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Abstract
Development of type 2 diabetes has been linked to β-cell failure coupled with insulin resistance and obesity. Adipose tissue, known as the fat store, secretes a number of hormones and proteins collectively termed adipokines some of which regulate insulin sensitivity. Dysregulation in the secretion of adipokines has been linked to insulin resistance and type 2 diabetes. In this review, we summarized evidence of the role of adipokines with focus on leptin, adiponectin, adipsin, visfatin and apelin in the pathogenesis of type 2 diabetes and discussed the potential of saponins to modify the ill-regulated adipokines secretions, which could promote the use of this class of phytochemicals as potential antidiabetics agents.
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Core tip: β-cell dysfunction and insulin resistance are linked to type 2 diabetes. Adipokines produced from adipose tissues regulate glucose homeostasis and insulin sensitivity. Dysregulation of adipokines are linked to insulin resistance and disruption of glucose homeostatsis. Saponins modulate the activity of some adipokines hence may serve as therapy for treatment of type 2 diabetes.
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INTRODUCTION
The Adipose tissue is the major origin of fatty acids in the postprandial fasting state for energy use and heat production[1]. Its accumulation, particularly the white adipose tissue (WAT), has been reported to be the factor responsible for obesity, which has been associated to type 2 diabetes and cardiovascular disease[2]. The statistic of individuals suffering from type 2 diabetes is growing worldwide and based on data from International Diabetes Federation, about 415 million people are affected by this metabolic but deadly disease, contributing to an explosion in type 2 diabetes linked health problems. Due to high rate of morbidity and mortality, type 2 diabetes is considered one of the major public health problem in many parts of the word[3].
Nowadays, adipose tissue is known to serve as endocrine organ that secrete pro- and anti-inflammatory mediators including adipokines, which are cell-signaling proteins that function as hormones[4]. Of particular importance is the ability of adipokines to function as classic circulating hormone that communicate with adipose tissue itself as well as other organs like muscle, liver, brain and the immune system[5]. It should be stressed that these adipokines are secreted to modulate inflammation and insulin resistance. 
Insulin resistance is key to evolution of type 2 diabetes mellitus, which is regarded epidemic and culminating in high cardiovascular disease risk and death rate. Therefore, an in-depth knowledge of mechanisms implicit in insulin resistance is needful to fight the widespread occurrence of type 2 diabetes and their associated diseases[3]. Obesity’s contribution to type 2 diabetes has been linked to dysregulation of adipokines (i.e., improper production of adipokines by adipose tissue) and glucose uptake[6].
Increasing data have opened our understanding on adipose tissue over the past few decades giving us a clear picture about adipose tissue not only being an inert excess fat storage depot but also a dynamic endocrine organ secreting a wide range of bioactive protein secretions[7,8]. As mentioned earlier, adipokines or adipocytokines are peptides or cytokines that are secreted by adipose tissue. The adipokines list increases yearly, as both novel and existing adipokines secreted by adipose tissue are reported from time to time[8]. Adipokines play a substantial role in the maintenance of adipogenesis, chemo attraction of immune cells into adipose tissue, adipocyte function via autocrine/paracrine signaling, regulating appetite, energy expenditure and spontaneous activity, insulin sensitivity and energy metabolism in the brain and peripheral target tissues[9,10]. Some of the biologically active protein secretion of the adipocytes includes adiponectin, adipsin, leptin, resistin, apelin, retinol binding protein 4 (RBP4), vaspin, hepcidin and visfatin while the cytokine secretions are tumor necrotic factor-alpha, interleukin-6 and monocyte chemoattarctant protein -1[11] (Figure 1).
In the past few years, particular attention has been paid to finding natural products and/or plants derived chemicals with the potential to improve obesity (by suppressing appetite, retarding body fat accumulation and improving weight loss) and glucose uptake by modifying adipokines[12-15]. Saponins are steroid or triterpenoids glycosides found in many plants and plant products. They exhibit a variety of pharmacology activities including antidiabetic, hypocholesterolaemic, anticarcinogenic, and hypoglycaemia among others[16-18]. In this review, our focus shall be on the mechanisms linking adipokines to type 2 diabetes and discuss the ability of saponins to modulate adipokines thereby improving insulin sensitivity. 

