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Abstract: We studied dynamic thiol/disulphide homeostasis, an indicator of oxidative stress, to investigate 
the effects of newly initiated exercise training on sedentary obese adults. Seventeen sedentary obese adults 
and 15 normal-weight controls were included in the sample for this study. The obese adults were given 
a physical exercise training program that lasted twelve weeks. Before and after the exercise training 
program, blood samples were collected, and serum thiol/disulphide parameters were measured by using a 
novel technique. Before the start of the exercise training, it was observed that thiol/disulphide homeostasis 
was impaired, and this impairment was positively correlated with body mass index in sedentary obese 
adults because of the higher reactive oxygen species production in adipose tissue. However, while the 
obese participants’ body mass index significantly decreased, the thiol/disulphide homeostasis parameters 
in the obese adults did not change over time as calculated at the baseline and compared to the calculation 
after the twelve weeks of exercise training. Despite a decrease in body mass index that occurred after the 
twelve weeks of exercise training, there was a lack of improvement in the obesity-induced impairment of 
thiol/disulphide homeostasis, which suggests that a newly initiated exercise training program may lead to 
oxidative stress.
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INTRODUCTION

Along with the rise of technological advancements 
in industry, there has been an increase in the 
number of people who have a sedentary lifestyle. 
Subsequently, the incidence of obesity has 

increased worldwide (Da Silva Medeiros et al. 
2015). Obesity, one of the most important health 
problems of the 21st century, is accepted as an 
important underlying factor in the pathogenesis of 
many diseases, such as metabolic syndromes, type 
2 diabetes, cardiovascular diseases, hypertension, 
sleep disorders and several forms of cancer (Manna 
and Jain 2015, Matsuda and Shimomura 2013). In 
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addition, it has been found that obesity is associated 
with chronic systemic inflammation of the adipose 
tissue and that this inflammation is associated 
with oxidative stress (OS) (Marseglia et al. 2015, 
Matsuda and Shimomura 2013). 

OS is an imbalance between the oxidants and 
antioxidants, which is caused by an increase of 
reactive oxygen species (ROS) and/or a decrease 
of the antioxidant defense systems in organisms 
(Bianchi and Ribisl 2015, Huang et al. 2015, 
Rupérez et al. 2014). ROS have potent oxidative 
effects on proteins, lipids and DNA, which result 
in an impairment of various cellular functions 
(Ates et al. 2015, Matsuda and Shimomura 
2013). The antioxidant defense system including 
enzymatic (e.g., superoxide dismutase, glutathione 
reductase, glutathione peroxidase, catalase, heme 
oxygenase-1 and paraoxonase) and non-enzymatic 
(e.g., polyphenols, some vitamins, glutathione, 
carotenoids, and selenium) antioxidants maintains 
ROS homeostasis in the cells (Matsuda and 
Shimomura 2013, Rupérez et al. 2014). When the 
production of ROS exceeds the antioxidant defense 
capacity, which is a state defined as OS, many 
pathological conditions such as atherosclerosis, 
aging, cancer, metabolic syndrome, obesity and 
other inflammatory diseases emerge (Kundi et al. 
2015, Manna and Jain 2015, Rupérez et al. 2014). 
Therefore, the stability of the oxidants-antioxidants 
balance is a vital matter for the overall health of 
organisms.

Although overweight and obese patients are 
recommended to lose weight, exercise training 
causes OS depending on the type and intensity of 
the physical activity. The augmentation in muscle 
activity during exercise training increases oxygen 
consumption and mitochondrial electron transport 
chain activity for energy generation, which results 
in a high amount of ROS production (Saiki et al. 
2001, Vincent et al. 2005). Several studies have 
indicated that acute and intense exercise increases 
oxygen consumption, energy expenditure ROS 

production and lipid peroxidation (Emami et al. 
2016, Kruk and Duchnik 2014, Vincent et al. 2004). 
Furthermore, when physical exercise is performed 
at the same duration and intensity, it is claimed that 
obese and overweight people have more oxygen 
consumption and energy expenditure than normal-
weight individuals (Vincent et al. 2004). However, 
several other studies have indicated that regular and 
moderate-intensity exercise training can decrease 
oxidative damage to biomolecules such as lipids, 
proteins and DNA and can also induce production 
of enzymatic and non-enzymatic antioxidants 
(Duggan et al. 2016, Veskoukis et al. 2016).

