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Examination of fasting and postprandial dynamic thiol 
disulfide homeostasis and oxidative stress

Oxidative stress has an important role in metabol-
ic disorders associated with high- carbohydrate, ani-

mal-based-protein diets, and excessive fat consumption. Obe-
sity has become an epidemic and is considered a major risk 
factor for many chronic diseases, including diabetes, cardio-
vascular disease, and cancer [1]. The effects of oxidative stress 
are related to the type of macronutrients consumed and their 
absolute quantity [2]. Both of these properties contribute to 
oxidative stress and may lead to the development of obesi-
ty-related disease [3]. However, the molecular mechanisms of 
nutrition-mediated oxidative stress are complex and not yet 
fully understood.
Human life is sustained by oxygen and aerobic processes. Re-
active oxygen species (ROS) are harmful by-products of hu-
man organism metabolism; however, the oxidative effects of 

ROS can be neutralized by the antioxidant capacity of the cells 
in order to maintain homeostasis [4]. The most common forms 
of ROS are superoxide anions, hypochlorous acid, hydrogen 
peroxide, singlet oxygen, hypochlorite, hydroxyl radicals, and 
lipid peroxides, which play a role in the development, growth, 
death, and differentiation of cells [5]. ROS are produced as a 
byproduct in normal aerobic metabolism, but when levels rise 
under stress, it can lead to health problems [6].
Mitochondria are the predominant source of ROS produc-
tion. These cell organelles produce adenosine triphosphate 
through a series of oxidative phosphorylation processes. Ox-
idative damage can occur when single or 2-electron reduc-
tion of oxygen takes place, rather than 4-electron reduction. 
This leads to the formation of H2O2 or O2- [7]. Redox control, 
particularly in the mitochondria, endoplasmic reticulum, and 
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nuclei, is important. Extracellular compartments also provide 
defense barriers against external oxidants. Cysteine (Cys) and 
the disulfide form, cystine (CySS), generate the majority of low 
molecular weight thiol/disulfide in human plasma. The Cys/
CySS pool is the central redox control point in biological sig-
naling [8].

Organic compounds containing sulfhydryl groups are called 
thiols (-SH), and are composed of sulfur and hydrogen atoms. 
Thiols have a high sensitivity to oxidation. Disulfides (-S-S-) are 
the most important class of dynamic, redox-sensitive covalent 
bonds formed between 2 thiol groups. Dynamic thiol-disul-
fide homeostasis (DTDH) is the maintenance of balance be-
tween thiols and their oxidized forms, and includes the rever-
sal of thiol oxidation in proteins. It is an important parameter 
associated with various biochemical processes, including the 
regulation of protein function, stabilization of protein struc-
ture, protection of proteins against irreversible oxidation 
of Cys residues, chaperone function, regulation of enzyme 
functions, and transcription [8]. In thiols, functional sulfhydryl 
groups (-SH) act as a substrate for antioxidant enzymes and 
as a free radical scavenger. While the majority of the plasma 
thiol pool consists of albumin and other plasma proteins, a 
small portion consists of low-molecular-weight thiols, such as 
Cys, cysteinyl glycine, glutathione, homocysteine, and g-glu-
tamylcysteine. Under oxidative stress, thiol groups (SH) trans-
form into a reversed form (-S-S-). These disulfide bonds can 
be reduced back to thiol groups, thus preserving thiol-disul-
fide homeostasis [9]. Therefore, the reduction of thiol groups 
to disulfides upon exposure to oxidation is recognized as an 
indirect indicator of oxidative stress. Erel and Neşelioğlu [10] 
demonstrated the oxidation-reduction potential in DTDH by 
measuring native thiol, disulfide, and the total thiol (SH + SS) 
parameters of DTDH with a novel assay. In other words, while 
measurement of the native thiol in human serum represents 
the defense power and capacity to reduce oxidative stress, 
measurement of disulfide levels provides information about 
the presence of oxidation. The authors reported that the 
decrease in native thiol groups and the increase in disulfide 
groups analyzed in human serum could be considered an in-
dicator of exposure to oxidative stress.

To the best of our knowledge, postprandial oxidative stress 
has not been previously evaluated using DTDH. This study was 
designed to compare the oxidative stress levels of individuals 
in fasting and postprandial states, as well as the effect of fast-
ing on DTDH.

Materials and Methods
Ethical considerations
The Ankara Yildirim Beyazit University Faculty of Medicine 
Clinical Research Ethics Committee granted approval for this 
study on October 7, 2020 (no: 87). A written, informed consent 
form was obtained from the patients who agreed to partici-
pate in the study.

