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Abstract 
Introduction: Sepsis is a complex inflammatory syndrome with diverse etiology and wide spectrum of severity. The aim of this study was to 

investigate whether inflammatory mediators, in comparison with oxidative parameters, are associated with severity of sepsis. Methodology: 

Plasma neopterin, adenosine deaminase (ADA), vascular cell adhesion molecule (VCAM), intracellular adhesion molecule (ICAM), interleukin 

(IL)-1, IL-6, and tumor necrosis factor alpha (TNF-α), as inflammatory mediators, and serum nitric oxide (NOx), nitrotyrosine (NT), oxidized 

LDL (oxLDL) levels, serum paraoxonase 1 (PON1) activity, and erythrocyte glutathione (GSH) levels as oxidative stress parameters of 12 

patients with mild sepsis, 25 patients with severe sepsis, and 20 healthy control subjects were evaluated. NOx, GSH levels and PON1 activity 

were determined by colorimetric methods, whereas neopterin, VCAM, ICAM, IL-1, IL-6, TNF-α, NT, and oxLDL levels were measured by 

enzyme-linked immunosorbent assay (ELISA).  

Results: All parameters in mild and severe sepsis were significantly different from those of healthy subjects, except ADA activities. Patients 

with severe sepsis exhibited higher IL-6, TNF-α, NT, and oxLDL levels than patients with mild sepsis. GSH (98%, 98%), oxLDL (98%, 98%), 

VCAM-1 (99%, 99%), and ICAM-1 (99%, 99%) have much more sensitivitiy and specificity in sepsis.  

Conclusions: Our results suggest that the oxidative stress and inflammatory response in patients with sepsis were increased and that serum IL-

6, TNF-α, NT, and oxLDL levels were correlated with the severity of sepsis. Therefore, increases in these parameters may contribute to the 

dysfunction or failure of one or more organs, or even death, in sepsis. 
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Introduction 
Sepsis is defined as the presence or presumed 

presence of an infection accompanied by evidence of 

systemic inflammatory response syndrome. Severe 

sepsis is defined as the occurrence of sepsis and 

multiple organ dysfunctions. Organ dysfunction can 

include acute lung injury; coagulation abnormalities; 

thrombocytopenia; altered mental status; renal, liver, or 

cardiac failure; or hypoperfusion with lactic acidosis 

[1]. 

One of the key features of sepsis is tissue infiltration 

by phagocytic cells. Polymorphonuclear leukocytes 

(neutrophils; PMN) and monocytes/macrophages 

respond to septic stimulation by producing reactive 

oxygen species (ROS) (e.g., superoxide, hydrogen 

peroxide) and reactive nitrogen species (RNS) (e.g., 

nitric oxide/NO) [2]. Septic stimuli (e.g., 

lipopolysaccharides, tumor necrosis factor alpha [TNF-

α]) initiate activation of transcription factors such as 

NFκB and AP-1, resulting in transcriptional activation 

of multiple genes. This leads to the release of pro-

inflammatory cytokines (e.g., TNF-α, interleukin (IL)-

1β, etc.) and increased expression of adhesion 

molecules (e.g., E-selectin, vascular cell adhesion 

molecule [VCAM], intracellular adhesion molecule 

[ICAM]) and chemokines by endothelial cells. A key 

role of ROS/RNS in modulation of the endothelial cell 

pro-inflammatory phenotype has been emphasized [2]. 

An inflammatory response to septic stimuli is crucial 

for host defence, because it up-regulates anti-

inflammatory mediators (e.g., IL-1 receptor antagonist, 

IL-4, IL-10), antioxidants (e.g., glutathione, vitamin C, 

vitamin E) and antioxidant enzymes (e.g., catalase, 

glutathione peroxidase, manganese superoxide 
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dismutase) [2]. Oxidative stress, a situation with 

increased ROS and RNS production and/or decreased 

antioxidant defence mechanisms, might be important in 

the pathophysiologic function and prognostic value of 

sepsis. 