Thiols, which contain a functional group of 
sulfhydryls, are potent antioxidant molecules 
that preserve the organism from the destructive 
influences of OS damage (Hanikoglu et al. 2016). 
When OS develops, thiol groups in albumin, 
cysteine, homocysteine, glutathione, as well as other 
proteins are converted to disulphides. Subsequently, 
the disulphide bridges can be reversibly reduced 
to thiol groups by certain antioxidants, and thus, 
a dynamic thiol/disulphide homeostasis (TDH) is 
sustained (Simsek et al. 2016). In living organisms, 
TDH has important functions in relation to OS, 
such as the regulation of enzymatic reactions, the 
antioxidant defense system, detoxification and 
apoptosis  (Simsek et al. 2016, Zubarioglu et al. 
2017). Investigations of the TDH parameters have 
been performed at the initiation and along the 
progression of many diseases such as hypertension 
(Ates et al. 2015), diabetes mellitus (Ates et al. 
2016), cardiovascular diseases (Elmas et al. 2017), 
migraines (Gumusyayla et al. 2016) and childhood 
obesity (Elmas et al. 2017) and a close relationship 
has been detected between OS and an impaired-
TDH. 

As mentioned in previous studies, both obesity 
and physical exercise cause an increased level 
of OS, independent of each other. However, it is 
unclear whether OS level changes in obese adults 
due to a newly initiated exercise training program 
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to lose weight. Therefore, we hypothesized that 
a newly initiated exercise training program in 
sedentary obese adults could increase OS, despite 
a significant decrease in BMI. To evaluate the 
effects of the exercise training program, we aimed 
to investigate TDH parameters, an indicator of OS, 
in sedentary obese adults.

MATERIALS AND METHODS

SUBJECTS

This study was carried out at a healthy living center 
where overweight and obese individuals voluntarily 
participated in a supervised weight-loss program 
that incorporated exercise training. The study 
involved 17 adults classified as obese according 
to the World Health Organization (gender: 5 males 
and 12 females; ages: 48.06 ± 10.94 years; BMI: 
33.55 ± 2.90 kg/m2) and 15 normal-weight healthy 
controls (gender: 4 males and 11 females; age: 
44.33 ± 8.51 years; BMI: 22.58 ± 1.31 kg/m2). At 
the beginning of the study, obese adults not involved 
in any physical activity during the last six months 
were informed about the physical exercise program, 
and all of the participants were asked to complete 
a questionnaire to obtain background information 
about their general health status, medical history, 
and nutritional patterns. Participants with regular 
physical activity, suspicious pathological findings, 
recent illnesses, or injuries and those using drugs, 
cigarettes, alcohol, vitamins, and nutrients, which 
all might affect OS markers, were excluded from 
the study. The level of consumption of eggs, meat, 
vegetables, dairy products, fruits, and soft drinks 

was similar among the participants. The participants 
were asked to eat and drink as usual and were asked 
to not consume any antioxidant supplements during 
the study period. The study protocol was approved 
by the local ethics committee of the University 
of Harran (code: 17/06/01), and informed written 
consent was received from all study participants.

EXERCISE TRAINING PROGRAM

A twelve-week exercise training program was 
implemented with the obese adults in the form 
of brisk walking, as seen in Table I. The obese 
adults were instructed to walk at a pace of between 
3.5 and 4.5 mph for 60 minutes a day five times 
per week. Each exercise session consisted of a 
10-minute warm-up, a 60-minute brisk walking, 
and a 10-minute cool-down. Professional trainers 
designed and implemented the brisk walking at 
an outdoor track. The optimal walking speed was 
adapted from guidelines provided by the Centers 
for Disease Control and Prevention (CDC 2015).

BLOOD SAMPLING

Venous blood samples were taken from the obese 
adults two times, one week before the initiation of 
the exercise training and a week after the training 
program was completed. Venous blood samples 
were taken from the control subjects at the start 
of the study only. For all parameters, all blood 
samples were collected in the morning following 
a minimum of 8 hours of overnight fasting. The 
collected blood samples were then centrifuged for 
10 minutes at 1500xg rpm, and the separated serum 
was stored at -86 °C until the time when it was 

TABLE I
Exercise training program.

Exercise training program (brisk walking)

Duration Frequency Walking time Walking speed Warm-up Cool-down

12
weeks

5
times / week

60
min / day

3.5 to 4.5
mph

10
min / day

10
min / day
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analyzed. All of the parameters that we examined 
were studied from the same serum samples.

