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Summary

Adipose tissue acts as an endocrine organ producing a number of substances with an important
role in the regulation of food consumption, energy expenditure and a variety of metabolic
processes. Adiponectin is a collagen-like plasma protein secreted by adipocytes that has been
recommended to play a substantial role in the development of insulin resistance and obesity. A
number of studies have shown that obesity, insulin resistance and atherosclerosis are associated
with decreased level of adiponectin and its replacement during experimentation is able to
diminish insulin resistance, increases insulin sensitivity and reduces lipids and atherogenesis.
Chronic and central adiponectin treatment reduces weight, glucose and lipids. Adiponectin is
exclusively secreted from adipose tissue into the bloodstream and is very abundant in plasma
relative to many hormones. Previous findings showed that its level is decreasing in person with
increasing body mass index. The adiponectin receptors, AdipoR1 and AdipoR2, which regulate
the antidiabetic actions of adiponectin, have been cloned and are down regulated in obesity-
linked insulin resistance. Up regulation of adiponectin is a partial cause of the insulin- sensitizing
and antidiabetic actions of thiazolidinediones. Therefore, adiponectin and adiponectin receptors
represent potential versatile therapeutic targets to combat obesity-linked diseases characterized
by insulin resistance. The aim of this review is to recapitulate the current knowledge about the
physiology and pathophysiology of adiponectin and evaluation of adiponectin receptor as a target
of diabetes (insulin resistance), obesity and atherosclerosis and asthma.
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Introduction

Newer studies in Pharmaceutical and medical sciences are continuously redefine the role of
different tissues in our body. The adipose tissue represents one of the most emblematical
illustrations at this point. It is now seen that in addition to its main function as an energy storage
depot, adipose tissue involve as an important and very active endocrine organ that produces a
number of hormones and other substances with significant roles in the regulation of insulin
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sensitivity and other physiological processes [1]. Adiponectin is secreted by white adipose tissue
and exists as the most abundant adipokine in the human plasma [2]. Adiponectin is an adipokine
whose biosynthesis is deranged in obesity, diabetes mellitus and atherosclerosis [3]. Evidence
suggests that adiponectin has anti-atherogenic properties by improving endothelial function and
having anti-inflammatory effects in the vascular wall [4]. In addition, adiponectin modifies
vascular intracellular redox signalling and exerts indirect antioxidant effects on human
myocardium [5]. However, its clinical role in cardiovascular disease is doubtful. Adiponectin's
positive prognostic value in coronary artery disease had been widely supported over the last
years, but this view has been questioned recently [6]. High adiponectin levels are paradoxically
associated with poorer prognosis in heart failure syndrome. These controversial findings seem
surprising as adiponectin has been viewed overall as an anti-atherogenic molecule Therefore, any
certain conclusion about adiponectin's role in cardiovascular disease seems untimely and early
[7]. Despite the rapidly accumulating literature on this adipokine, it is still unclear whether
adiponectin is a key mediator or a bystander in cardiovascular disease. It is still uncertain
whether adiponectin levels have any importance for risk of cardiovascular disease or they just
reflect the activation of complex and opposing underlying mechanisms [8].

Recent studies have indicated that plasma adiponectin levels are inversely correlated with body
mass index (BMI) and insulin resistance [9]. Reduction of plasma adiponectin levels is
commonly observed in the patients with type-2 diabetes and/or in those who are obese in
comparison with healthy control individuals [10]. The reason for the deep interest in adipose
tissue-derived hormones lies in the growing incidence of obesity in the developed countries of
the Western World [11]. It is now clear that the presence of obesity substantially increases the
risk of related comorbidities such as insulin resistance, diabetes, dyslipidemia, hypertension and
others [12]. Two novel adiponectin receptor types (AdipoR1 and AdipoR2) were very recently
identified. AdipoR1 is ubiquitously expressed, most abundantly in skeletal muscle [13], and
exhibits high affinity, whereas AdipoR2 is predominantly expressed in the liver and exhibits
intermediate affinity to ligands [14]. Adiponectin receptors were also demonstrated to mediate
increased AMP kinase and peroxisome proliferator-activated receptor- ligand activities,
resulting in enhancements of fatty acid oxidation and glucose transport activity when stimulated
with ligands [15].
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Figure 1: shows the effect of adiponectin via adiponectin receptor 1 & 2 in skeletal muscle and
liver respectively
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AdipoRs (Adiponectin Receptors)

