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Abstract: The association between hyperglycaemia and serum nitric oxide (NO) levels has not yet been fully clarified. Thus, it was aimed to evaluate the 
concentration of NO metabolites (nitrate, nitrite) in diabetic patients and to find the relationship between hyperglycaemia and serum NO levels in diabetic and 
prediabetic patients, and control groups. In this study, 100 subjects were divided into 3 groups: healthy control (n=20), prediabetic (n=40) and diabetic (n=40). 
Glycemic control was assessed using glycated hemoglobin (HbA1c). Nitrate and nitrite levels were measured using the Griess reagent. NO was obtained from the 
sum of nitrates and nitrites. The serum NO level was higher in diabetic (53.4±2.0 μM) and prediabetic patients (51.6±1.6 μM) as compared to that in the control 
(45.6±1.2 μM), (p<0.05). The NO level was not significantly different in diabetic and prediabetic patients. Higher levels of serum glucose, insulin and HOMA-IR 
may be responsible for the activation of endothelial cells to increase NO levels. This study supports the role of insulin resistance in increased NO levels in both 
diabetic and prediabetic patients.
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Introduction

Type 2 diabetes mellitus (Type 2 DM) leads to en-
dothelial dysfunction and arterial hypertension (1, 2). 
The incidence of DM has been expected at 382 mil-
lion and going to increase to 592 million till 2035 (3). 
Metabolic disorders, such as Type 2 DM, are generally 
related to an altered glucose metabolism, insulin resis-
tance, abnormal fasting glucose levels and impaired 
glucose tolerance. Moreover, prediabetes (impaired glu-
cose regulation), which the World Health Organisation 
describes as impaired fasting glycemia (IFG) and im-
paired glucose tolerance (IGT), also seriously impairs 
glucose metabolism (4). The DM involved in cellular 
injury, and the inflammation and failure of various or-
gans (5). Endothelial dysfunction seems to be a wide-
spread problem in all diabetic and prediabetic patients. 
Endothelial cells secrete vasodilators, such as nitric ox-
ide (NO). The impairment of NO production may occur 
due to hyperglycaemia and other metabolic changes (6). 
NO is a gaseous molecule secreted by the endothelium. 
It is a major modulator of endothelial function (7) and 
is known to have various biological effects on systems 
in the body (8). NO is a key regulatory molecule that 
has extensive metabolic, vascular and cellular effects (9, 
10), and induces vasodilatation (11, 12). On the con-
trary, low levels of NO are useful for various physiolog-
ical and cellular functions, and high levels of NO may 
lead to harmful effects in the cells (13, 14). Thus, NO is 
presumed to play an important role under physiological 
and pathological conditions (12). Previous studies con-
ducted by different investigators showed altered serum 
NO levels in Type 2 DM (9, 15, 16). In the literature, 

serum NO data in Type 2 DM patients are controversial. 
Some studies reported increased NO levels in diabetic 
patients (16) whereas others reported decreased levels 
(9). In the present study, we have considered diabetic 
patients as a separate group compared to prediabetic pa-
tients and control groups. Therefore, it may be able to 
understand whether NO can be utilised as an assistive 
tool in the diagnosis and treatment of glucose metabolic 
impairments. This study was designed to understand the 
alteration in the NO levels of diabetic and prediabetic 
patients and to discover if hyperglycaemia can induce 
NO production in endothelial cells.

Materials and Methods

Subjects
A total of 100 subjects participated: 80 patients (39 

females; 41 males) with different impaired glucose tol-
erances (who attended the Diabetes, Endocrine and Me-
tabolism Unit at Fırat University Hospital) and 20 (11 
females; 9 males) healthy subjects. The subjects includ-
ed 3 different groups: 20 healthy subjects as the control 
group (age 40.5±1.6 years, height 167±2 cm, weight 
70±2.0 kg), 40 prediabetic patients (age 42.2±1.0 years, 
height 165.6±1.4 cm, weight 81.1±2.6 kg) and 40 dia-
betic patients (age 39.9±0.8 years, height 165.4±1.5 cm, 
weight 81.1±1.8 kg).

