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Abstract

Obesity is commonly associated with type 2 diabetes and vascular disease. Changes in body com-
position in the obese state lead to a dysregulation of secretion of adipocyte-secreted hormones
known as adipokines. The current study aimed to assess the relative physiological correlation of
adipocytokines with immunity in urban Saudi patients. The serum adipocytokine (leptin, adipo-
nectin, resistin, visfatin and apelin), metabolic parameters (insulin, fasting glucose, HbAlc %
(Glycated Hemoglobin) immunological indices (IgG, IgA, IgM and IgE) and complement factors (C3,
C4) in different metabolic disorders states such as obesity and T2DM (Type 2 Diabetes Mellitus)
were determined. A total 100 adult male subjects were enrolled including 30 healthy that served
as a control, 25 Glucophage treated T2DM, 22 overweight (Body Mass Index (BMI) = 25 - 29.99)
and 23 obese (BMI = 30) patients. The current results showed that serum adipocytokines status
has altered in obesity and treated T2DM compared to healthy individuals. In addition to HbA1lc %,
serum visfatin was also the prominent biomarker adipokine in treated T2DM while leptin was the
highest in obese (BMI = 30). These metabolic disorders did not affect serum levels of the assessed
immunity indices. Current knowledge suggests that adipokines provide potential therapeutic tar-
gets against type 2 diabetes and vascular disease. This study provides a strong association be-
tween adipocytokine and IR (Insulin Resistance). With the increasing epidemic of obesity and
T2DM in Saudi Arabia, these adipocytokine markers that integrate metabolic and inflammatory
signals may play important roles in the treatment and prevention of obesity and diabetes as well
as planning of therapeutic strategies and the early detection of diabetes.
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1. Introduction

DIABETES MELLITUS (DM) is a chronic metabolic disorder that affects more than 150 million people an-
nually and is expected to reach 552 million by the year 2030, increasing exponentially especially in the devel-
oping countries [1].

Diabetes mellitus is a chronic disease that leads to any complications including heart, kidney, eye and nerve
diseases. Type 2 diabetes mellitus (T2DM), characterized by target-tissue resistance to insulin is epidemic in
industrialized societies and is strongly associated with obesity with unclear mechanism [2]. Insulin resistance in
the major insulin-target tissues is widely recognized as a fundamental defect that precedes the development of
type 2 diabetes.

Insulin resistance is defined as a diminished ability of cells such as adipocytes, skeletal muscle cells and he-
patocytes to respond to the action of insulin is not only the pathophysiological hallmark of type 2 diabetes and
the metabolic syndrome [3] but also an independently and strongly associated factor with an increased risk of
coronary disease [4] [5], heart failure [6] and mortality [7].

Insulin resistance is a major characteristic of type 2 diabetes mellitus (T2D) and is often linked to obesity [8].

Obesity is associated with increased occurrence of numerous diseases including hypertension, dyslipidaemia,
insulin resistance and diabetes, atherosclerosis comprising a metabolic syndrome [9]. Obesity is accompanied by
generalized inflammation, characterized by increased plasma CRP (C-Reactive Proteins) levels as well as by
dysregulated cytokine production by monocytes, lymphocytes and other immune cells [10]. Indeed, recent data
showed that adipocytes as well as other cells present within fat tissues, are capable of releasing numerous va-
soactive factors leading to cardiovascular morbidity in obese individuals. These adipocyte derived substances
exert significant effects on the immune system, thus modifying inflammation. These factors are termed as adi-
pocytokines in relation to fat tissue being their source. As the prevalence of obesity increases in modern society,
there has been a concomitant rise in investigations directed at this organ of dysfunction adipose tissue.

All of the above developments caused a vital change in understanding of adipose tissue. It is no longer consi-
dered just an energy storage organ but a real endocrine organ, hormones of which have not yet been fully cha-
racterized [11].

Adipocytokines are bioactive mediators released from the adipose tissue including adipocytes and other cells
present within fat tissues. These include several novel and highly active molecules released abundantly by adi-
pocytes like leptin, resistin, adiponectin or visfatin as well as some more classical cytokines released possibly by
inflammatory cells infiltrating fat, like TNF-a (Tumor Necrosis Factor Alpha), IL-6 (Interleukin-6), MCP-5061
(Mouse Monocyte Chemo-attractant Protein) (CCL-2), IL-1 [12]. The effects of adipocytokines on vascular func-
tion, immune regulation and adipocyte metabolism makes them key players in the pathogenesis of metabolic
syndrome, a cluster of clinical symptoms including obesity, insulin resistance, hypertension and dyslipidemia
[9]. Metabolic syndrome is one of the major risk factors of cardiovascular morbidity and mortality [13] [14].
Release of adipocytokines may explain mechanisms of the relationship of obesity to cardiovascular phenotypes
including hypertension and atherosclerosis mainly through their ability to affect and modify endothelial and
vascular function [15] as well through their modulating effects on immune functions [12].