Two adiponectin receptors (AdipoR1 and Adipo R2) isoforms, whose copy has been shown to be
regulated by PPAR and liver X receptor ligands, were recently identified and it has been
suggested that additional receptors may be present [16-18]. These AdipoR1 and AdipoR2 are
predicted to have seven transmembrane domains and AdipoR1 has a high affinity for gAd and
low affinity for fAd oligomeric forms, whereas AdipoR2 exhibits intermediate binding affinity
for both gAd and fAd forms.
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Figure 2: Regulation of adiponectin synthesis and function As highlighted in this Figure, the function of
adiponectin can be regulated at many levels, including: transcription of the adiponectin gene; translation
of RNA to protein; post-translational modifications resulting in oligomerization of fAd into trimers
(LMW), hexamers (MMW) and oligomers (HMW); protease-mediated cleavage of fAd to produce the N-
terminal fragment and the C-terminal globular domain. Binding of adiponectin forms to membrane
receptors (e.g. gAd has high affinity only for AdipoR1) and LMW, MMW and HMW forms of fAd and
gAd can mediate distinct cellular effects. It has also been suggested that the N-terminal fragment may
mediate cellular responses.

A potential pathophysiological role for alterations in AdipoRs is supported by a strong relation
between receptor expression in skeletal muscle with insulin resistance and plasma insulin levels,
lower skeletal-muscle AdipoR1 and AdipoR2 expression in patients with a family history of
diabetes and altered AdipoR1 expression in ob/ob, db/db or STZ (streptozotocin) diabetic mice
[19-21]. The importance of AdipoR is being further highlighted by a recent study on their
regulation in response to changes in nutritional conditions, metabolic alterations and antidiabetic
agents. We have performed in vitro studies to examine direct regulation of AdipoR expression by
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hyperinsulinaemia and hyperglycaemia [22]. Both conditions decreased AdipoR1 mRNA levels
and, importantly, reduced the metabolic effects of gAd in skeletal muscle. Hyperinsulinaemia
also increased AdipoR2 and increased sensitivity of muscle cells to fAd (Figure 2).
Demonstration of this potential for conditions prevailing during the progression of Type 2
diabetes to alter AdipoR expression and consequently the function of different forms of
adiponectin confirms the recently proposed concept of gAd resistance, resulting in a vicious
cycle of events that exacerbates the development of diabetes [23].

Muscle Cell Membrane
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Figure 3: Regulation of AdipoR isoform expression and adiponectin-sensitivity by hyperglycaemia and
hyperinsulinaemia In extensor digitorum longus or L6 muscle cells, there is approx. 6-fold more AdipoR1
than AdipoR2. Hyperinsulinaemia or hyperglycaemia can reduce AdipoR1 mRNA expression, resulting
in gAd resistance, while hyperinsulinaemia also induced a switch towards increased fAd-sensitivity by
enhancing AdipoR2 expression.

Linkage of adiponectin with insulin resistance, diabetes, obesity and other metabolic
disorders

