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Abstract 

Thiols are antioxidant agents which belong to mercaptan group consisting of sulfur and 

carbon containing sulfhydryl (-SH). Thiol levels, in the case of elevated oxidative stress, are 

lowered by their use in neutralization of reactive oxygen molecules. It was aimed to 

investigate thiol and disulfide blood levels or thiol/disulfide ratio as a marker of total oxidant 

status which plays a role in the pathogenesis of inflammatory diseases that may cause 

respiratory failure. The study included 98 patients (58 males, 40 females) who have partial 

oxygen pressure (PaO2)<60 mmHg or partial carbon dioxide pressure (PaCO2)>45 mmHg 

in arterial blood in intensive care unit and 98 healthy volunteers. Total thiol and native thiol 

levels were measured by spectrophotometric method. Total thiol (270 ± 99.81), native thiol 

(203.90 ± 103.41) and disulfide (33.10 ± 12.42) levels of the patient group were significantly 

lower (p <0.001) than total thiol (423.62 ± 70.3), native thiol (307.13 ± 57.73) and disulfide 

(58.24 ± 27.21) of the control group levels. There is no significant difference between native 

thiol / total thiol, disulfide / total thiol and disulfide / native thiol ratios. This study may be the 

first study in the literature in terms of providing the diagnosis and follow-up of dynamic thiol-

disulfide balance in patients with acute respiratory failure requiring intensive care support 

treatment. Thiol and disulfide blood levels or thiol / disulfide ratio can guide us as a 

prognostic test in acute respiratory failure patients.  

Key words: Native thiol, Oxidative stress, Respiratory failure, Thiol/disulfide homeostasis, 

Total thiol. 

Introduction 

Acute respiratory failure is a syndrome 

characterized by a sudden deterioration in 

the ability of the respiratory system to 

maintain adequate gas exchange, thus not 

providing enough oxygen (O2) to meet the 

needs of the tissues and /or not eliminating 

the metabolism product carbon dioxide 

(CO2). It can occur in a healthy person for 

a cause such as pneumonia or as an acute 
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exacerbation in patients with chronic 

respiratory failure. Since acute respiratory 

failure is a clinical condition that can 

develop within minutes or hours and cause 

vital changes in blood gases and acid-base 

balance, early diagnosis and treatment are 

important in terms of the survival of the 

patient. Diagnosis of acute respiratory 

failure is made if the partial arterial oxygen 

pressure (PaO2) is below 60mmHg or the 

partial arterial carbon dioxide pressure 

(PaCO2) is above 45mmHg, due to the 

disorder in the oxygenation and / or CO2 

elimination functions of the respiratory 

system (1).  Although for different 

pathophysiological reasons, many diseases 

can cause acute respiratory failure and 

these patients mostly require treatment and 

follow-up in intensive care units (2, 3).  

With the increase of reactive oxygen 

species (ROS) such as hydroxyl radical, 

superoxide radical, and hydrogen peroxide 

formed during cellular metabolism and by 

the insufficiency of antioxidants 

responsible for their detoxification, 

deterioration in oxidative balance occurs, 

and oxidative stress develops. Increase in 

ROS causes cell damage or cell death by 

affecting macromolecules such as 

intracellular lipids, proteins, DNA and 

participates in the pathophysiology of 

many diseases (4, 5). 

There are studies in the literature showing 

the role of oxidative stress in the 

pathogenesis of all infectious or 

inflammatory diseases that can cause 

respiratory failure, especially pneumonia 

and acute respiratory distress syndrome 

(ARDS) (6, 7). In these diseases, ROS 

released from high numbers of leukocytes 

damage the capillary endothelium and 

alveolar epithelium. Alveolar edema 

develops with this change in the alveolar 

epithelium, and alveolar collapse develops 

with the deterioration of the surfactant 

structure (8, 9).  

