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Abstract: Dynamic thiol-disulfide homeostasis is considered to have critical roles in maintenance of
physiological functioning. We aimed to reveal whether there is any specific aberration in thiol-disulfide
homeostasis in three distinct categories of individuals, including those who 1) exercise regularly (fitness
group), 2) have a sedentary lifestyle (sedentary group) and 3) are overweight or obese (overweight/
obese group). 72 male individuals were included in the study, 21 of whom were in fitness group, 28 of
whom were overweight or obese and 23 of whom had a sedentary lifestyle. Plasma native thiol (-SH)
and total thiol [(-SH) + (-S-S-)] levels were quantitatively determined. Total thiol levels in sedentary
group were significantly lower than those in overweight/obese (p<0.05) and fitness groups (p<0.001).
Also, disulfide values in fitness group were significantly higher than those in sedentary and overweight/
obese groups (p<0.005, p<0.05). On the other hand, disulfide level, reduced and oxidized thiol ratios and
oxidation/reduction ratio in fitness group differed significantly from the other groups (p<0.05). Thiol—
disulfide homeostasis varies depending on lifestyle. The results of our study indicate that higher total thiol
and disulfide levels are conspicuously distinctive features of thiol-disulfide homeostasis in individuals
exercising regularly.
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INTRODUCTION

Thiols are organosulfur compounds which have
sulfydryl groups containing hydrogen and sulfur
atoms. Plasma thiols have been more commonly
investigated in recent years, because even a
mild hyperhomocysteinemia increases the risk
of cardiovascular diseases (Andersson et al.
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1999). The thiols contribute to the maintenance
of homeostasis by participating in synthesis or
structure of the proteins, performing some specific
tasks in intracellular signalling pathways, having
some regulatory roles in some parts of the cell
cycle, acting as a catalyst in chemical reactions and
forming compounds with metalic elements. Also,
they occupy an important place in antioxidant
defense system by not only participating in structure

of antioxidant enzymes such as thioredoxin,
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glutaredoxin or protein disulfide isomerase but also
taking an active role in redox reactions individually
(Kiziltunc et al. 2016).

The thiol compounds that primarily constitute
the plasma thiols are protein thiols, notably albumin
along with low molecular weight thiols, such as
cystein, cysteinylglisin, homocystein, glutathione
or y-glutamylcystein and hydrogen sulfide which is
actually a byproduct of transsulfuration reactions.
In case of oxidative or nitrosative stress, cystein
residues on plasma proteins form disulfide bonds.
They are also able to form reversible mixed
disulfide bonds between protein thiols and low
molecular weight thiols. When the oxidative stress
is eliminated, the disulfide bonds can be reduced
to thiol groups once again so that thiol disulfide
homeostasis is maintained (Kundi et al. 2015,
Ozler et al. 2016).

An aberration in the thiol-disulfide homeostasis
might play a substantial role as a biomarker in
progression of some pathophysiologic entities.
It has come out that an impairment in the thiol-
disulfide homeostasis could be a predictive
biomarker for acute myocardial infarction (Kundi
et al. 2015). In addition, plasma cystein/glutathione
(Cys/GSH) level positively correlates with
mortality risk in cardiovascular diseases (Patel et
al. 2016). In one of the previous studies, plasma
native and total thiol levels of keratoconus patients
were ascertained as being significantly higher than
that of the control group in the same range of age
and sex (Gulpamuk et al. 2017). Moreover, it is
speculated that a derangement in thiol-disulfide
homeostasis is associated wtih pathophysiological
progression of some illnesses such as Alzheimer’s
disease, parkinsonism, romatoid arthritis, kidney
diseases and diabetes mellitus (Erel and Neselioglu
2014).

Increased oxygen consumption during exercise
leads to a buildup of reactive oxygen species (ROS)
(McLeay et al. 2017). If antioxidant systems can’t
cope with free radicals, oxidative stress comes into
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existence. Notwithstanding free radical enhancing
effects of exercise, antioxidant enzyme levels
increase as a natural consequence of exercise
(Hollander et al. 2001, Criswell et al. 1993).
Exercise has also been shown to increase aerobic
capacity (Miyazaki et al. 2001). Nevertheless,
as a result of increased ROS production due to a
single period of exercise or a cascade of overloaded
exercise sessions, the antioxidant capacity falls
short of metabolic requirements and cell damage
occurs inevitably (Palazzetti et al. 2003). However,
exercise in an appropriate frequency and intensity
improves antioxidant capacity and provides a
higher level of cardiovascular well-being (Radak
et al. 2008).

