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ABSTRACT

Background and Aims: Deterioration of thiol/disulphide homeostasis (TDH) is found in several diseases, including diabetes.
This study aimed to examine the association between TDH and oxidative stress parameters in nondiabetics, prediabetics and
newly diagnosed type 2 diabetics.

Methods: A total of 26 non-diabetic, 24 prediabeticand 19 type 2 diabetic women were involved in our study. They all applied
to Zonguldak Bulent Ecevit University, Health Practice and Research Center, Endocrinology and Metabolism Diseases, Diabe-
tes Polyclinic to be tested for type 2 diabetes mellitus. The demographic and laboratory data were collected from the patient
files. Oxidative stress parameters and dynamic TDH were investigated using ELISA kits.

Results: Total oxidant status (TOS), total thiol and disulphide levels were significantly higher in type 2 diabetics than the
non-diabetics (24.24+14.93 versus 14.14+12.19, 646.47+75.51 versus 470.88+180.85, and 179.32+51.24 versus 91.85+40.29,
respectively). In type 2 diabetics, a positive correlation between TOS and native thiol, total thiol and disulphide levels was
found (P=0.000). In prediabetics, a significant positive correlation was found between total antioxidant capacity and total
thiol levels (P<0.05), and also between arylesterase and native and total thiol levels (P<0.05).

Conclusion: The elevation of oxidative stress and the deterioration of TDH might cause the formation of symptoms related to
high blood glucose levels in type 2 diabetics.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is characterised by hyperglycaemia due to insufficient insulin oscillations. Its prevalence is in-
creasing each day. In 2020, the WHO reported that about 422 million people have diabetes worldwide and each year 1.6 million
deaths result from diabetes (Lovic et al,, 2020). It has been known that insufficient insulin secretion from pancreatic beta cells
causes metabolic syndromes before an individual is diagnosed as having type 2 diabetes. Prediabetes is a condition of having
high blood sugar levels, but the whole range of symptoms of diabetes is not yet present. Therefore, prediabetes is considered as
an underlying risk factor for T2DM (Khetan & Rajagopalan, 2018; Garber et al,, 2019).

Cells can be damaged by the enhancement of free radicals, which are highly reactive chemicals. The antioxidant defence system
protects the body against the hazardous effects of free radicals. Oxidative stress (OS) occurs when the equilibrium between
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the amount of free radicals and the amount of antioxidants
deteriorates (Sies, 1997). Reactive oxygen species induce thiol
groups (-SH) to form disulphide (RSSR) bonds. This reaction is
reversible (Erel & Neselioglu, 2014). Under the conditions of
OS, due to its cysteine residue, glutathione (GSH) becomes
oxidized to glutathione disulphide (GSSG). NADPH-dependent
glutathione reductase then reduces GSSG to GSH. The cellular
redox state can be determined by measuring the GSH/GSSG
ratio (Wu, Fang, Yang, Lupton & Turner, 2004). In many dis-
eases, such as diabetes mellitus, hypertension, non-small cell
lung cancer, familial Mediterranean fever (FMF), inflammatory
bowel diseases, occupational diseases, gestational diabetes
mellitus and preeclampsia, OS occurs and the dynamic thiol/
disulphide homeostasis (TDH) deteriorates (Erel & Erdogan,
2020). OS is a crucial factor in the development of complica-
tions related to diabetes such as hyperglycaemia, insulin re-
sistance, inflammation and dyslipidaemia due to high blood
glucose levels (Hamamcioglu, 2017).

There are some studies that focus on detecting OS and dynam-
ic TDH in diabetic patients. In a study performed by Ates et al
(2015) with newly diagnosed prediabetics and healthy volun-
teers, a positive correlation between the disulphide and blood
glucose and HbA1c levels was reported. After a year, the group
published another study with type 1 diabetics and suggested
that an elevation of thiol oxidation in type 1 diabetics is associ-
ated with hyperglycaemia and chronic inflammation present
in these patients (Ates et al,, 2016). In T2DM patients, the pro-
gression of diabetic retinopathy was found to be related with
an increase in both TDH and ischemia-modified albumin (IMA)
levels (Gulpamuk et al, 2018). In a study performed by Ergin et
al (2020), three groups of T2DM patients were included (T2DM
patients with complications, T2DM patients without complica-
tions and newly diagnosed T2DM patients). They reported a
gradual increase in disulphide levels due to the severity of the
disease. In children with type 1 DM, TDH was found to be de-
teriorated and shifted towards the disulphide direction. They
proposed that this shift is due to damage in pancreatic 3-cells.
However, none of these studies examined newly diagnosed
prediabetics together with newly diagnosed T2DM patients
and healthy volunteers.