Thiols are antioxidant agents among the 

mercaptan group used in the neutralization 

of reactive oxygen molecules in oxidative 

stress. Thiol synthesis can be performed in 

all eukaryotic living cells, and blood levels 

decrease as thiol groups are used for 

antioxidant purposes in the cell. The 

disulfide bonds formed by the interaction 

of thiols with oxidant molecules are 

transformed into thiol groups by reacting 

again with the proteins in the plasma thiol 

pool, and thus dynamic thiol / disulfide 

homeostasis is achieved. Dynamic thiol / 

disulfide homeostasis is only one of the 

many oxidant-antioxidant systems found in 

the human body and does not reflect the 

total antioxidant level of the body (10). 

There are studies showing the relationship 

of dynamic thiol / disulfide homeostasis 

with the pathogenesis of various diseases 

such as diabetes mellitus, cardiovascular 

diseases, cancer, rheumatoid arthritis, 

Parkinson's, Alzheimer's, and liver diseases 

(11-17).  

Intensive care units are units where 

unstable patients that require intensive 

treatment and follow-up are accepted. 

Pathologies due to infection and / or 

inflammation such as pneumonia and 

ARDS constitute the majority of patients 

followed-up in intensive care units with the 

diagnosis of acute respiratory failure (18, 

19). It was shown with various studies that 

oxidative stress plays a role in the 

etiopathogenesis of these diseases (20-22). 

If acute respiratory failure is diagnosed 

early, adequate oxygenation can be 

achieved with non-invasive supportive 

treatments. Invasive methods are needed to 

ensure adequate oxygenation in patients 

with severe acute respiratory failure. As a 

result of the accompanying nosocomial 
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infections due to these invasive 

interventions, an increase in mortality may 

occur.   

In this study, it was investigated that thiol / 

disulfide homeostasis is determined by an 

automatic, fast, cheap, and applicable 

method in patients who develop acute 

respiratory failure in the intensive care unit 

or who have been admitted to the intensive 

care unit due to acute respiratory failure, 

and that whether acute respiratory failure 

provides an advantage in early diagnosis. 

Hypothesis based on that lung damage due 

to oxidative stress can be detected earlier 

by deterioration of thiol / disulfide 

homeostasis was aroused. By this way it is 

aimed that the detection of oxidative stress 

biochemically can provide early diagnosis 

and rapid initiation of treatment. 

Materials and Methods 

This study was carried out prospectively 

from August 2018 till August 2019 in 

Intensive Care Department. Approval, with 

the decision numbered 2018 / 45, dated 

01.26.2018, Gaziantep University Clinical 

Research Ethics Committee. Informed 

consent was obtained from the conscious 

patients and from the first-degree relatives 

of the unconscious patients.  

Patients and Control Groups 

A total of 98 patients, 58 males and 40 

females, diagnosed with pneumonia and 

ARDS who were admitted to the intensive 

care unit due to acute respiratory failure 

and developed acute respiratory failure 

diagnosed with pneumonia, chronic 

obstructive pulmonary disease, pneumonia 

and asthma while in the intensive care unit, 

were defined as the patient group of the 

study. The control group consists of 

healthy individuals, who are at similar 

ages, in similar gender and do not have any 

known disease (59 males and 39 females, 

98 individuals in total).  Patients with 

PaO2<60 mmHg or PaCO2> 45 mmHg 

were considered acute respiratory failure. 

Both the patient and control groups are 

older than 18 years of age and consent was 

obtained from the patient / patient relatives 

in order to participate in the study. Those 

with cardiovascular, cerebrovascular and 

rheumatic diseases, those with acute-

chronic kidney damage, those with 

malignancy and immunosuppression, 

diabetes mellitus patients, those who use 

antioxidant, lipid-lowering medication, 

anti-inflammatory drugs, or vitamin drugs, 

those who smoke, and pregnant women 

and those fewer than 18 years of age were 

excluded.  