Patient population
Fasting and postprandial serum samples of patients who pre-
sented at the Ankara City Hospital Endocrinology Outpatient 
Clinic were used in this study. In all, 86 participants, 43 male 
(mean age: 53.98±13.33 years) and 43 female (mean age: 
53.95±9.74 years), were included. Patients whose complete 
blood count, biochemistry, and hormone test results were 
within the reference ranges and who had no previous chronic 
disease were enrolled. The participants had fasting and post-
prandial blood samples taken on the same day and care was 
taken to ensure that the samples were matched to the donor 
for accurate analysis of statistical differences. Fasting blood 
samples were obtained after 8-12 hours of fasting (n=86) and 
the postprandial samples were drawn 2 hours after a meal 
(n=86). The post-fasting meal was not standardized; the par-
ticipants were free to eat whatever they wanted. All of the 
fasting blood samples were collected between 8:00 am and 
11:00 am, and all of the postprandial samples between 10:00 
am and 1:00 pm (n=86). Serum samples were kept in a -80°C 
freezer until the number of samples required for the research 
were obtained.

Sample analysis
On the day of analysis, all of the samples were thawed at room 
temperature for 20 minutes. Next, the samples were homog-
enized with an average of 1 minute of vortexing before the 
analysis. The total thiol, native thiol, and disulfide levels were 
measured according to the method described by Erel and 
Neşelioğlu [10]. Measurements were performed using an Ad-
via 1800 autoanalyzer (Siemens Healthineers GmbH, Erlangen, 
Germany) at the Ankara City Hospital medical biochemistry 
laboratory. Index 1 (disulfide/native thiolx100), Index 2 (disul-
fide/total thiolx100) and Index 3 (native thiol/total thiolx100) 
data were calculated. Age, gender, and serum albumin values 
of the patients included in the study were obtained from the 
laboratory information system.

Statistical analysis
The results were analyzed using IBM SPSS Statistics for Win-
dows, Version 22.0 software (IBM Corp., Armonk, NY, USA). The 
results were presented as mean and SD for the fasting and 
non-fasting groups. The distribution was evaluated using the 
Shapiro-Wilks test. The significant change in DTDH parame-
ters in the fasting and non-fasting samples was determined 
using a paired-samples t-test. Values with a p value of <0.05 
were considered statistically significant.

Results
While the albumin, native thiol, and Index 3 values were sig-
nificantly lower in the non-fasting samples compared with 
fasting samples, the disulfide, Index 1, and Index 2 values were 
significantly higher (p<0.001) (Table 1). The non-fasting total 
thiol levels were lower, however, the difference was not sig-
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nificant. The changes in the parameters between the 2 groups 
(fasting and non-fasting) are shown in Figure 1.

Discussion
Nutrient-specific consumption has been shown to lead to 
ROS production [11]. Oxidative stress is defined as an imbal-
ance between ROS and antioxidants. Postprandial oxidative 
stress causes impaired redox signaling in favor of oxidants. 
Glucose, lipid, or protein intake has been demonstrated to 

induce ROS formation through mononuclear and polymor-
phonuclear leukocytes [12, 13]. Many studies have indicated 
that high macronutrient intake can increase oxidative stress. 
Oxidative stress is a significant element of a high-carbohy-
drate and animal-based protein diet and metabolic distur-
bances associated with excessive fat consumption [5]. Cur-
rent research strongly supports the notion that a diet high in 
carbohydrates, animal proteins, and excessive fat produces 
ROS and leads to oxidative stress. With the production of 
ROS, activation of nuclear factor-kappa B (NF-kB) is triggered. 

Table 1. Changes of parameters according to fasting status

Parameters Fasting (Mean±SD) Non-fasting (Mean±SD) p

Albumin (g/dL) 4.25±0.19 4.13±0.23 <0.001*
Native thiol (µmol/L) 407.90±47.99 393.81±47.89 <0.001*
Total thiol (µmol/L) 450.54±46.53 445.74±45.13 0.104
Disulfide (µmol/L) 21.32±6.37 25.97±6.78 <0.001*
Index 1 5.35±1.90 6.76±2.17 <0.001*
Index 2 4.78±1.53 5.89±1,68 <0.001*
Index 3 90.44±3.06 88.21±3.35 <0.001*

*Indicates a significant statistical difference: p<0.05. Index 1: Disulfide/native thiolx100; Index 2: Disulfide/total thiolx100; Index 3: Native thiol/total thiolx100.