THIOL/DISULPHIDE HOMEOSTASIS PARAMETERS

The serum TDH parameters were examined using a 
new, automated measurement technique improved 
by Erel and Neselioglu (Erel and Neselioglu 2014). 
Briefly, the serum native thiol and total thiol levels 
were determined spectrophotometrically using 
Cobas c501 (Roche Diagnostics, Indianapolis, 
Indiana, USA). First, the serum native thiol 
levels were measured after a reaction with 5, 
5′-dithiobis-2-nitrobenzoic acid (DTNB) without 
any previous processing. Secondly, to measure the 
total thiol levels, the dynamic disulphide bonds 
in the serum samples were reduced using sodium 
borohydride (NaBH4) to form free functional thiol 
groups. Subsequently, formaldehyde was used to 
completely remove the unused NaBH4, and the total 
thiol groups including both the reduced and the 
native ones were measured following the reaction 
with DTNB. As the reduction of a disulphide bond 
generates two distinct thiol groups, the amount 
of dynamic disulphide bonds was calculated by 
determining half of the difference between the total 
thiol and the native thiol. In addition, the percentage 
ratios of disulphide/native thiol, disulphide/total 
thiol, and native thiol/total thiol were all calculated.

STATISTICAL ANALYSIS

Statistical analyses were conducted with SPSS 
for Windows version 22.0 software (IBM SPSS 
Inc, Chicago, IL, USA). The Shapiro Wilk test 
was employed to assess the normal distribution of 
data. Numerical variables with normal distribution 
were presented as mean ± standard deviation, 
while those without normal distribution were 
expressed as median (interquartile range) values. 
Categorical variables were stated as number (n) 
and percentage (%). Comparison of two-sample 
numerical variables was conducted using the 

Unpaired Student’s t-test and Mann–Whitney U 
test. To compare intragroup alterations over time 
(from baseline to after the exercise training), all 
dependent variables were examined with the Paired 
Student’s t-test and Wilcoxon t-test. The Chi-square 
test was also used to compare categorical variables. 
Correlation between the numerical parameters 
was analyzed with Pearson correlation analysis. 
The confidence interval (CI) was accepted as 95% 
throughout the analyses. A two-tailed p value of 
<0.05 was considered statistically significant. 

RESULTS

No statistically significant differences were 
observed based on gender, age, and serum albumin 
levels between the obese and control groups (p> 
0.05, for each). However, the BMI levels of the 
obese adults were significantly higher than those 
of the control group (p< 0.001), as is illustrated in 
Table II.

Before the exercise training program began, 
it was observed that the serum native thiol and 
total thiol levels and the ratio of native thiol/total 
thiol were significantly lower in the obese group as 
compared to the control group (p= 0.022, p= 0.045 
and p= 0.007, respectively). In contrast, the serum 
disulphide level and the ratios of disulphide/native 
thiol and disulphide/total thiol were significantly 
higher in the obese group as compared to the 
control group (p= 0.039, p= 0.007 and p= 0.007, 
respectively). After the exercise training program 
was finished, it was observed that the serum native 
thiol level and the ratio of native thiol/total thiol 
were both significantly lower in the obese adults as 
compared to the normal-weight controls (p= 0.041 
and p= 0.016, respectively). However, the ratios 
of disulphide/native thiol and disulphide/total thiol 
were significantly higher in the obese adults as 
compared to the same ratios in the normal-weight 
controls (p= 0.016, for each), as is demonstrated in 
Table III and Figure 1.
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In obese adults, even though the BMI was 
significantly diminished over time when comparing 
the measurements at the baseline and after the 
exercise training was over (p< 0.001), no important 
alteration was observed in the TDH parameters 
after the exercise training in comparison with the 
pre-exercise training measurements (p> 0.05, for 
each), which can be seen in Table IV and Figure 1

The serum native thiol and the total thiol 
levels and the native thiol/total thiol ratio were 
all inversely correlated with BMI (r= -0.627, p= 
0.007; r= -0.595, p= 0.012; and r= -0.603, p= 
0.010, respectively). On the other hand, there were 
significantly positive correlations between BMI 
and serum disulphide levels, disulphide/native 

thiol and disulphide/total thiol ratios (r= 0.544, 
p= 0.024; r= 0.601, p= 0.011; and r= 0.603, p= 
0.010, respectively), which is illustrated in Table 
V. However, after twelve weeks of the exercise 
training program, no considerable correlation was 
observed between the TDH parameters and the 
BMI in the obese adults (p> 0.05, for each).

