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Abstract: Type 2 diabetes mellitus (T2DM) is strongly associated with obesity. The adipose tissue
secretes bioactive adipokines leading to low grade inflammation, amplified by oxidative stress,
which promotes the formation of advanced glycation end products and eventually leads to
dyslipidemia and vascular complications. The aim of this study was to correlate anthropometric,
biochemical and oxidative stress parameters in newly diagnosed (ND) T2DM patients and to
investigate the role of oxidative stress in T2DM associated with obesity. A group of 115 ND-
T2DM patients was compared to a group of 32 healthy subjects in terms of clinical,
anthropometric, biochemical and oxidative stress parameters. ND-T2DM patients had
significantly lower adiponectin, glutathione (GSH) and gluthatione peroxidase (GPx) and elevated
insulin, proinsulin, HOMA-IR index, proinsulin/insulin (P/I) and proinsulin/adiponectin (P/A)
ratio, fructosamine, and total oxidant status (TOS). The total body fat mass was positively
correlated with total oxidant status (TOS). Positive correlations were found between TOS and
glycated hemoglobin (HbAlc), and between TOS and glycaemia. Negative correlations were
identified between: GPx and glycaemia, GPx and HbAlc, and also between GSH and
fructosamine. The total antioxidant status was negatively correlated with the respiratory burst.
The identified correlations suggest the existence of a complex interplay between diabetes, obesity
and oxidative stress.
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1. Introduction

Currently, diabetes can be considered an epidemic disease, with a high, biological, socio-
economic and political impact. Its increasing prevalence worldwide, correlated with that of
overweight and obesity, is most commonly associated in adults with type 2 diabetes mellitus (T2DM),
which is often called nowadays “diabesity”. The pathogenic mechanisms of diabetes and its
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complications are incompletely elucidated, the disease being characterized by a lack of curative
therapies [1].

The World Health Organization (WHO) report presented in Geneva in 2016 claims that the
number of people with diabetes is now four times higher than in 1980, numbering 422 million
diabetics worldwide [2]. Eighty percent of patients with T2DM are obese. Eurostat data showed a
prevalence of obesity in the adult population of the European Union of 17.2%, with a prevalence of
overweight of 35.9% (http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Overweight
and_obesity_- BMI_statistics). In Romania, the epidemiological Prevalence of Diabetes,
Prediabetes, Overweight, Obesity, Dyslipidemia and Chronic Kidney Disease (PREDATORR)
study, performed in 2013, revealed a prevalence of 11.6% corresponding to 1.752 million diabetic
patients, out of which 20.69% are newly diagnosed [3]. According to the same study only 31.7% of the
Romanian population has a normal weight, the remaining of 34% being overweight and 31.4% obese.

The effect of obesity on the pathology of T2DM depends on the one hand on the central or
peripheral distribution of fat tissue and on the other hand on the "aggressive" adipocytes phenotype,
with intense secretory function, producing more than 100 various signal molecules, the adipose tissue
being thus considered as "the third brain" and "a tissue with high intelligence quotient". The
abdominal or central obesity which includes the visceral fat maintains and worsens the metabolic
dysfunction in T2DM. Insulin resistance is a hallmark of T2DM. Because plasma insulin levels
increase with increasing body weight, almost all overweight/obese patients are characterized as
insulin resistant. In subjects without diabetes, insulin resistance is associated with a clustering of
cardiovascular risk factors and a high incidence of cardiovascular disease [4,5] approximating the
cardiovascular risk of patients with T2M [6,7]. Insulin resistance, therefore, has been proposed to be
the common link between T2M and cardiovascular disease [8].

The increased endogenous glucose output (EGO) occurring in T2DM leads to an imbalance in
the production of free radicals and antioxidants. The increased oxidative stress in T2DM is
accompanied by the formation of advanced glycation end products (AGEs) leading to dyslipidemia,
inflammatory, vascular, and thrombotic complications. The “adipocyte dysfunction” in obesity also
involves the occurrence of oxidative stress and of prothrombotic risk [9]. Briefly, adipocyte
dysfunction can be described as an energy imbalance (excessive intake of nutrients) with the
occurrence of dyslipidemia, adipocytes hypertrophy and hyperplasia; infiltration of adipose tissue
with monocyte-macrophages, increased secretion of pro-inflammatory cytokines and high levels of
adipokines inducing overloading of the endoplasmic reticulum (ER), which leads to the following
processes: ER dysfunction, accumulation of incorrectly folded proteins, adipocyte apoptosis
amplifying the inflammatory cascade [10]. ER stress along with mitochondrial oxidative stress
causes further increased production of reactive oxygen species, which leads to insulin resistance by
decreasing the intracellular glucose transport [11]. The excess glucose determines an enhancement
in the production of free radicals which inhibit the activity of GLUT4 (intracellular glucose
transporter sensitive to insulin), amplify the oxidative stress (by increasing the oxidant status and
the respiratory burst, decreasing the antioxidant capacity exerted by superoxide dismutase,
glutathione peroxidase, glutathione or both mechanisms) and enhance insulin resistance [12,13].
The intensification of the oxidative stress, due to both the chronic hyperglycemia and persistent
circulating triglyceride-rich lipoproteins [14] is closely linked to alterations in monocyte and
macrophage function [15].Oxidative stress and inflammation, especially associated with obesity,
coexist and reinforce each other eventually leading to insulin resistance, beta-pancreatic cells
dysfunction and vascular complications in T2DM [16].The aim of this study was to investigate the
role of oxidative stress in the pathogenesis of T2DM associated with obesity.

2. Results

Increased values of certain anthropometric parameters (weight, waist circumference, body
mass index, body fat percentage and the visceral fat level) in diabetic patients compared to control
group are due to the well-known association of T2DM with obesity. Thus, the perivisceral obesity
leads to a decrease in peripheral sensitivity to insulin, especially in patients with reduced glycemic
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control. The clinical and anthropometrical characteristics of the healthy subjects and patients with
T2DM divided by gender are shown in Table 1.

The routine biochemistry measurements for both groups—healthy subjects and T2DM —are
presented in Table 2. Regarding serum fasting glucose and glycated hemoglobin a significant
increase in concentration of these parameters in patients with T2DM compared with controls (p <
0.001) was observed. Referring to the lipid profile of studied patients we found statistically
significant elevated values for serum triglycerides, Triglyceride/HDLc ratio (atherogenic index, A.L)
(p < 0.001) and Total Chol./HDLc ratio (p < 0.05) in diabetic subjects compared to the control group,
while serum HDLc was significantly decreased compared to healthy subjects (p < 0.05).