Paraoxonase 1 (PONT1) is a hydrolase with a glycoprotein struc-
ture which demonstrates both paraoxonase and arylesterase
(ARES) activities. It is known to be synthesised in the liver and
then secreted into the bloodstream in association with HDL. It
helps to protect lipoproteins from oxidation (Unal et al,, 2012).
It was stated previously that during diabetes mellitus, under
the conditions of hyperglycaemia, PONT1 is separated from
HDL and therefore, it loses its protective property against the
oxidation of lipoproteins. This was reported as a risk factor for
the development of diabetes-induced coronary artery diseas-
es (Rosenblat, Sapir, & Aviram, 2008).

Our study aimed to understand the balance between total
oxidants and antioxidants in prediabetic and type 2 diabetic
(T2D) Turkish women together with a novel OS marker, TDH,
and to compare the differences between the groups. We also
aimed to understand the activities of paraoxonase 1 (PON1)

and arylesterase (ARES) in all three groups and to discuss the
correlations between all parameters.

MATERIAL AND METHODS

Individuals who applied to Zonguldak Bulent Ecevit University,
Health Practice and Research Centre, Endocrinology and Me-
tabolism Diseases, Diabetes Polyclinic to be tested for T2DM
between September 2018 and March 2019, who met the inclu-
sion criteria and who signed an informed consent form were
involved in the study. Non-diabetics (NDs) formed our con-
trol group; the individuals who were found to be prediabetic
formed our prediabetic group (fasting blood glucose level was
between 100-125 mg/dl, blood glucose level was between
140-199 mg/d! in the second hour of oral glucose tolerance
test and the levels of HbA1c were between 5.9-6.4%) and the
ones who were diagnosed as T2DM for the first time (fasting
blood glucose level was above 130 mg/dl and HbATc level
was above 6.5%) formed our patient group. NDs, prediabetics
and T2Ds had no other disease related to organ damage, were
all above 18 years of age, were not pregnant or breastfeeding,
were non-smokers and were non-alcoholic. None of the indi-
viduals was under any medication.

The study was approved by Zonguldak Bulent Ecevit University
Ethics Committee adhering to the Declaration of Helsinki (ap-
proval number 2018-49-14/02) and informed consent forms
were signed by all the individuals prior to the study. Out of 69
individuals, 19 were diagnosed as T2D, 24 were diagnosed as
prediabetic and 26 were found to be ND. Blood samples (10
ml) were collected on their first visit to the hospital.

Biochemical data collection and laboratory analysis
Peripheral blood samples were drawn after an overnight fast.
A total of 10 ml venous blood samples were collected and
were centrifuged (1500 g at 4°C for 10 min) to separate sera.
The samples were stored at -80°C until usage. Fasting blood
glucose levels, lipid profiles (HDL, LDL, cholesterol, and tri-
glycerides), HbA1c and creatinine levels were all measured in
a standard fashion at the Zonguldak Bulent Ecevit University
Hospital Biochemistry laboratory, and demographic data such
as height, weight, age, etc. were collected from the patients’
files.

Total antioxidant capacity (TAC)

TAC levels of the sera were determined using ELISA kits (Rel-
assay, Turkiye). The principle of the method depends on the
decolorising of a characteristic colour produced by ABTS (2,
2'- Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)). The re-
action was measured spectrophotometrically at 660 nm. The
data were expressed as mmol Trolox equivalent per litre (Erel,
2004).

Total oxidant status (TOS)

ELISA kits developed by Erel (2005) were also used to detect
serum TOS levels (Relassay, Turkiye). Generally, the principle de-
pends on the formation of ferric ions by the oxidants present
in the sample. Glycerol molecules present in the reaction me-
dium enhanced the oxidation reaction. A coloured complex
formed by ferric ions and xylene was measured at 530 nm..
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Hydrogen peroxide was used to calibrate the assay and, there-
fore, “umol hydrogen peroxide equivalent per litre” was used
to express data.

Oxidative stress index (OSI)

Oxidative stress index (OSI) was calculated by dividing TOS to
TAC values and was expressed in Arbitrary Units (AU) (Harma,
Harma & Erel, 2003; Kosecik, Erel, Sevinc & Selek, 2005; Yumru
et al, 2009).

Thiol/disulphide homeostasis (TDH)

TDH assay was developed by Erel and Neselioglu (2014). Ac-
cording to the principle of the assay, free thiol groups were
formed by the reduction of disulphide bonds in the presence
of sodium borohydride. To determine the amount of disul-
phides, the amount of native thiols were subtracted from the
amount of total thiols and the result was divided into two.
Percentages of the ratio of disulphide to total thiol and native
thiol, as well as the ratios of native thiol to total thiol, were re-
ported.