There are studies manifesting that levels
of oxidative stress markers increase in obesity.
For instance, isoprostane level depicts a positive
correlation with body mass index (BMI) (Keaney
et al. 2003). It has been also revealed that as BMI
and waist circumference increase, levels of urinary
8—epi—prostaglandin—F2a and serum thiobarbituric
acid—reactive substances also increase. It has been
also reported that obesity causes a decrease in
mRNA expressions and activities of antioxidant
enzymes (Furukawa et al. 2004).

Fat accumulation promotes ROS accumulation
in cell cultures. NO levels were found to be lower
in overweight young adults (Monda et al. 2014).
In healthy adults, it is known that the serum IL—6
levels positively correlate with adipose tissue mass
(Higdon and Frei 2003). Furthermore, oxidative
stress was reduced in obese subjects with exercise,
calorie restriction and diet regulation (Li et al.
2017).

To spent most of the day by sitting or lying
down, i.e. sedentary behaviour, results in a low
grade chronic inflammation and ROS accumulation
(Carter et al. 2017). Sedentary behaviour, actually
includes various daily life habits, is defined as
spending most of the day time sitting or lying
down and not having physical activity to increase
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energy expenditure. Lipit peroxidation and protein
carbonylation products accumulate in the absence
of adequate physical activity (Laufs et al. 2005,
Gratas-Delamarche et al. 2014).

Assessment of thiol-disulfide homeostasis is a
new biochemical approach to demonstrate plasma
oxidative stress level and antioxidant capacity.
Indeed, the cysteine residues on peptides or proteins
are momentous redox sensors. Furthermore,
disulfides or thiol oxidation intermediates are
capable of modifying proteins post—translationally
or regulating protein function by adjusting folding
and structure of proteins. Steady—state levels of
plasma thiol-disulfide homeostasis is supplied
as a consequens of several processes occurring
simultaneously, such as the thiol-disulfide
exchange reactions, oxidation of thiol groups
by ROS, enzymatic extracellular degradation of
glutathione, intracellular metabolism and transport
of thiol containing molecules between cells and
plasma. These interactions turn the thiol-disulfide
homeostasis into an insistent and responsive living
compensatory network which effectively perceives
redox alterations and are able to potentially
provide a diagnostic or prognostic assessment in
case of certain aberrations in itself. In this study,
redox status and antioxidant capacities in three
distinct categories of subjects, including those
who exercise regularly, have a sedentary lifestyle
and are overweight or obese, were compared by
examining thiol-disulfide homeostasis for the first
time in literature.

MATERIALS AND METHODS

This study was carried out on 72 male individuals
recruited from Higher School of Physical Education
and Sports, Gaziantep University, between June and
December 2015. The study started with the approval
of Gaziantep University clinical research ethics
committee (date: 11.09.2017, protocol number:
2017/313). Of 72 individuals, 21 were in fitness
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group, 28 were overweight or obese and 23 had a
sedentary lifestyle. Demographic characteristics of
the groups are illustrated in Table I. The participants
were categorized as being overweight/obese or on
normal weight by calculating BMI. Those subjects
included in overweight/obese group were selected
from individuals whose BMI were higher than
25. Besides, overweight or obese subjects had
no additional morbidites such as cardiovascular
disease or renal diseases, diabetes mellitus,
hypertension, hyperlipidemia or autoimmune
disorders. Everyday life habits of overweight/
obese group were questioned. They were not doing
regular exercise since years. They had a routine life
style in which all of them were going to work with
a vehicle and spending at least four hours of a day
by sitting in front of a worktable, in a bureau. They
did not have a exercise program in their daily lives
at all such as, swimming, riding bicycle, playing
football, basketball etc. In weekends, they usually
had social activities like having a picnic, going to
the cinema or going out to dinner. Individulas in
fitness group had a BMI between 18 and 25 and
were following a regular exercise program since at
least a few years. According to this program, they
had three or four exercise sessions regularly in a
week and were working out for at least 40 minutes in
each session. The heart rate is over 120/min during
those training sessions. The participants in fitness
groups also did not have any chronic comorbidity.
They were all undergraduate students or research
assistants in Physical Education Department of
Education Faculty in Gaziantep University. On the
other hand, individuals in sedentary group were not
following any regular exercise program for years
and spending at least four hours sitting in a day as it
was the case in overweight/obese group. Their BMI
index values varied between 18 and 25, as well.
Venous blood samples of 5 ml were collected
from all the subjects included in the study after eight
hours of fasting period. Tubes were centrifuged at
4000 rpm for 10 minutes at 4 °C. Blood serum that
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TABLE I
Demographic characteristics of the groups are illustrated in the Table.