We also found statistically significant p-values for the triglycerides to HDLc ratio when
comparing females from the CG versus females from the ND-T2DM group (p < 0.001) and
regarding the comparison between males from both studied groups the p-values were also found to
be statistically significant (p < 0.05). The mean values for the triglycerides to HDLc ratio were
elevated for both control group males and diabetic males comparing to females. A possible
explanation may be that although their body fat mass values were lower, values for weight, waist
circumference and visceral fat level in the male category were higher than in females. This suggests
again the role of obesity as a main risk factor and especially of the visceral adipose tissue, in the
etiopathology of T2DM. The differences for total serum cholesterol and LDLc between the studied
groups were not statistically significant, these parameters having elevated values for both groups.

Values of fructosamine and glycated hemoglobin were higher in diabetics versus healthy
subjects with statistically significant differences between these two groups, which shows an
increased degree of glycation for both hemoglobin and other proteins, mainly albumin, accelerating
production of AGEs increasing the oxidative stress that leads to activation of inflammatory
signaling molecules with pathogenic effects in diabetes and its complications [17]. Fructosamine
determines total serum protein fraction which has undergone glycation and because albumin is the
most abundant protein in the blood, levels of fructosamine reflects the degree of glycation of
albumin. Because the half-life of albumin is about 20 days, serum fructosamine concentrations
reflect recent changes in blood glucose for the last 1-2 weeks. From the biological point of view,
fructosamines are recognized by the fructosamine-3-kinase which triggers the degradation of AGEs.

Exposure to AGEs activates endothelial cell adhesion molecule synthesis, pro-coagulant factors
and lowers the level of cellular glutathione. Receptors for AGEs (RAGE) are involved in the
migration and activation of monocytes, providing macrophages the ability to bind erythrocytes
modified by glycation [18-20].

The values of parameters for assessing pancreatic beta cells function, adipocytes function and
parameters for the evaluation of the oxidant/antioxidant status for the healthy and diabetic subjects,
as well as comparisons between the two groups are shown in Table 3.

Although leptin to adiponectin ratio (L/A) is a useful measure of insulin resistance both in
diabetic and non-diabetic subjects [21-25] to predict the presence of the metabolic syndrome and
cardiovascular risk [26,27], we also find the proinsulin to adiponectin ratio (P/A), the first
component indicating {3-cell and the later adipocyte cell dysfunction, a useful early indicator of
T2DM associated with obesity. This ratio increases significantly in T2DM because proinsulin
increases progressively, while adiponectin gradually decreases [28]. Mainly seen as an indicator for
impaired -cell function, proinsulin can be detected at low concentrations in the blood of healthy
persons but is found at higher concentrations in the blood of insulin-resistant subjects [29] and
patients with type 2 diabetes [30-32]. Adiponectin is a protein expressed in adipose tissue and can
be detected at concentrations of approximately 7-12 mg/L in human blood. In contrast to
proinsulin, the concentration of adiponectin is suppressed in patients with T2DM and especially in
patients with additional cardiovascular complications [33]. Based on these results, both substances
seem to be indicators of insulin resistance and high cardiovascular risk in patients with type 2
diabetes.
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Table 1.The values for anthropometric and clinical parameters for control group and T2DM patients.

40f14

Control Group (CG) ND-T2DM Patients (ND-T2DM) p Value
Anthropometrical
and Clinical Males Females Total Males Females Total Cl\?];’ ®  MalesCGvs. Females CG vs.
Parameters N =15 N=17 N=32 N =60 N =55 N =115 ToDM Males T2DM  Females T2DM
Age (years) 48.40+12.70 4841+17.32 4841+1510 59.23+9.57 5734+10.18 58.33+£9.87 p<0.001 p =0.006 p=0.057
Weight (kg) 81.32+13.20 68.65+20.26 7433+18.35 91.63+13.37 83.63+1847 87.88+16.39 p<0.001 p<0.05 p<0.05
Waist
circumference  97.75+14.68 88.75+16.64 91.75+1596 10652+7.48 102.37+11.47 10455+9.77 p<0.05 NS NS
(WC) (cm)
Body mass index -
(BMI) (kg/m?) 26.70+3.23 2596 +5.82 26.33 +4.78 30.50+£3.85 3244+6.06 31.43+511 p<0.001 p=0.0015 p<0.001
Fat mass (%) 23.53+6.39 33.82+9.01 29.41+£9.42 30.56+526 41.96+543 36.20+7.82 p<0.001 p =0.003 p =0.003
i 1 fat level
Vlsce“(‘o/ )at V€ 9754395  675:426  8.04+433  1576+419 11.02+278 1342+427 p<0.001 p< 0.001 p=0.0013
SBP (mmHg) 120+8.16  124.1 £10.83 122 +9.57 128 + 8.65 129 +13.68 128 +11.35  p<0.05 p=0.005 NS
DBP (mmHg) 67.30+10.12  72.50 + 8.66 69.80 +9.63 7464+930 75.09+9.08 74.87+9.15 p<0.05 NS NS

Data are expressed as mean + SD; SBP—systolic blood pressure; DBP-diastolic blood pressure; NS = not significant.
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Table 2. The biochemical characteristics of T2DM patients versus healthy subjects.

Biochemical Parameters

Control Group (Healthy

ND-T2DM Patients

pValue Control vs.

Subjects) (CG) (ND-T2DM) ND-T2DM
Glycemia a jeun (mg/dL) 96.20 +6.91 172.53 +74.29 p <0.001
HbAlc (%) 5.62+0.26 7.74+£2.03 p <0.001
Fructosamine (umol/L) 408.04 +82.39 572.32+311.18 p <0.001
Creatinine (mg/dL) 0.84+£0.17 0.85+0.18 NS
Serum Urea (mg/dL) 29.78 + 6.64 34.60 £9.53 p<0.05
Serum total cholesterol 211.20 + 46.50 21533 +52.72 NS
(mg/dL)
Serum HDLc (mg/dL) 51.55+13.21 44.63 +12.31 P <0.05
Triglycerides (mg/dL) 120.08 +45.24 180.36 + 101.67 p <0.001
Serum LDLc (mg/dL) 135.48 +47.53 136.09 +47.40 NS
Total Chol./HDLc 4.46 +1.64 5.12 +1.63 p<0.05
Tg/HDLe (Atherogenic 2.66+1.78 4.67+337 p <0.001
Index)
AST (U/I) 22.99 +10.71 23.84 +12.95 NS
ALT (U/T) 25.20+17.85 30.13 +15.35 NS
Uric Acid (mg/dL) 5.28+1.99 5.99+1.73 NS
GGT(U/M) 39.50 +9.15 46.27 +6.36 NS
Albumin (g/dL) 4.33 +0.27 4.31+0.21 NS
Total Serum Proteins 7.00 +0.41 6.96 +0.46 NS
(g/dL)

Data are expressed as mean + SD; NS = not significant; AST —aspartate aminotransferase; ALT-
alanine aminotransferase; GGT-gamma glutamyltransferase.

