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ABSTRACT

Aim: Oxidative stress induces the onset of type 2 Diabetes mellitus (T2DM). Both plasma vitamin E (VE) and nitrite/nitrate anion
(NOx) levels might be crucial factors to determine diabetes induced endothelial damage through different mechanisms. Therefore, in
this study, we aimed to evaluate plasma VE and NOx concentrations of newly diagnosed T2DM patients and to understand whether any
correlation exists with the patients’ lipid profiles.

Material and Methods: Blood samples were taken when the patients (n=15) and the controls (n=15) first came to our university’s
diabetes policlinic for investigation and were used to detect plasma VE and NOx levels. Patients’ files were evaluated to record both the
demographic data and biochemical parameters. The data was distributed normally according to Kolmogorov-Smirnov test. Therefore,
Student t test was chosen to compare patient and control data and Pearson test was applied for correlation analysis.

Results: In newly diagnosed T2DM patients, total cholesterol (TC) and triglyceride levels were found to be significantly elevated
(p=0.036, and p<0.001, respectively), whereas, HDL-cholesterol levels were significantly reduced (p<0.001). Plasma NOx levels
increased in T2DM patients and this was in positive correlation with TC levels (r=0.392, p=0.032). Plasma VE levels reduced in the
diabetic group. A significant negative correlation was found between plasma VE and TC (r=-0.415, p=0.022) as well as triglyceride (r=-
0.380, p=0.039) levels.

Conclusion: This study demonstrates that the protective effect of VE on cell membrane decreases in T2DM. The elevation of plasma
NOx levels is due to increased nitric oxide synthase levels in hyperglycemia. Although no correlation was found between plasma VE
and NOx levels, they can be used as specific biomarkers in understanding T2DM induced vascular damage especially in patients with
high TC levels.
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Yeni Tan1 Almis Tip 2 Diabetes Mellitus Hastalarinda Plazma E Vitamini ve
Plazma Nitrit/Nitrat Anyon Diizeylerinin Degerlendirilmesi

0z
Amag: Oksidatif stres, tip 2 Diabetes mellitus (T2DM) baslangicini indiikler. Hem plazma E vitamini (EV) hem de nitrit/nitrat anyon
(NOx) seviyeleri, farkli mekanizmalar yoluyla diyabetin neden oldugu endotelyal hasari belirlemek i¢in ¢ok 6nemli faktorler olabilir. Bu
nedenle bu ¢alismada yeni tan1 almig T2DM hastalarinin plazma EV ve NOx konsantrasyonlarini degerlendirmeyi ve hastalarin lipid
profilleri ile herhangi bir korelasyon olup olmadigini anlamay1 amagladik.

Gereg ve Yontemler: Hastalar (n=15) ve kontroller (n=15) {iniversitemiz diyabet poliklinigine saglik muayenesi i¢in ilk geldiklerinde
kan ornekleri alind1 ve plazma EV ve NOx diizeylerinin saptanmasi i¢in kullanildi. Hasta dosyalar1 hem demografik verileri hem de
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biyokimyasal parametreleri kaydetmek i¢in degerlendirildi. Veriler Kolmogorov-Smirnov testine gore normal dagildi. Bu nedenle hasta
ve kontrol verilerinin karsilastirilmasinda Student t testi ve korelasyon analizi igin Pearson testi uygulandi.

Bulgular: Yeni tan1 konmus T2DM hastalarinda total kolesterol (TK) ve trigliserit diizeyleri anlamli olarak yiikselirken (sirasiyla p=0,036
ve p<0,001), HDL-kolesterol diizeyleri ise anlaml diizeyde azald1 (p<0,001). T2DM hastalarinda plazma NOx seviyelerindeki artis TK
seviyeleri ile pozitif korelasyon gosterdi (r=0,392, p=0,032). Diyabet grubunda plazma EV seviyeleri azaldi. Plazma EV ve TK (r=-0,415,
p=0,022) ve ayrica trigliserit (r=-0,380, p=0,039) diizeyleri arasinda anlaml bir negatif korelasyon bulundu.

Sonug: Bu ¢alisma, EV'nin hiicre zar1 izerindeki koruyucu etkisinin T2DM'de azaldigini gostermektedir. Plazma NOx seviyelerinin
yiikselmesi, hiperglisemide artan nitrik oksit sentaz seviyelerine baglidir. Plazma EV ve NOx seviyeleri arasinda bir iligki bulunmamakla
birlikte, 6zellikle yitksek TK seviyeleri olan hastalarda T2DM'nin neden oldugu vaskiiler hasar1 anlamada spesifik biyobelirtegler olarak

kullanilabilirler.