DISCUSSION

Although many studies have reported that both 
obesity (Da Silva Medeiros et al. 2015, Manna and 
Jain 2015, Matsuda and Shimomura 2013, Rupérez 
et al. 2014) and physical exercise (Bianchi and 
Ribisl 2015, Da Silva Medeiros et al. 2015) are 
significantly associated with OS, as far as we know, 

TABLE II
Demographic and laboratory parameters from the obese and control groups prior to the initiation of the exercise training.

Variable
Control group 

(n= 15)
Obesity group 

(n= 17)
p- Value

Age (years) 44.33 ± 8.51 48.06 ± 10.94 0.296

Gender (male), n (%) 4 [26.7] 5 [29.4] 0.863

BMI (kg/m2) 22.58 ± 1.31 33.55 ± 2.90 <0.001

Albumin (g/dL) 4.55 ± 0.13 4.53 ± 0.12 0.685

Parameters were communicated as mean ± SD and median [IQR]. SD: standard deviation; IQR: interquartile range.

TABLE III
The comparison of TDH parameters between the obese and control groups both prior to and after the completion of the 

exercise training program.

Obesity group

Variables
Control
(n= 15)

BETP 
(n= 17)

*p-
Values

AETP
(n= 17)

¥p-Values

Native thiol (µmol/L) 290 ± 51 248 ± 48 0.022 255 ± 41 0.041

Total thiol (µmol/L) 326 ± 51 294 ± 35 0.045 297 ± 38 0.081

Disulfide (µmol/L) 17.8 ± 3.7 22.9 ± 8.4 0.039 20.8 ± 5.8 0.096

%Disulfide/native thiol 5.87 [1.7] 8.21 [8.0] 0.007 8.15 [4.1] 0.016

%Disulfide/total thiol 5.25 [1.4] 7.05 [5.6] 0.007 7.0 [3.0] 0.016

%Native thiol/total thiol 89.5 [2.8] 85.9 [11.1] 0.007 86.0 [6.0] 0.016

Parameters were communicated as mean ± SD or median [IQR]. SD: standard deviation; IQR: interquartile range; BETP: before 
exercise training program; AETP: after exercise training program.
* p-Values between control and obesity groups before exercise training.
¥ p-Values between control and obesity groups after exercise training.
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no previous study has investigated the influence 
of newly initiated exercise training on TDH, a 
novel OS marker, in obese adults. In this study, 
TDH was found to be significantly impaired, and 
this impairment was significantly associated with 
BMI in obese adults before they implemented the 

exercise training program. This impairment may 
be due to high oxidative stress caused by increased 
ROS production and dysregulated expression of 
inflammatory-related adipokines in enlarged 
adipocytes (Sakurai et al. 2017). Additionally, 
although BMI was significantly decreased in obese 

Figure 1 -  The comparison of TDH and BMI parameters between the obese and control groups both prior to 
and after the completion of the exercise training program. BETP: before exercise training program; AETP: after 
exercise training program.
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adults after twelve weeks of exercise training 
during this investigation, no improvement was 
observed in the impaired TDH, which may be due 
to the excessive production of ROS in exercised 
skeletal muscle (Accattato et al. 2017). 

Several studies carried out over the last few 
years have shown that obesity leads to increased 
ROS production and a weakness of the antioxidant 
defense systems, which ultimately results in OS 
(Da Silva Medeiros et al. 2015, Furukawa et al. 
2004, Grattagliano et al. 2008, Manna and Jain 
2015). Obesity induces OS for several biochemical 
reasons, such as superoxide production from 
NADPH oxidases, low antioxidant defense, 
oxidative phosphorylation, hyper-leptinemia, 
and chronic inflammation (Manna and Jain 2015, 
Savini et al. 2013, Serra et al. 2013). In this current 
study, in which we aimed to investigate OS by 
studying TDH parameters, the disulphide level and 

the ratios of disulphide/native thiol and disulphide/
total thiol were all significantly increased, but the 
native thiol and total thiol levels were considerably 
diminished in obese adults prior to the exercise 
training when compared with the control group. 
In addition, the serum disulphide levels, and the 
disulphide/native thiol and disulphide/total thiol 
ratios were positively correlated with BMI, but the 
native thiol and total thiol levels were inversely 
correlated with BMI in obese adults prior to the 
exercise training. These findings demonstrated 
that TDH was impaired in obese adults, which 
ultimately led to OS. As in this study, TDH-
impairment was reported in obese adolescents with 
polycystic ovary syndrome by Ozler et al. (2016) 
and in obese children by Elmas et al. (2017). Any 
change in the thiol/disulphide balance in favor 
of an increasing disulphide formation causes 
physiological and structural pathologies in various 

TABLE IV
The comparisons of albumin and TDH parameters in the obese group prior to and after the completion of the exercise 

training program.

