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Aims This study aimed to investigate the role of Interleukin-6, C-reactive protein, and Nitric 
oxide synthase in obese, diabetic, and sub-fertile men. 
Material & Methods The current study was conducted in some health centers in Misan 
province, Iraq, from December 2020 to July 2021. The whole sample included 80 men aged 
35-45 years, divided into four groups (20 men/group). Eight to ten milliliters of venous blood 
samples were drawn at 9 - 11 am, using a disposable needle and plastic syringes for each 
man. The blood was left at room temperature for 15 minutes for coagulation, centrifuged at 
3000rpm for 5 minutes, then serum and plasma were separated and transferred for storage. 
Statistical analysis was performed by IBM SPSS 23 using ANOVA.
Findings Results revealed: Interleukin-6 increased significantly (p<0.05), except in the 
diabetic group, in different groups in comparison with the control, C-reactive protein 
increased significantly (p<0.05) in different groups in comparison with the control, Nitric 
oxide synthase decreased significantly (p<0.05), except in sub-fertility group, in different 
groups in comparison with the control. 
Conclusion The Interleukin-6 and C-reactive protein increment and Nitric oxide synthase 
reduction in different groups might be indicated a pro-inflammatory action and low fertility 
in obesity, diabetic and sub-fertility groups.
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Introduction  
Obesity is characterized by low-grade chronic 
inflammation, as an acute-phase reactant to 
inflammation and infection, C-reactive protein (CRP) 
is the strongest factor associated with obesity, and 
the chronic elevation of human CRP at baseline level 
causes obesity [1]. Interleukin-6 (IL-6) is a major pro-
inflammatory mediator that contributes significantly 
to the development of low-grade tissue-specific 
and/or systemic inflammation, the role of IL-6 in the 
development of tissue-specific insulin resistance 
(IR), and impairment of insulin secretion from 
pancreatic islet β cells, furthermore, IL-6-induced 
low-grade tissue-specific and systemic inflammation 
are also responsible for developing of tissue-specific 
insulin resistance and type 2 diabetes mellitus 
(T2DM), in the treatment of insulin resistance and 
T2DM, inhibiting inflammatory reactions is an 
effective technique for preventing inflammatory 
diseases [2]. IL-6 level was found to be increased in 
obese individuals as well as in patients with chronic 
inflammatory diseases and lipid concentrations 
abnormalities, the increased IL-6 level in people 
with obesity may increase the risk of cardiovascular 
complications, insulin resistance, and type 2 
diabetes [3, 4]. The CRP concentration was associated 
with an increased risk of developing T2DM, and this 
association was more apparent among the older age 
group (≥50 years), and CRP and its combination 
with obesity and hypertension were associated with 
an increased risk of T2DM [5]. IL-6 and CRP, two 
sensitive physiological markers of chronic systemic 
inflammation, have been linked to hyperglycemia, 
insulin resistance, and overt type 2 diabetes [6, 7]. 
Nitric oxide synthase (NOS) is a family of enzymes 
that produced nitric oxide (NO) by the oxidation of 
L-arginine to L-citrulline [8]. There are three 
isoforms of NOS, two of these, neuronal NOS (nNOS) 
and endothelial NOS (eNOS), are permanently 
expressed, nNOS is largely present in the nervous 
system and is required for neuronal signaling, eNOS 
is found in the endothelium and is required for 
vasodilation and control of blood pressure [9]. These 
two isoforms create nanomolar amounts of NO for 
short periods (seconds to minutes), whereas the 
third inducible NOS (iNOS) is inducible, iNOS is not 
present in cells all the time and is only expressed 
when the cell is induced or, stimulated, generally by 
pro-inflammatory cytokines and/or bacterial 
lipopolysaccharide (LPS) [10]. iNOS synthesizes a 
higher amount of NO in chronic inflammatory 
conditions, therefore, iNOS is primarily responsible 
for the increased production of NO [11]. NOS is found 
in Sertoli cells, Leydig cells, spermatocytes, neuronal 
plexus in the adventitia of arterioles, vascular 
endothelial, cells, immature sperm head, and smooth 
muscle, cells, implying that NO / NOS can maintain 
testicular arteriole tension, regulate testosterone 
secretion and influence sperm development [12]. 