An association has been described between 

inflammation and the progression of sepsis and has 

been shown with several biochemical parameters. Our 

aim was to examine whether there is a correlation 

between inflammatory mediators and oxidative stress 

parameters in severe sepsis. We determined 

inflammatory mediators, such as VCAM-1, ICAM-1, 

IL-1, IL-6, and TNF-α, adenosine deaminase (ADA) 

and neopterin levels, and oxidative stress markers such 

as paraoxonase 1 (PON1) activity, NOx, nitrotyrosine 

(NT), oxidized LDL (oxLDL), and erythrocyte 

glutathione (GSH) levels. Additionally, we investigated 

the effect of these parameters in the determination of 

severity of sepsis and their prognostic value. 

 

Methodology 
Patient selection and definitions 

A total of 37 patients with sepsis and 20 healthy 

subjects as the control group were included in the study. 

All participants were informed about the survey and 

voluntarily signed and dated the consent form. Two 

patients with severe sepsis were transferred from the 

emergency room to the intensive care unit (ICU), and 

four patients with severe sepsis died during observation 

in the emergency unit. The average duration of 

hospitalization for 19 severe sepsis patients followed in 

the emergency service was 15.5 days. One of the two 

patients who was transferred to the ICU died, whereas 

the other was intubated and monitored for 30 days in 

the ICU. Patients with mild sepsis were treated in the 

emergency service. All of the patients survived, and the 

average duration of hospitalization was 8.9 days.  

Bacterial species in blood cultures were evaluated. 

The species that were produced from those blood 

cultures are as follows: Methicillin Resistant Coagulase 

Negative Staphylococcus (MRCNS) in 5 severe sepsis 

patients, methicillin-resistant Staphylococcus aureus 

(MRSA) in 3, Pseudomonas aeruginosa in 2, extended-

spectrum beta-lactamase (ESBL)-positive E. coli in 1, 

and Acinetobacter baumannii in 1. Simultaneous 

MRCNS and Pseudomonas aeruginosa growth was 

determined in one patient. Each blood culture of 

patients with mild sepsis, MRCNS, E. coli, ESBL-

positive E. coli, and Candida growths were observed. 

Blood cultures obtained from 12 patients with severe 

sepsis and 8 patients with mild sepsis did not reveal 

growth of any bacteria. 

Septic patients were included in the study as soon 

as they met at least two of the criteria for systemic 

inflammatory response syndrome (SIRS) defined by the 

American College of Chest Physicians/Society of 

Critical Care Medicine Consensus Conference 

Committee [3]: temperature > 38°C or < 36°C; heart 

rate > 90 beats/minute; respiratory rate > 20 

breaths/minute or arterial carbon dioxide tension < 32 

mmHg; and leukocyte count > 12 × 109 cells/L or < 4 × 

109 cells/L. Mild sepsis is defined as the presence of 

probable or documented infection together with 

systemic manifestations of infection [4]. To distinguish 

severe sepsis, at least one of following conditions was 

required: hypoxemia (arterial oxygen tension/fractional 

inspired oxygen ratio < 250); oliguria (urine output < 

0.5 mL/kg body weight for 2 hours); lactic acidosis 

(lactate concentration > 2 mmol/L); thrombocytopenia 

(platelet count < 100 × 109/L); and a recent change in 

mental status without sedation [5]. The Acute 

Physiology and Chronic Health Evaluation (APACHE) 

II score [6] and Sepsis-related (or Sequential) Organ 

Failure Assessment (SOFA) score [7] were employed 

to determine the initial severity of illness. 

The patients’ initial blood samples were drawn as 

soon as the diagnosis of sepsis was made clinically. 

Blood cultures were studied along with biochemical 

tests. The duration of hospital stay and/or mechanical 

ventilation was recorded. Survival was defined as being 

alive at hospital discharge. All patients were 

periodically followed up by the same intensivists. 

Patients with trauma, pregnant and breast-feeding 

women, patients with cardiopulmonary arrest who 

required basic cardiac life support measures, and those 

who received intravenous fluid resuscitation, 

antibiotics, catecholamines, or intravenous 

corticosteroids before enrolment were excluded. 

 Individuals without any known illness residing in 

the same area as the other study patients were selected 

as a control group. These controls were people 

presenting to the outpatient clinic of the internal 

medicine department for routine check-up, without any 

history or signs of active disease and no signs of 

infection. Smokers and healthy subjects taking any drug 

known to affect carbohydrate and lipid metabolism, or 

oxidant and antioxidant status, were excluded. All 

patients and controls were of Turkish descent. 

