Koletsky rats.” Diabetes, Obesity and
Metabolism 13(12): 1123-1129.

129



	1.1 Introduction
	1.2 Mode Of Acton Of Adiponectin
	1.3 Peroxisome Proliferator - Activatedreceptor And Adiponectin
	1.4  Adiponectin And Thiazolidinediones
	1.5 Adiponectin And Angiotensin Receptor Blockers
	1.6 Conclusion And Future Directions