Furthermore, nitric oxide synthase was expressed in 
interstitial cells and blood vessels in vitro culture of 
interstitial cells of seminiferous tubules, indicating 
that the testis can create NO [13].  Krause et al. [14] 
observed that NOS levels were lower in the obese 
T2DM group compared to the control, T2DM non-
obese patients had higher NOS concentrations than 
controls, as a result, the presence of diabetic 
comorbidities should be considered when evaluating 
NOS levels in diabetic patients. However, 
Foroumandi et al. [15] found NO levels were to be 
positively associated with body mass index (BMI) in 
both male and female groups and increased NO 
levels in obese people may be due to increasing NO 
production, furthermore, in the animal investigation 
have revealed that plasma and aorta NO levels in 
obese animals were significantly greater than in 
normal-weight animals [16].  
The present study is an attempt to investigate the 
possible role of IL-6, CRP, and NOS in obese, diabetic, 
and sub-fertile men.   
 
Material and Methods 
The current study was conducted in some health 
centers in Misan province, Iraq, from December 
2020 to July 2021. The whole sample included 80 
men aged 35-45 years, divided into four groups (20 
men/group) as follows: control group, obesity 
group, diabetic group, and sub-fertility 
(hyperprolactinemia) group, the samples has been 
checked medically by a specialist physician and have 
been diagnosed with obesity, diabetic and sub-fertile 
(hyperprolactinemia) according to (body mass index 
BMI, glycated hemoglobinA1c HbA1c and prolactin 
levels respectively). Men with chronic diseases, 
tumors, and those whose treatment with hormonal 
drugs have been excluded.  
Eight to ten milliliters of venous blood samples were 
drawn at 9 - 11 am, using a disposable needle and 
plastic syringes for each man. The blood was left at 
room temperature for 15 minutes for coagulation, 
centrifuged at 3000rpm for 5 minutes, then serum 
and plasma were separated and transferred for 
storage. Serum IL-6 and NOS levels were accurately 
measured using a highly quantitative enzyme-linked 
immunosorbent assay (ELISA) kit from Sunlong 
biotech / China, the range from 2 ng/L -80 ng/L, 0.8 
μmol/L - 30 μmol/L respectively. CRP was 
accurately measured using a mindray 
automated/China (Spinreact /Spain), the range from 
0-5 mg/L. The body mass index (BMI) was 
calculated as the weight in kilograms divided by the 
height in meters squared. 
Statistical analysis was performed by IBM SPSS 
statistics, version 23 (IBM Co., Armonk, NY, USA). 
The statistical analysis was performed by one-way 
Analysis of Variance (ANOVA), followed by 
Duncan's new multiple range tests (DMRT) at a 
p<0.05 significant level. 
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Findings 
IL-6 level in sub-fertility group (33.93±2.35pg/ml) 
increased significantly (p<0.05) in comparison with 
the control (23.65±2.17pg/ml), obesity group 
(25.02±1.84pg/ml) and diabetic group 
(24.50±1.09pg/ml). 
 IL-6 level in the diabetic group increased not 
significantly in comparison with the control and 
decreased not significantly in the obesity group, and 
in the obesity, group increased significantly (p<0.05) 
in comparison with the control (Figure 1).  

 

 
Figure 1) Levels of IL-6 in different groups. The values represent 
mean±SD. Different small letters represent a significant difference 
in (p≤0.05) between groups. Similar small letters represent no 
significant difference. 
 
CRP level in the sub-fertility group (3.60±0.79mg/L) 
increased significantly (p<0.05) in comparison with 
the control (2.31±0.84mg/L) and increased not 
significantly with the obesity group 
(3.31±0.80mg/L) and decreased not significantly 
with a diabetic group (3.80±1.02 mg/dl). CRP levels 
in the diabetic group increased significantly 
(p<0.05) in comparison with the control and were 
not significant in the obesity group, and the obesity, 
group increased not significantly in comparison with 
the control (Figure 2).  

 

 
Figure 2) Levels of CRP in different groups. The values represent 
mean±SD. Different small letters represent a significant difference 
in (p≤0.05) between groups. Similar small letters represent no 
significant difference. 

