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Öz 
Amaç: Bu çalışmanın amacı acil servise karbon monoksit zehirlenmesi nedeniyle başvuran hastalarda oksidatif 
stres markerlarından olan thiol/disülfit homeostazis parametreleri ile Nötrofil-Lenfosit (NLO) beraber 
kullanımının tanı açısından yararlı olup olmadığını araştırmaktır. 
Materyal ve Metot: Çalışma 01.01.2014 ile 01.03.2015 tarihleri arasında acil servise başvuran ve çalışmaya 
alınan 45 hasta ve kontrol grubu olarak belirlenen 40 sağlıklı kişi ile prospektif olarak yapıldı. Erel ve 
Neşelioğlu tarafından yeni geliştirilen bir metot ile oksidatif stres markerı olan thiol/disülfit homeostazis 
parametreleri (Thiol, disülfit, disülfit/native thiol, disülfit/total thiol, native thiol/total thiol) ile NLO hasta ve 
kontrol grubunda çalışıldı.  
Bulgular: Karbonmonoksit zehirlenmesi olanlarda kontrol grubuna göre, NT, TT, index 3 ve NLO oranlarında 
anlamlı farklılık tespit edildi. NT, TT ve index 3 hasta grubunda daha düşük, NLO ortalama değerleri daha 
yüksek bulundu (sırasıyla p =0,005; < 0,001; < 0,032 ve < 0,001). 
Sonuç: NLO ile thiol/disülfit homeostasis parametrelerinin karbonmonoksit zehirlenmesi tanısında beraber 
kullanılması bu hastalarda tanının konulması açısından faydalıdır. 
Anahtar Kelimeler: Karbonmonoksit zehirlenmesi, NLO, thiol/disülfit homeostasis 
 

Abstract 
Objectives: The aim of this study is to search if using thiol/disulphide homeostasis together with Neutrophile 
Lymphocyte Ratio (NLR) which are oxidative stress markers in patients who apply to the emergency service 
with carbon monoxide intoxication is useful regarding diagnosis or not. 
Materials and Methods: The study was performed prospectively with 45 patients who applied to the 
emergency service between 01.01.2014 - 01.03.2015 and who were included in the study and 40 healthy 
persons who were determined as control group. Thiol/disulphide homeostasis parameters (Thiol, disulphide, 
disulphide / native thiol, disulphide / total thiol, native thiol / total thiol) and NLR which are oxidative stress 
markers were studied in the patient and control groups by a method which was developed newly by Erel and 
Neşelioğlu.  
Results: In persons with carbon monoxide intoxication, a significant difference was detected in NT, TT, index 
3 and NLR rates according to the control group. NT, TT and index 3 were found lower in the patient group, and 
NLR mean values were found higher in the patient group (p =0.005, < 0.001,   = 0.032, < 0.001 respectively). 
Conclusion: To use NLR together with thiol/disulphide homeostasis parameters in the diagnosis of carbon 
monoxide intoxication is useful regarding diagnosing in these patients. 
Keywords: Carbon monoxide intoxication, NLR, thiol/disulphide homeostasis. 
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Introduction 

Carbon monoxide (CO) intoxication is the reason of more than 50% intoxications all around the world which 

results in injury or death.1 Recognizing CO intoxication is difficult due to its nonspecific signs and symptoms; it 

is thought that, true morbidity and mortality rates are higher due to diagnosis of CO intoxication is difficult.1-2 

CO intoxication is called "silent killer" due to its characteristics which are odor-free, colorless and non-irritant.3 

While carboxyhemoglobin (COHb) level may be between 3-8% in continuous smokers, this level may be as high 

as 10% in heavy smokers, drivers who work at heavy traffic and furnace stokers. 4,5 

Mechanisms of CO intoxication depend on hemoproteins, cytochrome oxidase and cytochrome p450 

systems.5 COHb formation results in tissue hypoxia and ischemia.  Impaired perfusion and CO related tissue 

damage increase the effect of CO intoxication.6 Inhibition of mitochondrial enzymes cause lipid peroxidation in 

membranes.6 Besides CO binds hemoproteins of thrombocytes and induces nitric oxide (NO) release. Improved 

NO produces peroxynitrites and nitrogen causes stress.5 

Reactive oxygen varieties are produced by electron transport chain and oxygen production increases by 

electron transport in normal oxidative metabolism.7 Thiols are the most important tampons which interact 

with nearly all physiological oxidants.8 

Up to the present thiol-disulphide balance was measured only uni-directionally. However, by using the latest 

test methods both sides of the balance can be detected and thiol-disulphide homeostasis (TDH) can be 

evaluated completely.9 

Neutrophile lymphocyte ratio (NLR) is cheap and obtained easily. It is a strong inflammatory response marker. 