Table 3. The values of parameters relevant to the assessment of pancreatic cell function, adipose
tissue and oxidative status.

Parameters Control Group ND-T2DM Patients pValue
(Healthy Subjects) (CG) (ND-T2DM) Control vs. ND-T2DM
Insulin (UUI/mL) 9.20 +4.96 13.74 +10.68 p<0.001
HOMA-IR Index (%) 220+1.23 5.74 +4.39 p<0.001
HOMA-BETA Index (%) 102.87 +52.23 63.92 +6.97 p<0.001
Proinsulin (pmol/L) 1.25+0.49 6.69 +0.82 p<0.001
Proinsulin/Insulin (P/T) 0.10 +0.005 0.53 +0.06 p<0.001
Proinsulin/Adiponectin (P/A) 0.25+0.07 1.81+0.39 p<0.001
C-Peptide (ng/mL) 3.34+2.19 4.66 +2.92 p<0.05
Leptin (ng/mL) 13.98 +3.19 17.50 +16.18 NS
Adiponectin (pug/mL) 13.08 +10.30 8.10+7.57 p<0.05
SuperoxideDismutase (SOD) (U/g Hb) 99.72 +22.95 95.72 +19.92 NS

Data are expressed as mean + SD; NS = not significant; HOMA-IR: Homeostasis Model Assessment
for Insulin Resistance; HOMA-BETA: Homeostasis Model for Beta cell function; PMA: phorbol 12-
myristate 13-acetate; LM: 5-amino-2,3-dihydro-1,4-phthalazinedione; LG: bis-N-methylacridinium
nitrate; OZ: opsonized zymosan.

The values of parameters for evaluation of pancreatic beta cells function showed a statistically
significant increase in insulin, proinsulin, HOMA-IR index, proinsulin/insulin (P/I) and
proinsulin/adiponectin (P/A) ratio (p < 0.001) in diabetic patients compared to the control group.
This increase confirms the theory of insulin resistance associated with hyperinsulinemia that
promotes an elevation in free radicals generation by NADPH-dependent mechanisms [34].

The parameters of the secretory function of the adipose tissue showed an increase, although
not statistically significant, of leptin levels and a statistically significant decrease (p < 0.05) of
adiponectin values in diabetics compared to the control group.

Regarding the values of the parameters that characterize the oxidant/antioxidant balance, they
were higher in diabetic patients compared to healthy subjects, being statistically significant,
resulting in a p < 0.05 for the total oxidant status (TOS). It has also been observed a decrease in the
levels of superoxide dismutase (SOD) and slightly low values (not statistically significant) for the
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total antioxidant status (TAS) in diabetics compared with healthy subjects, probably indicating a
tendency of depletion of the body’s antioxidants in an attempt to counterbalance the intensive

oxidative stress (Figure 1A,B).
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Figure 1. Total oxidant status (TOS) (A) total antioxidant status (TAS) (B) in patients with ND-
T2DM versus control group (CG).

Glutathione peroxidase (GPx) and glutathione (GSH) (p < 0.05) were significantly decreased in
diabetics versus healthy subjects (Figure 2A,B).

9.
24 B
*pells vs. CG SpEASRECC
60
30 + =
50
_ 25 I x* _
é é 40
3204 &
S El
< 154 =
] -
10 20
54 10
0 T 0
CG ND-T2DM CcG ND-T2DM

Figure 2.Circulating levels of glutathione peroxidase (GPx) (A) and glutathione (GSH) (B) in
patients with ND-T2DM versus control group (CG).

The intensity of respiratory burst (RB) was increased after stimulation with phorbol-
12myristate-13acetate (PMA) and with opsonized zymosan (OZ) of PBMCs isolated from diabetic
patients versus healthy subjects (p < 0.05) (Figure 3A,B).
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Figure 3.Respiratory burst (PMA and LG) (A) and (OZ and LG) (B) in patients with ND-T2DM
versus control group (CG).

3. Discussion

The “perpetuum” of diabetes begins with an initial defect of insulin action followed by a
decrease of beta cell function. When fasting plasma glucose (FPG) increases above diabetic level it is
considered that the level of beta cells secretion is decreased with 80% and insulin resistance is at a
maximum level [35]. The balance between these pathogenic mechanism and other factors such as
the excess and distribution of fat tissue, its pro-inflammatory state or secreted adipokines is
particular for each clinical situation and explains the metabolic diversity of type 2 diabetes (T2DM)
[36,37].

Type 2 diabetes associated with obesity leads to the establishment of peripheral insulin
resistance. Intensification of insulin resistance causes a compensatory stimulation of secretory
function of pancreatic 3 cells trying to maintain glucose homeostasis. The persisting secretion leads
to the depletion of functional pancreatic cells due to apoptosis of beta cells with progressive
worsening of diabetes and to micro- and macrovascular complications. Obesity associated with
T2DM enhances the pro-inflammatory status due to some specific features of the adipose tissue,
like hypertrophy, hyperplasia, a peculiar fat distribution, predominantly abdominal (perivisceral),
an increased secretion of adipokines and infiltration of macrophages. The fat cells change from
physiologically ,silent” to an “aggressive” phenotype.

One of the adipocytokines secreted by the adipose tissue is leptin, which has structural and
functional similarities with classics pro-inflammatory cytokines thus leading to the proliferation of
monocytes and an increased activity of NADPH oxidase consequently contributing to the release of
reactive oxygen species (ROS), like superoxide anion and hydroperoxide radical.

The cellular constituents of the adipose tissue secrete a large number of bioactive adipokines,
not only leptin and adiponectin, that have endocrine, paracrine and autocrine effects. Adipocytes
and adipose tissue-derived macrophages are the source of the several circulating mediators of
inflammation. Excess or unbalanced secretion of adipokines, a frequent occurrence in obesity,
induces an inflammatory state also known as "low grade inflammation", which in turn amplifies the
peripheral insulin resistance and has multiple effects on endothelial cells function.

There are several hypotheses that attempted to explain the infiltration of adipose tissue with
pro-inflammatory cells, the most widely accepted is the hypoxia hypothesis proposed in 2008 by
Trayhurn and Wood [38]. An important decrease in weight can attenuate the pro-inflammatory
response of adipocytes with "aggressive" adipocytes regressing to the status of "restless" adipocytes
and the restless to their natural state of "quiet" adipocytes [39].