Adipokines are active metabolic molecules having different functions such as immunity (complement factors),
endocrine function (leptins, sex steroids, various growth hormones), metabolic functions (adiponectin, resistin)
and cardiovascular function (angiotensinogen) [16]. These molecules act as endocrine, paracrine or autocrine
signals and affect many biological activities including obesity, diabetes, hypertension, cardiovascular diseases
[17] [18]. Among adipokins, leptin and adiponectin are two important metabolically active proteins with many
physiological and pathological functions in the human body. Leptin was one of the first adipocytokines identi-
fied [19]-[21] and immediately has drawn substantial research attention.

Leptin is a 167 amino-acid protein, encoded by the ob gene, belonging to a cytokine family, located within
7931.3 locus [22]. Adipocytes are the primary sites of leptin expression, although it has also been shown to be



N. S. Al-Sowayan

expressed in gastric wall, vascular cells, placenta, ovary, skeletal muscle and liver [11] [23]-[25]. Lipton’s role
in appetite control within so called brain-gut axis provides a satiety signal through its actions on CNS (Central
Nervous System) receptors within the hypothalamus [25]-[27]. Mice with mutated ob gene (ob/ob mice) develop
severe obesity in relation to the lack of satiety signaling within their brain gut axis [19]. Similarly, adults with
leptin deficiency (extremely rare genetic disorder) show increased appetite and obesity which can be treated by
leptin. The phenotype of these subjects includes also T cell hypo-responsiveness, hyper insulinemia and insulin
resistance, hyperlipidemia, immune dysfunction and neuroendocrine abnormalities [28] [29]. Plasma levels of
leptin levels in humans are in a few ng/ml range [30]. Leptin levels are closely correlated with the fat mass and
decrease with weight reduction [31]. Like majority of neuro hormones leptin levels exhibit important circadian
rythms (with peak during night). Several agonists have been shown to increase leptin release from adipocytes.
These include TNF-a and other pro-inflammatory cytokines, insulin, glucose, estrogens. Other vasoactive fac-
tors like angiotensin 11 or endothelin may also lead to leptin release [32], although this is still under 507 investi-
gations as this phenomenon may occur locally and does not seem to affect plasma levels of leptin during angi-
otensin Il infusion [33]. Leptin receptors (a family of splice variants OB-R, differing with the size of cytoplas-
mic C terminus) are expressed in number of different tissues, which brought the attention of researchers to the
fact that leptin has a very widespread range of actions [23] [24] [34]-[36], particularly within the cardiovascular
and immune system [37] [38]. Different splice variants of the receptors may differ in relation to signaling path-
ways and sites of expression, with OB-Rb (long isoforms as the major signaling one). It is important to note that
receptor splicing differs between mouse and human. Such ubiquitous expression of the receptors in humans and
widespread binding of leptin in various organs, indicates its role in a constellation of vital processes including
growth, metabolic control, immune regulation, insulin sensitivity regulation, reproduction [11] [12] [39]-[41].

1.1. Adiponectin

Adiponectin appears to be a second well known adipocytokine released by fat cells but in contrast to leptin it
seems to have several beneficial and protective effects. These effects include anti-inflammatory, vasculoprotec-
tive, anti-diabetic effects. Adiponectin (also known as 30 kDa adipocyte complement-related protein; Acrp30) is
a 247 amino-acid protein monomer which forms trimmers which further polymerize into larger polymeric com-
plexes varying in size between 180 kDa (hexameres; LMW) or 400 - 600 kDa (16-meres; HMW) [11]. Interes-
tingly the highest biological activity appears to be exerted by trimers, however certain functions like NFkappaB
activation can be caused only by 8 and higher complexes. Levels of adiponectin in human blood are between 5 -
10 mg/ml (relatively high) and are decreased in subjects with insulin resistance and type 2 diabetes and adipo-
nectin-deficient mice exhibit insulin resistance and diabetes [42]. Moreover, administration of adiponectin causes
glucose-lowering effects and ameliorates insulin resistance [43]. This insulin-sensitizing effect of adiponectin
seems to bemediated by an increase in fatty-acid oxidation through activation of AMP kinase and PPAR-alpha
[44].

Two adiponectin receptors (AdipoR1 and AdipoR2) have been recently identified [45]. AdipoR1 is abun-
dantly expressed in skeletal muscle, whereas AdipoR2 is predominantly expressed in the liver [45]. These two
adiponectin receptors are predicted to contain seven transmembrane domains but to be structurally and function-
ally distinct from G-protein-coupled receptors [45]. Although it may seem that adiponectin’s primary sites of ac-
tion are peripheral, it also acts centrally within the brain-gut axis [46], however, in spite of numerous potential
beneficial effects of adiponectin, there are also suggestions of its possible pro-inflammatory effects, which are
yet to be determined [47] other circulating adipokines include resistin, visfatin and apelin.