NLR has been studied in many clinical conditions from infections to chronic diseases and it is an indicator which 

is used as a marker for systemic inflammations and infections.10, 11 

The main aim of this study is to show if using thiol/disulphide homeostasis parameters together with NLR is 

helpful regarding diagnosis or not in the patients who admit to the emergency service with CO intoxication. 

Materials and Methods 

45 patients and 40 healthy volunteers in a total of 85 subjects were included in this open prospective cross-

sectional and diagnostic study. The study has been made at Ankara Atatürk Training and Research Hospital 

emergency service and approval was received previously from Yıldırım Beyazıt University Medical Faculty 

Ethics Committee (03/12/2014-214). Informed consent form has been obtained from all patients. Patients 

https://www.sciencedirect.com/science/article/pii/S0009912016301795#bb0025
https://www.sciencedirect.com/science/article/pii/S0009912016301795#bb0030
https://www.sciencedirect.com/science/article/pii/S0009912016301795#bb0025
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above 18 years of age who applied to the emergency service and who were diagnosed with CO have been 

included in the study. Pregnant women, patients who didn't accept to take part in the study, active and 

infection, chronic inflammatory conditions (collagen tissue diseases, ischemic heart diseases, malignancies, etc,  

immuno-compromised patients were excluded from the study. The control group consisted of persons who 

admitted to our emergency department during the same period with a COHb level of less than 5% and who had 

no disease. Study group out of patients whose venous blood gas samples showed 10% and above COHb levels 

was established as carbon monoxide poisoning. 

Blood samples were taken within the first hour of application to the emergency service before starting any 

medicine. Parameters which are used to evaluate THD have been measured in an automatic analyzer by a novel 

spectrophotometric method which was developed by Erel and Neşelioğlu.  8 Levels of native thiol (NT), total 

thiol (TT) and disulphide (D) have been measured by this method and then the ratios of these 3 parameters 

were calculated (Index 1: D/NT, index 2: D/TT, index 3: NT/TT). 

Reciprocal analysis of blood gas parameters against oxidative stress parameters was made in the patient group. 

Also, biochemical parameters were compared with thiol/disulphide analysis results.  

Statistical analysis 

SPSS 16.0 for Windows package software (IBM Corp.; Armonk, NY, USA) was used for statistical analysis in the 

study. Normality analysis was made by Kolmogorov Smirnov Test. Data that show normal distribution was 

described as mean ± standard deviation and data which don't show normal distribution was described as 

median and min-max. In the comparison of two independent groups, Mann Whitney-U test was used for 

parameters that didn't show normal distribution and the Independent Samples t-test was used for parameters 

that showed normal distribution. Spearman correlation test was used for correlation of biochemical 

parameters, Pearson test was used for data which showed normal distribution. Receiver Operating 

Characteristics (ROC) analysis was used for the value of oxidative stress parameters in estimating illness; area 

under the curve, sensitivity, specificity were calculated. p<0.05 was used for statistical significance level.  

Sample Size 

In the literature, there is no previous study which evaluates the relation between thiol/disulphide homeostasis 

parameters and NLR in CO patients. However, it was seen that there were 14-18% and 15-18% decrease 

respectively in native thiol and total thiol levels according to the control group in the studies which were made 

by the same method about thiol/disulphide homeostasis in patient groups with ischemic stroke, lung cancer, 

and pulmonary embolism.12-13 By regarding data of healthy volunteer control group in the study of Bektaş et 

al., when accepting 80% strength and 5% Type-1 error, it was calculated that 16 individuals should be taken to 
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each group in order to show that 10% decrease is significant. In the same way, it was calculated that 14 

individuals should be taken to each group for TT. 

Results 

45 patients who had CO intoxication diagnosis and 40 healthy volunteers were included in the study. No 

statistically significant difference was detected regarding gender and age distributions of the groups (Table 1). 

Comparison was made between two groups regarding NT, TT, D and index 3, there was a statistically significant 

difference in NT, TT, index 3 and NLR values (Table 2). NT, TT, and index 3 values were lower and NLR value 

was higher in the patient group. 

ROC analysis, sensitivity, specificity and area under the curve for NLR  are presented below (Figure 1 and Table 

3). 