Many studies have focused on monocytes/macrophages function which by their respiratory
burst produce free radicals that can initiate the atherogenic processes, with the formation of "foam
cells" in the vascular endothelium leading to vascular complications of T2DM [40,41]. In T2M,
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release of free radicals during the respiratory burst of peripheral blood mononuclear cells (PBMC)
is proportional to the level of blood glucose [42,43].

Oxidation processes constantly occur in aerobic biological systems, and even in case of a
normal redox status, the antioxidant systems cannot completely eliminate reactive oxidizing species
(oxidants) [44].

The mechanisms involved in the generation of oxidative stress at the cellular level involves the
autoxidation of glucose, modification of the polyol pathway by increasing sorbitol, processes of
lipid peroxidation, glycation with the accumulation of AGEs which stimulate the synthesis of
interleukin-1 (IL-1) and fibroblast proliferation with subsequent endothelial damage, modification
of the hexosamines pathway that induces the formation of fructose-6-phosphate, a substrate for
protein glycosylation with the production of proteoglycans and the last but not least the
intensification of respiratory burst processes with the depletion of NADPH oxidase [45].

NADPH oxidase is not only the source of reducing equivalents for respiratory burst reactions
but is also involved in the detoxification pathway of glutathione. This compound is recovered from
NADP by glucose-6-phosphate dehydrogenase (G6PD) in hexozo-monophosphate path.

In our experiments, the activation of NADPH oxidase 2(Nox2) was measured in mononuclear
cells isolated from peripheral blood by using opsonised zymosan (a mimetic of a pathogen from the
yeast Saccharomyces cerevisize and a strong NADPH oxidase activator). Although opsonised
zymosan is not a stimulus for monocyte activation in vivo, it is possible that in situ, these
adjustment and control pathways to be the same.

At the time of activation of monocytes with opsonised zymosan the NADPH oxidase cytosolic
components translocate to join the membrane components (gp91phox and p22phox). Determination
of phagocyte oxidative burst intensity can be achieved in vitro by chemiluminescence method using
luminol/lucigenin and stimulation with opsonized zymosan or phorbol 12-myristate 13-acetate
(PMA). PMA is a structural analogue of the diacylglycerol (DAG), which directly phosphorylates
protein kinase C (PKC) activating it, leading ultimately to the activation of NADPH oxidases and
producing a large amount of reactive oxygen species (ROS). NADPH oxidase activation after PMA
stimulation occurs on the cytosolic side of the plasma membrane, subsequently being translocated
on the mitochondrial side. These conclusions were drawn from the experiments that detect
hydrogen peroxide and superoxide radicals extracellular formed using molecules that cannot cross
the neutrophil membrane and therefore can only detect extracellular ROS. Luminol (5-amino-2,3-
dihydro-1,4-phtalazinedione) detects the intra and extracellular ROS and lucigenin detects only
extracellular superoxide [46].

It can be said that the biosynthesis of ROS by respiratory burst along with the release of
proteolytic enzymes are important physiological defense mechanisms of phagocytic cells against
pathogens, but in the absence of the antioxidant enzymes, the excess of free radicals may cause
damage to the adjacent tissues.

The ability of peripheral blood mononuclear cells to produce free radicals versus their
neutralizing capacity was determined by measuring the NADPH oxidase activity. Decrease in
NADPH oxidase function impair the phagocytic immune cells to produce free radicals with
microbicidal properties decreasing their ability to destroy pathogens end explaining the high rate of
infections in diabetic patients [47].

Physiologically, the reactive process during phagocytosis fades slowly. But if the activity of
antioxidant enzymes (modified by glycation) is reduced, respiratory burst persists and reactive
oxygen species produced in excess causes oxidative damage in adjacent tissues. Phagocytosis is
associated with an increase in the consumption of oxygen and the elimination of superoxide anion
and hydrogen peroxide. Superoxide anions have a weak microbicidal action while hydroxyls
possess a strong bactericidal effect, but affecting simultaneously the surrounding tissue. All these
molecules lead to degranulation and activation of various proteases (elastase, collagenase and
others) which will act both in terms of destruction of the aggressor, but will injure also the healthy
surrounding tissue [48-50].
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During this study we have performed an evaluation of adipose tissue secretory function
parameters, which were further correlated with the anthropometric parameters as well as with
those specific for beta pancreatic cells activity. The statistical analysis revealed that the obesity
status and degree, total body fat mass and visceral fat level were correlated with an impaired
pancreatic cell secretory activity which ultimately leads to insulin resistance.

The BMI was positively correlated with the visceral fat level (p < 0.001, r = +0.61), the
percentage of body fat mass (p < 0.001, r = +0.67), the C-peptide (p < 0.001, r = +0.39) and leptin (p <
0.001, r = +0.58).

A significant positive correlation was also found between leptin and body fat percentage (p <
0.001, r = 0.7), waist circumference (p 0.001, r = +0.33) and a negative correlation between
adiponectin and visceral fat level (p < 0.001, r = -0.35). Also, a negative correlation was found
between adiponectin and triglycerides/HDLc ratio (p < 0.001, r = =0.27), supporting the hypothesis
that the type (particularly abdominal) and the degree of obesity is accompanied by increasing leptin
and decreased adiponectin levels, both adipokines being secreted by the adipose tissue.

The percentage of total body fat was positively correlated with TOS (p < 0.001, r = +0.32)
indicating that obesity is associated with increased oxidative processes and disrupted
oxidant/antioxidant balance with a production of reactive species and a decrease in body's ability to
neutralize them, all on the background of an pro-inflammatory state. Other studies have also
revealed a correlation between body fat mass and intensity of total oxidative status and also
between insulin resistance indicators, obesity markers and atherogenic index [51,52].Positive
correlations of HOMA-IR index with both waist circumference (p < 0.001, r = +0.29), the
proinsulin/adiponectin ratio (p < 0.001, r = +0.45) and triglyceride /HDLc ratio (p < 0.001, r = +0.32)
are obvious arguments supporting the significant relationship between insulin resistance,
pancreatic beta cells dysfunction and hypertrophic and “aggressive” fat cells.

The oxidative stress markers were correlated both positively and negatively with the specific
parameters for evaluation of pancreatic beta cells. We found a positive correlation between TOS
and HbAlc (p <0.001, r = +0.32) on the one hand and glucose on the other hand (p <0.001, r = +0.32).
Negative correlations were found between GPx and glucose (p < 0.001, r = —0.31), GPx and HbAlc (p
<0.001, r =-0.34), and between GSH and fructosamine (p <0.001, r = -0.27).