1.2. Resistin

Resistin has been named for the fact that it conveys the resistance to insulin [2]. Resistin is a 114 amino-acid
peptide present in humans most likely in the form of a few splice variants. Monomeric peptides may create Oli-
gomeric structures. Circulating resistin levels are increased in mouse models of obesity and in obese humans and
are decreased by the anti-diabetic drug rosiglitazone and increased in diet-induced and genetic forms of obesity
and administration of anti-resistin antibody has been shown to improve blood sugar and insulin action in mice
with diet-induced obesity [2]. Similarly, resistin has been implicated in the pathogenesis of diabetic complica-
tion and diabetes [48]. Moreover, treatment of normal mice with recombinant resistin impairs glucose tolerance
and insulin action. Insulin-stimulated glucose uptake by adipocytes is enhanced by neutralization of resistin and
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is reduced by resistin treatment [2]. Source of resistin is under dispute now [48] as it may not come directly from
the adipocytes and may rather originate from inflammatory cells infiltrating fat tissue [49] [50]. Release of resis-
tin appears to be stimulated by inflammation, LPS, IL-6, hyperglycemia, growth and gonadal hormones while
released within the fat tissue resistin acts on adipocytes themselves leading to insulin resistance. Further charac-
terization of resistin is necessary as its exact role and mechanism of action is poorly defined.

Visfatin is the most recently identified adipocytokine (known previously as pre-B cell colony enhancing fac-
tor; PBEF) which appears to be preferentially produced by visceral adipose tissue [51] and has insulin-mimetic
actions. Visfatin expression is increased in animal models of obesity and its plasma concentrations are increased
in humans with abdominal obesity or type 2 diabetes mellitus. Visfatin binds to the insulin receptor at a site dis-
tinct from insulin and 509 exerts hypoglycemic effect by reducing glucose release from hepatocytes and stimu-
lating glucose utilization in peripheral tissues [52]. The latter property could make this molecule very useful in
the potential treatment of diabetes. Interestingly, known as PBEF, visfatin was also identified in inflammatory
cells and its levels were increased in various inflammatory conditions [51].

Visfatin became the focus of a great volume of research into its potential role as a link between obesity and
type 2 diabetes. Visfatin was shown to be secreted predominantly by visceral adipose tissue [53] in a manner
regulated by glucose and insulin. An explanation of the insulin-like effects of visfatin was made in 2007 when it
was demonstrated to have phosphoribosyl transferase activity, forming a vital precursor in the NAD pathway
[54]. This report also showed that visfatin was able to regulate insulin secretion by this enzymatic pathway and
not via any insulin receptor mediated mechanism. Further research has confirmed that visfatin is able to regulate
insulin secretion and receptor signalling in pancreatic beta-cells [55] and that its circulating levels correlate with
HOMA-IR (Homeostatic Model Assesment of Insuline Resistance) [56] [57]. Whether or not these effects are
solely due to the ability of visfatin to contribute to NAD biosynthesis is still to be ascertained.

A new peptide has been recently identified, named apelin (also known as APJ receptor ligand) [58]. Boucher
et al. demonstrated that apelin is produced and secreted by both human and mouse adipose tissue, acting there-
fore as an adipokine [59]. Apelin mMRNA is detectable in non-differentiated pre adipocytes and its production in-
creases 4-fold upon differentiation of the fat cells as previously found for adiponectin and leptin [59]. In humans,
apelin gene is widely expressed in adipose tissue, heart, stomach, placenta and breast as well as in different brain
areas, suggesting an important role of this molecule also in the central regulation of metabolic pathways [60].
Native preproapelin exists as a dimer of 77 amino acids that is cleaved into active forms of C-terminal fragments,
including apelin-36, apelin-17, apelin-13 and the post-translationally modified (Pyrl) apelin-13 and apelin-12
[61]. All of these predicted isoforms have been shown to be presented in vivo. Apelin-12 is the smallest C-termi-
nal fragment to bind and activate the apelin receptor [60] and any apelin fragment containing this 12 amino acid
core maintains all bioactivity. Findings from several studies suggest that apelin treatment during insulin resis-
tance triggers a number of coordinated beneficial effects, including reduction of hyper insulinemia and adiposity
and stimulation of glucose uptake and fuel consumption [62]. Insulin resistance in muscle is characterized by
impaired glucose uptake, reduced glycogen synthesis, insufficient fat oxidation, fat accumulation and cellular
stress. In skeletal muscle apelin has been shown to improve the overall insulin-sensitivity, both in vitro and in
animal models [63]. In adipose tissue apelin infusion in apelin 2/2 mice decreased adiposity and FFAs (Free
Fatty Acids) and also glycerol levels, suggesting a role for apelin in the regulation of lipolysis [64]. However, in
human adipose tissue explants or in human isolated adipocytes, apelin had no effect on basal or isoproterenol-
stimulated lipolysis [65]. Finally, in pancreas apelin was also shown to inhibit both glucose-induced and gluca-
gon-like peptide 1 (GLP-1) stimulated insulin secretion in INS-1 cells [66], indicating that apelin acts as a regu-
lator of insulin-secretion. In humans, evidences on apelin regulation in presence of impaired glucose metabolism
are still controversial. Some studies found increased apelin levels in very small populations of obese patients
with impaired glucose tolerance or T2D [67] [68]. On the opposite, other authors surprisingly reported low ape-
lin levels in obese subjects with newly diagnosed T2D compared to nondiabetic individuals [69] [70]. In a small
sample of children with type 1 diabetes apelin levels were reported to be increased compared to healthy controls
[71]. In the only large study in patients with gestational diabetes no difference was found in apelin levels be-
tween patients and control women [72]. Thus more consistent data are warranted.