Before participating in the study, diabetic and predi-
abetic patients and control subjects underwent medical 
screening to rule out abnormalities; this screening in-
volved taking medical histories, physical examinations, 
cardiovascular risk assessments, laboratory evaluations 
(including lipid parameters), thyroid function tests and 
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serum cortisol measurements for probable endocrine 
pathology.

Clinical included and excluded criteria
Control groups had no prior history of Type 2 DM (a 

normal glucose tolerance), endocrine disorders, hy-per-
tension and any other cardiovascular diseases, and were 
not taking medication for any chronic medical condi-
tion. Control groups had normal fasting blood glucose, 
HbA1c and blood chemistry.

The diabetic patients group included diabetic patients 
who were chosen according to the American Diabetes 
Association criteria and these participating subjects has 
HbA1c levels as high as 6.5%.

     The prediabetic patients group was defined by the 
fasting glucose level ≥100 and <126 mg/dl (17) or by 
an elevated 2-hour glucose level ≥140 and <200 mg/dl 
after a 75-gr glucose load on the oral glucose tolerance 
test in the presence of a fasting glucose level <126 mg/
dl (17).

The criteria for both (diabetic and prediabetic) 
groups excluded Type 1 DM, gestational DM, pregnan-
cy, clinical or laboratory evidence of liver failure, renal 
failure (plasma creatinine levels > 1.5 mg/dl), hormone 
repla-cement therapy, major depressive disorders and 
cancer, a history of drug use (systemic glucocorticoids 
and antipsychotics), thyroid and other endocrine disor-
ders, severe acute or chronic infectious disease and sys-
temic diseases (heart failure, liver or kidney disease, or 
lung disease).

All procedures were managed in accordance with the 
Code of Ethics of the World Medical Association (Dec-
laration of Helsinki) for experiments involving humans. 
The study protocol was approved by the Fırat

University local ethics committee, and written in-
formed consent was obtained from each subject at the 
start of the study.

Biochemical parameters analyses
Blood samples (5 ml) were taken from a forearm 

vein in the morning after overnight fasting. All samples 
were placed into aprotinin-containing tubes. The sam-
ples were separated by centrifugation at 4,500 rpm for 5 
min at 4 °C. The separated serum was stored at -80 °C 
and analysed immediately at the end of the study (Het-
tich, Zentrifugen Universal 32 R, Germany). Samples 
from each subject were analysed in the same assay. Di-
rect measurement of NO was difficult, but the serum 
concentration of its more stable end products (nitrite + 
nitrate = NO) could be considered to be a marker of 
the total NO synthesis (18). The total serum nitrate and 
nitrite were measured using a Nitrate/Nitrite Colori-
metric Assay Kit (Cayman Chemical Company Item 

No. 780001). Serum nitrate was initially converted into 
nitrite by nitrate reductase, followed by colorimetric 
detection of nitrite using a Griess reaction. NO was ob-
tained from the sum of nitrate and nitrite.

The plasma insulin level was determined according 
to the electrochemiluminescence immunoassay method 
using an automated immunoassay analyser (Immulite 
2500 Insulin, Diagnostic Products Corporation, Los An-
geles, CA, USA). Serum glucose, total cholesterol, very 
low-density lipoprotein (VLDL), high-density lipopro-
tein (HDL) and low-density lipoprotein (LDL) choles-
terol levels were determined using commercial kits in 
an Olympus AU600 autoanalyser. The glycemic control 
of the diabetic and prediabetic patients was evaluated 
by glycated hemoglobin (HbA1c) (i.e. the mean plasma 
glucose level over the preceding 2 to 3 months). HbA1c 
levels were measured by an autoanalyser from EDTA 
containing blood samples. The homeostasis model as-
sessment of insulin resistance (HOMA-IR) was detect-
ed using computer analyses (i.e. fasting blood glucose 
and insulin levels).