Figure 1. (a) Changes according to fasting status (a) albumin, (b) native thiol, (c) total thiol, (d) disulfide.
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NF-kB activation plays an important role in the inflammatory 
process. Short-term calorie restriction plays a curative role in 
the inflammatory process by blocking NF-kB expression. [14]. 
Conversely, chronic overconsumption contributes to a per-
sistent inflammatory state through the formation of white 
adipose tissue that secretes pro-inflammatory factors [15].
This study examined the presence of postprandial oxidative 
stress using DTDH analysis. It was observed that the albumin, 
native thiol, and Index 3 values were significantly lower in 
the non-fasting samples, while the values of disulfide, Index 
1, and Index 2 were significantly higher (p<0.001) (Table 1). 
Albumin is the most abundant plasma thiol. The albumin val-
ues of the patients were also compared to examine potential 
deviations as a result of postprandial hemodilution. The level 
of albumin decreased 2.82% after a meal, and native thiol de-
creased 3.45%. However, a reduction in native thiol is insuf-
ficient to say that oxidative stress increases following caloric 
intake. There are structures other than albumin that transport 
the sulfhydryl group in the plasma thiol pool. Therefore, eval-
uation of the disulfide level is useful. A significant increase in 
the disulfide level in the non-fasting samples despite hemo-
dilution indicates the presence of oxidative stress. Also, the 
Index 1 value increased significantly after food intake. While 
there was no significant change in the total thiol amount, 
the increase in disulfides led to a higher Index 2 value in the 
non-fasting samples. Furthermore, the fact that native thiols 
underwent oxidation and were lower in the non-fasting state 
than total thiol value resulted in a significant decrease in the 
Index 3 value.
A high-calorie diet rich in carbohydrates or fat causes more 
substrates to enter mitochondrial respiration [16]. Subse-
quently, the number of electrons passed to the electron trans-
port chain may increase. Molecular oxygen is activated with 
the acceptance of extra electrons, forming a superoxide. [17] 
A hyperglycemia-induced overproduction of superoxide can 
result. Excessive quantities of carbohydrates can lead to de-
creased insulin binding and up-regulated transcription of 
insulin-receptor expression in skeletal muscle [18]. High in-
sulin and glucose levels can reduce insulin-receptor binding 
in adipocytes [19]. A high insulin level may lead to ROS accu-
mulation or decreased antioxidant capacity due to increased 
carbohydrate metabolism in target tissues. This can alter the 
phosphorylation of the signal pathways and subsequently 
cause deactivation. As a result, exposure to H2O2 promotes sig-
nificant loss of the insulin signal and decreased glucose trans-
port in muscles and adipocytes [20].
Most experimental studies have shown that oxidative stress is 
a key component of the harmful effects of fructose [21, 22]. 
Fructose-induced oxidative stress leads to impaired carbohy-
drate metabolism. Castro et al. [23] reported that fructose can 
modulate liver glucokinase activity through ROS production.
In many countries, meat typically constitutes an important 
part of the normal diet and may account for 15% of daily en-
ergy intake, 40% of daily protein, and 20% of daily fat [24]. 