The Adiponectin gene encodes a secreted protein expressed exclusively in both white adipose
tissue (WAT) and brown adipose tissue [24]. Adiponectin has a carboxyl-terminal globular
domain and an amino-terminal collagen domain and is structurally analogous to complement 1q
[25-27], which belongs to a family of proteins that form specialized multimers [28]. Adiponectin
presents in a wide range of multimer complex forms in plasma and attches via its collagen
domain to make three major oligomeric forms: a low—molecular weight (LMW) trimer, a
middle-molecular weight (MMW) hexamer, and high-molecular weight (HMW) 12- to 18-mer
adiponectin [29]. In contrast to the expression of adipokines such as TNF-a and resistin, which
cause insulin resistance, adiponectin expression is reduced in obese, insulin-resistant rodent
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models [30]. Importantly, a decrease in plasma adiponectin levels preceded the onset of diabetes
in these animals and decreased insulin sensitivity [31]. Plasma adiponectin levels have also been
reported to be decreased in humans with high body mass index, particularly those with visceral
obesity, and to correlate inversely with lower insulin effect [32]. Hypo-adiponectinemia has also
been suggested to be independently connected with the metabolic disorders like diabetes —
indeed, more strongly than are any other markers for inflammation [33]. There is a sexual
dimorphism in the circulating levels of adiponectin. Indeed, female humans and rodents have
higher plasma adiponectin levels than males, suggesting that sexual hormones regulate the
production of adiponectin, although it is controversial how these hormones, such as estrogen and
testosterone, are involved in the regulation of plasma adiponectin level [34]. Nevertheless, this
may partly account for the fact that females are more sensitive to insulin than males. Some
dietary factors, such as soy protein, fish oils, and linoleic acid, are also suggested to increase
plasma adiponectin levels, which is consistent with the fact that intake of these factors is thought
to have a protective effect on the development of diabetes [35] while a diet rich with
carbohydrates appears to decrease plasma adiponectin level [36]. The plasma adiponectin level is
changed by different factors, including gender, aging, and lifestyle [37, 38].

Mode of Action of Adiponectin: Adiponectin signaling
A. Insulin-sensitizing actions

1. Adiponectin decreases tissue triglyceride content and enhance insulin signaling; in skeletal
muscle, adiponectin up regulate the expression of molecules involved in fatty-acid transport such
as CD36, in combustion of fatty-acid such as acylcoenzyme a oxidase, and in energy dissipation
such as uncoupling protein [39, 40]. These changes led to decreased tissue TG content in skeletal
muscle [31]; increased tissue TG content has been reported to interfere with insulin-stimulated
phosphatidyl-inositol (PI) 3-kinase activation and subsequent glucose transporter 4 translocation
and glucose uptake, leading to insulin resistance Decreased tissue TG content in muscle may
contribute to improved insulin signaling [41]. This was demonstrated in skeletal muscle of
lipoatrophic mice treated with adiponectin, in which increases in insulin-induced tyrosine
phosphorylation of insulin receptor and insulin receptor substrate-1 and insulin-stimulated
phosphorylation of Akt were seen [39].

2. Adiponectin activates PPAR-y signaling

Based on the data that treatment of lipoatrophic or obese diabetic mice with adiponectin or over-
expression of adiponectin in ob/ob mice resulted in increased expression levels of PPAR-y target
genes such as CD36, acyl-coenzyme A oxidase, and uncoupling protein 2, we hypothesized that
adiponectin could activate PPAR-y [42]. Consistent with this hypothesis, adiponectin indeed
increased the expression levels of PPAR-y in vivo [43]. These data suggested that adiponectin
increased fatty-acid combustion and energy consumption, presumably via PPAR-y activation at
least in part, which led to decreased TG content in the liver and skeletal muscle and thus
coordinately increased in vivo insulin sensitivity [44].
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Figure 4: TZDs ameliorate insulin resistance and diabetes by both adiponectin-dependent and -
independent pathways. We propose that there are 2 different pathways in the amelioration of insulin
resistance induced by the PPARy agonists TZDs, such as pioglitazone and probably rosiglitazone.

3. Effect of adiponectin in AMPK receptors

Globular adiponectin and full-length adiponectin stimulated phosphorylation and activation of
AMPK in skeletal muscle, whereas only full-length adiponectin did so in the liver [45]. In
parallel with its activation of AMPK, adiponectin stimulated phosphorylation of acetyl
coenzyme-A carboxylase (ACC), fatty-acid combustion, glucose uptake, and lactate production
in myocytes, and also stimulated phosphorylation of ACC and caused a reduction in molecules
involved in gluconeogenesis in the liver, which can account for the acute glucose-lowering
effects of adiponectin in vivo [46].