Statistical analyses
Number of subjects in each group was determined 

by power analysis. Values were expressed by mean ± 
standard error. The Kolmogorov-Smirnov Z test showed 
that the data were normally distributed and, thus, us-
ing the parameters test was justified. The unpaired t test 
was used to analyse the between-group differences, and 
p<0.05 was accepted as significant statistically.

Results

The biochemical results for diabetic and predia-betic 
patients with control groups are given in Table 1.

Serum NO levels (μM) were found to be signifi-
cantly higher in diabetic (53.4±2.0 μM) and prediabetic 
patients (51.6±1.6 μM) patients compared to those in 
the control (45.6±1.2 μM), p<0.05) subjects (Fig 1). Se-
rum NO levels in diabetic patients were not significant-
ly different compared to those in prediabetic patients 
(p>0.05) (Fig. 1).

The insulin (ulU/ml) levels were significantly higher 
in diabetic (11.2±0.8 ulU/ml ) and prediabetic patients 
(7.1±0.6 ulU/ml ) compared with those in the control 
subjects (2.9±0.3 ulU/ml) (p<0.001). In addition, insu-
lin levels were significantly different in diabetic patients 
compared to prediabetic patients’ (p<0.001) (Fig. 2).

The HOMA-IR (units) (Fig. 3) levels were signifi-
cantly higher in prediabetic (1.9±0.1 units) and diabetic 
(4.9±0.5 units) patients compared to those in the control 
subjects (0.9±0.1 units) (p<0.0001).

The HbA1c (%) (Fig. 4) levels were significantly 

BGF

(mg/dl)
BGPB

(mg/dl)
LDL

(mg/dl)
VLDL
(mg/dl)

HDL
(mg/dl)

Triglyceride
(mg/dl)

Control 90.2±0.8 124.2±2 74.5±4.5 17.6±1.0 63.5±2.0 135.0±2.0
Prediabetic 113.2±1.5* 162.4±5.9* 121.3±6.0* 33.6±3.5* 45.3±1.5* 172.8±20.0*

Diabetic 174.2±11.5* 244.0±17.8* 125.0±5.1* 41.7±3.7* 40.1±1.2* 215.5±17.6*

Table 1. The clinical characteristics of the study groups. Fasting blood glucose (BGF), postprandial blood glucose (BGPB), 
low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), high-density lipoprotein (HDL).

Values are presented as mean (±SE). 
* indicates significant differences compared to the control (p<0.05).
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study (24). However, other studies showed decreased 
NO levels (25).

Elevated NO levels in vivo might have both useful 
as well as deleterious effects, depending on the NO 
concentration. NO in physiological levels can lead to 
the relaxation of blood vessels and reduce hypertension, 
and may interact with the superoxide radical-caused 
inactivation of NO (26, 27). This leads to the formation 
of a potent oxidant radical, peroxynitrite. This may be 
conducive to disturbed endothelial function (26, 27). It 
is suggested that enhanced glucose levels in blood and 
hyperglycaemia may increase the NO levels in blood. 
The endothelium is the source of nitric oxide in blood. 
Endothelial function may change with hyperglycaemia 
in diabetic patients (28). Enhanced oxidative stress in 
diabetic patients is recently explained endothelial dys-
function because of the impaired release and/or action 
of nitric oxide via several mechanisms initiated by hy-
perglycaemia (16). Hyperglycaemia other than HbA1c 
may contribute to the increase in the NO level.

The higher NO level is related to the higher glucose 
level in diabetic and prediabetic patients. To confirm 
whether higher NO levels in diabetic patients are use-
ful or deleterious during the disease’s progression needs 
further study.

higher in prediabetic (6.0±0.1 %), and diabetic patients 
(7.2±0.3 %) compared to those in the control subjects 
(4.7±0.08 %) (p<0.0001).

