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Serum concentrations of advanced oxidation protein products (AOPPs) and glycation end prod-
ucts (AGEs) were assessed with respect to functional compromise of liver, as determined by the 
Child-Pugh and MELD scores. Patients with decompensated liver cirrhosis (Child-Pugh B and C) 
exhibited significantly higher serum concentrations of AOPPs than both patients with compen-
sated liver cirrhosis (Child-Pugh A) and controls. The levels of plasma AGEs in all liver cirrhotic 
patients were higher when compared with those with the controls and this difference was sta-
tistically significant. Plasma total antioxidant status of the patients was significantly lower than 
that of controls. Significant positive correlations between AOPPs level and the MELD score and 
between the oxidative stress index and the MELD score were found in all patients with liver cir-
rhosis. Altered AOPPs levels in decompensated patients may influence the potency of oxidative 

stress and the progression of liver disease. 
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InTrODuCTIOn

Increasing evidence of free radical involve-
ment is reported for many fibroproliferative diseases 
such as cirrhosis in human chronic liver diseases, 
pulmonary fibrosis, glomerulonephritis and athero-
sclerosis (Bedossa et al., 1994; Poli et al., 1997). Cir-
rhosis is characterized by inflammation of the liver, 
often caused by a rise in free radicals within the 
liver. Under normal circumstances, the liver main-
tains a supply of internal antioxidants to neutralize 
the free radicals generated by viruses and various 
endo- and exogenous compounds processed in the 
liver. However, when the liver antioxidants are low, 
or when the liver is overwhelmed by continued oxi-
dative insults (e.g., long-lasting alcohol abuse or in-
fection with hepatitis B virus and hepatitis C virus), 

the damage from free radicals increases, resulting 
in inflammation and the formation of scar tissue (fi-
brosis) (Czeczot et al., 2006; Valko et al., 2007). The 
persistence of profibrogenic factors, the progressive 
decrease of antioxidant reserves, the dysfunction of 
liver microcirculation through NO-mediated path-
ways, determine the shift to liver regeneration and 
cirrhosis.

Since free radicals have very short half-lives, 
the clinical assessment of oxidative stress is based on 
the measurement of different stable oxidized prod-
ucts of modified proteins, lipids, carbohydrates and 
nucleic acids. Proteins are susceptible to oxidant-me-
diated injury, forming cross-linkage and aggregation 
products that are resistant to proteolysis. Markers of 
protein oxidation were characterized by Witko-Sar-
sat et al. (1996), and named as advanced oxidation 
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protein products (AOPPs), since they share several 
homologies with advanced glycation end products-
modified proteins (AGEs-modified proteins), bio-
markers of oxidative stress reflecting protein glyco-
oxidation. 

The major fate of plasma protein AGEs has 
been claimed to be clearance in the liver. Accumu-
lation of AGEs in chronic liver disease has several 
toxic effects. Apart from direct damage to the struc-
ture of the extracellular matrix, they act via specific 
receptors, for example RAGE (receptor for advanced 
glycation end products). RAGE is expressed by he-
patic stellate cells and myofibroblasts, which are the 
relevant cells for fibrogenesis of chronic liver dis-
ease. AGEs–RAGE interaction activates nuclear factor  
NF-κB, which is followed by stimulation of transcrip-
tion of genes for cytokines and growth factors, in-
creased expression of adhesive molecules, increased 

vascular permeability and further toxic effects (re-
viewed in Hyogo & Yamagishi, 2008).

Serum concentrations of AOPPs (closely cor-
relating with AGEs levels) increase with progression 
of chronic diseases (Witko-Sarsat et al., 1996; 1998); 
therefore, AOPPs have been considered as novel dis-
ease-related biomarkers for oxidative stress. AOPPs 
are described as dityrosine containing cross-linked 
protein products. This definition is important, since 
it excludes protein aggregates that form as a re-
sult of disulfide links after a subtle oxidative stress. 
Therefore, the presence of AOPPs may be a good 
and more accurate biomarker of oxidative stress 
than lipid peroxidation products (Witko-Sarsat et al., 
1996; Dalle-Donne et al., 2003).