The group of Lodish and Ruderman also showed that the adiponectin/ACRP30 globular domain
enhanced muscle fat oxidation and glucose transport via AMPK activation and ACC inhibition
[47]. In recent studies it was reported that AMPK involved in glucose uptake stimulated by the
globular domain of adiponectin in primary rat adipocytes [48]. Because leptin has also been
shown to stimulate AMPK in skeletal muscle, activation of AMPK may be a common
mechanism by which insulin-sensitizing adipokines such as adiponectin and leptin increase
insulin sensitivity [49].
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Figure. 5: Adiponectin can activate AMPK and PPAR in the liver and skeletal muscle. In skeletal
muscle, both globular and full-length adiponectin activate AMPK, thereby stimulating phosphorylation of
ACC, fatty-acid oxidation, and glucose uptake. Adiponectin activates PPAR , thereby also stimulating
fatty-acid oxidation and decreasing tissue TG content in muscle.

B. Anti obesity action

Obese and Type-2 diabetic patients or animal models exhibit altered profiles of adipokines and
energy metabolism and insulin action are markedly impaired in individuals with visceral obesity
[50]. Insulin resistance and obesity are both associated with lower plasma adiponectin
concentrations. Since insulin resistance and obesity are related, the extent to which the
association of adiponectin with insulin resistance is dependent on its relationship with obesity is
unclear [51]. To address this issue, fasting plasma adiponectin concentrations were measured in
60 nondiabetic subjects, stratified into four equal groups on the basis of both their degree of
adiposity and insulin resistance. Insulin resistance was quantified by determining the steady-state
plasma glucose (SSPG) concentration in response to an infusion of octreotide, glucose, and
insulin, and degree of adiposity was assessed by BMI [52-54]. Subjects were defined as obese
(BMI >30.0 kg/m?) or nonobese (<27.0 kg/m?) and as either insulin sensitive (SSPG <100 mg/dl)
or insulin resistant (>190 mg/dl). Insulin-resistant subjects had significantly (P<0.001) lower
(mean = SD) adiponectin concentrations, whether they were obese (17.1 = 5.9 pg/ml) or
nonobese (16.3 + 7.5 ng/ml) as compared with either obese, insulin-sensitive (34.3 £ 13.1 pg/ml)
or nonobese, insulin-sensitive (29.8 + 15.3 pg/ml) subjects [54]. Finally, adiponectin levels in
insulin-sensitive subjects varied to a significantly greater degree than in insulin-resistant
subjects. These results suggest that adiponectin concentrations are more closely related to
differences in insulin-mediated glucose disposal than obesity (55).
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Figure 6: Obesity, adiponectin resistance, and insulin resistance. Plasma adiponectin levels were decreased in
obesity, which may play causal roles in the development of insulin resistance.

C. Antiatherosclerotic actions

Some recent studies shows that adiponectin level is reduced in atherosclerosis and there is great
increase in various markers like cytokine TNF-alpha also present. The Adenovirus-expressed
adiponectin reduces atherosclerotic lesions in a mouse model of atherosclerosis, and adiponectin-
deficient mice exhibit an excessive vascular remodeling response to injury. Clinically,
hypoadiponectinemia is closely associated with increased levels of inflammatory markers such
as C-reactive protein and interleukin-6 [56].
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Figure 7: Reduced adiponectin levels also directly play a causal role in the development of

atherosclerosis.
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D. Anti Asthmatic actions

Adiponectin, a 30-kDa adipocyte complement-related protein that is exclusively secreted from
adipose tissue, is a potent regulator of the immune response . Adiponectin inhibits inflammatory
gene expression such as IL-6 in a variety of cell types via the modulating nuclear factor kB (NF-
kB) and extracellular signal-regulated kinase activation and enhances expression of anti-
inflammatory genes, including the IL-10 and IL-1 receptor antagonist genes [57]. Alteration of
adiponectin concentrations may influence various diseases related to the development of asthma
and atopy. Thus, the balance between adiponectin and leptin may be one of the factors
contributing to development of asthma and subphenotypes [58]. Recently, Komakula et al.
observed that the ratio of leptin to adiponectin was associated with exhaled NO as a marker of
airway oxidative stress in moderately persistent asthma. However, they found no difference in
the ratio of leptin to adiponectin in asthmatics compared to normal control subjects. However, as
the authors mentioned, there were some limitations of the study including the severity of asthma,
overweight or obese study subjects, gender, and medications used to control the symptoms in the
subjects. Thus, we reanalyzed the serum leptin and adiponectin levels in age and gender-
matched, unmedicated, non-obese mild asthmatics to determine whether the relative
concentrations of adiponectin and leptin are associated with asthma and asthma sub-phenotypes
[59].