These correlations are in accordance with the scientific literature supporting the hypothesis
that overproduction of reactive species (primarily ROS) during chronic hyperglycemia results in
lower activity of glutathione and of key enzymes with antioxidant properties, like SOD and GPx
[53-55]. As expected, a negative correlation of TAS with respiratory burst (p < 0.05, r = -0.24) proves
that the antioxidant defense decreases with amplified production of free radicals through the
respiratory burst.

4. Materials and Methods

A cohort of 115 patients, 55 females and 60 males (mean age 58.33 + 9.87 years) newly
diagnosed (within 6 months) with T2DM was selected from outpatients treated at the National
Institute of Diabetes, Nutrition and Metabolic Disease (NIDNMB) “Prof. N.C. Paulescu”. The study
was approved by the Ethics Committee of NIDNMB “Prof. N.C. Paulescu” and all participants
signed an informed consent form before they were included in the study.

Diabetes was diagnosed according to the WHO and American Diabetes Association (ADA)
criteria: serum fasting glucose = 7.0 mmol/L (126 mg/dL), or 2 h serum glucose obtained after an
oral glucose tolerance test (OGTT) = 11.1 mmol/L (200 mg/dL), or a glycated hemoglobin (HbAlc) 2
48 mmol/mol (6.5%) or a random plasma glucose > 11.1 mmol/L (200 mg/dL) in patients
accompanied by classical symptoms such as polyuria, polyphagia, polydipsia as well as a weight
loss [56].

The control group comprised 32 healthy subjects—17 females and 15 males (mean age 48.41 +
15.10 years)—without any suspicion of diabetes or glucose intolerance (normal glycaemia as well as
HbA1c <44 mmol/mol).
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The exclusion criteria were: renal diseases, urinary infections, hemodialysis treatment, acute
ischemic cardiovascular disease, cardiac and cerebral stroke, epilepsy or other severe diseases (e.g.,
hepatic failure, cancer or gangrene), seric creatinine > 1.36 mg/dL (120 pmol/L) proliferative
retinopathy or severe maculopathy and also, use of vitamins, minerals, or other supplements in the
previous month, excessive alcohol consumption (ethanol > 20 g/day) and pregnant women.

After overnight fasting, blood samples were collected into vacuum tubes with no anti-
coagulant (for routine blood tests and ELISA measurements) or with EDTA for isolation of
peripheral blood mononuclear cells (PBMC) and for the assessment of fructosamine, glutathione
(GSH), total antioxidant status (TAS) and total oxidant status (TOS). A volume of 10mL from each
EDTA — containing sample was immediately used for isolation of PBMC for Respiratory Burst (RB)
and glutathione, while serum in the remaining sample (10 mL) was collected after centrifugation
and stored at -80 °C until required.

HbAlc assay that determines the level of hemoglobin glycation was determined by High
Performance Liquid Chromatography (HPLC), a certified National Glycohemoglobin
Standardization Program (NGSP) method and standardized by the Diabetes Control and
Complications Trial (DCCT) on an automatic D-10 Hemoglobin Analyzer (Bio-Rad Laboratories,
Inc., Clinical Diagnostics Division, Dubai, United Arab Emirates).Anthropometric measurements
included: weight, height, BMI (kg/m?), fat mass (%), visceral fat level (%) and lean body mass (kg)
assessed using a bioelectrical impedance analyzer (Body Composition Analyzer BC 418 MA, Tanita
Corporation, Tokyo, Japan).

The systolic as well as the diastolic blood pressure were measured for all volunteers included
in the study. Waist circumference (WC) which is a commonly used indicator to assess abdominal fat
mass (subcutaneous and intra-abdominal fat) was measured using a centimeter.

Routine blood tests included the circulating levels of glycaemia a jeun, total cholesterol, high
density lipoprotein -cholesterol (HDLc), serum triglycerides (TG), urea, creatinine, uric acid,
albumin, total proteins, gamma glutamyl transferase (GGT), alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were measured using current biochemical methods on an Eos
Bravo Forte Analyzer (Hospitex Diagnostics, Florence, Italy). Serum concentrations of insulin,
proinsulin, C-peptide, leptin and adiponectin were determined by ELISA on a Multiskan EX
automatic 96 plate reader (model 355 from Thermo Electron Corporation, Thermo Fisher Scientific,
Waltham, MA, USA) using commercially available kits (EIA-2935, EIA-1560, EIA-1293, EIA-2395
and respectively EIA-4177; from DRG Instruments GmbH, DRG International, Inc.,, Marburg,
Germany) following the manufacturer’s guidelines. The coefficient of variation (CV) was 2.2%,
4.86%, 6.12%, 6.43% and 5.66% respectively.

In this study we also determined the following parameters: total cholesterol/HDLc ratio,
triglycerides/HDLc ratio also known as atherogenic index (A.L), low density
lipoprotein—cholesterol (LDLc) was calculated according to the Friedewald equation [57],
Proinsulin/Insulin ratio, Proinsulin/Adiponectin ratio, Homeostasis Model for Insulin Resistance
(HOMA-IR) was recorded as [glycaemia (mmol/L) x insulinemia (pU/mL)]: 22.5 [58] and
Homeostasis Model for Beta cell function (HOMA-BETA) was recorded as HOMA-Beta = 20 x
(insulin)/((glucose) - 3.5)%.

Fructosamine as an indicator of the degree of glycation of albumin was determined using the
Spinreact (Girona, Spain) kit (CV = 1.79%) which is a colorimetric assay based on the ability of
ketoamines to reduce nitrotetrazoliumblue (NBT) to formazan, measured photometrically at 546 nm
in an alkaline solution.

Plasma total oxidant status (TOS) and total antioxidant status (TAS) were determined using
the kits PerOx (TOS/TOC) no. KC5100 (CV = 2.94%) and ImAnOx (TAS/TAC) no. KC5200 (CV =
3.99%) respectively, both photometric tests from Immundiagnostik AG (Bensheim, Germany).

Among the oxidative stress parameters the levels of glutathione (GSH) and the activity of the
antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GPx) were
determined by spectrophotometric methods. Glutathione was determined on fresh whole blood
samples collected in EDTA vacutainers.
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The absorbances of the samples were read at a wavelength of 405 nm on the Multiskan EX
automatic plate reader.