Table 1. Demographic features of groups 

 

 

 

CO: Carbon Monoxide intoxication 

 

Table 2. Thiol/disulphide homeostasis parameters (patient vs. control group) 
 

 

 

 

 

*Independent Samples t-test (mean); SD (standard deviation); 95% CI (confidence interval) 
**Mann Whitney-U test; IQR: interquartile range; med: median, NT :Native Thiol , TT :total thiol  D :disulphide 
NLR: Neutrophile Lymphocyte  Ratio  

 

Demographics Control (n=40) CO (n=45) p 

Age-median (min-max) 45 (19-75) 50 (17-83) 0.457 

Gender (female/male ) 15/25 (37.50/62.50 %) 15/29 (33.30/66,70 %) 0.853 

  Control group Patient group p-value 

Med IQR/SD Min-Max/%95CI Med IQR/SD Min-Max/%95CI 

NT* 420.46 49.57 324.30-514.30 385.12 61.65 263.40-513.80 0.005* 
TT** 445.89 62 365-564 408.80 102 302-497 <0.001** 
D** 19.65 13.10 8.40-34.10 22.05 8.80 2-90.90 0.159** 
INDEX 1** 0.050 0.050 0.020-0,070 0.050 0.60 0.00-0.060 0.968** 
INDEX 2** 0.045 0.040 0.020-6.73 0.048 0.020 0.00-0.050 0,951** 
INDEX 
3** 

0.92 0.050 0.850-95.34 0.9058 0.040 0.080-0.990 
0.032** 

NLR** 1.667 1.29 0.92-5.50 3.1538 2.09 0.76-9.90 <0,001** 
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Figure 1. ROC analysis and area under the curve for NLR (diagnostic evaluation of CO) 

 

Table 3. ROC analysis 

 

 

 

 

 

 

 

 

 

 NT :Native Thiol , TT :total thiol  D :disulphide NLR: Neutrophile Lymphocyte  Ratio  CO:Carboxyhemoglobin 

 

 

 

 

Variable(s) 
Area under curve 

(Null hypothesis: true area = 0.5) 
p-value 

95% Confidence Interval 

Lower Bound Upper Bound 

NT 0.652 P=0.16 0.536 0.769 

TT 0.734 p<0.001 0.628 0.840 

INDEX 3 0.635 P=0.032 0.517 0.753 

NLR 0.785 p<0.001 0.686 0.885 

Cut-off values for NLR (diagnostic evaluation for CO) 

Variable(s) Cut-off Sensitivity-% Specificity-% 

NLR 

2.3560 73.30 72.50 

2.4207 73.30 75 

2.4618 71.10 75 

1 - Specificity

1,00,80,60,40,20,0

Se
ns
it
iv
it
y

1,0

0,8

0,6

0,4

0,2

0,0

NLR ROC CURVE

Diagonal segments are produced by ties.
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Table 4. Correlation of biochemical and thiol/disulphide parameters 

 

NT:Native Thiol , TT:total thiol  D:disulphide NLR: Neutrophile Lymphocyte  Ratio COHb: Carboxyhemoglobin 

Discussion 

The underlying mechanism for CO intoxication is not clear and the pathology of CO intoxication is quite 

complex.6 There is only one research that evaluates the role of thiol-disulphide homeostasis in acute CO 

intoxication in the study of Engin et al.14 Excessive disulphide levels were found in patients with carbon 

monoxide intoxication. Especially disulphide/native thiol ratio has been described as an indicator for the 

general oxidative condition. It was found that thiol-disulphide balance was impaired in patients with carbon 

monoxide intoxication. Because of that impaired thiol-disulphide homeostasis may include in  CO intoxication 

pathology.14 In our study, NT and TT levels were statistically significantly lower in patients with CO intoxication 

as shown in Table 2 and D concentrations were higher according to healthy control groups, but it was not 

statistically significant. There were no statistically significant difference disulphide/native thiol (index 1) 

ratios. Native thiol/total thiol (index 3) was significantly higher in the patient group. Thiol/disulphide 

homeostasis plays a role in signal transmission, regulation of enzyme activities, detoxification, and apoptosis. 

Impairment in thiol/disulphide balance plays a role in the formation of many diseases that progress with 

inflammation (cardiovascular diseases, diabetes mellitus, chronic kidney failure, Alzheimer's and Parkinson 

and cancer).15,16 Thus it may be thought that oxidative stress is one of the most important factors in CO 

intoxication.6 

In the study which was made by Günaydın et al., the relation between NLR and clinic findings and intensity of 

cardiac and neurologic complications in CO intoxication cases were evaluated. No significant relation was found 

between them. But NLR value was not compared with the control group in the study. No significant relation 