Sedentary Group (n=23)

Overweight/Obese Group (n=28)

Fitness Group (n=21)

1.75 + 0.06 1.77 + 0.06
93.50 + 11.36 “* 76.14 + 8.45
30.24+2.48 %4 241942217

32.60 +3.77 31.84 +3.66

Statistical values are expressed as mean + standard deviation. Following one-way Anova, Tamhane T2 test was used for multiple

Height (m) 1.74 £ 0.06
Weight (kg) 71.80 + 6.45
BMI (kg/m2) 23.46+1.20%
Age 32.52+4.53
comparisons.
* p<0.05 as compared to sedentary group.
# p<0.05 as compared to overweight/obese group.

A p<0.05 as compared to fitness group.

had been obtained after centrifugation is transferred
into the eppendorf tubes and stored at -20 °C.

Plasma native thiol (-SH) and total thiol [(-SH)
+ (-S-S-)] levels were quantitatively determined
by a very inexpensive and easy to use biochemical
assay method. In this method, briefly, dynamic and
reducible disulfide bonds except static or structural
ones are turned into the functional thiols by using
NaBH4. The residual NaBH4 compound after
aforementioned chemical reaction is completely
removed by formaldehyde. The amount of the total
thiol content is determined by the Ellman reagent.
All the native and reduced thiol groups are treated
with 5,5’-dithiobis- (2-nitrobenzoic) acid (DTNB).
Dynamic disulfide amount (-S-S) is equal to half
of the difference between total and native thiols. In
order to calculate disulfide level, the formula given
below was used (Altiparmak et al. 2016):

(Serum total thiol — serum native thiol) / 2.

SPSS 24.0 for Windows was used in all
statistical analysis. Kolmogorov-Smirnov test was
used to determine whether continuous variables
were normally distributed for each group. If the
statistical variables are normally distributed in
their groups, they are presented as mean =+ standard
deviation and if not, they are expressed as median
in conjunction with first and third quartiles (Q, —
Q,). One-way ANOVA test was used to compare
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normally distributed variables in multiple
comparisons. Levene test was applied to assess
the homogeneity of variances. Post hoc Tukey or
Tamhane T2 tests were performed according to the
homogeneity of variances for all-pairs multiple
comparisons following one—way ANOVA.
Independent samples Kruskal Wallis median test
was used in multiple comparisons if at least one of
the groups did not exhibit normal distribution. For
pairwise comparisons, Dunn’s test, which gives
adjusted p values was applied. Two sided values of
p<0.05 were considered as statistically significant.

RESULTS

The total thiols levels in sedentary group were
significantly lower than those in both the
overweight/obese group (p<0.05) and the fitness
group (p<0.001). In addition to that, total thiol
levels of fitness groups were significantly higher
than those of the overweight/obese group (p<0.05)
(Figure 1) (Table II). Although the native thiol
values in sedentary group were slightly lower
than the other two groups, there was no significant
difference among groups (p>0.05). The disulfide
values in fitness group were significantly higher
than those in both the sedentary group and the
overweight/obese groups (p<0.01). However, there
was no significant difference between the sedentary
and the overweight/obese groups (p>0.5) (Table II).
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TABLE I1
The mean and median values of total thiol, native thiol, disulfide and reduced and oxidized thiol ratio for each group.

]tal:?(fll: Slilsllilcl?ildl;z;lr:;lnee(:::;s?sf Sedentary Group* Overv(";?g:ll;g()bese Fitness Group* p value**
Native Thiol (umol/L) 335.3 (269.8 — 421,6) 446.8 + 135.6 424 +123.2 >0.05
Total Thiol (nmol/L) 401.6 (382.9 —505.4) 5437+ 114 628.5+101.6 <0.01
Disulfide (umol/L) 20.4 (15.4 - 48.6) 32.6 (14.4 - 69.7) 102.2+77 <0.01
Reduced Thiol Ratio' (%) 87.57 (74.79 — 95.03) 86.3 (71.79 — 95.45) 68.81 +20.28 <0.05
Oxidized Thiol Ratio” (%) 5.87 (2.54 - 12.26) 6.84 (2.32-14.1) 15.59 +10.1 <0.05
Oxidation/Reduction Ratio (%) 6.66 (2.65 - 16.06) 7.93 (246-19.04)  22.61 (11.61 —41) <0.05

" [(-SH) / (-SH + -S-S-)] x 100
2 [(-S-S-) / (-SH + -S-S-)] x 100

* [(-S-S-) / (-SH)] x 100, redox status of the thiol disulfide homeostasis.