NOS levels in the sub-fertility group 
(12.40±2.14µmol/L) increased not significantly in 
comparison with the control (14.11±1.42µmol/L) 
and increased not significantly with the obesity 
group (12.05±2.31µmol/L) and diabetic group 
(11.06±2.75µmol/L). 
NOS levels in the diabetic group decreased 
significantly (p<0.05) in comparison with the 
control and it was not significant in the obesity 
group, whereas the obesity group decreased 
significantly (p<0.05) in comparison with the 
control (Figure 3). 
 

 
Figure 3) Levels of NOS in different groups. The values represent 
mean±SD. Different small letters represent a significant difference 
in (p<0.05) between groups. Similar small letters represent no 
significant difference. 
 
BMI level in the sub-fertility group (28.36±1.48) 
increased significantly (p<0.05) in comparison with 
the control (24.04 ±1.60) and it was not significant 
in the diabetic group (27.62±2.74) and decreased 
significantly (p<0.05) with the obesity group 
(33.67±2.32). 
BMI level in the diabetic group increased 
significantly (p<0.05) in comparison with the 
control and decreased significantly (p<0.05) with 
the obesity group, whereas the obesity group 
increased significantly (p<0.05) in comparison with 
the control (Figure 4). 
 

 
Figure 4) Levels of BMI in different groups. The values represent 
mean±SD. Different small letters represent a significant difference 
in (p<0.05) between groups. Similar small letters represent no 
significant difference. 
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Discussion 
In many directions beyond these current results 
such as the high values of pro-inflammatory 
cytokines (IL-6 and CRP) associated with adipocyte 
hypertrophy, these cytokines promote strongly the 
development of insulin resistance and pathogenesis 
of type 2 diabetes, and these cytokines positively 
correlated with hyperprolactinemia and with high 
levels of prolactin secretion, in addition, these 
different groups (obesity, diabetic and sub-fertility) 
be considered as a low-grade inflammation, thus, 
these high cytokines release may be leading to 
decreasing the testosterone production, whereas, 
CRP as a prime inflammatory marker correlated 
negatively with the testosterone. 
Bowker et al. [17] showed that IL-6 mediates in small 
part the links between obesity, insulin resistance, 
and cardio-metabolic diseases. 
El-Mikkawy et al. [18] mentioned significantly higher 
levels of IL-6 in subjects with overweight and 
obesity as compared to those in healthy control, 
moreover, a significantly positive correlation was 
found between circulating levels of IL6 and BMI only 
in subjects with very severe (grade III) obesity. 
 Amit et al. [19] found that the increasing appreciation 
that adipose tissue is an active endocrine organ 
producing a variety of hormones and cytokines that 
may affect CRP levels, of these, IL-6 is thought to be 
the principal cytokine involved in CRP release from 
the liver and up to one-third of circulating IL-6 is 
derived from adipose tissue. 
 Mahwati & Nurrika [20] found an association 
between obesity indicators and CRP levels, there is a 
positive correlation between BMI, waist 
circumference (WC), and CRP. 
Khaodhiar et al. [21] found that subjects with obesity 
had significantly higher serum levels of IL-6 and CRP 
compared to control, and that serum levels of IL-6 
and CRP were only positively correlated with BMI in 
morbidly obese subjects, suggesting that IL-6 could 
be secreted in an endocrine manner in proportion to 
fat mass expansion, with an associated increase in 
CRP hepatic production. 
 Obese patients, as well as those with chronic 
inflammatory diseases and abnormal serum lipid 
concentrations, had higher serum IL-6 levels [22]. 
 Bruun et al. [23] found that the levels of IL-6 were 
increased and correlated with measures of insulin 
resistance in male subjects with abdominal obesity. 
 Increased IL-6 levels in obese people may raise the 
risk of insulin resistance and type 2 diabetes [ 4]. 
Elevated circulating IL-6 levels were an independent 
predictor of type 2 diabetes and were thought to 
play a role in the development of inflammation, 
insulin resistance, and cell dysfunction [24]. 
IL-6 levels were more strongly related to HbA1c, 
which indicates average glycemic levels in the three 
months preceding measurement, than with other 
glycemic traits, infections, and other inflammatory 
challenges are related to reactive hyperglycemia, 

