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ABSTRACT 

Insulin Resistance (IR) is a metabolic condition in which there is a defect in the insulin mediated glucose uptake 

particularly in muscles, adipose tissue and liver. It is a multi-faceted disruption of the communication between 

insulin and the interior of a target cell. Evidences have suggested that adipocytes release a variety of bioactive 

molecules termed adipokines including- IL-6, TNF alpha, leptin, adiponectin, resistin etc. The release of these 

adipokines from adipose tissue-infiltrated macrophages or by adipocytes itself leads to the chronic 

inflammatory state that could play a central role in IR. Excessive fat accumulation is associated with elevated 

plasma free fatty acid levels that cause peripheral and hepatic insulin resistance and stimulate insulin secretion. 

Through free fatty acid flux and adipokines, the dysfunctional adipose tissue communicates with peripheral 

tissues, such as liver, skeletal muscle or pancreatic beta- cells and causes metabolic adverse effects. Either 

directly by interaction with transcription factors or indirectly via unknown mechanisms possibly linked to fatty 

acid oxidation, synthesis or storage, these fatty acids may influence the expression of adipokines. Since fatty 

acids are the main components of adipose tissue, it is essential to clarify the biological effects of different types 

of fatty acids on the expression of relevant adipokines. Insulin resistance is very easy to define, but it is complex 

to understand at the molecular level. In this review, we focus on role of adipokines and free fatty acids in insulin 

resistance. 
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I INTRODUCTION 

Insulin Resistance (IR) is a metabolic condition in which there is a defect in the insulin mediated glucose uptake 

particularly in muscles, adipose tissue and liver. It is describes an impaired biological response to insulin [1-4]. 

It can be seen as a molecular and genetic mystery involving defective insulin signalling and glucose transport 

into cells. Insulin resistance is strongly associated with obesity and many studies have shown that inflammatory 

responses by macrophages can induce insulin resistance in obese subjects [5-7]. Insulin resistance in obesity is 

due to various adipocyte-derived hormones, metabolites, and cytokines released from the expanded adipose 

tissue. Adipose tissues secrete very important metabolic proteins called ―adipokines‖, some of which play an 

important and major role in insulin resistance [8]. These substances regulate insulin action not only locally in 

adipose tissue but also in skeletal muscle and liver.  
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Resistance to insulin stimulated glucose uptake is significantly correlated with resistance to insulin suppression 

of plasma FFA (free fatty acid) concentration [9]. FFAs are elevated in most obese individuals [10, 11]  

primarily because of an increase in the rate of lipolysis from the expanded fat cell mass [12, 13]. Rise in plasma 

FFA concentrations leads to hepatic and peripheral insulin resistance, while in normal subjects it is compensated 

by FFA induced potentiation of glucose stimulated insulin secretion. 

 

II ADIPOKINES AND INSULIN RESISTANCE 

The adipokines are cytokines i.e cell signaling proteins secreted by adipose tissue. The class includes: Leptin , 

Adiponectin, Apelin ,chemerin, Interleukin-6 (IL-6), monocyte chemotactic protein-1 (MCP-1), plasminogen 

activator inhibitor-1 (PAI-1), retinol binding protein 4 (RBP4),tumor necrosis factor-alpha (TNFα), Visfatin,  

Omentin, vaspin, Progranulin, CTRP-4  [14] . 

‗Adipokine‘ has also been employed to describe a protein that is secreted by adipose tissue, rather than by 

adipocytes. However, it is preferable to restrict the term to those proteins that are released by adipocytes 

themselves. The principal reason for this is that cells such as macrophages which also secrete protein signals are 

found in a number of organs, as well as being present in adipose tissue [15, 16]. 

The total number of adipokines, both assumed and documented, is now well over fifty. The earliest to be 

identified was in practice the enzyme lipoprotein lipase, responsible for the hydrolysis of circulating 

triacylglycerols to non-esterified fatty acid  (NEFA); this was followed in the mid-1980s by adipsin, a serine 

protease and part of the alternative complement pathway [17, 18]. 