The disulfide, reduced thiol, the oxidized thiol values and the oxidation/reduction ratio of the fitness group was markedly different
from the other groups, while there was no significant difference between the sedentary and overweight/obese group.

*Provided that the continuous variables are normally distributed in a specific group, the

descriptive statistical value of that group is expressed as mean + standard deviation. If the variables don’t exhibit a normal
distribution, it is expressed as median + 25% - 75% percentile ranks.

**P values in Kruskal Wallis test. If there is a significant difference between any two of three groups, pairwise comparison test

(Dunn’s test) was applied for all — pairs multiple comparisons.

On the other hand, both oxidized and reduced thiol
ratios also displayed a significant difference among
groups. The fitness group exhibited significantly
higher oxidized and lower reduced thiol ratios in
comparison to the other two groups (p<0.05 for
both ratios as compared to both the sedentary and
overweight/obese groups) (Table II). Nevertheless,
there was no markedly difference between the
sedentary and overweight/obese groups in terms of
the oxidized and reduced thiol ratios. The oxidation/
reduction ratio in fitness group likewise presented
a marked difference from both other groups. It is
strictly expected that statistical analyses of the
oxidized and the reduced thiol ratios and oxidation/
reduction ratio should be consistent among groups.
For instance, while oxidized thiol ratios were
significantly higher in fitness group, reduced thiol
ratios were lower in fitness group in present study.
The total thiol level, extensiveness of which
is a delicate indicator of antioxidant competency,
varied among three groups. We encountered the
largest thiol pool in fitness group (Figure 1). The
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disulfide level, on the other hand, is actually an
exquisite measure of oxidative environment in
circulation. As illustrated in Figure 2; fitness
group has the highest disulfide levels. It is also
noteworthy that the higher total thiol and disulfide
levels define the fitness group intrinsically and help
draw a distinction between the fitness group and
the others, as depicted in ROC analyzes (Figures
3 and 4).

DISCUSSION

Our results, for the first time, indicates that total
thiol levels increase with obesity and regular
exercise. Also, disulfide levels in fitness group
were significantly higher than those in sedentary
and overweight/obese groups. Meanwhile, the
oxidized thiol ratio was highest in fitness group in
harmony with the highest disulfide levels and the
lowest reduced thiol ratio. In addition, the fitness
group was significantly differ from each other in

terms of the oxidation/reduction ratio.
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Figure 1 - Total thiol values of groups depicted by using boxplots. Total thiol values in fitness group are
significantly higher than those in sedentary and oveweight/obese groups (p<0.001, p<0.05). In addition
to that, total thiol levels of overweight/obese group are that of higher than sedentary group (p<0.05).
Independent samples Kruskal Wallis median test was used to compare descriptics of the groups. For pairwise
comparison, Dunn’s test, which gives adjusted p values was applied.

* p<0.05 as compared to sedentary group.

4 p<0.05 as compared to overweight/obese group.

A p<0.05 as compared to fitness group.

It has been shown that people who have
been sitting for hours during the daytime display
higher adipokine and CRP levels regardless of
whether they have been exercising regularly or
not. Fibrinogen and CRP levels are consistently
higher than normal in overweight individuals
with a sedentary lifestyle (Howard et al. 2015).
Increased ROS and advanced glycation end
products in consequence of prolonged post—
prandial hyperglycemic period cause endothelial
disfunction in sedentaries (Brownlee 2001). In our
study, there were no significant differences among
groups in terms of native thiol levels. On the other
hand, total thiol levels in sedentary group were
detected as being significantly lower than those of
the other two grops. This finding indicates that total
thiol pool, which is a substantial component of the
antioxidant defense power of body, is markedly
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incompetent in sedentary group when compared
to the other groups (Table 1I, Figure 1). This
attributes a higher risk of irreversible oxidative—
nitrosative damage to individuals who internalize
a sedentary lifestyle when the level of oxidant
substances exceed a reasonable level. Disulfide
formation is one of the earliest manifestations of
protein oxidation and oxidative stress. We did not
detect any significantly elevated disulfide level in
sedentary group. However, some previous studies
implicated that lipit peroxidation and protein
carbonylation products have been increased by
virtue of oxidative stress in sedentaries. While the
reduced thiol ratio in sedentaries was significantly
higher than that of fitness group, the oxidized
thiol ratio of sedentaries was significantly lower
in comparison to fitness according to outcomes in
present study. As a possible reason for this situation,
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Figure 2 - Disulfide values of groups depicted by using boxplots. Disulfide values in fitness group
are significantly higher than those in sedentary group and overweight/obese group (p<0.005, p<0.05).
Independent samples Kruskal Wallis median test was used to compare descriptics of the groups. For
pairwise comparison, Dunn’s test, which gives adjusted p values was applied.