Discussion

In this study, we examined the variation of serum NO 
levels in diabetic and prediabetic patients, and found 
higher NO levels. In the literature, increased glucose le-
vels may stimulate NO production through the elevated 
expression of eNOS and iNOS protein levels (19-21). 
In our study, we compared NO levels in prediabetic and 
diabetic patients, as determined by HOMA-IR.

HOMA-IR was measured as being significantly 
higher in diabetic groups compared to what was measu-
red in control groups. Importantly, we also found signi-
ficant differences (p<0.05) in insulin resistance between 
diabetic and prediabetic groups, as determined by HO-
MA-IR. Thus, insulin resistance and impaired insulin 
secretion could possibly explain the significantly higher 
NO levels in the diabetic group (22). Despite extensive 
research during the last few decades, the main mecha-
nism of insulin resistance, which is complicated, is still 
not fully understood (23). In the previous literature, NO 
levels were elevated in diabetic patients but not in non-
diabetic patients who had insulin resistance (24). The 
NO levels were associated with the results of a previous 

Figure 1. Nitric oxide levels in response to the control (C), pre-dia-
betic, diabetic groups. Values are presented as mean (±SE). 
* indicates significant differences compared to the control levels.

Figure 2. Insulin in response to the control, prediabetic, diabetic 
groups. Values are presented as mean (±SE).
* indicates significant differences compared to the control levels.

Figure 3. HOMA-IR in response to the control , prediabetic, dia-
betic groups. Values are presented as mean (±SE).
* indicates significant differences compared to the control levels.

Figure 4. HbA1c in response to the control, prediabetic, diabetic 
groups. Values are presented as mean (±SE).
* indicates significant differences compared to the control levels.



52

Nitric oxide and diabetes.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 1 

O. Ozcelik and S. Algul

Acknowledgements
We thank the Diabetes, Endocrine and Metabolism Unit 
at Fırat University Hospital for providing diabetic and 
prediabetic patients.

References 

1. Guerci B, Böhme P, Kearney-Schwartz A, Zannad F, Drouin P. 
Endothelial dysfunction and type 2 diabetes. Part 2: altered endothe-
lial function and the effects of treatments in type 2 diabetes mellitus. 
Diabetes Metab 2001; 27: 436–47. 
2. Resnick HE, Howard BV. Diabetes and cardiovascular disease. 
Annu Rev Med 2002; 53:245–67. 
3. Guariguataa L, Whitingb DR, Hambletonc I, Beagleya J, Lin-
nenkampa U, Shaw JE. Global estimates of diabetes prevalence 
for 2013 and projections for 2035. Diabetes Res Clin Pract 2014; 
103:137–49. 
4. Waugh N, Scotland G, Mcnamee P, Gillett M, Brennan A, Goyder 
E, et al. Screening for type 2 diabetes: literature review and econo-
mic modelling. Health Technol Assess 2007; 11:1-125,
5. American Diabetes Association. Diagnosis and classification of 
diabetes mellitus. Diabetes Care 2012; 35:564–71.
6. Dhananjayan R, Koundinya KS, Malati T, Kutala VK. Endothe-
lial Dysfunction in Type 2 Diabetes Mellitus. Indian J Clin Biochem 
2016; 31: 372-79.
7. Levine AB, Punihaole D, Levine TB. Characterization of the 
role of nitric oxide and its clinical applications. Cardiology 2012; 
122:55-68. 
8. Schmidt HH, Walter U. NO at work. Cell 1994; 78:919-25.
9. Tessari P, Cecchet D, Cosma A, Vettore M, Coracina A, Millioni 
R, et al. Nitric oxide synthesis is reduced in subjects with type 2 
diabetes and nephropathy. Diabetes 2010; 59:2152-9. 
10. Zhang Y, Xiao HQ, Zeng XT, Zuo HX, Xu YC. Associations 
between endothelial nitric oxide synthase polymorphisms and risk 
of diabetic nephropathy: an updated meta-analysis. Ren Fail 2015; 
37:312-26. 
11. Snyder SH, Bredt DS. Nitric oxide as a neuronal messenger. 
Trends Pharmacol Sci 1991; 12:125-8.
12. Lowenstein CJ, Snyder SH. Nitric oxide, a novel biological 
messenger. Cell 1992; 70:705-7.
13. Pal P, Joseph SB, Lucas L. Nitric oxide and peroxynitrite in 
health and disease. Physiol Rev 2007; 87:315–424. 
14. Hung LM, Huang JP, Liao JM, Yang MH, Li DE, Day YJ, et al. 
Insulin renders diabetic rats resistant to acute ischemic stroke by 
arresting nitric oxidereaction with superoxide to form peroxynitrite. 
J Biomed Sci 2014; 21:92. 
15. Galen MP. Review of alterations in endothelial nitric oxide pro-