Conclusion

An association between adipokines and insulin resistance has been noted in both diabetic and
nondiabetic states. In the recent some studies shows that adiponectin may play a direct role in
determining insulin-mediated glucose uptake. However, since adiponectin is the major adipokine
secreted by fat cells and is closely linked to obesity, it is unclear to what extent the association of
adiponectin with insulin resistance is independent of its relationship with obesity. Understanding
this association is of importance because it may clarify mechanisms of insulin resistance and
influence our understanding and use of therapeutic modalities, such as weight loss or exercise to
enhance insulin sensitivity. Studies have documented that adiponectin concentrations are
significantly related to various measures of body fat and that significant weight loss leads to a
rise in adiponectin levels. One way to determine whether insulin resistance is associated with
adiponectin independently of obesity is to take advantage of the fact that both obese and
nonobese individuals can be insulin sensitive as well as insulin resistant. We have used this
approach in this study and have compared plasma adiponectin levels in nonobese and obese
individuals, stratified at baseline into insulin-sensitive and insulin-resistant groups. To conclude
this review we can say that adiponectin receptors will be a potential target for anti- diabetic, anti-
obesity, anti- asthamatic and anti- hyperlipidemic drugs.

References

1. Karpe F, Tan GD. Adipose tissue function in the insulin resistance syndrome. Biochemical
Society Transactions. 2005; 33 (5): 1045-48.

125



Pharmacologyonline 1: 117-130 (2010) Newsletter Shvetank Bhatt

2. Beltowski J. Adiponectin and Resistin new hormone of white adipose tissue. Med Sci Monit.
2003; 9(2): 55-61.

3. Kawano, Jordan, Arora, Rohit. The Role of Adiponectin in Obesity, Diabetes and
Cardiovascular Disease. Journal of the CardioMetabolic Syndrome. 2009; 4 (1): 44-49.

4. Ouchi N, Walsh K. Adiponectin as an anti-inflammatory factor. Clinica Chimica Acta 2007,
380 (1) 2007: 24-30.

5. Claudia M. Oller Do Nascimento, Ibeiro EB, Oyama LM. Metabolism and secretory function
of white : Adipose tissueEffect of dietry fat. An Acad Bras Cienc.2009; 81 (3): 453-66.

6. Lindsay RS, Resnick HE, Zhu J, Tun ML, Howard BV, Zhang Y, Yeh J, Best LG.
Adiponectin and Coronary Heart Disease: The Strong Heart Study. Arteriosclerosis, Thrombosis,
and Vascular Biology. 2005; 25: el5.

7. Antoniades C, Antonopoulos AS, Tousoulis D, Stefanadis C. Adiponectin: from obesity to
cardiovascular disease. Obesity Reviews. 2009; 10 (3): 269-279.

8. Tang W, Francis G. The Year in Heart Failure. Journal of the American College of
Cardiology. 2006; 48(12): 2575-2583.

9. Orio F, Palomba S, Zullo F, Colao A, Lombardi G. Are serum adiponectin levels really
reduced in obese women with polycystic ovary syndrome? Human Reproduction.2004; 19(1)
215-221.

10. Li S,Shin HJ, ding EL, Van dan RM. Adiponectin Levels and Risk of Type 2 Diabetes A
Systematic Review and Meta-analysis Clinical Review. 2009; 302 (2): 179-188.

11. Kuczmarski RJ, Flegal KM, Campbell SM, Johnson CL. Increasing prevalence of overweight
among U.S. adults: the National Health and Nutrition Examination Survey. JAMA.
1994;272:205-211.