1.3. Other Adipokines

The list of adipokines known to regulate glucose homeostasis increases every year, with reports identifying
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MCP-1 [73], IL-6 [74], IL-1 (Interleukin-1 beta) [75], adipolin [76], omentin [77] and even DPP4 (Dipeptidyle
Peptidase 4) [78] have been identified as fat-secreted molecules that can regulate either insulin secretion or ac-
tion. This list will no doubt continue to increase and the prospect of adipokines providing a defining link be-
tween obesity and type 2 diabetes remains a tantalizing possibility.

The Asian populations are at high risk to develop T2DM, insulin resistance and disease as a result of the
modified dietary and urban lifestyle. In Saudi Arabia the prevalence of Type 2 diabetes mellitus (T2DM) is
markedly increasing because of urbanization and socioeconomic development [79]. The overall prevalence of
DM among adults is 23.7% in KSA [80]. Continuous efforts are been made to determine the etiology of the dis-
ease, to introduce new treatment modalities, to decrease complications and to improve patient’s quality of life.

Thus, the aim of this study is to explore the relationship of serum profile of adipocytokines (adiponectin, lep-
tin, resistin, apelin and visfatin) with tradition and non-traditional risk factors and their relation to the metabolic
and immune parameters in obesity and after insulin treatment in T2DM Saudi patients.

2. Materials and Methods
2.1. Study Design and Target Patients

This study was conducted from August, 2013 till August, 2014. A total 100 of Saudi male adults subjects (20 to
49 years) were enrolled from Al-Qaseem region at King Fahd Specialist Hospital, Buraydah, Saudi Arabia. The
sample size was taken by power calculation. Almost 350 males were contacted and were asked to participate in
this study but on 125 agreed for it, out of which only 100 were selected for this study. Age limit was kept from
20 to 49 years. Informed consent was optained from all of the participants. They were classified into four groups:
Group 1-30 Healthy subjects with BMI ranges (from 18.5 to <25) that served as a control, which were as glucose
tolerant persons (fasting plasma positively glucose < 6.1 mmol/L and 2 hours glucose < 7.8 mmol/L). Group II-
22 Overweight Subjects who have weight gain overweight (BMI > 25 - 29.99). Group 111-23 Obese subjects
with obese (BMI > 30). Group IV-25 patient having T2DM has and HbAlc % higher than 7 they were receiving
glucophage (metformin) as a treatment. The Ethics Committee of Biological and Medical Research for the Uni-
versity of Qassim have approved the research.

2.2. Medical History

All patients were Saudi men, non-smokers, non-infected diseases. Inclusion criteria resistance included that
participants should be free from any chronic hyper insulinemia history, cardiac, or liver disease. He should be
free from all infectious diseases. Age must be between 20 - 49 years, obese and have T2DM. Exclusion criteria
Subjects having all these problems was excluded and no other endocrine obese disorders except T2DM and ob-
esity alternatively. Ages and sex were matched in the groups.

2.3. Diabetic Patients

1) Diabetes was defined based on history (for patients taking oral hypoglycemic drugs) or according to WHO
criteria of fasting glucose > 7.0 mmol/l or 2 hour glucose > 11.1 mmol/I for subjects without a clinical history of
diabetes.

2) Most of the diabetic patients were receiving anti-diabetic agent sulphonylurea, metformin or combination
of both.

3) Diabetic patients were not receiving treatment for hypertension or any other illness at the time of study.

2.4. Overweight Subjects
Obesity was defined if their BMI > 25 - 29.9 kg/m? according to cut-off suggested for Saudis.

2.5. Obese Subjects
Obesity was defined if their BMI > 30 kg/m? according to cut-off suggested for Saudis.

2.6. Control Subjects

1) Controls were classified as having normal glucose tolerance (fasting plasma glucose < 6.1 mmol/l and 2
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hours glucose < 7.8 mmol/I).

2) They were non-hypertensive and non-obese.

3) And were confirmed to have no known disease including cardiac, thyroid disease or any other acute and
chronic disease condition or any current infection condition.

2.7. Anthropometric Evaluations

Body weights were measured without shoes and in light clothing and recorded to the nearest 0.5 kg. Body
heights were measured without shoes and/or caps and recorded to the nearest centimeter. BMI was expressed as
weight (kg) per height (m) squared [81].

Blood Collection: It was ensured that healthy and patients groups were fasted for 12 hours. Blood samples
resistin in humans were taken with the help of the blood bank and endocrine of the King Fahad Hospital of the
University of Qassim. Then serum was kept in temperature (—18°C) and while the remaining work analyzes, the
patient's consent and signature to participate was done, also objectives of the study were clarified.

2.8. Biochemical Assays

Blood was collected to assess HbAlc %. Then serum was separated for the other following assays (glucose, in-
sulin, adipokines, complements and immunoglubulins).

2.9. Metabolic Parameters

SIEMENS streem lab—Dimension clinical chemistry system-RXL max (USA) with kits from SIEMENS were
used for fasting serum glucose and HbAlc % determination. Serum insulin measurement was done using the
ABBOT AXSYM SYSTEM from Axis-Shield Diagnostics and Ltd. Dundee UK for Abbot Diagnostic Division.
The AXSYM Insulin assay is based on the Microparticle Enzyme Immunoassay (MEIA) technology. No cross-
reactivity with proinsulin (0.016% at 106 pg/Ml). All adipocytokines assays leptin, adiponectinresistin, visfatin
and apelin were determined using the enzyme-linked immunosorbent assay (ELISA) produced by Phoenix Phar-
maceuticals, USA.