Anahtar Sozciikler: E vitamini, Nitritler, Nitratlar, Kolesterol, Diabetes mellitus; Tip 2

INTRODUCTION

Oxidative stress is formed by an enhancement in reactive
oxygen species as a result of an enhancement in free rad-
ical production, together with a decay in the antioxidant
defense mechanism. Lipid peroxidation occurs by the expo-
sure of the lipid layer of the cell membrane to free radicals.
It is known that Vitamin E (VE) is localized in the cell mem-
brane and demonstrates an antioxidant effect by inhibiting
lipid peroxidation (1). Hypertriglyceridemia and the reduc-
tion in high density lipoprotein-cholesterol (HDL-C) lev-
els are the characteristics of dyslipidemia and it is generally
found in type 2 diabetics (2). The deterioration of lipid pro-
files causes endothelial damage mediated vascular diseases.

Under the conditions of type 2 Diabetes mellitus (T2DM),
pancreatic beta cells cannot produce insulin properly or
insulin resistance may occur in the target tissues of the
body. International Diabetes Federation data indicate that
in 2015, almost 415 million people (aged 20-79 years)
worldwide were diagnosed as diabetic and this number is
estimated to be 642 million by 2040 (3).

Nitric oxide synthase reacts with L-arginine to produce
nitric oxide (NO). L-citrulline is formed as a byproduct. NO
has a very short half-life (< 4 seconds). Before being excreted
into the urine, first nitrite and then, with the effect of oxy-
genated haemoglobin, nitrate occurs. Detection of plasma
nitrite/nitrate (NOx) levels of the patients reflect both the
amount of NO formed from NO synthesis and the amount
of NO stored and can be converted back to NO in case of
need (4). It has been reported that the endothelial dysfunc-
tion occurs during insulin resistance, before the formation
of T2DM (5). During impaired endothelial dependent vaso-
dilatation, NO activity declines and this usually happens at
the early stages of hypercholesterolemia, before the struc-
tural changes occur in the vascular wall (6). In T2DM, due
to insufficient effects of plasma VE, lipid peroxidation gets
triggered and the integrity of the cell membrane deterio-
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rates. This might lead to an increase in plasma NOx levels
and endothelial dysfunction occurs.

Even though hyperglycemia induced microvascular com-
plications in T2DM has been clearly established, the mech-
anisms between insulin action, endothelial dysfunction,
and NO production has not been cleared. In newly diag-
nosed T2DM patients, vascular endothelial function may be
affected by the dual action of plasma VE and NOx levels.
Therefore in this study, we aimed to detect plasma VE and
NOx levels and to investigate whether a correlation exists
between these parameters as well as the lipid profiles.

MATERIAL and METHODS
Study Population

Individuals who applied to our university’s Health Practice
and Research Center Endocrinology Polyclinic between
September 2015 and March 2016 to be searched for Type 2
diabetes and found healthy formed our control group and
the ones who were diagnosed with T2DM for the first time
[fasting blood glucose level 2126 mg/dl, 75-gm oral glucose
tolerance test (GTT, 2-hour value) >200 mg/dl, and the
glycosylated haemoglobin (HbA1C) >6.5%)] formed our
patient group (7). Both patients (n=15) and controls (n=15)
had no other disease related to organ damage, were all
above 18 years of age, were not pregnant or breastfeeding,
were non-alcoholic and non-smokers. In addition, patients
were randomly selected among people who are not using
any medications or vitamins

Biochemical Data Collection and Laboratory Analysis

On the individuals’ first visit to the hospital to be diagnosed
as T2DM, an additional 10 ml venous blood samples were
taken into gel containing tubes to measure plasma VE and
NOx levels spectrophotometrically. Plasma samples were
collected into the eppendorf tubes after centrifugation the
whole blood at 3500 rpm for 10 minutes. Eppendorf tubes
were stored at -20 C firstly and then transferred to -80 C
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deep freeze within 2 months period. The demographical
data and the lipid profiles; HDL-C, low density lipoprotein
cholesterol (LDL-C), total cholesterol (TC) and triglycer-
ides(TG) of the patients were all collected from the patients’
files.

The study was approved by our University’s Ethics Com-
mittee adhering to the Declaration of Helsinki (approval
number 2014-157-30/09) and informed consent form was
signed by all the patients and healthy controls.

Measurement of Plasma Vitamin E (VE)

Plasma VE levels were measured as described by Martinek,
in 1964 (8). The principle of this method is based on the
reduction of ferrous iron to ferric iron with the effect of VE
and the spectrophotometrical determination of the specific
color formed by 2,4,6, tripridyl-s-triazine.