 

Specimen collection and processing 

Blood samples were collected from an indwelling 

arterial or venous catheter, in one tube with 

anticoagulant (with EDTA) and another tube without 

anticoagulant. After immediate centrifugation (3,000 g, 
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10 minutes, 4°C), plasma and serum were stored at -

80°C until the final analysis. Erythrocytes were washed 

three times in 5 mL saline, hemolyzed by diluting 

fourfold with water, and GSH was studied in 

erythrocytes on the same day. Before the assays, all 

samples were thawed to room temperature and mixed 

by gentle swirling or inversion. All parameters from all 

samples were analyzed in a single batch after 

completion of patient enrolments. 

 

Biochemical analysis 

Total nitric oxide (NOx) was measured as its stable 

metabolites nitrate (NO3-) and nitrite (NO2-). Nitrate 

was first reduced by nitrate reductase to nitrite, and then 

nitrite was determined spectrophotometrically by the 

Griess reaction (Nitric Oxide Colorimetric Assay, 

Roche Diagnostics GmbH, Sandhoferstr, Mannheim, 

Germany). The coefficients of intra- and inter-assay 

variations were 3.7% (n = 10) and 4.1% (n = 10), 

respectively. Reduced GSH concentration was 

determined according to the method of Beutler et al. [8] 

using metaphosphoric acid for protein precipitation and 

5-5’-ditiobis-2- nitro benzoic acid for color 

development. Hemoglobin concentration was 

determined by the cyanmethemoglobin method [9]. 

Serum PON1 activity was assayed using synthetic 

paraoxon (diethyl-p-nitrophenyl phosphate) as 

substrate [10]. 

Plasma IL-1, IL-6, TNF-α, VCAM-1, and ICAM-1 

levels (R&D Systems Inc., Minneapolis, USA), serum 

NT (Cell Biolabs, San Diego, USA), ox-LDL 

(Mercodia Oxidized LDL ELISA, Uppsala, Sweden), 

neopterin (IBL Immuno Biological Laboratories, 

Hamburg, Germany) levels were measured in duplicate 

aliquots, using a human enzyme-linked immunosorbent 

assay (ELISA) in accordance with the manufacturer's 

instructions. Serum ADA activity was measured in 

duplicate aliquots, using a commercial colorimetric 

assay kit with a cut-off value for positive test of 30 U/L 

in accordance with the manufacturer's instructions 

(Diazyme, General Atomics, San Diego, CA, USA). 

The other biochemical parameters were measured 

by routine methods with commercial kits. High-

sensitivity C-reactive protein (hsCRP) measurements 

were performed using a nephelometric method (BN II 

nephelometer; Dade Behring Holding GmbH, 

Liederbach, Germany). Erythrocyte sedimentation rate 

(ESR) measurements were performed using the 

Westergren method. 

 

Statistical analysis 

All results are expressed as the mean ± standard 

deviation (SD). All parameters were tested using the 

Mann-Whitney U test. For correlation analysis, 

Spearman’s rho correlation coefficient was determined. 

A receiver operator characteristic (ROC) curve was 

formed and the area under the curve (AUC) was used to 

compare the performance of various tests. The optimal 

cut-off point of testing values was selected as the point 

on the curve that had the shortest distance to the top-left 

corner (sensitivity = 1 and false positive = 0) of the 

graph. The sensitivity and specificity with 95% 

confidence intervals in the prediction of sepsis were 

calculated. The null hypothesis was rejected for p < 

0.05. Data were analyzed using SPSS version 17 (SPSS, 

Chicago, USA).  

 

Ethical approval 

The study protocol was approved by the ethics 

committee of Cerrahpasa Medical Faculty and was 

conducted in accordance with the Helsinki Declaration. 

 

Results 
Demographics characteristics of the patients with 

sepsis and controls are described in Table 1. The 

reported analysis included 37 patients with sepsis. Of 

these 37 patients, 25 were defined as severe sepsis and 

12 as mild sepsis. A total of 18 patients with sepsis (5 

mild and 13 severe sepsis) had respiratory infection, 

Table 1. Demographic characteristics of patients with mild and severe sepsis and healthy controls. 