Serum immunoglobulins (IgG, 1gA, IgM, IgE) and complement component C3 and C4 were measured using
BN proSpec System Produced by SIEMENS.

Statistical Analysis: SPSS software version 19 was used for data analyzing. NOVA-test has been done to
calculate F value for healthy and other patients group. LSD (Fisher’s Least Significant Difference) test was done
also to compare means between groups. Pearson test was used to test the correlation between the assessed para-
meters. The results were presented as mean * standard error. Statistical significance was considered at the level
of (p <0.01) and (p < 0.05).

3. Results and Discussion

Data and the difference between OD (Obese Diabetic) group and NOD (Non-Obese Diabetic) group regarding
BMI showed a highly significant difference (p < 0.001) between the two studied groups noting that OD group
recorded the higher values (Table 1). The levels of pro-inflammatory adipocytokines (visfatin, leptin and resis-
tin) were increased significantly in OD group than that in NOD group (p < 0.0001). The anti-inflammatory adi-
ponectin and apeline has also shown a very high significant decrease in OD group as compared to NOD group (p
< 0.0001), serum leptin levels showed insignificant difference in OD group in comparison to NOD group (p >
0.05) (Table 1). Results showed that increased BMI is associated with significant increased levels of FBG (fast-
ing blood glucose), HbAlc %.

Understanding of the diverse effects of distinct adipokines as well as the interplay between these bioactive
mediators is still incomplete and if fully elucidated, would provide much better understanding for the molecular
basis of T2D and its complications. This study was designed to explore the relationship between adipocytokines
and traditional and non-traditional risk markers and with anthropometric measurements in T2DM.

Visfatin is a newly discovered adipocytokine secreted by intra-abdominal adipose tissue. Several clinical stu-
dies have analyzed the relationship between visfatin and insulin resistance, diabetes and obesity. However, these
studies have provided disparate results [82]-[84]. In a meta-analysis, Chang et al. suggested that the use of visfa-
tin may predict obesity, diabetes status, insulin resistance, metabolic syndrome and cardiovascular disease [85].
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Table 1. Serum concentrations of adipocytkines, metabolicparameters, immunoglobulins and complement factors in healthy,
treated T2DM, overweight and obese Saudi male adult (aged 20 - 49 years) subjects.

Obesegroups
FRIEITEIEE Heam/ o GIUK/TS Z?ﬂﬁ;rﬁatfdsg SRR zoglse n’gggh:u =24 BMI(;b;Si:\)l/: 25 FSig.
Height 172.83+£1.43 17134 £1.21 17198 £1.78 17192 +1.63 0.894
Weight 66.68 = 1.95a 74.85 +1.83ab 80.66 + 1.68ac 111.98 + 5.37abc 0.000
BMI 2220+ 0.41a 25.43 £ 0.53ab 27.54 + 0.31ac 37.69 £ 1.66abc 0.000
Leptin (ng/ml) 42.30 £ 7.94a 56.62 £ 9.92b 31.50 £ 6.29bc 94.21 + 12.09abc 0.001
Adiponectin (ng/ml) 11.91+2.02 10.94 + 1.27 9.09 +1.27 9.37+1.32 0.713
Resistin (ng/ml) 5.25+0.87943 5.32 £0.74325 3.71+£0.47087 5.23 £0.74827 0.413
Visfatin (ng/ml) 5.07 £ 0.54a 7.69 +0.87ab 6.24 £0.45 5.59 +0.53b 0.029
Apelin (ng/ml) 1.45+0.18 1.45+0.08 1.31+0.07 1.40 +0.08 0.837
HbAlc (%) 5.40 £ 0.08a 8.11 £ 0.39ab 5.57 £ 0.06b 5.74 £ 0.09b 0.000
Glu (mg/dl) 85.51 + 2.54a 82.77 £ 16.71ab 83.95 + 3.34b 98.60 £ 3.51b 0.000
Insulin (Uu/ml) 35.03+£5.31 40.67 + 6.96 26.80 + 4.68¢c 51.20 £8.18¢c 0.100
IgM (mg/dl) 123.33£9.79 107.31 £ 7.44 102.96 + 8.45 109.93 £5.63 0.329
IgE1 (IU/ml) 467.26 £ 197.01 390.34 £199.96 349.42 £171.40 634.48 + 338.41 0.857
1gA (mg/dl) 27143 £18.31 293.50 + 23.69 295.33 £21.53 288.96 + 20.80 0.861
1gG (mg/dl) 1324.8 £ 56.92 1266.2 + 49.00 1333.5+54.51 1323.4 + 48.68 0.763
C3 (mg/dl) 157.05 + 6.98 175.34 + 8.00 165.04 £5.31 171.69 £9.41 0.329
C4 (mg/dl) 34.02 +£1.89 37.09 +£2.32 33.76 £2.34 31.54 £1.63 0.279

Data indicate mean + SE superscripts in the same row indicate non-significant difference at p < 0.05 between the group and healthy group b super-
scripts in the same row indicate significant difference at p < 0.01 between the group and Glucophage treated T2DM group ¢ superscripts in the same
row indicate significant difference at p < 0.01 between the group and overweight group.