 

2.1 Leptin 

Leptin was the first adipokine to be discovered in 1944 [19]. It is a hormone made by adipose cells that helps to 

regulate energy balance by inhibiting hunger. Leptin, a product of the ob gene, is exclusively expressed by white 

adipose tissue (WAT) [20]  and is strongly correlated with insulin sensitivity. Leptin binds to OB-R receptors, 

which belong to the class 1 cytokine receptor family. Binding of leptin to its receptor activates the Janus kinase 

(JAK)/signal transducers and activators of transcription (STAT) signal transduction pathway, leading to its 

numerous functions.  

There is considerable amount of crosstalk between the leptin signalling and other signalling pathways, including 

insulin-stimulated phosphatidylinositol 3 kinase (PI3K)/Akt and mitogen-activated protein kinase (MAPK) 

signalling [21]. Leptin improves insulin sensitivity through  activation of AMP protein kinase (AMPK) [22]. 

 

2.2 Tumor Necrosis Factor α  

Tumor necrosis factor (TNF) α is a pro-inflammatory cytokine involved in a wide array of physiological 

processes including inflammation. It is produced by variety of cells mainly but,mainly by macrophages and 

lymphocytes. TNFα exerts its functions through its two main receptors, p50 and p75, with subsequent activation 

of serine kinases, such as IκBα kinase β (IKKβ), c-Jun NH2-terminal kinase (JNK), and p38 MAPK, and 

increased transcription and expression of various pro-inflammatory mediators [23]. Adipose tissue also produces 
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TNF-α in  rodents although this production is weak in humans. In rodents the pathophysiology of insulin 

resistance is mainly through the phosphorylation of the insulin receptor substrate-1 (IRS-1) protein on serine 

residues [24].  

As already mentioned TNF-α is poorly expressed in humans, moreover its expression is slightly modified in 

human obesity [25]. In obese individuals and in animal models of obesity, TNFα expression is increased in 

abdominal fat and skeletal muscle [24, 26]. Study by Hotamisligil et al [24] first identified the increased plasma 

levels of TNFα as a causal mediator of insulin resistance in obese mice. Since then, TNFα has been shown to 

impair insulin signaling by decreasing tyrosine phosphorylation of insulin receptor and insulin receptor 

substrates (IRS) [27, 28], which is likely due to their serine phosphorylation by the serine kinase JNK1. 

 

2.3 Interleukin-6 

Interleukin-6 is a pro-inflammatory cytokine that is produced by many cell types such as fibroblasts,endothelial 

cells, monocytes and also released by adipose tissue (8). IL-6 production by adipocytes is increased in obesity 

[29, 30].  

Recent studies have suggested that IL-6 could be involved in insulin resistance and its complications [30, 31]. 

IL-6 binds to its receptor composed of two subunits, binding to the receptor activates either Ras-mediated 

signalling or JAK/STAT pathway [32]. IL-6 receptor finds its place in the family of class I cytokine receptor 

and involves JAK/STATs (Janus kinases/signal transducers and activators of transcription) signal transduction 

pathway [33]. 

Janus kinase activation induces STAT phosphorylation, dimerisation and translocation to the nucleus to regulate 

target gene transcription [33]. It is well established that very tough interaction occurs between cytokine and 

insulin signalling pathways and this generally   ends up to an impaired biological effect of insulin. Since the 

exact mechanisms have not yet been clearly defined, it could involve tyrosine phosphatase activation [34] or an 

interaction between suppressor of cytokine signalling (SOCS) proteins and the insulin receptor [35-37]. 

Regardless of  the mechanisms involved, it has now been clearly elucidated that cytokines such as TNF-a and 

IL-6 are able to decrease insulin action [34-37]. 

 

2.4 Adiponectin 

Adiponectin is a 30kDa hormone that is mainly secreted and expressed by adipocytes. Expression and 

circulating levels of adiponectin are decreased in obese humans and mice, and correlate strongly with insulin 

sensitivity [38]. Mice deficient in adiponectin are insulin resistant[39] and, conversely, an adiponectin 

administration to obese, insulin resistant mice improves insulin sensitivity [40-42].Thus in contrast to other 

adipokines, adiponectin levels are decreased in obese and/or type 2 diabetic patients and in patients with 

coronary heart diseases.  