Measurement of Plasma Nitrite/Nitrate (NOx) levels

Plasma NOx levels were determined according to the meth-
od of Green (9). Plasma samples were mixed with Griess
reagent and incubated for 45 minutes at 37°C. The princi-
ple of the assay depends on the formation of diazonium ion
with the interaction of nitrite and sulfanilamide which then
formed a chromophoric azo product with the addition of
N-[1-Naphthyl]ethylenediamine (9, 10).

Statistical Analysis

Statistical analysis were performed by using SPSS 19.0 soft-
ware (SPSS Inc., Chicago, Ill,, USA), and the distribution
of data was determined by the Kolmogorov-Smirnov test.

According to the results, plasma nitrite, plasma VE, TG, TC,
LDL-C and HDL-C test results distributed normally. Stu-
dent t test was chosen to compare patient and control data.
Pearson test was applied for correlation analysis. Variables
were expressed as mean +SD. A value of p<0.05 was consid-
ered as statistically significant for all tests.

RESULTS

A total of 15 newly diagnosed T2DM patients and 15 con-
trols were included in this study. There were less men than
women in both groups (33.33% in T2DM patients and
40.00% in controls). Creatinine, plasma NOx and LDL-C
levels were all found to be increased in the T2DM patients
but the differences were not significant (p=0.204, p=0.603
and p=0.236, respectively). We found statistically signifi-
cant differences in plasma VE levels (p<0.005) as well as TC
(p=0.05), TG (p<0.001) and HDL-C (p<0.001) levels (Table

1).

According to Pearson correlation analysis, TC was found
to be positively correlated with plasma NOx (r=0.392;
p=0.032) and negatively correlated with plasma VE levels
(r=-0.380; p=0.039), which were all significant at the 0.05
level. TG levels were found to be negatively correlated with
both plasma VE levels (r=-0.415; p=0.022) (significant at the
0.05 level) and HDL-C levels (r=-0.547; p=0.002) (signifi-
cant at the 0.01 level) (Table 2).

DISCUSSION

In the present study , it was aimed to determine plasma VE
and NOx levels in T2DM patients and to investigate wheth-

Table 1: Differences between HbAlc groups in demographic data, creatinine, plasma vitamin E and plasma nitrite/nitrate

levels, together with lipid profiles.

HbA1C>6.5% (n=15) HbA1C<6.5% (n=15) p value
Mean + SD Mean + SD

Age (years) 47.72 + 11.02 44.40 + 10.05 NS
Sex ratio (% male) 33.33 40.00 NS
BMI (kg/m?) 31.21 +3.28 28.42 +2.12 NS
Creatinine (mg/dl) 0.77 +£0.13 0.72 +£ 0.09 0.204
Nitrite/nitrate (umol/L) 7.89 + 3.60 7.13 +4.38 0.603
Vitamin E (umol/L) 9.26 + 1.23* 12.18 + 3.08* 0.002
Lipid Profiles

Total cholesterol (mg/dl) 210.93 + 38.00* 186.87 + 18.45* 0.036
Triglycerides (mg/dl) 196.93 + 40.82% 115.33 + 35.96* 0.000
LDL cholesterol (mg/dl) 138.80 + 32.90 126.93 + 18.97 0.236
HDL cholesterol (mg/dl) 43.47 + 5.53* 61.53 + 12.69* 0.000

HbA1c: Hemoglobin Alc, SD: Standard deviation, BMI: Body mass index, LDL: Low density lipoprotein, HDL: High density lipoprotein, NS: Non

significant.
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Table 2: Pearson correlation analysis of plasma vitamin E, plasma nitrite/nitrate, creatinine and lipid profiles.

Variables Vitamin E Nitrite/nitrate Triglyceride Total cholesterol LDL-C HDL-C Creatinine
Vitamin E r 1
P
Nitrite/nitrate r -0.105 1
p 0579
Triglyceride r -0.415* 0.081
P 0.022 0.672
Total cholesterol r  -0.380* 0.392% 0.408* 1
p 0.039 0.032 0.025
LDL-C r -0.177 -0.219 0.184 -0.116 1
p 0.348 0.246 0.330 0.543
HDL-C r 0.201 0.083 -0.547** -0.080 -0.090 1
p 0.287 0.661 0.002 0.675 0.636
Creatinine r -0.114 0.262 0.023 0.342 0.096 -0.212 1
p 0.549 0.161 0.903 0.064 0.613 0.260

er there is a correlation between these parameters and lipid
profiles. Our study showed that total cholesterol levels are
negatively correlated with plasma VE levels and positively
correlated with plasma NOx levels which may suggest that
the protective role of VE on the cell membrane is reduced
in T2DM.