To determine the activity of the enzyme superoxide dismutase (SOD) the SOD 19160 WST
Assay kit (Sigma Aldrich Chemie GmbH, Buchs, Switzerland) was used. To determine the activity
of glutathione peroxidase (GPx) the Glutathione Peroxidase Cellular Activity Assay Kit (Sigma-
Aldrich, St. Louis, MO, USA) was used according to the manufacturer's instructions. The
respiratory burst (RB) was measured by chemiluminometric assay on peripheral blood
mononuclear cells (PBMC) (mostly monocytes/macrophages) isolated from fresh whole peripheral
blood collected on EDTA vacuum tubes.

PBMC were isolated by density centrifugation (1.077 g/mL) on a Ficoll-Paque™ Plus (from
Sigma-Aldrich Co., St. Louis, Mo, USA) at 630 g for 30 min. Cell viability determined by Trypan
Blue exclusion was > 90%. The ability to produce a RB was monitored by luminol and lucigenin
enhanced chemiluminescence method [59]. In short, to PBMC (0.3 x 10¢ cells) washed twice and
resuspended in 1mL PBS, and dark-adapted luminol and lucigenin was added. After monitoring
spontaneous chemiluminescence for 15 min, the RB was initiated by adding of 100 puL phorbol 12-
myristate-13-acetate (PMA) (final concentration 5.4 umol/L) and 100 pL opsonized zymosan (OZ)
(final concentration 0.83 g/L) and the maximum chemiluminescence peak was recorded
(Luminoskan Ascent® 392, 96/384 microplate luminometer from Thermo Electron Corporation,
Thermo Fisher Scientific, Waltham, MA, USA). Chemiluminescence production was expressed as
the Relative Chemiluminescence Units over time (RLU x 60 min).

All reagents, including Dulbecco’s phosphate buffered saline (PBS), fetal bovine serum (FBS),
Ficoll-Paque™ Plus, Trypan Blue, phorbol 12-myristate 13-acetate (PMA), luminol (5-amino-2,3-
dihydro-1,4-phthalazinedione; LM), lucigenin (bis-N-methylacridinium nitrate), opsonized
zymosan A from Saccharomyces cerevisiae, were purchased from Sigma Chemical Co.(St. Louis, MO,
USA).

Statistical analysis: Differences between groups were analyzed with IBM SPSS Statistics Data
Editor v19 software (IBM Inc., New York, NY, USA) using Student t-test on independent samples.
Correlations between parameters were evaluated by the Pearson test performed on the whole
group (both CG and ND-T2DM). A value for p < 0.001(**) and p < 0.05(*) was considered statistically
significant. Testing the normality of the distribution of variables was performed using the
Kolmogorov-Smirnov and Shapiro Wilk test. The same data from the same individuals are also
being analyzed to produce a Normal Q-Q Plot. The variables without a normal distribution were
log-transformed to normalize the distribution and subsequently analyzed. For uniformity, results
were expressed as mean + standard deviation (SD)/standard error of the mean (SEM) for all
parameters.

5. Conclusions

Diabetes mellitus is accompanied by a pro-inflammatory milieu and an intensification of the
oxidative stress, essentially due to a disruption of the pro-oxidant/antioxidant balance leading to
the development of insulin resistance and dysfunction of pancreatic $ cells and subsequently the
occurrence of dysfunctions in the vascular endothelium.

As a perpetual cause and effect cascade, oxidative stress is thus involved in diabetes
etiopathogenesis, being maintained and enhanced by chronic hyperglycemia and glucose toxicity.
The increase in the synthesis of glycation end products enhances the oxidative stress and the pro-
inflammatory state, contributing to increased peripheral insulin resistance and pancreatic
dysfunction. However, the interaction between diabetes, obesity associated with insulin resistance
and oxidative stress mechanisms is incompletely elucidated due to the short life span of ROS
causing oxidative damage, while the temporal sequence in which these processes intervene in the
etiology, evolution and complications of T2DM is not yet unveiled. The results of our study
revealed that the carbohydrates metabolism is positively correlated with the intensity of oxidative
stress and negatively with the antioxidant components. The correlations identified within this study
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suggest the existence of a network of complex interactions between T2DM, obesity, insulin
resistance and oxidative stress.

Acknowledgments: This work was supported by a grant from the Romanian National Authority for Scientific
Research, CNCS-UEFISCD], project number PN-II-IDPCE-2011-3-0429.

Author Contributions: A.P., LP.,, S.5, MM. and D.L. performed the experiments, C.L.T. conceived and
designed the experiments; A.P., L.P., and M.C.C. analyzed the data and drafted the manuscript; G.G., F.C.C,,
M.V B. substantially contributed to improving the manuscript in accordance with the reviewers’ requirements.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Natea, C.N. The evolution of diabetes mellitus in the Sibiu region in 2007-2009 period. Acta Medica
Transilvanica 2010, 2, 47-51.

2. World Health Organization. Global Report on Diabetes; WHO Press: Geneva, Switzerland, 2016; pp. 1-88.

3.  Mota, M,; Popa, S.G.; Mota, E.; Mitrea, A.; Catrinoiu, D.; Cheta, D.M.; Guja, C.; Hancu, N.; Ionescu-
Tirgoviste, C.; Lichiardopol, R.; et al. Prevalence of Diabetes Mellitus and Prediabetes in the Adult
Romanian Population: PREDATORR Study. J. Diabetes 2015, 8, 336-344.

4. Hanley, A],; Williams, K.; Stern, M.P.; Haffner, S.M. Homeostasis model assessment of insulin resistance
in relation to the incidence of cardiovascular disease: The San Antonio Heart Study. Diabetes Care 2002,
25,1177-1184.

5. Lakka, HM.; Laaksonen, D.E.; Lakka, T.A., Niskanen, L.K.; Kumpusalo, E.; Tuomilehto, J.; Salonen, J.T.
The metabolic syndrome and total and cardiovascular disease mortality in middle-aged men. JAMA-].
Am. Med. Assoc. 2002, 288, 2709-2716.

6. Kannel, W.B.; McGee, D.L. Diabetes and cardiovascular disease. The Framingham study. JAMA-]. Am.
Med. Assoc. 1979, 241, 2035-2038.

7. Stamler, J.; Vaccaro, O.; Neaton, ].D.; Wentworth, D. Diabetes, other risk factors, and 12-yr cardiovascular
mortality for men screened in the Multiple Risk Factor Intervention Trial. Diabetes Care 1993, 16, 434—444.