Free Fe 2+ increases significantly during the process of cook-
ing meat [25]. The application of heat during preparation also 
causes a decrease in antioxidant enzymes, such as glutathione 
peroxidase [26, 27]. Oxygen is produced from oxymyoglobin, 
which contributes to the production of H2O2 [28]. In addition, 
free Fe 2+ catalyzes the Fenton reaction when oxidative pro-
cesses are initiated [29]. This reaction leads to the formation 
of ROS and oxidative damage, which have been implicated in 
many diseases.
Studies of animals fed a long-term high-fat diet have shown 
an increase in oxidative stress and dysfunctional mitochon-
dria [30]. It has been found that a high-fat diet not only im-
pairs the lipid profile, but also increases ROS accumulation 
and oxidative stress parameters in the blood, triggering 
mitochondrial damage. It has also been found that a high 
calorie intake or obesity was associated with increased mi-
tochondrial superoxide production [31]. Valenzuela et al. [32] 
found that the antioxidant enzyme activities of superoxide 
dismutase, catalase, glutathione peroxidase, and glutathione 
reductase were significantly lower in mice given a high-fat 
diet [32]. In addition, it has been reported that an adipogen-
ic diet and adipose tissue deposition can trigger oxidative 
stress in mammalian tissues, and obesity is associated with 
a significant increase in oxidative damage in all cellular mac-
romolecules [33]. Fat accumulation is also linked to systemic 
oxidative stress in mice and humans through ROS accumula-
tion accompanied by increased expression of nicotinamide 
adenine dinucleotide phosphate oxidase and decreased ex-
pression of antioxidative enzymes [34]. High consumption 
of a fat-rich diet promotes β-oxidation of fatty acids in the 
mitochondria, which then leads to excessive electron flow 
via cytochrome c oxidase and increased ROS accumulation. 
Mitochondria are a primary cellular source of ROS and lipid 
peroxidation by oxidizing unsaturated lipids of fat deposits. 
ROS and lipid peroxidation can consume vitamins and anti-
oxidant enzymes [35]. Depletion of these antioxidants can 
inhibit ROS inactivation and increase ROS-mediated damage 
and lipid peroxidation [34].
The chronic consumption of high-carbohydrate foods can 
cause oxidative stress through the formation of free radicals 
that can destroy biological molecules and initiate abnormal 
cell growth through gene mutations [36]. In addition, ROS 
can cause oxidative stress by causing oxidation of proteins 
and lipids, and increase the risk of chronic disease [37]. The 
progression and development of disease can be prevent-
ed by changing dietary habits [38]. High-glucose and ani-
mal-based-protein diets and excessive fat consumption can 
increase oxidative stress [39]. Our results support previous 
studies, and using DTDH, demonstrated that 3 main food 
sources (carbohydrates, protein, and fat) increased ROS in 
the organism through various mechanisms, and as a result, 
reduced the antioxidant defense capacity and increased ox-
idative stress.
It has been observed that the postprandial plasma protein 
thiol concentration increased compared to a baseline mea-
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surement with the consumption of bread containing wheat 
and rice flour. The chemical composition of bread was shown 
to be the reason; glutathione (GSH) and related thiol com-
pounds, as well as Cys and cysteinyl-glycine, are naturally 
occurring substances in wheat and rice flour and appear to 
affect the change in post-meal protein thiol levels [40]. In 
another study, plasma antioxidant capacity and protein thi-
ol levels were higher after consuming various yogurt mixes 
compared with fasting levels. This result was thought to be 
due to the milk proteins in yogurt and natural substances 
with antioxidant activity [41]. In other research analyzing the 
thiol concentration as a marker of protein oxidative damage 
and serum postprandial antioxidant capacity, higher thiol 
levels were found in people who had consumed almond 
flour compared with those who consumed bread, potatoes, 
or rice. This result was thought to be due to less post-meal 
protein damage following the consumption of almonds 
[42]. In another study evaluating the antioxidant activity 
in plasma by measuring thiol groups, it was observed that 
thiol levels were not affected after spicy meals [43]. Studies 
in this area are limited, and have examined only part of this 
homeostasis process, not the total DTDH (reductant [SH], ox-
idant [SS]). These studies, which have yielded varied results, 
focused on specific foods and the effects on only sulfhydryl 
groups. The nutritional habits of individuals and the pres-
ence of antioxidants in their meals can also affect postpran-
dial oxidative stress and DTDH. Our findings indicated that 
21 participants (24.42%) had an increase in their native thiol 
levels after a meal and 24 (27.9%) had a decrease in disul-
fide levels. However, when the general study population was 
evaluated, postprandial oxidative stress increased and this 
effect was reflected in the DTDH.
Oxidization of sulfhydryl groups is one mechanism of ROS 
damage to proteins. Disulfide bonds are formed in thiol-con-
taining molecules, such as Cys, methionine, and glutathione, 
in both intracellular and plasma proteins. Therefore, a de-
crease in protein thiol concentrations can be used as a marker 
of oxidative stress. Protein thiols are an expendable source of 
plasma antioxidants. Studies have shown that thiols were low-
er in clinical conditions associated with increased oxidative 
stress, including autoimmune diseases, diabetes, and uremia 
[43]. Increased ROS production induces oxidation of sulfhy-
dryl groups in thiol-containing molecules in addition to oxi-
dative damage of proteins. Postprandial reduction in plasma 
protein thiols may be a sign of oxidative stress in the presence 
of free radicals [40].
To the best of our knowledge, the current research is the first 
study to investigate both aspects of the oxidative stress mech-
anism using DTDH. Our findings may be useful to more specif-
ic studies in this area in the future.

Conclusion
The data we obtained shows the following result; depending 
on the nutritional habits of individuals, postprandial oxidative 

stress increases. Postparandial oxidative stress causes a de-
crease in natural thiols and an increase in disulfides by affect-
ing DTDH.
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