12.Robert H. Eckel, MD. Obesity and Heart Disease. Circulation.1997; 96: 3248-3250.

13. Bar-On H, Roheim PS, and Eder HA. Hyperlipoproteinemia in streptozotocin-treated rats.
Diabetes 1976; 25: 509-515.

14. Capeau J. The story of adiponectin and its receptors AdipoR1 and R2: To follow. Journal of
Hepatology. 2007; 47 (5): 736-738.

15. Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo T, Kita S, Sugiyama T, Miyagishi M,
Hara K, Tsunoda M, Murakami K, Ohteki T, Uchida S, Takekawa S, Waki H, Tsuno NH,
Shibata Y, Terauchi Y, Froguel P, Tobe K, Koyasu S, Taira K, Kitamura T, Shimizu T, Nagai R,
and Kadowaki T. Cloning of adiponectin receptors that mediate antidiabetic metabolic effects.
Nature. 2003; 423: 762—-769.

126



Pharmacologyonline 1: 117-130 (2010) Newsletter Shvetank Bhatt

16. Kadowaki T , Yamauchi T. Adiponectin and Adiponectin reeptorsEndocr. Rev. 2005; 26:
439-451.

17. Ujiie H, Oritani K, Kato H, Yokota T, Takahashi I, Maeda T, Masaie H, Ichii M, Kamada Y,
Tamura S Kihara S, Funahashi T, Tomiyama Y, Kanakura Y. Identification of amino-terminal
region of adiponectin as a physiologically functional domain. J. Cell. Biochem. 2006; 98: 194—
207.

18. Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo T, Kita S, Sugiyama T, Miyagishi M,
Hara K, Tsunoda M. Cloning of adiponectin receptors that mediate antidiabetic metabolic
effects. Nature. 2003; 423: 762—-769.

19. Civitarese AE, Jenkinson CP, Richardson D, Bajaj M, Cusi K, Kashyap S, Berria R, Belfort
R, DeFronzo RA, Mandarino LJ, Ravussin E. Adiponectin receptors gene expression and insulin
sensitivity. Diabetologia . 2004; 47: 816-820.

20.Tsuchida A, Yamauchi T, Ito Y, Hada Y, Maki T, Takekawa S, Kamon J, Kobayashi M,
Suzuki R, Hara K. Insulin/Foxol pathway regulates expression levels of adiponectin receptors
and adiponectin sensitivity. J. Biol. Chem. 2004; 279: 30817-30822.

21. Inukai K, Nakashima Y, Watanabe M, Takata N, Sawa T, Kurihara S, Awata T, Katayama S.
Regulation of adiponectin receptor gene expression in diabetic mice. Am. J. Physiol. Endocrinol.
Metab. 2005; 288: E876—E882

22. Fang X, Rengasamy P, Zhou X, Liu Y, Xu A, Wang Y, Sweeney G. (2005) J. Mol.
Endocrinol. 35, 465-476

23. Kadowaki, T. and Yamauchi, T.Adiponectin and Adiponectin receptors. Endocr. Rev. 2005;
26: 439-451

24. Fumeron F, Aubert R, Siddiq A, Betoulle D, Péan F, Hadjadj S, Tichet J, Wilpart E,
Adionectin Gene Polymorphisms and Adiponectin Levels Are Independently Associated With
the Development of Hyperglycemia During a 3-Year Period. Diabetes. 2004; 53 (4) 1150-1157.