Blood samples and laboratory 

measurements 

From patients who have been treated in the 

intensive care unit for any reason 

(excluding the exclusion criteria from the 

study) and from patients who develop 

acute respiratory failure (PaO2<60 mmHg 

or PaCO2> 45 mmHg) while being treated 

in the service and from healthy volunteers, 

6 ml of venous blood was taken to 

biochemistry tubes with 

ethylenediaminetetraacetic acid (EDTA). 

The collected blood was centrifuged for 10 

minutes at 1,800 rpm, the serum portion 

was separated and stored at -80°C until 

analysis. 

Biochemical Evaluation 

For the thiol-disulfide balance (native thiol 

(-SH) - disulfide (-S-S-) change) in the 

patient and control groups, measurements 

were made using the spectrophotometric 

method (Rel Assay Diagnostics, Mega Tıp, 

Turkey), which is the automatic 

measurement method found by Erel and 

Neşelioğlu (23). From these 

measurements, native thiol / total thiol, 

disulfide / total thiol, and disulfide / native 
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thiol ratio were calculated. This 

measurement method is primarily based on 

the conversion of the disulfide bonds in the 

samples to functional thiol groups by 

sodium borohydride (NaBH4), then on the 

elimination by being consumed with 

formaldehyde to prevent the reduction of 

the unused reducing sodium borohydride, 

5,5'- dithiobis- (2-nitrobenzoic) acid 

(DTNB). Thus, disulfide bonds that may 

be formed in the future are prevented. 

After reaction with DTNB, all thiol groups 

were identified, including the reduced and 

the “disulfide”, “native thiol” and “total 

thiol” groups; sulfide amounts were 

calculated as native thiol/total thiol, 

disulfide/total thiol, disulfide/native thiol 

percentage ratios. 

Statistical Analyses 

For the statistical analysis of the data, 

SPSS (Statistical Package for Social 

Sciences) 22.0 version statistical program 

was used. The Shapiro-Wilk test was used 

to test whether the numerical variables 

were consistent with the normal 

distribution. The student's t-test was used 

to compare normally distributed variables 

in two groups, and the Mann-Whitney U 

test was used to compare not normally 

distributed variables in two groups. p<0.05 

was considered significant. 

 

Results 

In this study, thiol and disulfide levels and 

thiol / disulfide ratios, which are a marker 

of total oxidant status, of intensive care 

patients with acute respiratory failure were 

compared with healthy volunteers. The 

method used in the study is new, 

applicable and valuable in terms of 

providing speed and convenience in patient 

management. In the study, 98 patients (58 

males, 40 females), and 98 healthy 

volunteers (59 males and 39 females) were 

included. The mean ages of the patient and 

control groups were 63.15 ± 16.36 and 

61.92 ± 16.99, respectively (Table 1). The 

mean white blood cell (WBC) level of the 

patient group was 15.8 (103/µ), d-dimer 

level was 4.6 (ug/mL) and CRP levels 

were 160.36 ± 16.81 (mean ± standard 

deviation). There was no significant 

change in other biochemical parameters. 

 

 

Table 1: Demographic data of acute respiratory failure (patient) and control group. 

 Patient Group 

(n=98) 

Control Group 

(n=98) 

P 

Age 63.15±16.36 61.92±16.99 > 0.05 

Gender, n (%) 

          Female 

          Male 

 

40 (40.8%) 

58 (59.2%) 

 

39 (39.8%) 

59 (60.2%) 

> 0.05 

 

There was no statistically significant 

difference between patient and control 

groups in terms of age and gender (p> 

0.05).  

Total thiol (270 ± 99.81), native thiol 

(203.90 ± 103.41), and disulfide (33.10 ± 

12.42) levels in the patient group were 

found to be significantly lower than total 

thiol (423.62 ± 70.3), native thiol (307.13 

± 57.73) and disulfide (58.24 ± 27.21) 

levels in the control group (p = 0.001, 

Table 2).  