which may be aggravated in patients with greater 
IL-6 levels [25, 26]. 
The positive association between CRP and T2DM is 
dependent on insulin resistance and body mass index 
(BMI), the mechanism of the association between 
CRP and T2DM is still not known in detail [5]. 
Phosat et al. [27] mentioned that the role of CRP as an 
initiated marker for T2DM, where they found that 
the pre-diabetic and T2DM groups had markedly 
higher CRP levels than the control, subjects with 
high CRP levels had an elevated risk of pre-diabetes 
and T2DM, even after adjusting for confounders (i.e. 
age, BMI and gender) this strong association 
remained.   
Liu et al. [28] found in a study of 202 patients with 
hyperprolactinemia that a significantly higher 
proportion of hyperprolactinemic patients had at 
least one detectable autoantibody, as well as, higher 
levels of IL-6 compared to healthy controls. 
 Li et al. [1] observed that elevated levels of high 
sensitivity (hs-CRP) were significantly associated 
with an increased risk of erectile dysfunction (ED) 
after adjustment for conventional ED risk factors, 
including BMI, age, testosterone, alcohol, smoking, 
consumption, physical activity, hypertension, 
diabetes, and dyslipidemia.   Low testosterone levels 
in men were significantly associated with a high 
level of inflammatory markers (CRP, IL-6) in 
different clinical conditions such as obesity, 
diabetes, and hyperprolactinemia [29-31].  
 

On the other hand, the current decrease of NOS 
might be attributed to the high adipose tissue as 
indicated by BMI measurement and/or influence of 
possible secretion of chemerin that correlated 
negatively with NOS and/or high level of prolactin 
secretion [32].  
Habib et al. [33] found that serum chemerin levels are 
elevated in patients with type 2 diabetes compared 
to control, and are positively correlated with 
adiposity and insulin resistance in patients with type 
2 diabetes. Weigert et al. [34] and Tahir et al.  [35] 

found that chemerin was elevated in T2DM subjects 
with a higher CRP level and positively correlated 
with CRP in normal weight, overweight and T2DM 
subjects after adjusting for BMI. Kraus et al. [14] 
mentioned that the skeletal muscle eNOS protein 
was significantly higher in the non-obese compared 
with the obese subjects. 
 Insulin resistance may be the cause of the reduced 
nitric oxide production in type 2 diabetes, insulin 
insufficiently stimulated NOS activity in skeletal 
muscle of type 2 diabetic subjects [36]. 
In humans, insulin resistance is often associated 
with elevated fasting plasma levels of cholesterol 
and triglycerides, eNOS deficiency might directly 
alter lipid metabolism [37]. 
Kashyap et al. [38] found that the basal and insulin-
stimulated muscle NOS activity was impaired in type 
2 diabetic subjects, paralleling the severity of insulin 
resistance. 
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The inhibition of expressed neuronal NO synthase 
decreased NO levels and increased basal PRL 
release, expression of inducible NO synthase also 
increased NO and inhibited PRL basal, whereas 
inhibition of this enzyme decreased NO production 
and recovered PRL release [39]. 
Duvilanski et al. [40] found that the actions of NO in 
controlling prolactin release are complex by effects 
mediated both by the hypothalamus and also by the 
pituitary gland itself, the actions of NO within the 
hypothalamustimulate, whereas the action at the 
pituitary level inhibits prolactin secretion.  
Slightly high PRL caused a decrease in blood 
pressure (BP) caused by increased nitric oxide (NO) 
production, whereas higher PRL leads to increased 
BP due to decreased NO production [41]. 
Chemerin was positively correlated with body mass 
index and serum insulin and was negatively 
correlated with eNOS [42]. 
Neves et al. [43] found that chemerin reduces NO 
production, enhances NO breakdown, and also 
decreases NO-dependent cGMP signaling, thereby 
reducing vascular relaxation, the chemerin leads to 
destabilization of the eNOS dimer, impairing the 
catalytic function of the enzyme. 
 
Conclusion 
The IL-6 and CRP increment and NOS reduction in 
different groups might be indicated a pro-
inflammatory action and low fertility in obesity, 
diabetic and sub-fertility groups. 
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