PON1 and ARES activities

PONT and ARES activities in the sera samples were detected
using ELISA kits (Relassay, Turkiye). Paraoxon was used as a
substrate for PONT activity and phenyl acetate for arylesterase
activity. The enhancement of absorbance at 412 nm and 37°C
were used to determine PONT1 activity in terms of international
units per 1 litre of sera (U/L). ARES activity was expressed in
terms of kilo units per 1 litre of sera (KU/L) and measured at
270 nm and 37°C (Eckerson, Wyte, & La Du, 1983; Aldemir et al,
2015; Kilinc et al,, 2016).

Statistical analysis

Data were analysed using the Statistical Package for Social Sci-
ences (SPSS) version 22.0 for Windows (SPSS Inc., Chicago, IL,
USA). The Kolmogorov-Smirnov test was used to understand
the distribution of our data. Numerical variables having nor-
mal distribution were described as mean + standard deviation

and those not having normal distribution were described with
mean values. Student t test was used to compare the NDs with
prediabetics and T2Ds. For continuous variables with non-nor-
mal distribution, the Mann Whitney U test was used to com-
pare the clinical features of the NDs, prediabetics and T2Ds.The
relationships between numeric parameters were determined
through Pearson Spearman correlation analysis. P <0.05 was
considered significant.

RESULTS

Our study consisted of 26 ND, 24 prediabetic and 19T2D wom-
en.The demographic data and laboratory findings of NDs, pre-
diabetics and T2Ds involved in our study are included in Table
1. Body mass index, fasting blood glucose and HbATc levels
were higher in T2Ds than the other groups, as estimated. Tri-
glyceride levels were lower in NDs than prediabetics and T2Ds
(P <0.05). HDL levels were higher in the NDs than the T2Ds
(P<0.05). Even though total cholesterol and LDL levels were
higher in T2Ds than the other groups, this difference was not
found to be significant. In addition, T2Ds were older than NDs
and prediabetics (55.68 + 10.91 versus 33.00 + 10.10 and 55.68
+ 1091 versus 42.83 + 11.18, respectively).

When the OS parameters were evaluated, no significant differ-
ence in the TAC values was found between NDs and the pre-
diabetics nor the T2Ds. However, there was a significant reduc-
tion (P<0.05) in the TOS levels of prediabetics and a significant
increase (P<0.005) in the TOS levels of T2Ds compared to NDs.
TOS values of prediabetics were significantly lower (P<0.001)
than the TOS values of T2Ds. When the OSI values were cal-
culated, a non-significant decrease in prediabetics compared
to NDs was found. OSI values of T2Ds increased significantly
compared to the NDs and prediabetics (P<0.05 and P<0.001
respectively) (Table 2).

Both total thiol and native thiol levels decreased in prediabet-
ics and increased in T2Ds compared to NDs. An elevation of

Table 1. Comparison of the demographic data and laboratory findings among the groups.

Non diabetics

Prediabetics

Type 2 diabetics

Variables (n=26) (n=24) (n=19) p value

n (%) 26 (37.7) 24 (34.8) 19 (27.5)

Age (years) 33.00+£10.10 42.83+11.18 55.68+10.91 <0.005%, <0.001%,=0.0015%
BMI (kg/m2) 25.92+4.63 29.83+3.69 31.63+2.34 <0.005f, <0.001*
FBG (mg/dL) 93.62+4.68 108.04+6.85 141.95+65.12 <0.001t, <0.001*, <0.005%
HbA1c (%) 5.24+0.28 5.59+0.29 7.51+1.84 <0.001%, <0.001%, <0.0015
Creatinine (mg/dL) 0.70+0.092 0.76%0.15 0.76+0.13

125.81+60.92
193.19£46.55

54.23+13.22
117.27+36.68

Triglyceride (mg/dL)
Total cholesterol (mg/dL)
HDL (mg/dL)

LDL (mg/dL)

149.67+69.49
204.96+38.89

49.25+10.36
125.79+32.43

200.89+67.70

214.26+46.40
45.58+6.95

127.95+36.41

<0.001%,<0.05°

<0.05¢

BMI: Body Mass Index, FBG: Fasting Blood Glucose, HbAlc: haemoglobinAlc, HDL: High-density Lipoprotein, LDL: Low-density Lipoprotein.
The variables are expressed as meanzstandard deviation. f shows a statistically significant difference between non-diabetics and prediabetics.
tshows a statistically significant difference between non-diabetics and type 2 diabetics. § shows a statistically significant difference between

prediabetics and type 2 diabetics.
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Table 2. Comparison of oxidative stress parameters, thiol/disulphide homeostasis parameters, and
antioxidant enzymes (PON1 and ARES) among the groups.