 Controls (n = 20) Mild sepsis (n = 12) Severe sepsis (n = 25) p 

Age 55 ± 15 58.9 ± 15.7 63.4 ± 17.5 0.178 

Sex (female/male) 11 / 9 7/5 12/13 0.812 

APACHE - 19 (18–23) 24 (18–26) < 0.01 

SOFA - 11 (10–12) 13 (10–14) 0.011 

Respiratory infection - 5 (41.7%) 13 (52%)  

Urinary infection - 5 (41.7%) 10 (40%)  

Other infection - 2 (16.6%) 2 (8%)  

APACHE: acute physiology and chronic health evaluation; SOFA: sepsis-related organ failure assessment. 
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and 15 patients with sepsis (5 mild and 10 severe sepsis) 

had a urinary infection. Non-parametric tests were used 

for comparison of the study parameters. Results of 

immune, inflammation, and oxidative marker levels in 

sepsis and in controls are detailed in Table 2. 

Erythrocyte GSH and serum PON1 activity levels were 

significantly lower in patients with mild and severe 

sepsis compared to those in the control group (p < 0.001 

and p < 0.001, respectively). Patients with mild and 

severe sepsis had significantly higher plasma NT (p < 

0.001), IL-1 (p < 0.001), IL-6 (p < 0.001), TNF-α (p < 

0.001), NOx (p < 0.002), oxLDL (p < 0.001), neopterin 

(p < 0.001), VCAM-1 (p < 0.001), ICAM-1 (p < 0.001), 

and CRP (p < 0.001) levels than the control subjects. 

Plasma ADA levels were similar in both groups. There 

was a significant difference in plasma NT, IL-6, TNF-

α, and oxLDL in the severe sepsis group compared to 

the mild sepsis group (p < 0.002, p < 0.002, p < 0.003, 

and p < 0.02, respectively). Correlation analysis results 

and Spearman’s rho correlation coefficient are 

presented in Table 3. Erythrocyte GSH levels were 

negatively correlated with plasma levels of NT (p < 

0.01), IL-1 (p < 0.01), IL-6 (p < 0.01), TNF-α (p < 

0.01), NOx (p < 0.01), oxLDL (p < 0.01), neopterin (p 

< 0.01), VCAM-1 (p < 0.01), ICAM-1 (p < 0.05), and 

CRP (p < 0.01), and they were positively correlated 

with serum PON1 activities (p < 0.001). Serum PONl 

activities were negatively correlated with plasma NT (p 

< 0.01), IL-1 (p < 0.01), IL-6 (p < 0.01), TNF-α (p < 

0.01), oxLDL (p < 0.01), ICAM-1 (p < 0.01), and CRP 

(p < 0.001) levels. There was also a significant 

relationship between plasma oxLDL levels and IL-1 (p 

< 0.01), IL-6 (p < 0.01), TNF-α (p < 0.01), NOx (p < 

0.01), VCAM-1 (p < 0.01), and CRP (p < 0.05) levels. 

Correlation analysis results between plasma NT and 

plasma IL-1, IL-6, TNF-α, oxLDL, and CRP levels 

were found to be statistically significant (p < 0.01, p < 

0.05, p < 0.01, p < 0.01, p < 0.01, respectively). Plasma 

neopterin levels were correlated with IL-1 (p < 0.05), 

IL-6 (p < 0.01), TNF-α (p < 0.01), VCAM-1 (p < 0.05), 

ICAM-1 (p < 0.05), and CRP (p < 0.05) levels. There 

was also a significant relationship among inflammatory 

markers such as IL-1, IL-6, TNF-α, VCAM-1, ICAM-

1, or CRP. The sensitivities and specificities of 

erythrocyte GSH and serum PON1 activities, plasma 

IL-1, IL-6, TNF-α, NOx, oxLDL, neopterin, VCAM-1, 

and ICAM-1 levels to detect sepsis are shown in Table 

3. For the sepsis group, the areas under the curve were 

Table 2. Erythrocyte GSH, plasma and serum immune, inflammation, oxidative marker levels in patients with mild and severe sepsis and 

controls. 