25.Crouch E, Persson A, Chang D, Heuser J. Molecular structure of pulmonary surfactant
protein D (SP-D). J Biol Chem. 1994; 269:17311- 17319

26. McCormack FX, Pattanajitvilai S, Stewart J, Possmayer F, Inchley K, Voelker DR. The Cys6
intermolecular disulfide bond and the collagen-like region of rat SP-A play critical roles in
interactions with alveolar type II cells and surfactant lipids. J Biol Chem. 1997; 272: 27971—
27979

27. Wong GW, Wang J, Hug C, Tsao TS, Lodish HF A family of Acrp30/adiponectin structural
and functional paralogs. Proc Natl Acad Sci. 2004; 101:10302—-10307

127



Pharmacologyonline 1: 117-130 (2010) Newsletter Shvetank Bhatt

28. Lara-Castro C, Luo N, Wallace P, Klein RL, Garvey Adiponectin Multimeric Complexes and
the etabolic Syndrome Trait Cluster Diabetes. 2006; 55(1): 249-259

29. Hada Y, Yamauchi T, Waki H, Tsuchida A, Hara K, Yago H, Miyazaki O, Ebinuma H
KadowakiT. Selective purification and characterization of adiponectin multimer species from

human plasma. Biochemical and Biophysical Research Communications. 2007; 356 (2): 487-
493

30. Bokarewa M, Nagaev I, Dahlberg L, Smith U, Tarkowski A. Resistin, an adipokine with
potent proinflammatory properties. J Immunol. 2005;174(9):5789-95.

31. Abbasi F, Chu JW, Lamendola C, McLaughlin T, Hayden J, Reaven GM, Reaven PD
Discrimination Between Obesity and Insulin Resistance in the Relationship With Adiponectin.
Diabetes.2004; 53(3): 101-104.

32. Gil-Campos M, Canete R, Gil A. Adiponectin, the missing link in insulin resistance and
obesity. 2004; 23 (5): 963-974.

33. Fantuzzi G. Adiponectin and inflammation: consensus and controversy. J Allergy Clin
Immunol. 2008; 121(2):326-330.

34.Tworoger SS, Mantzoros C, Hankinson SH. Relationship of Plasma Adiponectin With Sex
Hormone and Insulin-like Growth Factor Levels. Obesity.2007; 15: 2217-2224.

35. Hevener A, Reichart D, Janez A, Olefsky J. Female Rats Do Not Exhibit Free Fatty Acid—
Induced Insulin Resistance. Diabetes. 2002; 51(6): 1907-1912.

36. Koh E, Cho E, Kim M, Park J, Ko K, Lee W, Lee K. BS3-5 Plasma adiponectin level is
decreased in eNOS knockout mice. Diabetes Research and Clinical Practice. 2007; 79: S16-S17.

37. Combs TP, Berg AH, Rajala MW, Klebanov S, Iyengar P, Jimenez-Chillaron JC, Patti ME,
Klein SL, Weinstein RS, Scherer PE.Sexual differentiation, pregnancy, calorie restriction, and
aging affect the adipocyte-specific secretory protein adiponectin. Diabetes 2003; 52: 268-276.

38.Fujita T. Adiponectin and Barrett's Esophagus. The American Journal of Gastroenterology.
2009; 104: 243.

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

40. Masuda D, Hirano K, Oku H, Sandoval J, Kawase M, Yamamoto K, Koseki M, Matsuura F,
Tochino Y, Kawase R, Takada M, Yamashita Y, Kawamoto T, Nishida M, Ishigami M, Hori

128



Pharmacologyonline 1: 117-130 (2010) Newsletter Shvetank Bhatt

M, Shimomura I, Yamashita S. Chylomicron remnants are increased in cd36 deficiency at
postprandial state. Atherosclerosis Supplements. 2008; 9 (1): 27-28.

41. Marta Sampaio de Freitas, Erica Patricia Garcia De Souza, Simone Vargas da Silva, Andrea
da Rocha Kaezer, Rafael da Silva Vieira, Anibal Sanchez Moura, Christina Barja-Fidalgo. Up-
regulation of phosphatidylinositol 3-kinase and glucose transporter 4 in muscle of rats subjected
to maternal undernutrition. Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease.
2003; 1639 (1): 8-16.

42. Sharabi Y, Oron-Herman M, Kamari Y, Avni I, Peleg E, Shabtay Z, Grossman E, Shamiss A.
Effect of PPAR-gamma agonist on adiponectin levels in the metabolic syndrome: lessons from
the high fructose fed rat model. Am J Hypertens. 2007 ; 20(2): 206-210.