Variables

Total thiol (mmol/L)

Native thiol (mmol/L)
Disulphide (mmol/L)
Disulphide/ Total Thiol (%)
Disulphide/ Native Thiol (%)
Native Thiol/ Total Thiol (%)
TAC (mmolTrolox equivalent/L)
TOS (pmol H202 equivalent/L)
osl

PON1

ARES

Non diabetics
(n=26)

470.88+£180.85
379.04£157.46
91.85+40.29
20.69+8.50
27.65%15.30
79.31+8.50
2.410.41
14.14£12.19
0.65+0.67
303.88+212.93
264.92+140.81

Prediabetics
(n=24)

413.95+56.58
241.71£30.23
172.25+43.26
41.25+6.15
72.01+18.12
58.75£6.15
2.38+0.49
6.92+1.65
0.31£0.11

368.75£186.74
228.54+47 .44

Type 2 diabetics

(n=19)
646.47+75.51
467.16+56.86
179.32+£51.24

27.5146.39
38.94+11.97
72.49+6.39
2.60+0.57
24.24+14.93
1.04+0.76

170.21£123.85

175.42+92.31

p value

<0.001+%,<0.001¢
<0.005%,<0.001¢
<0.001%,<0.001,

<0.001, <0.005*, <0.001
<0.001, <0.005*, <0.001
<0.001, <0.005*, <0.001

<0.05,<0.005%<0.001%

<0.05t%,<0.001¢
<0.05%,<0.001¢
<0.05%<0.05¢

TAC: Total Antioxidant Capacity, TOS: Total Oxidant Status, OSI: Oxidative Stress Index, PON: Paraoxonase, ARES: Arylesterase.
The variables are expressed as mean#standard deviation. f shows a statistically significant difference between non-diabetics and prediabetics.
*shows a statistically significant difference between non-diabetics and type 2 diabetics.® shows a statistically significant difference between

prediabetics and type 2 diabetics.

total thiol levels in T2Ds was significant (P<0.001) compared to
NDs. A reduction of native thiol levels in prediabetics was sig-
nificant (P<0.005) compared to NDs. The level of total thiol and
native thiol decreased significantly in prediabetics compared
to T2Ds (P<0.001). Disulphide levels increased significantly in
prediabetics and T2Ds when compared to the NDs (P<0.001)
(Table 2).

Antioxidant enzymes, PON1 and ARES, both decreased signifi-
cantly (P <0.05) in T2Ds when compared to the control group.
PONT1 levels showed a slight, non-significant increase in pre-
diabetics. On the other hand, ARES levels of prediabetics de-
creased when compared to NDs. The levels of both PONT and
ARES reduced significantly in T2Ds compared to prediabetics
(P<0.001 and P <0.05, respectively). (Table 2).

Correlation analysis

In T2Ds, a positive significant correlation was determined be-
tween the HbATc levels and native thiol, total thiol and disul-
phide levels (r=0.351, P <0.05; r=0.543, P =0.000; and r=0.624,
P =0.000 respectively). Similar to this, a significant strong posi-
tive correlation was also noticed between TOS and native thiol,
total thiol and disulphide levels (r=0.814, P =0.000; r=0.828, P
=0.000 and r=0.546, P =0.000, respectively). A positive correla-
tion between triglyceride levels and total thiol and disulphide
was also found (r=0.340, P<0.05 and r=0.310, P<0.05, respec-
tively). No correlation was found between the antioxidant en-
zymes (PONT, and ARES) and TDH parameters (Table 3).

In prediabetics, both triglyceride and total cholesterol levels
were found to correlate with disulphide ratio to both native
thiol and total thiol, as well as the ratio of native thiol to total
thiol. A significant positive correlation was found between TAC
and total thiol levels (r=0.457, P<0.05). A strong positive corre-
lation between ARES and native thiol as well as total thiol levels

was also determined (r=0.706, P =0.000 and r=0.525, P <0.05,
respectively) (Table 4).

DISCUSSION

Insufficient insulin effects and/or insulin release causes T2DM
and is characterized by hyperglycaemia. It is a chronic disease
where micro and macro complications occur due to the dete-
rioration of carbohydrate, lipid and protein metabolisms.

OS has been defined by an imbalance between the levels of
free radicals and antioxidants within the body. This causes mo-
lecular and cellular dysfunction. The effects of OS have been
investigated by several researchers in diabetics, mostly in T2Ds
(Sozer et al.,, 2014; Eljaoudi et al,, 2017; Nair & Nair, 2017).

Thiols, also known as mercaptans, are organic compounds
with a sulfhydryl group. They serve as the component of a mi-
tochondrial antioxidant defence mechanism. Under OS condi-
tions, the thiol groups of the aminoacids with sulphur groups
such as cysteine and methionine form reversible disulphide
bonds with the low molecular weight thiol groups. This is
known as dynamic TDH and has been investigated in several
diseases such as Graves'disease (Agan et al, 2019), childhood
iron deficiency anemia (Topal, et al, 2019), Welders' lung dis-
ease (Karatas et al, 2019), gestational diabetes (Aktun, Aykanat,
Erel, Neselioglu, & Olmuscelik, 2018), neonatal sepsis (Aydogan
et al, 2021), urolithiasis (Sonmez et al, 2019), etc. The abnor-
malities in dynamic TDH may have a role in the pathogenesis
of diabetes mellitus. Therefore, we aimed to detect dynamic
TDH in NDs, prediabetics and T2Ds.