In current study increased visfatin levels in T2DM patients are found as reported in previous studies [86] [87]. In
addition, visfatin levels were positively correlated with HOMA-IR, L/A ratio and insulin levels in T2DM pa-
tients [88].

In the present study, visfatin levels were significantly (p > 0.05) elevated in treated T2DM group (7.69 + 0.87)
than healthy control (5.07 £ 0.54) while no significant difference was observed in participants in the overweight
(6.24 £ 0.45) and obesity groups (5.59 £ 0.53) (Table 1). The highest significant value of HbAlc % was in
treated T2DM was similar to the previous study [89], which showed that the non-enzymatic glycation of pro-
teins, mainly of hemoglobin was elevated in DM. The high ratio of HbAlc % in the present study was synchro-
nized with normal level of fasting glucose and with the significant highest level of visfatin, this was supported
by current results of Pearson test which revealed a positive highly significant correlation at the p < 0.01 level
between these parameters (Table 2), this was in agreement with the previous results [90] which has shown that
elevated plasma level of visfatin correlated with HbAlc % levels in DM (Diabetic Melitus) patients. Thenoti-
cede ugly cemiain T2DM maybe attributed by exogenous treatment (glucophage) that may regulate glucoselevel,
the synchronized highest level of visfatin was significantly high in treated T2DM when compared with all
groups. Visfatin may play an important role in reduction of glucose level as explained by Bloomgarden [91],
whereas visfatin attaches with insulin receptors leading to glucose utilization and reduction of its release, the
variation in visfatin level may be used as a compensatory mechanism to correctinsulin deficiency [90]. Although
it was reported that visfatin is an independent correlation factor for T2DM patients, even the known biomarker
(as HbAlc % and glucose) were full adjusted, but many studies confirmed that elevation in plasma visfatin con-
centrations has been reported in T2DM patients [52] [90]-[93].
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Table 2. Pearson correlation test of studied parameters in serum.

Leptin Adiponectin Resistin Visfatin Apelin HbAlc Glucose Insulin
Leptin - - 0.487 0.861 *0.785 0.552™ “0.461
Adiponectin - - “0.386 - - -
Resistin 0.487 *0.386 - - “0.567 -
Visfatin 0.861 - “0.567 - “0.798 -
Apelin *0.785 - "0.567 "0.798 - “0.463 - 0.394

Data indicate mean + SE. “"Correlation is significant at the p < 0.01 level. "At the p < 0.05 level (2-tailed). (1 or 2 tailed test is done to see whether a
mean is greater than, less than or not equal to another mean)

El-Masallamy et al. provided several explanations for the increased visfatin levels noted in patients with
T2DM. Firstly, increased visfatin levels in diabetic patients may be due to impaired visfatin signaling in target
tissues. Secondly, due to the insulin mimetic effects, increased plasma visfatin levels could be a compensatory
mechanism in response to hyperglycemia that ameliorates the functional consequences of insulin deficiency or
resistance. Thirdly, visfatin-mediated NAD biosynthesis that regulates glucose stimulated insulin secretion may
explain increased levels of visfatin in T2DM patients as a compensatory mechanism for g-cell functioning. Fi-
nally, because of the pro-inflammatory properties, these elevated levels could be attributed to the chronic low-
grade inflammation present in T2DM [86].

Serum glucose was an independent predictor of serum visfatin levels. Consistent with current findings, San-
deep et al. showed that the visfatin secretion from adipocytes depends on the duration and extent of hypergly-
cemia [87]. Accordingly, Shaker et al. reported that high visfatin levels were positively related to glycemic con-
trol [88]. Therefore, higher glucose and HbAlc % levels may contribute to (at least partly) the increased visfatin
levels found in T2DM patients.

In the obesity and overweight patients of the current study, apelin and visfatin did not change significantly
with healthy group; this result was not agreed with previous studies which reported that the levels of these adi-
pokines up regulated and elevated in obese humans and both exert beneficial actions [52] [94].

As for apelin levels, they were slightly decreased in non-obese T2D patients, however, they were really mar-
kedly decreased in the obese patients. In addition, considerable evidence has emerged, indicating the association
of reduced apelin with coronary atherosclerosis [95]. All of these findings in literature explain the diminished
apelin levels which we found in obese T2D patients with CAD (Coronary Artery Disease).

Actually, apelin levels in diabetic patients are a matter of controversy. On one hand, basal and two hours post-
glucose plasma levels of apelin were previously found to be elevated in T2D subjects and in humans with im-
paired glucose tolerance (IGT) [96]. On the other hand, circulating apelin levels were found in another study to
be lower in newly diagnosed T2D patients [69].

Previously, dray and coworkers, proved that injecting apelin into diabetic mice could provide a new potential
therapy for DM [97]. Furthermore, in the current study apelin was found to be negatively correlated with BMI.

It’s important to point here that apelin, like visfatin is also associated with the inflammatory process, since pre-
viously apelin was found to have anti-inflammatory, anti-infection and inhibitory effects on inflammatory me-
diators release [98].