 Controls (n = 20) Mild sepsis (n = 12) Severe sepsis (n = 25) Pa Pb 

Erythrocyte GSH 

(%mg /gHb) 
3.91 ± 0.28 1.21 ± 0.67a 1.01 ± 0.42a < 0.001 Ns 

NT 

(nmol/L) 
1.11 ± 0.95 121.5 ± 82.1a 340.4 ± 212.2a < 0.001 < 0.002 

IL-1 

(pg/mL) 
2.61 ± 0.94 5.95 ± 1.67a 5.73 ± 2.35a < 0.001 Ns 

IL-6 

(pg/mL) 
3.20 ± 1.19 73.1 ± 25.8a 113.5 ± 37.4a < 0.001 < 0.002 

TNF-α 

(pg/mL) 
3.36 ± 1.57 102.1 ± 30.8a 142.5 ± 38.3a < 0.001 < 0.003 

NOx 

(µmol/L) 
6.8 ± 4.5 18.9 ± 13.3a 13.7 ± 8.9a < 0.002 ns 

oxLDL 

(U/L) 
15.8 ± 4.8 77.1 ± 25.6 a 103.8 ± 33.6 a < 0.001 < 0.02 

PON1 

(U/mL) 
117.4 ± 29.7 25.2 ± 10.7a 23.8 ± 12.5a < 0.001 Ns 

Neopterin 

(nmol/L) 
2.4 ± 1.2 41.6 ± 31.1a 50.8 ± 35.9a < 0.001 Ns 

ADA 

(U/L) 
1.61 ± 1.23 2.27 ± 2.24 1.13 ± 0.73 Ns Ns 

VCAM-1 

(ng/mL) 
1.25 ± 0.79 4.04 ± 1.64a 3.29 ± 0.75a < 0.001 Ns 

ICAM-1 

(ng/mL) 
0.29 ± 0.08 2.37 ± 0.66a 2.52 ± 0.65a < 0.001 Ns 

CRP 

(mg/L) 
1.12 ± 0.33 102.5 ± 59.3a 128.6 ± 48.5a < 0.001 Ns 

Statistical significance at p < 0.05; P: plasma; Hb: hemoglobin; GSH: glutathione; NT: nitrotyrosine; IL-1: interleukin-1; IL-6: interleukin-6; TNF-α: tumor 
necrosis factor alpha; NOx: nitric oxide; oxLDL: oxidized-LDL; PON1: paraoxonase 1; ADA: adenosine deaminase; VCAM: vascular cell adhesion molecule; 

ICAM: intracellular adhesion molecule; CRP: C-reactive protein; Ns: not significant; Pa: statistical difference from control group; Pb: statistical difference from 

mild sepsis group. 
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equal to 1.000, 1.000, 0.993, 0.991, 0.993, 0.995, 1.000, 

0.986, 1.000, and 1.000 for GSH and PON1, and IL-1, 

IL-6, NT, TNF-α, NOx, oxLDL, neopterin, VCAM-1 

and ICAM-1 levels, respectively. ROC curve analysis 

was done to detect cut-off points to determine 

septicemia; the best cut-off values of GSH, PON1, IL-

1, IL-6, TNF-α, NOx, oxLDL, neopterin, VCAM-1, and 

ICAM-1 levels were 2.92% mg/gHb, 55.6 U/L, 2.50 

pg/mL, 5.73 pg/mL, 6.25 pg/mL, 2.97 µmol/L, 36.4 

U/L, 6.51 nmol/L, 2.43 ng/mL, and 1.22 ng/mL, 

respectively (Table 3). The sensitivities and 

specificities of IL-6, NT, TNF-α, and oxLDL 

measurements to detect the severity of sepsis are shown 

in Table 4. 

 

Discussion 
Despite intensive basic research and clinical 

studies, the pathophysiology of sepsis is still poorly 

understood. Various mediators are involved in the 

pathology of sepsis, some of which (e.g., IL-6, ICAM, 

VCAM, TNF-α, macrophage migration inhibitory 

factor [MIF]) may be considered to be at the core of the 

inflammatory process. Oxidative stress 

(oxidant/antioxidant imbalance) also plays an important 

role in the pathophysiology of sepsis. Previous human 

and animal studies confirmed severe oxidative stress in 

patients with sepsis, demonstrating increased oxidant 

markers and decreased antioxidant capacity [11-16]. 