PON1 and ARES are calcium-dependent antioxidant enzymes.
They are both encoded by the same gene. The activities of both
PONT and ARES are shown to be reduced in several diseases. In
patients with renal cell carcinoma, levels of PON-1 in advanced
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stage were found to be significantly lower than the lower stage
patients. In contrast, ARES levels were found to correlate with
nuclear grade in renal cell carcinoma patients (Aldemir et al,
2015). In localized scleroderma patients, decreased ARES levels
were reported (Kilinc et al,, 2016). In pityriasis rosea patients, TAC
levels and ARES activities were found to be significantly lower in
T2Ds than the NDs (Emre et al,, 2016). In our study, ARES levels
were also found to be lower than NDs when compared to pre-
diabetics and T2Ds (p<0.05, Table 2). In prediabetics, TAC levels
were also lower than both the NDs and T2Ds, but this was not
significant. This may suggest a relationship between TAC and
ARES values. Similar to our findings, ARES activity in the heart
and liver homogenates was found to be significantly lower in
the diabetic control group than the normal control group in rats
(P<0.01) (Zarei et al, 2016). In another study, it was also stated
that PONT and ARES activities were decreased in streptozocin-
induced diabetic rats and that vitamin B6 supplementation im-
proved PON1 and ARES activities (Tas, Sarandol, & Dirican, 2014).
In our study, PONT levels of T2Ds significantly decreased com-
pared to the NDs (P<0.05, Table 2). PON-1 levels were also found
to be decreased in diabetics with periodontitis, but in contrast
to our high levels of PON1 in prediabetics, they did not find any
impaired PON1 status in prediabetics (Noack et al,, 2013).

To our knowledge, this study firstly investigates TDH together with
TAC, TOS, OSl and enzymatic parameters (PON1 and ARES) in NDs
as well asin newly diagnosed prediabetics and T2Ds. There are not
many studies investigating OS in prediabetics. In one study, OS
biomarkers were detected in elderly (> 65 years of age) prediabet-
ics (Dziegielewska-Gesiak et al, 2014) and in another study, only
nine prediabetics were involved and an elevation in lipid peroxi-
dation and superoxide dismutase activity in T2Ds were evaluated
(Bandeira et al, 2012). Prediabetics were involved in this study to
understand whether the OS conditions also occur in individuals
with slightly elevated blood glucose levels without diabetic com-
plications and whether TDH was also affected. A shift towards
oxidised thiols is found to be a lot higher in prediabetics than
T2Ds (Table 2).In a study performed by Ates et al. (2016), they also
found dynamic TDH shifted towards disulphide formin type 1 dia-
betic patients. Also, for the first time in our study, a positive and
significant (P <0.005) correlation was found between ARES levels
and both native thiol and total thiol levels in prediabetics. In T2Ds
no correlation was found between enzymatic antioxidants (PON1
and ARES) and thiol groups.

A strong positive correlation between TOS and native thiol,
total thiol as well as disulphide levels in T2Ds was also found
(P<0.001, Table 3). However, in prediabetics this correlation was
negative and insignificant (Table 4).

The main limitation of our study was its cross-sectional design.
The individuals'blood was taken at the time they came to the
hospital to be checked for T2DM. For our newly diagnosed
T2Ds, the onset of the disease is not known. In addition, our
study is designed as a pilot study with a small sample size. An-
other limitation was not being able to evaluate the other enzy-
matic and non-enzymatic parameters of OS and, therefore, not
being able to make comparisons with TDH. During the study
period (between September 2018 and March 2019), mostly

women (69 women and only 5 men) applied to the diabetes
polyclinic to be tested for T2DM. Due to the low number, men
were excluded from the study in order to provide a homog-
enous group in terms of gender.

In conclusion, the present study demonstrated that TDH is
weakened in newly diagnosed T2Ds when compared to NDs
and the balance shifted towards disulphide formation. In ad-
dition, related to an increase in TOS levels, oxidized thiols were
also found to be increased significantly in T2Ds. Therefore, we
believe that the occurrence of diabetic symptoms due to high
blood sugar levels is related to the increase in TOS levels and,
consequently, to TDH. This study revealed that TDH is an in-
dependent risk factor for T2Ds. OS has major effects in type 2
diabetes ethiopathogenesis. We believe that our study will en-
lighten the current literature as well as extended further stud-
ies that will help with the prognosis and cure of T2Ds.

Peer-review: Externally peer-reviewed.

Informed Consent: Written consent was obtained from the
participants.