There is a strong positive correlation between adiponectinemia and insulin sensitivity. The role of adiponectin in 

insulin-sensitive action of adiponectin may involve the activation of AMP activated protein kinase (AMPK), 

which is known to regulate cellular malonyl CoA concentrations by inhibiting acetyl CoA carboxylase [22] 
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2.5 Retinol Binding Protein (RBP)-4 

Retinol binding protein 4, plasma, also known as RBP4, is a protein [43] that in humans is encoded by the RBP4 

gene [44]. Retinol-binding protein 4 has recently been described as an adipokine that contributes to insulin 

resistance in the AG4KO mouse model [45]. Elevated RBP-4 plasma levels, synthesised by adipocytes, were 

observed which suggest association of IR in this mouse model [45]. Elevated serum levels of RBP-4 are also 

seen in obese or type 2 diabetic humans and in IR rodents. There is a positive interrelationship between RBP-4 

plasma levels and insulin resistance severity in, type 2 diabetes, obese and non-obese subjects with strong 

family background [46]. Injection of purified RBP-4 into mice impairs caused insulin resistance in muscle and 

induces the expression of the gluconeogenic enzyme phosphoenolpyruvate carboxykinase in the liver [39]. 

Raised RBP4 levels have been reported in people with type 2 diabetes [47] . The mechanism by which a 

downregulation in adipocyte GLUT4 results in an increase in RBP4 expression is unknown, but it might involve 

sensing of glucose by adipocytes [48]. 

Among the RBP4-lowering agents, treatment with fenretinide [N-(4-hydroxyphenyl) retinamide] (FEN), a 

synthetic retinoid and anticancer agent, improves insulin sensitivity by reducing serum RBP4 levels by 

increasing urinary excretion [49-51] by interfering RBP4 binding to transthyretin (TTR). 

 

III  FREE FATTY ACIDS AND INSULIN RESISTANCE 

Accumulation of intracellular lipid metabolites in insulin sensitive tissues plays an important role in insulin 

resistance of obesity and type 2 diabetes [52]. Insulin resistance at the level of the fat cell leads to increased 

intracellular hydrolysis of triglycerides (TGs) and release of fatty acids into the circulation. Whatever may be 

the molecular or environmental basis for insulin resistance in the adipose tissue, the end result is that FFA 

uptake by fat cells is either decreased or FFA release from fat cells is increased, confronting the liver with 

increased availability of energy (Fig 1).  

Figure 1. Increase in FFA concentration in circulation increase basal hepatic glucose production 

and induce hepatic insulin resistance at different sites [53]. 
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Muscle TG levels are increased in type 2 diabetic patients [54]. Similarly, accumulation of lipid in the liver is 

associated with hepatic insulin resistance [55, 56]. The hypertriglyceride- mia of insulin resistance can be 

considered as a Ping-Pong match between the hepatocytes and adipocytes, where VLDLs and FFAs are the 

Ping-Pong balls carrying energy back and forth between the liver and the adipose tissue. 

 Due to elevated FFA and glucose levels, there is inhibition of Krebs cycle enzymes and citrate exit from the 

mitochondria. Citrate then activates ACC resulting in increased malonyl-CoA and inhibition of CPT1 [57], thus 

prevents FFA oxidation. The above process results in accumulation of cytosolic LCFA-CoA and is bio 

transformed to esterification [58]. This leads to accumulation of fat esterification products, which have been 

involved in insulin resistance [59]. 

 

IV CONCLUSION 

Insulin resistance as such is not a problem of deficiency of glucose uptake in response to insulin, however a 

multifaceted syndrome. Dysregulation and imbalance of fatty acid metabolism as such plays an important role in 

the development of IR. The increase in FFA release from or decrease in uptake of FFAs into adipocytes 

provides the clear link between dyslipidemia and insulin resistance. Adipokines which are directly secreted by 

adipocytes, induce low grade chronic inflammatory state that could play an important role obesity related insulin 

resistance. This provides a new potential target for drugs. 
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