Insufficient insulin secretion causes hyperglycemia and
this could lead to changes in plasma lipoproteins in T2DM
patients. Especially in non-insulin dependent (type 2) dia-
betes, the lipoprotein abnormalities include hypertriglyceri-
demia and reduced plasma HDL-C (11-13). Similar to these
findings, we also found a significant increase in TC (p<0.05)
and TG (p<0.001) levels of newly diagnosed T2DM patients
and a significant decrease in HDL-C (p<0.001) levels.
LDL-C levels of our patients also increased but this increase
was not significant. As explained by Goldberg (2001), the
deficiency of lipoprotein lipase enzyme which converts very
low density lipoprotein (VLDL) to LDL may supress LDL
synthesis in untreated T2DM patients (14).

Due to its very short half-life, the quantification of NO is
difficult. Therefore, in this study, stable degradation prod-
ucts of NO, nitrite (NO2-) and nitrate (NO3-), are mea-
sured by using Griess reagent which is defined as a reliable
method (9). Plasma NOx content is assessed by several
studies. According to our results, plasma NOx levels were
also found to be higher than the non-diabetics, but this was
not significant (p=0.603). We found “a positive correla-
tion between TC levels and plasma NOx levels (r=0.392;
p=0.032). In another study, basal plasma nitrate levels were
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found to be significantly higher in T2DM patients com-
pared to non-diabetic subjects (p<0.01). This was in cor-
relation with the increasing intima + media thickness (IMT)
levels of the carotid artery (15). In a study, it was reported
that in human aortic endothelial cells, NO synthase (NOS)
levels elevate with high blood glucose levels. An elevation of
NOS cause an increase in blood flow and leads to reduced
relaxation of blood vessels, especially, in the further stages
of Diabetes mellitus (16). On the contrary, in pulmonary
arterial hypertension, it was reported that the circulating
NOx levels reduced almost three times in patients (17).
Another study reported a reverse correlation between plas-
ma NOx and plasma LDL-C as well as TC levels in patients
with coronary artery disease. Similar to our study, the dif-
ference between patients and healthy individuals was not
found significant (18).

The present study reports a significant reduction of plasma
VE levels (p<0.005) in newly diagnosed T2DM patients.
There are also other studies reporting reduced VE levels in
T2DM patients (19-21). This finding might be related with
the depletion of antioxidants due to an increase in oxidative
stress levels. According to the results of a study conducted in
Sweden, high serum VE concentration has a protective role
in the development of diabetes mellitus (22). The present
finding of decreased plasma VE and increased plasma NOx
levels in patients with type 2 diabetes mellitus can be ame-
liorated by VE supplementation. Study results suggesting
that type 2 diabetes patients should take VE supplements
are conflicting. Mayer-Davis et al. could not establish a rela-
tionship between VE intake and diabetes development (23).
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Similarly, in a study conducted in type 2 diabetes patients,
600 IU VE was supplied for ten years and it was found that
the risk of type 2 diabetes development did not decrease
(24). Also in another study no significant changes in plasma
NOx levels and lipid profiles were found in T2DM patients
given 400 IU VE for 8 weeks (25). However, many studies
have reported that the risk of developing type 2 diabetes is
reduced by VE supplementation. Engelen et al. reported no
change in glycated haemoglobin, lipid profiles and blood
biochemistry values, but a reduction in TBARS production
and lipoprotein (LDL and VLDL) peroxidizability in Type 1
diabetes mellitus patients after 3 months. These effects were
not found as a result of VE supplementation for an addi-
tional 3-9 months (26). As a result, it has been concluded
that long-term VE supplements are not effective on diabe-
tes.

The main limitation of our study was its small sample size.
The relationship between plasma VE, plasma NOx and lip-
id profiles has not been previously investigated in newly
diagnosed T2DM patients. Total cholesterol levels which
is being detected as part of a routine laboratory analysis
has negative correlation with plasma VE levels (r=-0.380;
p=0.039) and positive correlation with plasma NOx levels
(r=0.392; p= 0.032). This finding may help to develop new
diagnostic and therapeutic approaches for T2DM patients.

To our knowledge, this is the first study that investigates
plasma VE and NOx levels to understand the factors related
with oxidative stress induced endothelium derived vascular
changes in T2DM patients. In the light of our findings, we
believe that larger studies could be designed to better under-
stand the underlying mechanisms of T2DM induced vascu-
lar damage.
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