There is no significant difference between 

the patient and control groups in terms of 

native thiol / total thiol, disulfide / total 

thiol, and disulfide/native thiol ratio (p> 
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0.05, Table 2). 

Total thiol levels were found to be 

significantly lower in patients with acute 

respiratory failure than in healthy 

volunteers (p= 0.001) (Figure 1). 

Native thiol levels were found to be 

significantly lower in patients with acute 

respiratory failure than in healthy 

volunteers (p= 0.001) (Figure 2). 

Disulfide levels were found to be 

significantly lower in patients with acute 

respiratory failure than in healthy 

volunteers (p= 0.001) (Figure 3). 

 

 

 

Table 2: Evaluation of thiol/disulfide parameters of patients with acute respiratory failure and control group. 

 Patient Group 

(n=98) 

Control Group 

(n=98) 
P 

Native thiol (µmol/L) 203.90±103.41 307.13±57.73 0.001 

Total thiol (µmol/L) 270±99.81 423.62±70.3 0.001 

Disulfide  (µmol/L) 33.10±12.42 58.24±27.21 0.001 

Disulfide/Native thiol (%) 674.20 545.05 > 0.05 

Disulfide/Total thiol (%) 11.40 13.45 > 0.05 

Native thiol/Total thiol (%) 70.78±18.06 72.88±11.28 > 0.05 

 

 

 

 

 

Figure 1: Total thiol levels of acute respiratory failure patients and control group. 
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Figure 2: Native thiol levels of acute respiratory failure patients and control group. 

 

 

 

Figure 3: Disulfide levels of acute respiratory failure patients and control group. 

 

There is no statistically significant 

difference between acute respiratory 

failure patients and healthy volunteers in 

terms of native thiol / total thiol ratio (p> 

0.05) (Figure 4). 

There is no statistically significant 

difference between acute respiratory 

failure patients and healthy volunteers in 

terms of disulfide / total thiol ratio (p> 

0.05) (Figure 5). 
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Figure 4: Native thiol/total thiol ratio of patients with acute respiratory failure and control group. 

 

 

 

Figure 5: Disulfide/total thiol ratio of acute respiratory failure patients and control group. 

 

 

There is no statistically significant 

difference between acute respiratory 

failure patients and healthy volunteers in 

terms of disulfide/native thiol ratio (p> 

0.05) (Figure 6). 
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Figure 6: Disulfide/native thiol ratio of acute respiratory failure patients and control group. 

 

Discussion  

In this study, thiol and disulfide blood 

levels and thiol / disulfide ratios, which are 

indicators of total oxidant status in 

intensive care patients with respiratory 

failure, were compared with healthy 

volunteers with a new, feasible method that 

will provide speed and convenience in 

patient management. Total thiol, native 

thiol, and disulfide levels were found to be 

statistically significantly lower in the 

patient group with respiratory failure 

compared to the control group. There was 

no significant difference in the ratio of 

native thiol / total thiol, disulfide / total 

thiol, and disulfide / native thiol. As far as 

we know, our study is the first study in the 

literature in terms of providing the 

diagnosis and follow-up of dynamic thiol-

disulfide balance using an automatic, fast, 

and inexpensive method and initiating 

treatment in patients with acute respiratory 

failure requiring intensive care support 

treatment. 

Oxidative stress is the deterioration of the 

prooxidant-antioxidant balance in the body 

and tissues. The formation of ROS known 

as prooxidants is a natural result of normal 

aerobic life. The existence and 

development of cells in oxygen-containing 

environments is not possible without 

powerful antioxidant enzymes and non-

enzyme antioxidant systems. In aerobic 

life, constantly occurring prooxidants must 

be regularly absorbed by antioxidants and 

balanced by consumption. Otherwise, 

oxidative damage will occur and 

pathophysiological events may develop 

with its accumulation. 