8.  Reaven, G.M. Banting Lecture 1988. Role of insulin resistance in human disease. Diabetes 1988, 37, 1595—
1607.

9. Balagopal, P.B.; de Ferranti, S.D.; Cook, S.; Daniels, S.R.; Gidding, S.S.; Hayman, L.L.; McCrindle, BW.;
Mietus-Snyder, M.L.; Steinberger, ]. American Heart Association Committee on Atherosclerosis
Hypertension and Obesity in Youth of the Council on Cardiovascular Disease in the Young; et al.
Nontraditional risk factors and biomarkers for cardiovascular disease: Mechanistic, research, and clinical
considerations for youth: A scientific statement from the American Heart Association. Circulation
2011,123, 2749-2769.

10. Tripathi, Y.B.; Pandey, V. Obesity and endoplasmic reticulum (ER) stresses. Front. Immunol. 2012, 3,
doi:10.3389/fimmu.2012.00240.

11. De Ferranti, S.; Mozaffarian, D. The perfect storm: obesity, adipocyte dysfunction, and metabolic
consequences. Clin. Chem. 2008, 54, 945-55.

12.  Singer, D.E.; Nathan, D.M.; Fogel, H.A; Schachat, A.P. Screening for diabetic retinopathy. Ann. Intern.
Med. 1992, 116, 660-671.

13. Ceriello, A; Motz, E. Is oxidative stress the pathogenic mechanism underlying insulin resistance,
diabetes, and cardiovascular disease? Arterioscler. Thromb. Vasc. Biol. 2004; 24, 816-823.

14. Brownlee, M. Biochemistry and molecular cell biology of diabetic complications. Nature 2001, 414, 813-820.

15. King, G.L.; Brownlee, M. The cellular and molecular mechanisms of diabetic complications. Endocrinol.
Metab. Clin. North Am. 1996, 25, 255-70.

16. Maria-Luisa, L.-D.-L.-V.-M.; Cristina, F.-M. Oxidative stress in diabetes mellitus and the role of vitamins
with antioxidant actions. In Oxidative Stress and Chronic Degenerative Diseases—A Role for Antioxidants;
Intech: Rijeka, Croatia, 2013; Chapter 9, doi:10.5772/51788.

17. Peppa, M.; Uribarri, J.; Vlassara, H. Glucose, Advanced Glycation End Products, and Diabetes
Complications: What Is New and What Works. Clin. Diabetes 2003, 21, 186-187.

18. Halliwell, B.; Gutteridge, ].M.C. Free Radicals in Biology and Medicine, 4th ed.; Biosciences Oxford, Oxford
University Press Inc.: New York, NY, USA, 2007; pp. 508-514.



Molecules 2017, 22, 714 13 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ceriello, A. Hyperglycaemia: The bridge between non-enzymatic glycation and oxidative stress in the
pathogenesis of diabetic complications. Diabetes. Nutr. Metab. 1999, 12, 42—46.

Résen, P.; Nawroth, P.P.; King, G.; Moller, W.; Tritschler, H.-].; Packer, L. The role of oxidative stress in
the onset and progression of diabetes and its complications: A summary of a Congress Series sponsored
by UNESCO-MCBN, the American Diabetes Association and the German Diabetes Society. Diabetes
Metab. Res. Rev. 2001, 17, 189-212.

Finucane, F.M.; Luan, J.; Warenham, N.J.; Sharp, S.J.; O’'Rahilly, S.; Balkau, B.; Flyvbjerg, A.; Walker, M.;
Hojlund, K,; Nolan, J.J.; et al. Correlation of the leptin/adiponectin ratio with measures of insulin
resistance in non-diabetic individuals. Diabetologia 2009, 52, 2345-2349.

Zaletel, ].; Barlovic, D.P.; Prezelj, ]. Adiponectin-leptin ratio: A useful estimate of insulin resistance in
patients with type 2 diabetes. ]. Endocrinol. Invest. 2010, 33, 514-518.

Oda, N.; Imamura, S.; Fujita, T.; Uchida, Y.; Inagaki, K.; Kakizawa, H.; Hayakawa, N.; Suzuki, A.; Takeda,
J.; Horikawa, Y.; et al. The ratio of leptin to adiponectin can be used as an index of insulin resistance.
Metabolism 2008, 57, 268-273.

Inoue, M.; Yano, M.; Yamakado, M.; Maehata, E.; Suzuki, S. Relationship between the adiponectin-leptin
ratio and parameters of insulin resistance in subjects without hyperglycemia. Metabolism 2006, 55, 1248-1254.
Inoue, M.; Maehata, E.; Yano, M.; Taniyama, M.; Suzuki, S. Correlation between the adiponectin-leptin
ratio and parameters of insulin resistance in patients with type 2 diabetes. Metabolism 2005, 54, 281-286.
Zhuo, Q.; Wang, Z.; Fu, P.; Piao, J.; Tian, Y.; Xu, J.; Yang, X. Comparison of adiponectin, leptin and leptin
to adiponectin ratio as diagnostic marker for metabolic syndrome in older adults of Chinese major cities.
Diabetes Res. Clin. Pract. 2009, 84, 27-33.

Jung, C.H.; Rhee, EJ.; Choi, ].H.; Bae, ].C.; Yoo, S.H.; Kim, W.J.; Park, C.Y.; Mok, J.O.; Kim, C.H.; Lee,
W.Y,; et al. The relationship of adiponectin/leptin ratio with homeostasis model assessment insulin
resistance index and metabolic syndrome in apparently healthy Korean male adults. Korean Diabetes .
2010, 34, 237-243.

Ionescu-Tirgoviste, C.; Lichiardopol, R.; Dobjanschi, C.; Guja, C.; Culman, M.; Bradescu, O.; Bojin, A.
Type 2 diabetes therapeutic guide for general practitioner. Romanian |. Diabetes Nutr. Metab. Dis. 2006, 13, 4.
Haffner, S.M.; Mykkanen, L.; Valdez, R.A.; Stern, M.P.; Holloway, D.L.; Monterrosa, A.; Bowsher, R.R.
Disproportionately increased proinsulin levels are associated with the insulin resistance syndrome. J.
Clin. Endocrinol. Metab. 1994, 79, 1806-1810.

Pfiitzner, A.; Kunt, T.; Mondok, A.; Pahler, S.; Konrad, T.; Luebben, G.; Forst, T. Fasting intact proinsulin
is a highly specific predictor of insulin resistance in type 2 diabetes. Diabetes Care 2004, 27, 682-687.

Roder, M.E,; Porte, D. Jr.; Schwartz R.S.; Kahn, S.E. Disproportionately elevated proinsulin levels reflect
the degree of impaired {3 cell secretory capacity in patients with noninsulin-dependent diabetes mellitus.
J. Clin. Endocrinol. Metab. 1998, 83, 604—608.