* p<0.05 as compared to sedentary group.

# p<0.05 as compared to overweight/obese group.

A p<0.05 as compared to fitness group.

we have considered that the level of oxidants mostly
range within reasonable bounds in sedentaries so as
not to result in oxidative stress, unless individual
makes an attempt to have a sudden and challenging
training period (Ates et al. 2016, Lushchak 2014).
As a consequence, if level of reactive species in
metabolism went up for any reason, activation of the
physiological antioxidant defense mechanisms and
protein thiol modifications would be incompetent
(Tebay et al. 2015).

Even if an obese individual does not have
any other comorbidity, obesity solely can cause
oxidative stress and is associated with increased
levels of proinflammatory cytokines. An increase
in free fatty acid content of plasma directly results
in increased production of ROS in mononuclear
and polimorphonuclear cells of the immune
system (Tripathy et al. 2003). Warolin et al. (2014)
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demonstrated a positive correlation between fat
proportion of the body and urinary F2-isoprostan
level, which is an indicative of oxidative stress.
Male C57BL/6J mice fed on a high fatty diet for a
long time have exhibited lower GSH/GSSG ratios
in gastronecmius muscle and liver (Yuzefovych et
al. 2013). Obesity unequivocally causes oxidative
stress notwithstanding, there are still some
inexplicable parts in obesity induced oxidative
stress conception. For instance, in a five years
follow—up, increased urinary F2-isoprostan levels
were strongly associated with a weight loss and a
decrease in fat percentage of the body, especially, in
women. This is thought to be due to activation of a
particular physiological defense pathway because of
obesity induced oxidative stress. Increased level of
total thiol in overweight/obese group compared to
sedanter group in the present study indicates that the
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Figure 3 - ROC curve belongs to total thiol values in fitness group is depicted. Area under the
curve (AUC): 0.793, Sensitivity: 0.85, Specificity:0.65, 95% Confidence Interval (CI) lower
border:0.687, 95% Confidence Interval upper border:0.899.
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Figure 4 - ROC curve belongs disulfide values in fitness group is depicted. Area under the curve
(AUC):0.764, Sensitivity: 0.71, Specificity:0.72, 95% CI lower border:0.639, 95% CI upper

border:0.889.

thiol pool expands in overweight/obese group. This
could be accounted for by previously mentioned
physiological defense mechanism against obesity
induced oxidative stress (Kanaya et al. 2011).
However, disulfide levels were significantly lower in
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overweight/obese group than those in fitness group
in the current study. This suggest that steady state
level of oxidant species does not scale up as much
in overweight/obese group as it does in fitness group
(Table 11, Figure 2).
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There is no doubt that exercise promotes
oxidative stress. Nevertheless, regular exercise
leads to some inventive changes in antioxidant
capacity in order to protect cells from harmful
effects of oxidative stress and enable the body to
cope with increased ROS production (de Lemos
et al. 2012). In one of the previous studies, it was
revealed that oxygen radical levels in cytoplasmic
microenvironment was not elevated after exercise
due to upregulation of the antioxidant proteosome
complex, despite an increment in reactive carbonyl
derivatives as an indication of mitochondrial stress
(Radak etal. 2000). In our study, the total thiol levels
were significantly higher in fitness group than in the
other groups (Table II, Figure 1). So, we deduced
that production of reactive species that could be
responsible in some physiological mechanisms
increased most in fitness group. Correspondingly,
this ended in an expansion of total thiol pool as an
antioxidant response of the body. This suggests that
regular exercise causes some inventive adaptations
in thiol-disulfide homeostasis. We concluded
that the highest disulfide levels in fitness group
is a consequence of the increased free radical
production caused by exercise (Figure 2). The
higher total thiol and disulfide levels stand out as
the defining characteristics of fitness group.

Thiol-disulfide homeostasis varies depending
on individual’s lifestyle. As illustrated in ROC
analyzes, the higher total thiol and disulfide levels
distinguish individuals who exercise regularly
from the others with a high sensitivity (Figures 3
and 4). On the other hand, the total thiol pool was
observed to be expanded, but the disulfide levels
did not significantly change in overweight/obese
group. In sedentary group, total thiol levels were
significantly lower than those of the other groups.
In addition, disulfide levels in sedentaries were
significantly lower than fitness. This indicates that
the steady-state ROS level in sedentary group is
lower than that of the other groups.

An Acad Bras Cienc (2019) 91(2)
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