Author Contributions: Conception/Design of Study- ACH.,
CS., TB, Data Acquisition- A.C.H,; Data Analysis/Interpretation-
CS,; Drafting Manuscript- A.CH. Critical Revision of Manu-
script-T.B,; Final Approval and Accountability- A.CH. CS, T.B.

Conflict of Interest: The authors have no conflict of interest
to declare.

Financial Disclosure: This work was supported by the Zon-
guldak Bulent Ecevit University Scientific Research Project Unit
under Grant No: BAP 2018-43085703-02

Acknowledgement: We would like to thank Ebru Boz Uzaldi,
diabetes nurse, for collecting blood samples from each indi-
vidual and keeping the informed consent forms.

REFERENCES

Agan, V., Celik, H. Eren, M. A, Agan, F. Z, Erel, O, Neseliogly, S. ...
Gonel, A. (2019). An investigation of oxidative stress and thiol/
disulphide homeostasis in graves' disease. Medicina (Kaunas), 55,
275-287. http://dx.doi.org/10.3390/medicina55060275.

Aktun, L. H., Aykanat, Y, Erel, O, Neseliogly, S., & Olmuscelik, O.
(2018). A study over thiol disulphide homeostasis in cord blood in
women with gestational diabetes. Jounal of Family and Reproduc-
tive Health, 12, 217-222.

Aldemir, M., Karaguzel, E., Okulu, E, Gudeloglu, A, Ener, K, Ozayar,
A, & Erel, O. (2015). Evaluation of oxidative stress status and anti-
oxidant capacity in patients with renal cell carcinoma. Central Eu-
ropean Journal of Urology, 68, 415-420. http://dx.doi.org/10.5173/
ceju.2015.656.

Ates, |, Kaplan, M, Inan, B, Alisik, M., Erel, O,, Yilmaz, N., & Guler,
S.(2015). How does thiol/disulphide homeostasis change in pre-
diabetic patients? Diabetes Research and Clinical Practice, 110(2),
166-171. https://doi.org/10.1016/j.diabres.2015.09.011.

Ates, I, Kaplan, M., Yuksel, M., Mese, D., Alisik, M., Erel, O. ... Guler,
S. (2016). Determination of thiol/disulphide homeostasis in type
1 diabetes mellitus and the factors associated with thiol oxida-
tion. Endocrine, 51,47-51. http://dx.doi.org/10.1007/ s12020-015-
0784-6.


http://dx.doi.org/10.3390/
http://dx.doi.org/10.5173/ceju.2015.656
http://dx.doi.org/10.5173/ceju.2015.656
http://dx.doi.org/10.1007/

Hamamcioglu et al. Oxidant Status in Prediabetics and Diabetics

Aydogan, S., Akduman, H., Dilli, D, Koyuncu, E, Citli, R, Erel, O ...
Zenciroglu A. (2021). The role of thiol-disulphide homeostasis in
neonatal sepsis. The Journal of Maternal-Fetal & Neonatal Medicine,
34,1522-1528. http://dx.doi.org/10.1080/14767058.2019.1638904.
Bandeira, S., Guedes, G., da Fonseca, L. J,, Pires, A. S., Gelain, D. P,
Moreira, J. C. ... Goulart, M. O. (2012). Characterization of blood
oxidative stress in type 2 diabetes mellitus patients: increase in
lipid peroxidation and SOD activity. Oxidative Medicine and Cellu-
lar Longevity 2012, 819310. https://doi.org/10.1155/2012/819310.
Dziegielewska-Gesiak, S., Wysocka, E., Michalak, S., Nowakowska-
Zajdel, E, Kokot, T, & Muc-Wierzgon M. (2014). Role of lipid per-
oxidation products, plasma total antioxidant status, and Cu-, Zn-
superoxide dismutase activity as biomarkers of oxidative stress
in elderly prediabetics. Oxidative Medicine and Cellular Longevity,
2014, 987303. https://doi.org/10.1155/2014/987303.

Eckerson, HW., Wyte, CM,, & La Du, B.N. (1983). The human serum
paraoxonase/arylesterase polymorphism. The American Journal of
Human Genetics, 35, 1126-1138.

Eljaoudi, R, Elomri, N., Laamarti, M., Cherrah, Y, Amezyane, T,
Ghafir D, & Ibrahimi, A. (2017). Antioxidants status in type 2 dia-
betic patients in Morocco. Turkish Journal of Medical Sciences, 47,
782-788. http://dx.doi.org/10.3906/sag-1512-110.

Emre, S, Akoglu, G., Metin, A, Demirseren, D.D,, Isikoglu, S., Oz-
tekin, A. & Erel, O. (2016). The oxidant and antioxidant status in
pityriasis rosea. Indian Journal of Dermatology, 61, 118-138. http://
dx.doi.org/10.4103/0019-5154.174073.