ADIPOKINES IN INSULIN RESISTANCE
A substantial risk factor for type 2 diabetes is obesity because it has been connected to insulin resistance. The diminished potential of tissues to react to insulin activity is referred to as insulin resistance. Adipose tissue is one of the tissues that respond to insulin action by storing triglycerides through some mechanisms which include enhancement of differentiation of pre-adipocytes to adipocytes, enhancing the intake of glucose and fatty acids derived from circulating lipoproteins and lipogenesis in mature adipocytes, and inhibiting lipid breakdown (lipolysis)[19]. Initiation of insulin signaling starts by binding of insulin to its receptor located on the cell membrane. The binding leads to activation of insulin receptor substrate (IRS) proteins by phosphorylation thereby activating two main associated signaling pathways: Namely the phosphatidylinositol 3-kinase (PI3K)-AKT/protein kinase B (PKB) pathway and the Ras-mitogen-activated protein kinase (MAPK) pathway. The most important pathway for most metabolic actions of insulin is PI3K-AKT/PKB. The phosphorylated IRS-1, by the insulin receptor, triggers PI3K by binding to its SH2 domain. PI3K produces phosphatidylinositol-(3,4,5)-triphosphate (PIP3), which is a lipid second messenger that triggers many phosphatidylinositol-(3,4,5)-triphosphate-dependent serine/threonine kinases, including AKT/PKB. These downstream signaling pathways of insulin result in the mobilization of glucose transporter 4 (Glut 4) to the plasma membrane from the cytosol, resulting in increased adipocyte glucose uptake (Figure 2). The MAPK pathway that is the second pathway associated with IRS-1 phosphorylation is not associated metabolic actions of insulin. It is rather involved in inducing mitogenic and growth effects of insulin. Insulin also has anti-lipolytic effect in adipose tissue, through PI3K activation which stimulates phosphodiesterase-3 causing hydrolysis of more adenosine 3’,5’-cyclic monophosphate in adipocytes, thereby limit the mobilization of fatty acids from adipose tissue[19].
One of the mechanisms to explain the high risk of type 2 diabetes with obesity is as a result of defect in blood level of adipokines on metabolic tissues[20]. Study has suggested a probable role of adipocytes in the progression of insulin resistance. Adipose tissue releases free fatty acids (FFAs) and various adipokines that have been implicated in unnatural insulin signaling. Study has demonstrated that the enlargement of adipose tissue depots leads to obesity causing dysregulation in adipokine secretion, typifying the potential pathophysiological link between adipose tissue secretions (adipokines), obesity and type 2 diabetes[21]. Compositional changes in obese state lead to dysregulation in secretion of adipocyte-secreted hormones (adipokines). Adipose tissue secrets many adipokines like RBP4, leptin, resistin, vaspin, visfatin, hepcidin, adiponectin and inflammatory cytokines which regulate insulin sensitivity, immune response, cardiovascular function, and many physiological processes[22]. A strong correlation exists with level of circulating adipokines and signaling pathways modulated by insulin (such as JAK2/STAT3, MAPK, PI3K and AMPK pathways), suggesting a link between adipokines and insulin action.
Adipokines such as adiponectin and leptin, visfatin, apelin are now known to modify insulin sensitivity and/or secretion which are the two major events that occur in the evolvement of type 2 diabetes. For the purpose of this review, we will focus our attention on leptin, adiponectin, adipsin visfatin and apelin. Particularly, we will discuss their mechanism of action in regard to insulin resistance and the potential of saponins to modulate peptides adipokines. 

Leptin and insulin sensitivity
Leptin is an endogenous sensing factor that provides a critical link between the environment, metabolism, and immune function[22]. It plays vital role in the metabolic regulation of satiety, appetite, food intake, activity and energy expenditure. The relationship of leptin with insulin resistance, obesity and cardiovascular disease has been extensively studied since its discovery in 1994. As mentioned earlier, obesity, which is considered a major public health problem, is often linked with type 2 diabetes mellitus, cardiovascular diseases as well as cancer. These diseases have been linked to a lowered reactivity for leptin, an adipocyte hormone that is principally secreted by the WAT to targets specific receptors in the arcuate nucleus of the hypothalamus in order to regulate food intake and energy expenditure. Leptin was originally thought to act only as a satiety factor but the presence of OB-R leptin receptors in almost all tissues suggest the pleiotropism of leptin in all tissues expressing leptin receptors. The actions of leptin are mediated via actions on leptin receptors (LepRs) generally expressed by neurons in the central nervous system (CNS)[23]. Leptin receptors (OB-R) activation stimulates several intracellular signaling pathways implicated in insulin sensitivity such as the PI3K, JAK2/STAT3, MAPK, and AMPK pathways, IRSs[24] for review see[25,26]. 