Our results are consistent with the literature. Serum 

PON1 activity was significantly lower in patients with 

sepsis than in controls, and erythrocyte GSH levels 

were positively correlated with serum PON1 activities. 

Serum PONl activities were also negatively correlated 

with plasma NT, IL-1, IL-6, TNF-α, oxLDL, ICAM-1, 

and CRP levels. Novak et al. [17] supposed that 

monitoring of PON1 activity during infection in 

critically ill patients offers a potentially useful marker 

of sepsis progress and recovery. A similar pattern was 

characterized by very low PON1 activities and high 

CRP concentrations. PON1 that decreases during the 

inflammatory response is classified among the negative 

acute phase proteins. In an experimental animal model 

of sepsis [18], low PON1 activities were very similar to 

those found in our study. The cause-effect relationship 

Table 3. Spearman’s rho correlation coefficient (r) for studied oxidative and inflammatory markers in the sepsis and control groups (n = 57).  

 GSH NT IL-2 IL-6 TNF- NOx OxLDL PON1 Neopterin VCAM-1 ICAM-1 CRP 

GSH 1.000 -0.681** -0.536** -0.727** -0.690** -0.661** -0.623** 0.640** -0.502** -0.486** -0.359* -0.690** 

NT -0.681** 1.000 0.546** 0.800** 0.790** 0.510** 0.758** -.690** 0.380* 0.318* 0.348* 0.793** 

IL-1 -0.536** 0.546** 1.000 0.477** 0.512** 0.534** 0.649** -.523** 0.340* 0.485** 0.365* 0.566** 

IL-6 -0.727** 0.800** 0.477** 1.000 0.735** 0.534** 0.733** -.719** 0.482** 0.343* 0.233 0.746** 

TNF- -0.690** 0.790** 0.512** 0.735** 1.000 0.442** 0.699** -.709** 0.280 0.183 0.281 0.805** 

NOx -0.661** 0.510** 0.534** 0.534** 0.442** 1.000 0.648** -.410** 0.226 0.634** 0.300 0.427** 

OxLDL -0.623** 0.758** 0.649** 0.733** 0.699** 0.648** 1.000 -.669** 0.154 0.402** 0.274 0.741** 

PON1 0.640** -0.690** -0.523** -0.719** -0.709** -0.410** -0.669** 1.000 -0.220 -0.200 -0.398** -0.785** 

Neopterin -0.502** 0.380* 0.340* 0.482** 0.280 0.226 0.154 -.220 1.000 0.311* 0.387* 0.374* 

VCAM-1 -0.486** 0.318* 0.485** 0.343* 0.183 0.634** 0.402** -.200 0.311* 1.000 0.413** 0.391* 

ICAM-1 0-.359* 0.348* 0.365* 0.233 0.281 0.300 0.274 -.398** 0.387* 0.413** 1.000 0.376* 

CRP -0.690** .0793** 0.566** 0.746** 0.805** 0.427** 0.741** -.785** 0.374* 0.391* 0.376* 1.000 

GSH: glutathione; NT: nitrotyrosine; IL-1: interleukin-1; IL-6: interleukin-6; TNF-α: tumor necrosis factor alpha; NOx: nitric oxide; oxLDL: oxidized-LDL; 

PON1: paraoxonase 1; VCAM: vascular cell adhesion molecule; ICAM: intracellular adhesion molecule; CRP: C-reactive protein; Statistical significance: * p 

< 0.05, **p<0.01. 

Table 4. Screening efficiency of GSH, PON1, IL-1, IL-6, TNF- α, NOx, neopterin, ox-LDL, VCAM, and ICAM levels based on receiver-

operator characteristic curve in sepsis. 