43. Berger JP. Role of PPARY, transcriptional cofactors, and adiponectin in the regulation of
nutrient metabolism, adipogenesis and insulin action: view from the chair. International Journal
of Obesity. 2005; 29: S3—-S4.

44, Gavrilova O, Haluzik M, Matsusue K, Cutson JJ, Johnson L, Dietz KR, Nicol CJ, Vinson C,
Gonzalez FJ, Reitman ML. Liver peroxisome proliferator-activated receptor gamma contributes
to hepatic steatosis, triglyceride clearance, and regulation of body fat mass. J Biol Chem. 2003;
278(36): 34268-34276.

45. Bonnard C, Durand A, Vidal H, Rieusset J. Changes in adiponectin, its receptors and AMPK
activity in tissues of diet-induced diabetic mice. Diabetes & Metabolism. 2008; 34 (1): 52-61

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

47. Tomas E, Tsao TS, Saha AK, Murrey HE, Zhang Cc C, Itani SI, Lodish HF, RudermanNB.
Enhanced muscle fat oxidation and glucose transport by ACRP30 globular domain: acetyl-CoA
carboxylase inhibition and AMP-activated protein kinase activation. Proc Natl Acad Sci. 2002;
99:16309-16313.

48. Wu X, Motoshima H, Mahadev K, Stalker TJ, Scalia R, Goldstein BJ. Involvement of AMP-
activated protein kinase in glucose uptake stimulated by the globular domain of adiponectin in
primary rat adipocytes. Diabetes. 2003; 52:1355-1363.

49. Minokoshi Y, Kim YB, Peroni OD, Fryer LG, Muller C, Carling D, Kahn BB . Leptin
stimulates fatty-acid oxidation by activating AMP-activated protein kinase. Nature. 2002;
415:339-343

50. Blaak EE. Prevention and treatment of obesity and related complications: a role for protein?
International Journal of Obe sity. 2006; 30: S24—S27.

129



Pharmacologyonline 1: 117-130 (2010) Newsletter Shvetank Bhatt

51. Crimmins NA, Woo JG, Kaushal RD, Deka R, Dolan LM, Martin LJ. Adiponectin Receptor
1 Variants Associated with Lower Insulin Resistance in African Americans Obesity. 2007; 15:
1903-1907.

52. McLaughlin T, Abbasi F, Kim HS, Lamendola C, Schaaf P, Reaven G: Relationship between
insulin resistance, weight loss, and coronary heart disease risk in healthy, obese women.
Metabolism. 2001; 50:795-800.

53. McLaughlin T, Abbasi F, Lamendola C, Kim HS, Reaven GM: Metabolic changes following
sibutramine-assisted weight loss in obese individuals: role of plasma free fatty acids in the
insulin resistance of obesity. Metabolism 2001; 50:819-824.

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

55. Putz D, Goldner W, Bar R, Haynes W, Sivitz W. Adiponectin and C-reactive protein in
obesity, type 2 diabetes, and monodrug therapy. Metabolism. 2004; 53 (11): 1454-1461.

56. Ekmekci H, Ekmekci OB. The role of adiponectin in atherosclerosis and thrombosis. Clin
Appl Thromb Hemost. 2006 Apr;12(2):163-8.

57. Sood A, Cui X, Qualls C, Beckett WS, Gross MD, Steffes MW, Smith LJ, DJacobs Jr DR.
Association between asthma and serum adiponectin concentration in women. Thorax
2008;63:877-882.

58. Sood A, Qualls C, Seagrave JC, Stidley C, Archibeque T, Berwick M, Schuyler M, FCCP
Effect of Specific Allergen Inhalation on Serum Adiponectin in Human Asthma CHEST. 2009;
135 (2): 287-294

59 An-Soo Jang, Tae-Hoon Kim, Jong-Sook Park, Ki-Up Kim, Soo-Taek Uh, Ki-Hyun Seo,

Young Hoon Kim, Gune-Il Lim, Choon-Sik Park. Association of Serum Leptin and Adiponectin
with Obesity in Asthmatics Journal of asthma. 2009, 46 (1): 59-63

130