duction in diabetes: protective role of arginine on endothelial dys-
function. Hypertension 1998; 31:1047–60. 
16. Maejima K, Nakano S, Himeno M, Tsuda S, Makiishi H, Ito T, et 
al. Increased basal levels of plasma nitric oxide in Type 2 diabetic 
subjects. Relationship to microvascular complications. J Diabetes 
Complications 2001; 15:135-43.
17. Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Hahn R, 
et al. Expert committee classification of diabetes mellitus: follow-up 
report on the diagnosis of diabetes mellitus. Diabetes Care 2003; 
26:3160-7.
18. Caimi G, Hopps E, Montana M, Noto D, Canino B, Lo Presti 
R, et al. Evaluation of nitric oxide metabolites in a group of sub-
jects with metabolic syndrome. Diabetes Metab Syndr 2012; 6:132-
5. 
19. Caimi G, Hopps E, Montana M, Carollo C, Calandrino V, Incal-
caterra E, et al. Nitric oxide metabolites (nitrite and nitrate) in seve-
ral clinical condition. Clin Hemorheol Microcirc 2014; 56:359-69..
20. Cai S, Khoo J, Channon KM. Augmented BH4 by gene trans-
fer restores nitric oxide synthase function in hyperglycemic human 
endothelial cells. Cardiovascular Research 2005; 65:823–31. 
21. Yang P, Cao Y, Hua LI. Hyperglycemia induces iNOS gene ex-
pression and consequent nitrosative stress via JNK activation. Am J 
Obstet Gynecol 2010; 203:185. 
22. Balletshofer BM, Rittig K, Enderle MD, Volk A, Maerker E, 
Jacob S, et al. Endothelial dysfunction is detectable in young nor-
motensive first-degree relatives of subjects with type 2 diabetes in 
association with insulin resistance. Circulation 2000; 101:1780-4.
23. Bloomgarden ZT. American Diabetes Association Annual Mee-
ting, 1999: insülin action and the development of type 2 diabetes. 
Diabetes Care 2000; 23:248-52.
24. Chien WY, Yang KD, Eng HL, Hu YH, Lee PY, Wang STet al. 
Increased plasma concentration of nitric oxide in type 2 diabetes 
but not in non diabetic individuals with insulin resistance. Diabetes 
Metab 2005; 31:63-8. 
25. Amrita G, Mingma LS, Yazum B, Ranabir P, Sanjay D. Serum 
nitric oxide status in patients with type 2 diabetes in Sikkim. Int J 
Appl Basic Med Res 2011; 1:31-5. 
26.Francesco C, Keiichi H, Zvonimir SK. High glucose increases 
nitric oxide synthase expression and superoxide anion generation in 
human aortic endothelial cells. Circulation 1997; 96:25-8. 
27. Ishii N, Patel KP, Lane PH, Taylor T, Bian K, Murad F, et al. 
Nitric oxide synthesis and oxidative stress in the renal cortex of rats 
with diabetes mellitus. J Am Soc Nephrol 2001; 12:1630-9.
28. Versari D, Daghini E, Virdis A, Ghiadoni L, Taddei S. Endothe-
lial dysfunction as a target for prevention of cardiovascular disease. 
Diab Care 2009; 32:314-21.