Saponin’s effect on leptin: Saponins have been implicated in regulation of energy metabolism through activation of AMPK[27,28]. In addition, most of the signaling pathways (JAK2/STAT3, MAPK, PI3K and AMPK) being modulated by leptin are also modulated by saponins[29-31]. Several studies on the effect of saponins on leptin have been documented[32]. While some recorded increase in serum leptin concentration with saponin administration[31,33], others documented decrease in serum leptin concentration following saponin administration[34,35]. 
In a study, Yang et al[35] reported that Panax notoginseng saponins demonstrated anti-hyperglycemic and anti-obese activities as a result of improved insulin and leptin sensitivity. Tea saponin treatment was shown to reduce the protein levels of pro-inflammatory cytokines (TNFα, IL-6, and/or IL-1β) and nuclear factor-κB signaling (phosphorylated inhibitory-κB kinase and phosphorylated inhibitory-κBα) in adipose tissue and the liver[36]. The anti-inflammatory effect of tea saponin was associated with improved glycemic status in the treated animals, which was evidenced by improved glucose tolerance, homeostasis model assessment, and fasting plasma insulin. In the hypothalamus, tea saponin decreased both pro-inflammatory cytokines and inflammatory signaling in the mediobasal hypothalamus. Tea saponin treatment also enhanced the anorexigenic effect of central leptin administration, restored leptin phosphorylated signal transducer and activator of transcription-3 (p-STAT3) signaling in the arcuate nucleus, making tea saponin an anti- obesity and anti-diabetic agent. Other plants whose saponins effects have been probed on leptin are Yucca schidigera[32]. Based on the aforementioned information, saponins appear to be an activator of AMP-activated protein kinase (AMPK), which is a key regulator of energy balance and fat metabolism and PI3K signaling, leading to improve insulin sensitivity. Hence, saponin may be a potential anti-obesity agent by reducing insulin resistance and improving insulin sensitivity. 

Adiponectin and insulin sensitivity
Adiponectin is a protein hormone (adipocyte hormone) modulating a number of metabolic processes such as fatty acid oxidation and glucose regulation[27,37]. It plays a crucial role in the evolution of insulin resistance and atherosclerosis. The concentration of circulating adiponectin is high in normal subject but lower in obese subjects than in lean subjects. Adiponectin is negatively correlated with adiposity. Its level is also reduced in insulin resistance and type 2 diabetes. A reduction in adiponectin level occurs prior to the onset of type 2 diabetes and oral administration of adiponectin is generally followed by decrease blood glucose levels which culminates in increased insulin sensitivity (for reviews, see[38,39]. Data from animal studies have linked decrease the expression of adiponectin to some degree of insulin resistance thereby linking hypoadiponectinaemia to insulin resistance. Increase fatty acid oxidation and hepatic glucose production inhibition have been put forward as mechanism of enhancement of insulin sensitivity by adiponectin[40]. AdipoR1 and AdipoR2 are characterized adiponectin receptors and they contain 7 transmembrane domains, with different structure and function. Both AdipoR1 and AdipoR2 are predominant in in the skeletal muscle while AdipoR2 is primarily expressed by liver[41]. AdipoR1 and AdipoR2 mediate the antidiabetic metabolic effect of adiponectin, and their expression are repressed in obesity-linked insulin resistance[38,39].

Saponin’s effect on adiponectin: Accumulating evidences from the literature indicate that saponin treatment increases adiponectin level, and this effect might play an important role in enhancement of insulin sensitivity by saponins[17,27,42]. Duan et al[43] reported that chikusetsu saponin increased adiponectin level and enhanced neuronal AdipoR1 as well as downstream molecules of adiponectin including AMPK, and glycogen synthase kinase 3 beta (GSK-3β) expression, in a concentration-dependent manner in diabetic mice. Platyconic acid is a saponin from Platycodi radix that potentiated the expression of adiponectin in adipose tissue leading to improved insulin signaling[42]. Likewise, saponins from Helicteres isora increased the expression of adiponectin[17]. Other saponins which exhibited increased expression of adiponectin include saponins isolated from Astragalus membranaceus[44] and Ilex paraguariensis[45].