Spearman 
correlation test 

 
NT TT D Lactate pH COHb 

TT 
rho 0.733      
p 0.000      

D 
rho -0.145 -0.007     
p 0.186 0.952     

Lactate 
rho -0.411 -0.444 0.076    
p 0.005 0.002 0.622    

pH 
rho 0.070 -0.023 0.066 -0.110   

p 0.647 0.882 0.668 0.472   

COHb 
rho -0.356 -0.145 -0.062 0.574 -0.176  
p 0.016 0.344 0.684 0.000 0.248  

NLR 
rho -0.070 -0.154 0.066 -0.065 -0.038 0.073 
p 0.524 0.159 0.549 0.671 0.804 0.632 
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was found between NLR and COHB, troponin and GCS values.17 In our study, the NLR value was significantly 

higher in the patient group in comparison with the control group. In ROC analysis it can be interpreted that 

when NLR value is over 2.4207 the case is CO intoxication with the ratio of 73.30 % and when NLR value is 

under that value it can be interpreted that the case is not CO intoxication in the ratio of 75,00 %. No significant 

correlation relation was found between NLR value and native thiol, total thiol, lactate, ph, and COHb values.  

In the study of Zengin et al. in order to examine CO intoxication antioxidant levels as compared to the study 

group with a healthy control group.18 These researchers have detected that TAR, PON, ARES and thiol results 

decreased, that is to say, antioxidant condition decreased in patients with CO intoxication. In our study, native 

and total thiol levels  which were indicators of antioxidants, decreased, disulphide which was an indicator of 

oxidation increased. But even if there was an increase in disulphide, no statistically significant difference was 

detected. 

In the study which was made by Türkdoğan et al., NLR value was found higher in the group with CO intoxication 

in comparison with healthy volunteers (respectively 3.01 ± 2.34 ; 2.23 ± 1.27; p  = 0.02).19 Similar results were 

found in our study too.  

Plasma thiol pond is also one of the antioxidant mechanisms. Thiols are oxidized through oxidants and they 

form disulphide bridges. These bridges can come down to thiol groups again. This dynamic thiol/disulphide 

homeostasis has a very important role in antioxidant defending.9 Erel and Neşelioğlu have measured 

thiol/disulphide homeostasis by automatic colorimetric method first time in the literature and as a result, they 

revealed that plasma disulphide levels increased in smokers, patients with diabetes, obesity and pneumonia 

and they decrease in some cancer types.9 In our study, it was shown that there was a statistically significant 

difference between thiol/disulphide homeostasis parameters between healthy volunteer groups. While a 

significant decrease was detected in NT, TT and index 3 in the patients, no significant decrease was detected in 

index 1 and 2; but increase in D was not found significant. We think that the significant decrease in NT and TT 

levels is a result of an increase in oxidative load, but disulphide increase which we thought would happen by 

reduction of thiols occurred, but it was not in a significant degree.  In our study moderate correlation was 

detected between them as positive with lactate and COHb and negative with NT and TT, no significant 

correlation was detected between other parameters. 

In the study of Solak et al., NT and TT levels were detected as significantly lower in smokers in comparison with 

the control group. By means of thiol and disulphide balance, oxidative stress has a tendency to improve rapidly. 

In this study disulphide levels, D / NT and D / TT levels were found significantly higher in smokers in 

comparison with the control group. It was seen that CO levels of patients showed a negative correlation with 

NT, TT, NT/ TT and they showed a positive correlation with D / NT and D / TT levels. This shows also that 
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when CO level increases, D and oxidative stress increases too.20 In our study, only a poor significant correlation 

between COHb level and NT value was detected. 

We couldn't detect any other study in which NLR and thiol/disulphide homeostasis were researched together 

in CO intoxication. Our study is the first study regarding that. We think that studying thiol/disulphide 

homeostasis parameters and NLR in the diagnosis of CO intoxication will be useful regarding diagnosis and it 

may also be effective in directing the treatment and large-scale studies with larger case numbers are needed 

regarding this subject. 

Limitations 

The main limitation is that the group of patients receiving normal oxygen therapy with hyperbaric therapy 

cannot be established. Besides two groups could be formed as one who took hyperbaric therapy and another 

one who didn't take hyperbaric therapy and its availability in detecting hyperbaric indication could be 

searched. Insufficiency in detecting the relation between thiol/disulphide homeostasis parameters and 

Neutrophile-Lymphocyte (NLR) and insufficiency in detecting the method which will be chosen in the 

treatment of the illness are limitations of this study.  

Conclusion 

Oxidative stress plays an important role in CO intoxication pathogenesis. By the technique which was 

developed by Erel and Neşelioğlu, thiol/disulphide homeostasis could be measured quantitatively and 

pathogenesis was revealed. In this study oxidative stress which was formed in CO intoxication could be shown 

numerically by using this technique. Differences in the patient group in comparison with the control group 

suggest that these biomarkers may contribute to CO diagnosis.  
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