Thiols are antioxidant agents that consist 

of sulfur and carbon atoms and are used for 

the neutralization of ROS in oxidative 

stress situations. The disulfide bonds 

formed by the interaction of thiol groups 

with oxidant molecules interact with the 

proteins in the plasma thiol pool and are 

transformed back into the thiol group and 

dynamic thiol / disulfide homeostasis is 
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achieved (24-26). Dynamic thiol / disulfide 

homeostasis is associated with the 

pathogenesis of malignancies, 

cardiovascular, neurodegenerative, and 

inflammatory diseases (23). 

In a healthy lung, the continuation of 

normal physiological functions is provided 

by the continuation of the balance between 

oxidants and antioxidants in the airway and 

extracellular areas. The lung is a tissue that 

can easily be damaged by ROS, which has 

high oxygen content. The increase of ROS 

stimulates mucus secretion, inactivates 

antiproteases and controls cell proliferation 

or apoptosis.  

In respiratory tract infections, the entry and 

activation of phagocytes to the lower 

respiratory tract provides protection 

against ROS and lysosomal enzymes and 

microorganisms. Therefore, systemic ROS 

concentration may increase in respiratory 

tract infections (27). High ROS levels were 

seen to be associated with inflammatory 

reactions such as transcriptional 

modification, signal transduction, or gene 

expression of pro-inflammatory mediators 

(28). In respiratory tract infections, ROS 

released from polymorphonuclear 

leukocytes (PMNL) and macrophages 

cause tissue damage in the respiratory 

tract, and lung cells release inflammatory 

mediators and cytokines / chemokines to 

their environment in response to oxidative 

stress (27).  

Smoking, acute exacerbations of chronic 

obstructive pulmonary disease (COPD), 

pneumonia, and asthma are clinical 

pictures in which oxidant / antioxidant 

balance deteriorated and oxidative stress is 

present (29, 30). Thiol levels, which are an 

indicator of oxidant / antioxidant 

imbalance in these diseases, have been 

shown to change with the severity of the 

disease and also with the treatment 

response.   

Patients who develop acute respiratory 

failure and require intensive care are 

usually diagnosed with sepsis, pneumonia 

or acute exacerbation of COPD. The 

patients that included in this study were 

those who were being treated in the 

intensive care unit with a diagnosis of 

pneumonia or who were diagnosed with 

pneumonia that needed intensive care due 

to the development of acute respiratory 

failure. 

In two different studies conducted in adult 

patients hospitalized with the diagnosis of 

community-acquired pneumonia and in the 

pediatric patient group, total thiol and 

native thiol levels have been found to be 

significantly lower in patients compared to 

the control group (27, 31). These findings 

are consistent with the findings we 

obtained in our study. However, in the 

study conducted by Parlak et al., they have 

shown that the disulfide/total thiol ratio 

was significantly higher in the patient 

group compared to the control group (27). 

They have interpreted this highness as the 

timely participation of some antioxidant 

mechanisms in the oxidative stress process 

and the ability to transform disulfide bonds 

back to thiol groups, thus keeping the 

thiol/disulfide homeostasis in balance. In 

our study, disulfide/total thiol ratios were 

not different in the patient and control 

groups. This can be interpreted as that 

antioxidant mechanisms could not 

participate in the oxidative stress process 

in time, as our study group consisted of 

patients with acute respiratory failure. In 

another study conducted by Temel et al., 

consistent with our findings, it has been 

found that native thiol, total thiol, and 

disulfide levels to be lower in children with 

community-acquired pneumonia than in 

the control group (31). However, unlike 
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this study, they have found the ratio of 

native thiol / total thiol to be lower, and the 

disulfide / native thiol and disulfide/total 

thiol ratio to be higher than the control 

group. In this study, the researchers have 

interpreted that a high amount of ROS was 

released from the increased leukocytes in 

the patient group and thus a high disulfide 

level was formed. Similarly, in a study 

conducted in patients with urinary stones, 

there has been a significant decrease in 

native thiol and total thiol levels compared 

to controls, while disulfide levels have 

been found to be significantly higher (32). 