Adipsin and insulin sensitivity
Adipsin was the first adipokine described[46] and is one of the major proteins of adipose cells that inversely correlate with many animal models of obesity and diabetes[46]. Later this adipokine identified to be complement factor D[47-49], which catalyzes the rate-limiting step of the alternative pathway of complement activation[50]. Since then, adipsin has been shown to play pivotal roles in models of ischemia reperfusion and sepsis[51-53]. 
Adipsin stimulates glucose transport enhancing triglyceride accumulation in fats cells and also inhibits lipolysis[54]. The adipsin-acylation stimulating protein (ASP) system is involved in the regulation of triglyceride metabolism in adipocytes. This system increases triglyceride synthesis rate in adipocytes by translocation of glucose transporters from intracellular vesicles to the plasma membrane, enhancing specific membrane glucose transport[27,55].
Recently, the relationship between the immune system and adipose tissue has linked complement biology to pathogenesis of type 2 diabetes. This can be explained at least in part to the fact that certain proteins of the complement pathway such as adipsin are preferentially expressed in the adipose tissue and are dis-regulated in models of obesity and diabetes[53]. Adipsin was recently identified as one of the most abundant and specifically expressed adipose proteins that links fat cells and obesity to Beta cell function[53]. It can increase insulin secretion by producing the peptide complement 3a (C3a). 
Adipsin splits complement factor B in the alternative complement pathway, hence catalyzing the formation of C3 convertase, contributing to a hydrolysis cascade that produces various complement fragments including complement 3a (C3a), C3b, C5a and C5b[48]. C3a potentiates insulin secretion by interacting with C3AR1 to act on Beta cells (Figure 3) only during hyperglycemia and does not induce Beta cells to release insulin at low glucose level[56]. 

Saponin’s effect on adipsin: Bhavsar et al[17] reported that saponins from Helicteres isora significantly increase the expression of adipsin when compared with control db/db mice. Zhang et al[57] also established the link between Panax notoginseng saponins and complement factor 3 (C3). The ability of saponin to stimulate adipsin and C3 brings to light the beneficial role of saponins in improving insulin sensitivity and hyperglycemia.

Visfatin and insulin sensitivity
Visfatin also known as nicotinamide phosphoribosyltransferase (NAMPT), or pre-B-cell colony-enhancing factor 1 (PBEF-1) is an adipokine mainly synthesized and secreted in visceral fat (WAT) hence its name “visfatin”[58]. It is produced as a result of adipocyte differentiation and its potential to lower blood glucose is as a result of its nicotinamide phosphoribosyl transferase activity[59]. Visfatin possess insulin mimetic effects through enhancement of glucose uptake by myocytes and adipocytes and suppression of hepatocyte glucose production/release[11,60]. Visfatin also exert its effect on insulin transduction pathway through induction of tyrosine phosphorylation of insulin receptors 1 and 2, activation of phosphatidylinositol-3 kinase (PI3K), protein kinase B (AKT) and MAPK. Visfatin has the same affinity as insulin for insulin receptor but its binding to insulin receptor occur at a different site. Brown et al[61] demonstrated that visfatin is able to regulate insulin secretion and insulin receptor signaling in beta-cells of the pancreas. More recently, Gouranton et al[62] demonstrated that visfatin is involved in TNFα-mediated insulin resistance through NDA+/Sirt1/PTP1B pathway in 3T3-L3 adipocytes. 

Saponin’s effect on visfatin: Increasing evidence has shown that saponins act the same way as visfatin by activating PI3K, protein kinase B (AKT) and MAPK suggesting that saponins can regulate insulin transduction pathway[17,27,63]. Macrostemonoside A, a steroidal saponins from Allium genus increased the synthesis as well as release of visfatin in 3T3-L1 adipocytes and elevated mRNA levels of this adipokine in a dose- and time-dependent mode[64,65].