Erel, O. (2004). A novel automated direct measurement method
for total antioxidant capacity using a new generation, more sta-
ble ABTS radical cation. Clinical Biochemistry, 37, 277-285. http://
dx.doi.org/10.1016/j.clinbiochem.2003.11.015.

Erel, O. (2005). A new automated colorimetric method for mea-
suring total oxidant status. Clinical Biochemistry, 38, 1103-1111.
http://dx.doi.org/10.1016/j.clinbiochem.2005.08.008.

Erel, O, & Neseliogly, S. (2014). A novel and automated assay for
thiol/disulphide homeostasis. Clinical Biochemistry, 47, 326-332.
http://dx.doi.org/10.1016/j.clinbio chem.2014.09.026.

Erel, O, & Erdogan, S. (2020). Thiol-disulphide homeostasis: an
integrated approach with biochemical and clinical aspects. Turk-
ish Journal of Medical Sciences, 50(SI-2), 1728-1738. http://dx.doi.
0rg/10.3906/sag-2003-64.

Ergin, M., Aydin, C, Yurt, EF, Cakir, B,, Erel, O. (2020). The variation
of disulphides in the progression of type 2 diabetes mellitus. Ex-
perimental and Clinical Endocrinology & Diabetes, 128 (2), 77-81.
http://dx.doi.org/10.1055/5-0044-100376.

Garber, A.J., Abrahamson, M.J,, Barzilay, J.I, Blonde, L, Bloomgar-
den, ZT, Bush, MA. ... UmpierrezG.E. (2019). Consensus State-
ment by The American Association of Clinical Endocrinologists
and American College of Endocrinology on the Comprehen-
sive Type 2 Diabetes Management Algorithm - 2019 Execu-
tive Summary. Endocrinology Practice, 25, 69-100. http://dx.doi.
0rg/10.4158/CS-2018-0535.

Gulpamuk, B, Tekin, K., Sonmez, K, Inanc, M., Neseliogly, S...
Yilmazbas, P. (2018). The significance of thiol/disulphide homeo-
stasis and ischemia- modified albumin levels to assess the oxida-
tive stress in patients with different stages of diabetes mellitus.
Scandinavian Journal of Clinical Laboratory Investigation, 78, 136-
142. http://dx.doi.org/10.1080/003655132017.

1422540.

Hamamcioglu, A.C. (2017). The role of oxidative stress and antioxi-
dants in diabetes mellitus. Turkish Journal of Diabetes and Obesity,
1,7-13. http//dx.doi.org/10.25048/tjd0.2017.2.

Harma, M., Harma, M., & Erel, O. (2003). Increased oxidative stress
in patients with hydatidiform mole. Swiss Medical Weekly, 133,
563-566.

Karatas, M., Ozis, T. N., Buyuksekerci, M., Gunduzoz, M., Ozakinci, O.
G, ... Erel,0.(2019). Thiol-disulphide homeostasis and ischemia-
modified albumin levels as indicators of oxidative stress in weld-
ers'lung disease. Human & Experimental Toxicology, 38, 1227-1234.
http://dx.doi.org/10.1177/0960327119871093.

Khetan, A. K, & Rajagopalan, S. (2018). Prediabetes. Canadian
Journal of Cardiology, 34, 615-623. http://dx.doi.org/10.1016/j.
¢jca.2017.12.030

Kilinc, F, Sener, S., Akbas, A, Metin, A, Kirbas, S., Neselioglu S., &
Erel, O. (2016). Oxidative stress parameters in localized sclero-
derma patients. Archives of Dermatological Research, 308, 625-629.
http://dx.doi.org/10.1007/500403-016-1682-3.

Kosecik, M., Erel, O, Seving, E,, & Selek, S. (2005). Increased oxida-
tive stress in children exposed to passive smoking. International
Journal of Cardiology, 100, 61-64. http://dx.doi.org/10.1016/j.
ijcard.2004.05.069.

Lovic, D,, Piperidou, A, Zografou, |, Grassos, H., Pittaras, A, &
Manolis, A. (2020). The growing epidemic of diabetes mellitus.
Current Vascular Pharmacology, 18, 104-109. http://dx.doi.org/10
2174/1570161117666190405165911.

Nair, A, & Nair, B. J. (2017). Comparative analysis of the oxidative
stress and antioxidant status in type Il diabetics and nondiabetics:
A biochemical study. Journal of Oral and Maxillofacial Pathology,
21,394-401. http://dx.doi.org/10.4103/jomfp. JOMFP_56_16.
Noack, B, Aslanhan, Z, Boué, J,, Petig, C,, Teige, M., Schaper, F. ...
Hannig, C. (2013). Potential association of paraoxonase-1, type
2 diabetes mellitus, and periodontitis. Journal of Periodontology,
84(5),614-623. https://doi.org/10.1902/jop.2012.120062.
Rosenblat, M, Sapir, O, & Aviram, M. (2008). The paraoxonases: their
role in disease development and xenobiotic metabolism. In B. Mack-
ness, M. Mackness, M. Aviram & G. Paragh (Eds.), Glucose inactivates
Paraoxonase 1 (PON1) and displaces it from high density lipoprotein
(HDL) to a free PONT1 form (pp.35-51). New York, USA: Springer.