In this approach, if considered, the results 

can be expected in infectious diseases with 

leukocytosis. The leukocyte levels of the 

patients participating in our study were 

found to be above normal limits. 

Therefore, the lower levels of total thiol, 

native thiol and disulfide compared to the 

controls can be explained by the fact that 

ROS released from a high number of 

leukocytes oxidize thiols and decrease their 

levels. 

The results obtained from studies 

conducted in patients with COPD and 

asthma with inflammation in the 

etiopathogenesis as well as causes related 

to infection are also consistent with our 

results (28, 30, 33, 34). Babaoğlu et al. 

have emphasized the importance of oxidant 

/ antioxidant balance in tissues and blood 

in obstructive pulmonary diseases and 

investigated the thiol / disulfide balance in 

patients (28). Thiol / disulfide homeostasis 

parameters have been found to be similar 

in all three patient groups (patients with 

asthma, COPD, and COPD overlap 

syndrome) who were taken as obstructive 

pulmonary disease. This result shows that 

all three diseases have similar 

pathophysiology but different clinic 

findings (28). Gündüzöz et al. have shown 

that firefighters exposed to chronic 

xenobiotics had abnormal respiratory 

function tests and chest radiographs, and 

significantly higher levels of disulfide and 

disulfide / native thiol. They have 

emphasized that oxidative stress may play 

an important role in the pathogenesis of 

lung injury in these individuals and that 

early detection of oxidative stress is 

important (35).  

Effective use of intensive care beds is 

extremely important for the provision of 

hospital services and patient health.  

Patients who rank in priority and admitted 

to the intensive care units are unstable 

patients requiring intensive treatment and 

observation. Patients who developed acute 

respiratory failure constitute the priority 

patient group for intensive care units. The 

majority of patients with acute respiratory 

failure admitted to intensive care units 

consist of patients with sepsis, pneumonia, 

and ARDS. These patients, instead of the 

fact that they can regain their health with 

early diagnosis and treatment of respiratory 

distress, they have to fight with nosocomial 

infections rather than hospitalization 

reasons, due to the prolongation of stay in 

intensive care units due to delays in 

diagnosis and treatment, and the necessity 

of more invasive methods, and even die 

due to infection. Therefore, early diagnosis 

of respiratory failure and early intervention 

may eliminate the indication of 

hospitalization in the intensive care unit 

and shorten the stay in the intensive care 

unit of the patient who is already inpatient 

in the intensive care unit. 

In this study, it was shown that native 

thiol, total thiol, and disulfide levels were 

significantly decreased in intensive care 

patients with acute respiratory failure. 

Determining the levels of thiol groups may 

be important in the prognosis, clinical 
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management, diagnosis and follow-up of 

diseases in which ROS are involved in the 

pathogenesis, increasing the survival of 

patients and shortening the duration of stay 

in intensive care. Our results are consistent 

with previous studies conducted in patients 

in whom oxidative stress plays a role in the 

pathogenesis of COPD, asthma and 

pneumonia.  

The degree of respiratory failure and 

dynamic thiol-disulfide homeostasis could 

not be evaluated together in patients with 

acute respiratory failure. Since the patients 

we included in the study are patients who 

are being followed up in the intensive care 

unit and are unstable in terms of 

pulmonary functions, oxygen saturation 

and partial oxygen pressure values in the 

blood may vary until the general condition 

of the patient is stable. As a large number 

of blood samples can be taken during the 

day and this evaluation can be made, it is 

practically mandatory.  

As a result, we predict that the fast, easy 

and accessible method we use to measure 

native thiol, total thiol, and disulfide levels 

in patients with acute respiratory failure 

may be a suitable biomarker in terms of 

diagnosing respiratory failure and 

providing ease of patient follow-up. 
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