During oxidative stress, endogenous mecha-
nisms, enzymes and antioxidant molecules are de-
ployed to destroy reactive oxygen species (ROS) and 
reduce the harmful effect of oxidants. Extra- and 
intracellular defense, targeted against transient dam-
aging species can be grouped under several mech-
anisms and collectively they operate to terminate 
free radical reaction or remove reactive species and 
their secondary products (Gutteridge & Halliwell, 
1994). A number of methods have been developed 
to assess total antioxidant capacity, measuring each 
antioxidant component separately (Niki & Nogu-
chi, 2000). The accurate antioxidant capacity of the 
organism can be determined by the measurement 
of total antioxidant status (TAS) (Erel, 2004). Thus, 
TAS is a single measure that aims to describe the 
dynamic equilibrium between pro-oxidants and an-
tioxidants in the plasma.

To the best of our knowledge there are no 
data available as to whether the serum level of 
AOPPs is elevated in liver in chronic liver disease. 
The aim of this study was to investigate whether se-
rum levels of AOPPs and AGEs, and plasma total 
antioxidant status, are altered in patients with liver 

cirrhosis, and to assess their possible correlation 
with the severity of liver disease, measured by the 
Child-Pugh and the model for end-stage liver dis-
ease (MELD) scores. The per cent ratio of AOPPs 
level to TAS level was regarded as oxidative stress 
index (OSI). 

MATErIALS AnD METHODS

Patients. This study was performed in 34 pa-
tients with liver cirrhosis (20 men and 14 women, 
mean age 57.00  ±  15 years) admitted to the Clinic 
of Infectious Diseases, Liver Diseases and Acquired 
Immune Deficiency for evaluation. The diagnosis of 
liver cirrhosis was based on clinical, laboratory and 
ultrasonographic findings or histological criteria. 
The baseline laboratory findings of the patients with 
liver cirrhosis (classified as Child-Pugh A, B and C) 
are provided in Table 1. The patients were classified 
as having compensated (n = 16) or decompensated 
liver cirrhosis (n = 18). According to the Child-Pugh 
scores, all compensated patients belonged to class A. 
The decompensated group consisted of 8 patients in 
class C and 8 patients in class B with a Child-Pugh 
score above 8. At the time of the study no Child-
Pugh A patients showed clinical features of decom-
pensated liver cirrhosis (ascites, edema or hepatic 
encephalopathy). All patients graded Child-Pugh B-
C had moderate to severe ascites without evidence 
of infection. The predominant etiology of cirrhosis 
in 18 cases of cirrhosis was alcohol abuse, while 
chronic viral hepatitis was the cause in 10 cases, and 
six remained of cryptogenic origin. 

Exclusion criteria were concurrent use of anti-
oxidant drugs; co-existing diseases like diabetes mel-
litus, chronic kidney disease or hepatocellular carci-
noma; alcohol use within previous two weeks; gas-
trointestinal bleed or blood transfusion within pre-
vious two weeks. The control group consisted of 30 
healthy subjects (14 men and 16 women, mean age 
55.8 ± 18 years) with normal laboratory findings. The 
consent of the Bioethics Committee of the Wrocław 
Medical University was obtained and all patients 
were informed about the character of analyses made. 
Studies were conducted in compliance with the ethi-
cal standards formulated at the Helsinki Declaration 
of 1975 (revised in 1983).

Methods. Peripheral venous blood from fasted 
healthy volunteers and fasted cirrhotic patients was 
collected in separate tubes, one containing the anti-
coagulant EDTA and the other without serum anti-
coagulant. The blood was allowed to clot for 30 min 
at 25oC, centrifuged at 2000 × g for 15 min at room 
temperature, and the serum was then separated and 
aliquoted into tubes for storage. To obtain plasma 
samples, the blood was centrifuged immediately at 
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2000 × g for 10 min at 4oC, and then aliquoted into 
tubes. The tubes were then stored frozen at –80oC 
until they were used to study different parameters.