Test result variable(s) Cut-off value Area under the curve Sensitivity (%) Specificity (%) 

GSH 2.92% mg /gHb 1.000 98 98 

PON1 55.6 U/mL 1.000 97 95 

IL-1 2.50 pg/mL 0.993 75 80 

IL-6 5.73 pg/mL 0.991 97 84 

TNF-α 6.25 pg/mL 0.993 97 84 

NOx 2.97 µmol/L 0.995 97 84 

OxLDL 36.4 U/L 1.000 98 98 

Neopterin 6.51 nmol/L 0.986 92 83 

VCAM-1 2.43 ng/mL 1.000 99 99 

ICAM-1 1.22 ng/mL 1.000 99 99 

GSH: glutathione; PON1: paraoxonase 1; IL-1: interleukin-1; IL-6: interleukin-6; TNF-α: tumor necrosis factor alpha; NOx: nitric oxide; oxLDL: oxidized-

LDL; VCAM: vascular cell adhesion molecule; ICAM: intracellular adhesion molecule. 
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between decreased PON1 activity and increased 

oxidative stress is not established; most likely it is a 

dynamic bi-directional relationship [19]. Sepsis occurs 

as a result of complex host-pathogen interactions, 

leading to release of inflammatory mediators, as well as 

reactive oxygen intermediates and reactive nitrogen 

intermediates. It is likely that the oxidizing environment 

induced by sepsis could result in an increased binding 

of free radicals to the PON1, leading to the decrease of 

PON1 activity in the circulation [17]. 

Patients with severe sepsis had significantly higher 

plasma oxLDL than did patients with mild sepsis in the 

current study. There was also a significant relationship 

between oxLDL levels and inflammatory mediators. 

oxLDL can participate in local or systemic 

inflammation; it is upregulated in inflammation. 

Additionally, oxLDL had the highest sensitivity (98%) 

and specificity (98%) in sepsis. Behnes et al. [20] 

demonstrated that ox-LDL levels increase in patients 

with severe sepsis. Our study and other ones [20-21] 

confirm a better understanding of the development of 

oxidative stress in this type of sepsis. In severe sepsis, 

tissue damage represents a main consequence of 

inflammation, and in particular, increased oxLDL 

leading to endothelial cell damage. Increased NT 

immunoreactivity was found in human biopsy 

specimens with viral myocarditis and sepsis, suggesting 

a pathogenetic role of peroxynitrite formation and/or 

protein nitration in these diseases [22]. Patients with 

mild and severe sepsis had significantly higher plasma 

NT and NOx levels than did the control subjects in the 

current study. NT levels were also positively correlated 

with plasma IL-1, IL-6, TNF-α, oxLDL, and CRP 

levels. Constantin et al. [23] demonstrated that septic 

animals have increased levels of NT and NO, and that 

NT plays a prominent role in sepsis. However, it seems 

that NT levels are more effective in determining the 

severity of sepsis than are NOx levels, as NT levels 

were significantly higher in patients with severe sepsis 

than in patients with mild sepsis. Furthermore, 

increased levels of NT were accompanied by an 

increase in inflammatory mediators. Peroxynitrite can 

directly oxidize low-molecular-weight thiols, most 

notably reduced GSH. Erythrocyte GSH levels were 

significantly lower in patients with mild and severe 

sepsis than in controls in the current study. Erythrocyte 

GSH levels were also positively correlated with serum 

PON1 activity and negatively correlated with plasma 

levels of NT, IL-1, IL-6, TNF-, NOx, oxLDL, 

neopterin, VCAM-1, ICAM-1, and CRP. The 

susceptibility of cells to NT and NOx toxicity largely 

depends on the amount of intracellular GSH. GSH 

depletion enhances toxicity and tissue injury during 

sepsis, and a relationship between decreased GSH and 

enhanced NT and NOx toxicity has also been proposed 

to contribute to the exacerbation of sepsis. Patients with 

sepsis have significantly higher IL-1, IL-6, TNF-α, 

VCAM-1, and ICAM-1 levels than the control subjects. 