Apelin and insulin sensitivity
Apelin, a 36 amino-acid peptide has been characterized in a variety of tissues, such as CNS with high expression in the hypothalamus, stomach, heart, skeletal muscle, and WAT. It is an endogenous ligand of the G-protein-coupled receptor, (APJ)[65,66]. The G protein-coupled receptor APJ and its connected ligand, apelin, are widely expressed all through human body. They are linked to different key physiological processes including cardiovascular functions, fluid homeostasis, angiogenesis and energy metabolism regulation. The serum level of apelin is directly proportional to insulin resistance[67-69] and liver cirrhosis. Inflammation and oxidative stress have been shown increase plasma level of apelin. 
One of the first observed effect of apelin linked to glucose metabolism, aside that of insulin secretion is its ability to lower glucose level in fasted states and during in-vivo mice model of glucose tolerance test. This effect is mainly due to enhanced glucose uptake in target tissues such as adipose tissue and skeletal muscle[70,71].
Data from in vivo study revealed that reduced expression of apelin in adipocyte and lower serum concentration might contribute to enhanced insulin sensitivity that is significantly independent of weight loss through an unknown mechanism. 
In vitro experiment using C2C12 muscle cells showed that apelin enhanced glucose transport through AMPK pathway. Also apelin increased muscle Akt phosphorylation in both ex vivo and in vitro studies[70,72]. Interestingly, apelin triggers glucose uptake in muscle of obese as well as insulin-resistant mice ultimately leading to enhanced insulin sensitivity[70,71]. 

Saponin’s effect on apelin: Only one study reported the potential beneficial effect of saponin on apelin. Xiu-Juan et al[73] demonstrated that-saponins from Astragalus membranaceus decrease the expression of Apelin/APJ mRNA in the high glucose group when compared to control. 

MODULATION OF ADIPOKINES (PEPTIDES) BY SAPONIN 
We have demonstrated in this review that saponin modulates leptin, adiponectin, adipsin, visfatin and apelin (Figure 4). Leptin and visfatin activation by saponin may be the link between saponin and insulin signaling. Earlier studies have documented the potential of saponin to activate PI3K and AKT[17], the activation of PI3K and AKT by saponin may be the downstream signaling resulting from leptin and visfatin activation. 
Primarily, hyperlipidemia, serum triglycerides and FFA are elevated in type 1 and type 2 diabetes but plasma FFA are elevated in obese subjects. An elevated plasma level of FFA has been linked to increase insulin resistance in muscle and liver. One of the therapeutic approaches for type 2 diabetes has been to lower circulating level of FFA[74]. Activation of adiponectin by saponin could increase fatty acid oxidation and inhibit hepatic glucose production thereby lowering plasma FFA levels. Increase expression of adiponectin by saponin could be one of the mechanisms of improving insulin sensitivity by saponin. Increase expression of adipsin by saponin (Figure 4) is also another way by which saponin can improve insulin sensitivity in type 2 diabetes.

CONCLUSION
This mini review has outlined the link between adipokines, insulin resistance and type 2 diabetes and the ability of saponin to modulate peptide adipokines (leptin, adiponectin, adipsin, visfatin and apelin) leading to improved insulin sensitivity. Further insight into this area of developing saponin into a class of antidiabetic drug will be invaluable and of tremendous impact on the treatment and the early intervention and prevention of diabetes.
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Figure 1 Peptides and cytokines secretion (adipokines) of the adipose tissue. TNF: Tumor necrotic factor; IL: Interleukin.
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Figure 2 Insulin signaling leading to increase in adipocyte glucose uptake. PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B; MAPK: Mitogen activated protein kinase; Glut 4: Glucose transporter 4; Raf: Raf family of serine/threonine kinases; Ras: Superfamily of small GTPases; MEK: MAPK kinase; IRS-1: Insulin receptor substrate 1.



[image: ]
Figure 3 Adipsin and insulin secretion in beta cell. Adipsin potentiates insulin secretion through cleavage of CFB to form C3 that is hydrolyzed to form C3a. C3a activates C3AR1, which acts on B-cells of the pancreas to secret insulin. 
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Figure 4 Modulation of adipokines (peptides) by saponin. Saponin increases the expression of leptin, adiponectin, adipsin, visfatin but reduces the expression of apelin. PI3K: Phosphatidylinositol 3-kinase; AKT: Protein kinase B; MAPK: Mitogen activated protein kinase; AMPK: 5’AMP-activated protein kinase; STAT3: Signal tranducer and activator of transcription 3; JAK2: Janus kinase 2.
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