Determination of serum AOPPs. Determina-
tion of AOPPs was based on spectrophotometric de-
tection according to Witko-Sarsat et al. (1996). Two- 
hundred microliters of plasma diluted 1 : 5 in 20 mM 
phosphate buffer, pH 7.4, containing 0.9% sodium 
chloride (PBS), or chloramine-T standard solutions 
(0 to 100 μmol/L), were placed in each well of a 96-
well microtiter plate (Becton Dickinson Labware, 
Lincoln Park, NJ, USA), and followed by 20 μl of 
10% acetic acid. Ten microliters of 1.16 M potassi-
um iodide (Sigma) were then added, followed by 20 
μL of 10% acetic acid. The absorbance of the reac-
tion mixture was immediately read at 340 nm in a 
microplate reader against a blank containing 200 μl 
of PBS, 10 μL of KI and 20 μL of 10% acetic acid. 
The chloramine-T absorbance at 340 nm was linear 
within the range of 0 to 100 μmol/L. AOPP concen-
trations were expressed in μmol/L of chloramine-T 
equivalents. Coefficient of variation (CV) served as 
the indicator of precision. Intra-day and inter-day 
CV values were <10%. 

Determination of AGEs by fluorescence 
spectroscopy. AGEs were measured by fluorescence 
according to the method of Munch et al. (1997). Se-
rum samples were diluted 100-fold in PBS and fil-
tered (0.22 μm, Millex-GV; Millipore, Bedford, MA, 
USA). Fluorescence spectra (corrected for back-
ground) were recorded in triplicate on a Perkin-Elm-
er LS50B Luminescence spectrometer at room temp. 
Emission and excitation slit widths were set to 1 nm. 
When excitation was performed at 370 nm, an emis-
sion maximum was found at 445 nm. To compare 
different sera, the excitation wavelength was set to 
370 nm and the signal intensity was measured at the 
emission maximum of 445 nm. Total serum fluores-
cent AGEs was expressed as relative fluorescence in-
tensity in arbitrary units (AU).

Measurement of the total antioxidant status 
of plasma. The plasma antioxidant capacity was 
measured using a commercially available TAS kit 
(Randox Laboratories, Crumlin, UK). The TAS as-
say is based on the TEAC (Trolox Equivalent Anti-
oxidant Capacity) method, reported by Rice-Evans 
and Miller (1994). It is based on the inhibition by 
antioxidants of the absorbance of the radical cation 
of 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate) 
(ABTS) formed by the interaction of ABTS with fer-
rylmyoglobin radical species. Upon the addition of 
a plasma sample, the oxidative reactions initiated 
by the hydroxyl radicals present in the reaction mix 
are suppressed by the antioxidant components of 
the plasma, preventing the color change and there-
by providing an effective measure of the total anti-
oxidant capacity of the plasma. TAS results are ex-

pressed as mmol/L, and the precision of this assay is 
excellent, being lower than 3% (Cao & Prior, 1998).

Oxidative stress index. The per cent ratio of 
the AOPPs level to the TAS level gave the oxidative 
stress index (OSI), an indicator of the degree of oxi-
dative stress (Harma et al., 2003). 

Measurement of individual antioxidants. Se-
rum albumin, uric acid and bilirubin concentrations 
were measured by using commercial kits (Abbott, Ir-
ving, TX, USA). Vitamin C concentration was meas-
ured by using FRASC (total ferric reducing activity 
and ascorbate concentration measurement) method 
(Benzie & Strain, 1999).

Model for end-stage liver disease (MELD) 
score. The model for end-stage liver disease (MELD) 
score was calculated from the following equation:

9.57 × loge (creatinine mg/dL) + 3.78 × loge (total bi-
lirubin mg/dL) + 11.2 × loge (international normalized 
ratio-INR) + 6.43 (constant for liver disease etiol-
ogy).

The maximal creatinine concentration con-
sidered in the MELD score is 4.0 mg/dL (Huo et al., 
2006). 

Statistical analysis. Comparison of the pa-
rameters between two different groups was con-
ducted with the Mann–Whitney U test and with the 
Kruskal–Wallis analysis of variances (ANOVA) for 
multiple comparisons. Coefficient correlations were 
evaluated using linear regression analysis or Pearson 
correlation. All results are expressed as means  ±  S.D. 
and median values. Statistical significance was estab-
lished at P < 0.05.

rESuLTS

The concentrations of serum AOPPs, AGEs 
and the different parameters in the cirrhotic patients 
are shown in Table 2, with corresponding levels in 
controls. There were statistically significant differ-
ences between the four groups. In healthy controls, 
the serum AOPP and AGEs were similar to those 
in control groups in other studies (Sebekova et al., 
2002; Kalousová et al., 2003).