In the current study, reported cytokine values are total 

plasma levels and of unknown cellular origin. There 

was also significant relationship among inflammatory 

markers such as IL-1, IL-6, TNF-α, VCAM-1, ICAM-

1, or CRP levels. ICAM and VCAM are inducible 

glycoproteins that are expressed during inflammatory 

reactions. The up-regulation on the surface of 

endothelial cells mediates stable leucocyte adhesion to 

the vascular endothelium. This process leads to 

leukocyte extravasations into sites of infection or injury 

and, therefore, plays a pivotal role in the development 

of organ injury in sepsis [24]. Increased adhesion 

molecules have been found in different stages of 

disease, especially inflammation and infection. For the 

acute phase of sepsis, increased plasma IL-6 and TNF-

α levels were harmful and correlated with severity of 

sepsis in our study. Patients with severe sepsis had 

significantly higher plasma IL-6 and TNF-α levels than 

did patients with mild sepsis. High plasma IL-6 and 

TNF-α levels have high sensitivity (97%) and 

specificity (84%) in the diagnosis of sepsis. ICAM-1 

and VCAM-1 have the highest sensitivity (99%) and 

specificity (99%) in sepsis. However, these levels are 

not effective in determining the severity of sepsis. The 

systemic effect of sepsis includes the release of 

inflammatory cytokines. Sepsis seems to result from 

overwhelming systemic inflammation, which is caused 

by excessive release of cytokines into the systemic 

circulation. In human and animal models of sepsis 

induced by injection of bacterial endotoxin, TNF-α 

production is quickly activated and can be detected in 

plasma [25-29]. However, Lvovschi et al. [29] showed 

that there are no typical cytokine profiles associated 

with systemic inflammatory response syndrome 

(SIRS), severe sepsis, septic shock, and bacterial 

infection among febrile patients. Their main finding is 

that previous associations commonly defined between 

sepsis and individual cytokine levels were not 

confirmed using these multi-parameter techniques. 

We found that serum neopterin levels were higher 

in patients with sepsis than in the controls. However, no 

significant difference regarding serum neopterin levels 

was found in between mild and severe sepsis cases. We 

also did not observe any significant difference in ADA 

activity levels between neither patient and control 

group nor severe and mild sepsis. In the literature, there 
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are limited studies regarding plasma ADA activities in 

patients with sepsis. Its prognostic value is very limited, 

probably because of the late release of ADA in the 

mediator cascade. Current results of this study could be 

related to non-homogenous distribution of the clinical 

characteristics of our patient groups. Our study shows 

that neopterin levels were increased in mild sepsis and 

severe sepsis as well, which are directly correlated with 

the accompanying infection. 

There is also growing evidence that inflammation 

markers are raised in sepsis. Procalcitonin (PCT), 

which is a novel marker of inflammation and infection, 

has been widely investigated for its prognostic value in 

septic patients. Although studies have produced 

conflicting results [30-36], Tasdelen Fisgin et al. [30] 

and Hensler et al. [32] demonstrated that neopterin was 

a better prognostic factor than PCT in patients with 

sepsis. 

CRP is a nonspecific marker of inflammation and 

has been shown to be increased in patients with sepsis 

compared to controls; however, in our study, this 

marker failed to discriminate mild sepsis from severe 

sepsis. CRP is produced within 4–6 hours after onset of 

tissue injury or inflammation; it doubles every 8 hours 

before peaking at around 36 hours [37]. The increased 

severity of sepsis does not seem to change CRP levels. 

 

Conclusions 
The finding demonstrating that a marker of 

inflammation or immune activation is elevated in 

patients with progressive sepsis is consistent with 

previous reports, showing that disease activity may be 

present despite clinical stability. Our results suggest 

that neopterin, ICAM-1, VCAM-1, TNF-α, IL-1, and 

IL-6 being released after infection play important roles 

in the initiation of the inflammatory process in sepsis. 

Oxidative stress (increased NT, NOx, and oxLDL and 

decreased GSH and PON1) is an important contributor 

to the pathophysiology of sepsis. However, it seems that 

the serum oxLDL levels are better biomarkers of lipid 

peroxidation in sepsis than are the other markers. This 

may be related to their high specificity and sensitivity 

in sepsis. Additionally, we should emphasize that 

oxLDL levels increase in severe sepsis. Increased 

oxidative stress and higher inflammation levels may 

also reflect disease severity and organ dysfunction. 

Although these parameters are unable to distinguish 

mild sepsis and severe sepsis, and they are unlikely to 

be useful in outcome measures, they may function as 

early predictors of survival in patients with severe 

sepsis. Therefore, increases in these parameters may 

contribute to the dysfunction or failure of one or more 

organs, or even death, in sepsis. Although the number 

of our cases is limited, our results indicate that the 

plasma levels of inflammation and oxidative stress 

markers may be important to discriminate sepsis. 

Further studies should be planned to ascertain the 

clinical importance of these parameters as early 

predictors of sepsis. 
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