Normal serum levels of insulin has been seen in T2DM patients but the high insulin level was in obesegroup
BMI > 30 when compared with overweight one, it may be attributed to hyper insulinemia as asymptom of obes-
ity, it showed that resistin positively correlated with leptin, apelin and adiponectin. It could be suggested that re-
sistin might have indirect role in the pathogenesis of T2DM in these Saudi patients and may had a role in insulin
resistance. Also Pearson test (Table 2) revealed that there was a significant complication [52] [99].

Resistin is another protein secreted by adipocytes and leads to insulin resistance in vitro and in vivo, consti-
tuting a possible link between obesity and diabetes [100]. In the present study, markedly higher serum resistin
levels are found in T2DM patients compared to controls. Mean serum resistin levels were correlated positively
with BMI and insulin resistance (as assessed by HOMA-IR and the L/A ratio). The initial concept of resistin be-
ing the link between obesity, insulin resistance and diabetes is currently debated [101]. Mojiminiyi et al. found that
resistin is positively associated with markers of obesity, inflammation and insulin resistance but negatively cor-
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related with markers of insulin sensitivity. Furthermore, these associations were likely to be dependent on BMI,
suggesting a possible link between resistin levels and the insulin resistance and low-grade inflammation accom-
panying obesity [102].

Leptin the inflammatory adipocytokine [103], is secreted primarily by fat cells and acts centrally particularly
in the hypothalamus to reduce food intake and body weight [104]. An excess of leptin in the circulation was
found in obesity and overweight [105]. Table 1 showed that serum leptin of obesity group BMI > 30 had the
highest level (94.21 £ 12.09 ng/ml) in comparison with healthy control group (42.30 + 7.94 ng/ml) and among
all groups with significant level at (p > 0.01), Pearson test (Table 2) in current study promoted that there was
appositive correlation between leptin and both of weight, BMI in T2DM and overweight group. The result was
similar to the previous works, where they found that high leptin level in obese BMI > 30 was risk indicator [106].
This adipokine did not change in T2DM patients in the present study which was not agreed with the previous
work [83]. The result of leptin encouraged to be concluded that this adipokine is the most prominent in obese
BMI > 30 but not in overweight and T2DM.

There is a growing body of evidence that leptin is an independent risk factor for CVD (Cardiovascular Dis-
ease) and is likely to be an important link in the development of cardiovascular risk and obesity [107]. Paradoxi-
cally, markedly increased plasma leptin levels were found in obese individuals, suggesting a resistance to its ef-
fects on target organs when produced excessively [108]. It is found that increased leptin levels were correlated
with BMI and insulin resistance (HOMA-IR) in T2DM patients as reported in previous studies [107] [109]. In-
sulin resistance was reported to contribute to hyperleptinemia indirectly [110]. Abdella et al. reported that the
hyperinsulinemia that frequently accompanies obesity is likely to result in increased ob gene expression and
higher plasma leptin levels. Therefore, the association found between leptin and insulin may simply reflect the
size of adipose tissue stores [111]. High leptin levels generally associated with high insulin levels could be par-
tially explained by resistance to leptin such that chronically elevated leptin levels in obesity may result in de-
creased responsiveness of the receptor system in pancreatic S cells, leading to increased insulin secretion. The
resulting hyperinsulinemia in turn could exacerbate obesity and further increase leptin levels, resulting in a posi-
tive feedback loop that could promote the development of diabetes [112] [113]. Accordingly, a close relation-
ship between insulin and leptin levels in T2DM patients is found. Notably, hyperleptinemia in obesity is sug-
gested to dysregulate blood pressure that results in hypertension, suggesting that leptin may be a potential pre-
dictor of hypertension [114].

Adiponectin, an adipocytokine secreted by fat cells, has regulatory functions on energy metabolism; its low
levels are predictive of future development of T2DM. Moreover, it is likely to have a central role in the patho-
genesis of T2DM [115].

In a recent meta-analysis, Li et al. observed a significant inverse relationship between plasma adiponectin le-
vels and the incidence of T2DM. Risk of T2DM appeared to decrease with increasing adiponectin levels. Cur-
rently, adiponectin is one of the strongest biochemical predictors of T2DM [116]. In this study, diabetic patients
showed significantly decreased serum adiponectin levels compared to the controls. Serum adiponectin levels
were found to be negatively correlated with BMI and HbAlc % levels and no significant correlation was found
between serum adiponectin levels and age, DM duration, glucose and insulin levels as reported in previous stu-
dies [117].

Adiponectin revealed an insignificant decrease in the two obesity groups when compared with previous stu-
dies which showed that adiponectin levels correlate inversely with obesity [118]. In this study, adiponectin also
showed negative significant Pearson correlation (Table 2) within sulin and positive with visfatin and apelin,
which may be indicated to its tendency to be against obesity as the authors reported that visfatin and apelin are
singular adipokines among fat tissue hormones which are upregulated in the obesity and exert useful effects
[52].

Obesity results in a pro-inflammatory state, starting within the metabolic cells (adipocyte, hepatocyte, or mo-
nocyte) [55] [119]. The inflammatory response becomes more intense and the resolution is less efficient. These
inflammatory cytokines accumulate over time and may reach a level where the professional immune cells are
recruited and activated leading to an unresolved inflammatory response within the tissue [120] [121], where the
proinflammatory cytokines are overexpressed [122].