Variables BETP (n= 17) AETP (n= 17) p- Values

BMI (kg/m2) 33.55 ± 2.90 31.84 ± 3.87 0.007

Albumin (g/dL) 4.53 ± 0.12 4.52 ± 0.17 0.900

Native thiol (µmol/L) 248 ± 48 256 ± 41 0.197

Total thiol (µmol/L) 294 ± 35 297 ± 38 0.461

Disulfide (µmol/L) 22.9 ± 8.4 20.8 ± 5.8 0.320

%Disulfide/native thiol 8.21 [8.0] 8.15 [4.1] 0.193

%Disulfide/total thiol 7.05 [5.6] 7.0 [3.0] 0.210

%Native thiol/total thiol 85.9 [11.1] 86.0 [6.0] 0.210

Parameters were communicated as mean ± SD and median [IQR]. SD: standard deviation; IQR: interquartile range; BETP: before 
exercise training program; AETP: after exercise training program.

TABLE V
The relationship between BMI and TDH parameters in obese adults prior to the initiation of the exercise training 

program.

Native thiol Total thiol Disulfide % Disulfide / 
native thiol

% Disulfide / 
total thiol

% Native thiol / 
total thiol

BMI
r- Values -0.627 -0.595 0.544 0.601 0.603 -0.603

p- Values 0.007 0.012 0.024 0.011 0.010 0.010
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organs and mechanisms by adversely affecting the 
ROS prevention mechanisms (Simsek et al. 2016). 
However, to the best of our knowledge, this is 
the first study to have investigated TDH in obese 
adults.

Obese individuals have higher ROS production 
in adipose tissue but controlling body weight 
through physical activity with adequate frequency 
and intensity and/or by caloric restriction may 
alleviate OS (Imayama et al. 2012). Since exercise 
training reduces the white adipose tissue mass, 
the expression of NADPH oxidase diminishes, 
and the expressions of antioxidant enzymes like 
superoxide dismutase and catalase increases, which 
relieve OS (Sakurai et al. 2017). On the other hand, 
as the amount of oxygen consumed in exercising 
skeletal muscle increases more than the amount 
of oxygen consumed at rest, ROS production in 
the mitochondria is also increased (Powers et 
al. 2014). Thus, physical exercise leading to OS 
causes muscle damage because of the oxidation of 
cell biomolecules such as proteins, lipids, and DNA 

(Powers et al. 2011, Sakurai et al. 2017). In the 
current study, although BMI for the obese adults 
was significantly decreased after twelve weeks of 
exercise training, no considerable alteration was 
found in the serum disulphide, native thiol, or the 
total thiol levels nor in the ratios of disulphide/
native thiol and disulphide/total thiol and native 
thiol/total thiol, most likely because of the 
increased ROS production in the exercised skeletal 
muscles. The fact that BMI was significantly 
reduced, but no improvement was observed in the 
TDH-impairment along with exercise training in 
obese adults indicates that newly initiated exercise 
training may actually increase ROS production in 
the skeletal muscles. 

LIMITATIONS

The current study has some limitations. First, the 
number of participants is small. Secondly, our 

findings were not compared to other OS parameters, 
such as catalase, superoxide dismutase, glutathione 
peroxidase, malondialdehyde and 8-isoprostane. 
Thirdly, because we did not have the opportunity 
to measure the body fat mass separately, the results 
could not be compared to changes in body fat 
ratios. Finally, the effects of less or more severe 
physical activity and caloric restriction have not 
been investigated in the obese adults.

CONCLUSION

These findings suggest that TDH, one of the 
prominent parameters of OS, was impaired, and 
this impairment was positively correlated with BMI 
in sedentary obese adults because of the higher 
ROS production in adipose tissue. However, no 
improvement was observed in the TDH-impairment 
despite significant decreases in BMI after twelve 
weeks of newly initiated exercise training since the 
ROS production was increased in exercised skeletal 
muscles. In conclusion, to prevent OS caused by 
exercised skeletal muscles in obese adults who 
begin a newly initiated exercise training to lose 
weight, potent antioxidants, such as ascorbic acid, 
alpha-tocopherol and polyphenols, can be added 
to their diets, and their exercise training program 
could be restructured (e.g.: stretching exercise 
can be added, and/or the intensity of the physical 
activity may be alleviated).
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