Sies, H. (1997). Oxidative stress: oxidants and antioxidants. Experi-
mental Physiology, 82, 291-295. http://dx.doi.org/10.1113/exp-
physiol.1997.5p004024.

Sonmez, M. G, Kozanhan, B, Deniz, C. D, lyisoy, M. S,, Kilinc, M. T,
Ecer, G. ... Erel, O. (2019). Dynamic thiol/disulphide homeostasis
as a novel indicator of oxidative stress in patients with urolithia-
sis. Investigative and Clinical Urology, 60, 258-266. http://dx.doi.
0rg/104111/icu.2019.60.4.258.

Sozer, V., Himmetogly, S., Korkmaz, G. G, Kaya, S., Aydin, S., Yumuk,
V. ... Uzun, H. (2014). Paraoxonase, oxidized low density lipopro-
tein, monocyte chemoattractant protein-1 and adhesion mol-
ecules are associated with macrovascular complications in pa-
tients with type 2 diabetes mellitus. Minerva Medica, 105, 237-244.
Tas, S, Sarandol, E, & Dirican, M. (2014). Vitamin B6 supple-
mentation improves oxidative stress and enhances serum
paraoxonase/arylesterase activities in streptozotocin-induced
diabetic rats. Scientific World Journal, 2014, 351598. https://doi.
0rg/10.1155/2014/351598.

Topal, I, Mertoglu, C,, Surucu Kara, I, Gok, G, & Erel, O. (2019). Thi-
ol-disulphide homeostasis, serum ferroxidase activity, and serum
ischemia modified albumin levels in childhood iron deficiency
anemia. Fetal and Pediatric Pathology, 38, 484-489. http://dx.doi.or
9/10.1080/15513815.2019.1627626.

Unal, E, Eris, C, Kaya, B, Uzun, H, Cavdar, F, ... Titiz, . (2012).
Paraoxonase and arylesterase activities, lipid profile, and oxida-
tive damage in experimental ischemic colitis model. Gastro-
enterology Research and Practice, 2012, 2012-2017. https://doi.
0rg/10.1155/2012/979506.

Wu, G, Fang, Y-Z,Yang, S, Lupton, JR, & Turner, N.D. (2004). Gluta-
thione Metabolism and Its Implications for Health. The Journal of
Nutrition, 134(3), 489-492. https://doi.org/10.1093 /jn/134.3.489.

27


https://pubmed.ncbi.nlm.nih.gov/32233181/
https://pubmed.ncbi.nlm.nih.gov/32233181/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Garber+AJ&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Abrahamson+MJ&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Barzilay+JI&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Blonde+L&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Bloomgarden+ZT&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Bloomgarden+ZT&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Bush+MA&cauthor_id=30742570
https://pubmed.ncbi.nlm.nih.gov/?term=Umpierrez+GE&cauthor_id=30742570
http://dx.doi.org/10.4158/CS-2018-0535
http://dx.doi.org/10.4158/CS-2018-0535
http://dx.doi.org/10.1080/003655132017
http://dx.doi.org/10.25048/
https://doi.org/10.1902/jop.2012.120062
http://dx.doi.org/10.1080/15513815.2019.1627626
http://dx.doi.org/10.1080/15513815.2019.1627626
file:///C:/Users/User/Desktop/javascript:;
file:///C:/Users/User/Desktop/javascript:;
file:///C:/Users/User/Desktop/javascript:;
https://doi.org/10.1093%20/jn/134.3.489

128

Istanbul J Pharm

Yumru, M, Savas, H. A, Kalenderoglu, A, Bulut, M., Celik, H., &
Erel, O (2009). Oxidative imbalance in bipolar disorder subtypes:
a comparative study. Progress in Neuropsychopharmacology &
Biological Psychiatry, 33, 1070-1074. http://dx.doi.org/10.1016/j.
pnpbp.2009.06.005.

Zarei, M., Fakher, S, Tabei, S. M., Javanbakht, M. H., Derakhshanian,
H. ...Djalali, M. (2016). Effects of vitamin A, C and E, or omega-3

fatty acid supplementation on the level of paraoxonase and
arylesterase activity in streptozotocin-induced diabetic rats:
an investigation of activities in plasma, and heart and liver ho-
mogenates. Singapore Medical Journal, 57, 153-156. https://doi.
0rg/10.11622/smed}.2015102.


https://doi.org/10.11622/smedj.2015102
https://doi.org/10.11622/smedj.2015102