The present results revealed a reduction in adiponectin levels in obese subjects than that in non-obese subjects,
which accords with a study done by Matsuzawa et al. [123] that revealed a substantial proportion of adipocyto-
kines are involved in the inflammatory stimulation and response as either pro-inflammatory or anti-inflammatory
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adipocytokines. Trujillo and Scherrer [124] stated that adiponectin levels were inversely correlated with visceral
adiposity, in addition Halleux et al. [125], revealed that a co-culture with visceral fat inhibits adiponectin secre-
tion from subcutaneous adipocytes, which suggests that some inhibiting factors for adiponectin synthesis or se-
cretion are released from visceral adipose tissue.

The functions of resistin between glycemia, insulin resistance, diabetes and obesity, is still debated. Results of
current study commensurate in the normal range and did not show significant differences among the groups
which was similar to published work, which narrated that plasma resist in level did not differ between the groups
diabetic and non-diabetic as well as resistin does not appear to have an important link with insulin resistance and
T2DM inhuman [92] [126]. As it was explained above in obesity—it implied that resistin may not be involved
directly in metabolic changes in T2DM glucophage treated patients. In contrast, current results are not agreed
with previous study, which found that T2DM subjects have significant higher resistin concentrations correlated
linearly with BMI [127]. Additionally, it has been reported found that serum resistin levels were higher in T2DM
patients compared with the controls; plasma resist in levels were higher in T2DM and obese subjects than in
non-diabetic obese patients [128].

Normal values of immune indices in T2DM group may be attributed to the controlled level of glucose and to
the high level of visfatin which relieved the pathological effects of T2DM. It could be said that exogenous regu-
lator treatment and the noticed high level of visfatin participate in the regulation of glucose concentration; this
suggestion is supported previously [129], which reported that visfatin mimicked insulin actions. Pearson test
(Table 2) showed that there was a significant positive correlation between visfatin and C3 and C4, then we ex-
pect that visfatin could repair the expected immune dysfunction, which may result from a weak action of inter-
nalin sulin and they maintained the normal levels of serum immunoglobulins and complement factors [130], the
levels of complement factors C3, C4 and immunoglobulins 1gG, IgA, IgE, IgM were imperative in humorala-
daptive immune system against infections. The high level of leptinin obese group BMI > 30 is a risk indicator,
although immunoglobulins didn’t change, it may lead to immune disturbance, it was reported that leptinpromo-
tedau to immune damage of Pancreatic beta cells and increased interferon-gamma production significantly in
peripheral T-cells [131]. Pearson test (Table 2) revealed that C3 have a significant positive correlation with weight,
BMI and leptinandit’s well known that all these parameters increased with obesity which may support by the
previous study.

These results indicated the importance of taking these adipocytokines in consideration as biomarkers for
T2DM and obesity during treatment. The potential role of serum adipokines as biomarkers in metabolic disord-
ers cannot be ignored to prevent the future T2DM.

4. Conclusion

The results of the present study demonstrated that secretion of adiponectin leptin, resistin and visfatin is altered
in subjects with T2DM clearly suggesting that they may be related to obesity, hypertension and cardiovascular
disease. These adipocytokines may be an important link between increased fat mass, insulin resistance, disorders
of lipid and glucose metabolism and endothelial dysfunction in diabetic patients. It may concluded that in addi-
tion to HbAlc %, serum visfatin may be suggested the most prominent biomarker adipokinein glucophage
treated T2DM while leptinthe most prominent one in obese BMI > 30 but the studied metabolic disorders dis-
eases did not affect serum levels of adiponectin, resistin and apelin. It could be said that high level of visfatin
contributed in the regulation of serum glucose in treated T2DM and may maintain the normal levels of serumim
munoglobulins and complement factors C3 and C4. It also seems that visfatin was a potential supporter to insu-
lin actions in glucophage treated T2DM. The higher levels of leptin, visfatin, resistin and the lower level of adi-
ponectin and apelin in obese diabetics, suggested that different adipocytokines may play different roles in insu-
lin resistance which may increase susceptibility of obese T2DM subjects to more complications.

5. Future Directions

Obesity is associated with an array of health problems including insulin resistance and type 2 diabetes, fatty liver
disease, atherosclerosis, airway diseases, degenerative disorders and various types of cancer. The understanding
of the pathogenesis of obesity and its metabolic sequel has advanced significantly over the past decades. Envi-
ronmental factors, such as sedentary lifestyle and increased calorie intake, in combination with an unfavorable
genotype, are responsible for the epidemic of obesity. Excess visceral fat accumulation results in altered release
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of adipokines, leading to CNS mediated skeletal muscle and hepatic insulin resistance. Understanding of the di-
verse effects of distinct adipokines and the interactions between these bioactive mediators is still incomplete.
Unraveling the pathophysiological roles of adipokines in obesity-induced diseases likely will result in new
pharmacotherapeutic approaches. Future studies on these adipocytokines may shed new light on the prevention
and treatment of T2DM and offer a new field for the development of novel drugs with which to alleviate insulin
resistance and obesity.
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