Temple, R.C.; Carrington, C.A.; Luzio, S.D.; Owens, D.R.; Schneider, A.E.; Sobey, W.].; Hales, C.N. Insulin
deficiency in non-insulin-dependent diabetes. Lancet 1989, 1, 293—-295.

Hotta, K.; Funahashi, T.; Arita, Y.; Takahashi, M.; Matsuda, M.; Okamoto, Y.; Iwahashi, H.; Kuriyama, H.;
Ouchi, N.; Maeda, K,; et al. Plasma concentrations of a novel, adipose-specific protein, adiponectin, in
type 2 diabetic patients. Arterioscler. Thromb. Vasc. Biol. 2000, 20, 1595-1599.

Halliwell, B.; Gutteridge, ].M.C. Free Radicals in Biology and Medicine, 4th ed.;Biosciences Oxford, Oxford
University Press Inc., New York, NY, USA, 2007; pp.127-130.

Cersosimo, E.; Solis-Herrera, C.; Trautmann, M.E.; Malloy, J.; Triplitt, C. Assessment of pancreatic beta
cell function: Review of methods and clinical applications. Curr. Diabetes Rev. 2014, 10, 2—42.

Kahn, S.; Prigeon, R.; Schwartz, R.L. Obesity, body fat distribution, insulin sensitivity and islet beta-cell
function as explanations for metabolic diversity. J. Nutr. 2001, 131, 3545-360S.

Bastard, J.P; Maachi, M.; Lagathu, C. Recent advances in the relationship between obesity, inflammation,
and insulin resistance. Eur. Cytokine Netw. 2006, 17, 4-12.

Trayhurn, P.; Wang, B.; Wood, 1.S. Hypoxia in adipose tissue: A basis for the dysregulation of tissue
function in obesity? Br. . Nutr. 2008, 100, 227-235.

Ionescu-Tirgoviste, C. Insulin resistance-what is myth and what is reality? Acta Endocrinol. 2011, 7, 123—
146.

Napoli, C.; de Nigris, F.P. Multiple role of reactive oxygen species in the arterial wall. ]. Cell. Biochem.
2001, 82, 674-682.



Molecules 2017, 22, 714 14 of 14

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Libby, P.; Ridker, P.M.; Maseri, A. Inflammation and Atherosclerosis. Circ. Clin. Cardiol. New Front. 2002,
105, 1135-1143.

Mohanty, P.; Hamouda, W.; Garg, R.; Aljada, A.; Ghanim, H.; Dandona, P. Glucose challenge stimulates
reactive oxygen species (ROS) generation by leucocytes. J. Clin. Endocrinol. Metab. 2000, 85, 2970-2973.
Mohanty, P.; Ghanim, H.; Hamouda, W.; Aljada, A.; Garg, R.; Dandona, P. Both lipid and protein intakes
stimulate increased generation of reactive oxygen species by polymorphonuclear leukocytes and
mononuclear cells. Am. ]. Clin. Nutr. 2002, 75, 767-772.

Halliwell, B. Biochemistry of oxidative stress. Biochem. Soc. Trans. 2007, 35, 1147-1150.

Karen,B.; Karl-Heinz, K. The NOX Family of ROS-Generating NADPH Oxidases: Physiology and
Pathophysiology. Physiol. Rev. 2007, 87, 245-313.

Florence, C.-C.; Stephane, W.; Christophe, M.; Arlette, T.; Jacques, C.; Marie-Paule, V. Is the neutrophil
reactive oxygen species production measured by luminol and lucigenin chemiluminescence intra or
extracellular? Comparison with DCFH-DA flow cytometry and cytochrome c reduction. Clin. Chim. Acta
2002, 319, 9-17.

Mandell, G.L. Bactericidal activity of aerobic and anaerobic polymorphonuclear neutrophils. Infect.
Immun. 1974, 9, 337.

Cathcart, M.K. Regulation of Superoxide Anion Production by NADPH Oxidase in
Monocytes/Macrophages: Contributions to Atherosclerosis. Arterioscler. Thromb. Vasc. Biol. 2004, 24, 23-28.
Weiss, S.J. Tissue destruction by neutrophils. N. Engl. |. Med. 1989, 320, 365.

Reeves, E.P.; Lu, H.; Jacobs, H.L.;Messina, C.G.; Bolsover, S.; Gabella, G.; Potma, E.O.; Warley, A.; Roes, J.;
Segal, A.W. Killing activity of neutrophils is mediated through activation of proteases by K* flux. Nature
2002, 416, 291.

Antonio, G.-C.; Luis, E.5.-M.; Sandra, E.-A. Elevated triglycerides/HDL-cholesterol ratio associated with
insulin resistance. Cir. Cir. 2011, 79, 115-119.

Du, T.; Yuan, G.; Zhang, M.; Zhou, X.; Sun, X.; Yu, X. Clinical usefulness of lipid ratios, visceral adiposity
indicators, and the triglycerides and glucose index as risk markers of insulin resistance. Cardiovasc.
Diabetol. 2014, 13, 146.

Hisalkar, P.J.; Patne, A.B.; Fawade, M.M.; Karnik, A.C. Evaluation of plasma superoxide dismutase and
glutathione peroxidase in type 2 diabetic patients. Biol. Med. 2012, 4, 65-72.

Sushma, V.; Nibha, S.; Pushpank, V.; Shukla, K.N.; Mohammad, A.; Monisha, B. Antioxidant enzyme
levels as markers for type 2 diabetes mellitus. Int. ]. Bioassays 2013, 2, 685-690.

Robertson, R.P.; Jamie, H.; Phuong, O.T.; Yoshito, T.; Hiroki, T. Glucose toxicity in B-Cells: Type 2
diabetes, good radicals gone bad, and the glutathione connection. Diabetes 2003, 52, 581-587.

American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 2008, 31
(Suppl. 1), S55-560, d0i:10.2337/dc08-S055.

Friedewald, W.T.; Levy, R.T.; Fredrickson, D.S. Estimation of the Concentration of Low-Density
Lipoprotein Cholesterol in Plasma, Without Use of the Preparative Ultracentrifuge. Clin. Chem. 1972, 18,
499-502.

Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis
model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985, 28, 412—419.

Lundqvist, H.; Dahlgren, C. Isoluminol-Enhanced Chemiluminescence: A Sensitive Method to Study the
Release of Superoxide Anion from Human Neutrophils. Free Radical Biol. Med. 1996, 6, 785-792.

Sample Availability: Not available.

© 2017 by the authors. Licensee MDP], Basel, Switzerland. This article is an open access
‘@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