Patients with decompensated liver cirrhosis 
(Child-Pugh B and C) exhibited significantly higher 
serum concentrations of AOPPs than patients with 
compensated liver cirrhosis (Child-Pugh A) and 
controls (P < 0.05) (Table 2). There was a significant 
difference in serum AOPPs concentrations between 
control subjects and compensated liver cirrhotic pa-
tients (P < 0.001). The levels of plasma AGEs in all 
liver cirrhotic patients were higher than those of the 
controls and this difference was statistically signifi-
cant (P < 0.001) (Table 2). The levels of plasma AGEs 
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in patients with decompensated 
cirrhosis were higher than those in 
compensated cirrhosis, but this dif-
ference was not statistically signifi-
cant.

As seen in Table 2, while all 
individual parameters of the antiox-
idative status tend to decrease, only 
the decrease of uric acid was sta-
tistically significant. Plasma TAS of 
the patients was significantly lower 
than in controls (P < 0.001). The de-
crease in the plasma levels of TAS 
was most prominent in decompen-
sated liver cirrhotic patients. The 
difference between patients with 
Child-Pugh B and C cirrhosis and 
patients with Child-Pugh A cirrho-
sis in respect to TAS was not sta-
tistically significant. There was a 
markedly increased oxidative stress 
index in patients with Child-Pugh 
B and C cirrhosis compared with 
patients with Child-Pugh A cirrho-
sis or controls (P < 0.05, P < 0.001, re-
spectively). 

There was no statistically 
significant correlation between ALT 
levels and TAS and AOPPs level in 
cirrhotic patients or controls. 

The MELD scores were deter-
mined in the 34 patients with liver 
cirrhosis (Table 2). These were high-
er in the decompensated patients 
than in the compensated cirrhotic 
patients (P < 0.001). Significant cor-
relations between AOPPs levels and 
MELD scores (r = 0.43, P < 0.05) and 
between OSI and MELD scores (r = 
0.38, P < 0.01) were observed among 
the cirrhotic patients belonging to 
all three Child-Pugh classes.

DISCuSSIOn

In this study we show that 
patients with decompensated liver 
cirrhosis have higher concentra-
tions of AOPPs than compensated 
patients and that there are posi-
tive correlation between the MELD 
score on the one hand and AOPPs 
level and the degree of oxidative 
stress (oxidative stress index) on 
the other. Our findings suggest that 
AOPPs and AGEs-modified pro-

Table 1. Laboratory findings in patients with liver cirrhosis

Child-Pugh A Child-Pugh B Child-Pugh C
(n) 16 10 8
ALT (IU/L) 
Reference values 0–40
Mean  ±  S.D. 38.51 ± 22.76 54.19 ± 25.86 39.78 ± 19.79
AST (IU/L) 
Reference values 0–40
Mean  ±  S.D. 54.0 ± 29.48 103.13 ± 43.63 81.68 ± 62.90
γGT (IU/L) 
Reference values 5–36
Mean  ±  S.D. 256.05 ± 200.53 268.43 ± 213.16 182.29 ± 148.42
AP (IU/L) 
Reference values 30–90
Mean  ±  S.D. 105.19 ± 20.74 127.91 ± 67.63 1167.41 ± 42.3
Creatinine (mg/dL) 
Reference values 0.6–1.3
Mean  ±  S.D. 1.05 ± 0.35 1.34 ± 0.53 1.77 ± 0.60
INR 
Reference values 0.8–1.1
Mean  ±  S.D. 0.96 ± 0.13 1.22 ± 0.10 2.23 ± 0.66
MELD
Reference values 6–8
Mean  ±  S.D. 7.79 ± 2.55 15.90 ± 7.20 24.10 ± 6.98

Table 2. Serum concentrations of AOPPs, AGEs and antioxidative param-
eters in healthy controls and in patients with liver cirrhosis (Child-Pugh 
A, B and C).

Healthy controls Child-Pugh A Child-Pugh
B and C

(n) 30 16 18
AOPP (μmol/L)
Mean  ±  S.D.
Median

100.2 ± 44.0
93.2

125.0 ± 38*+

128.0
218.0 ± 69*
209.6

AGEs [AU (×105)]
Mean  ±  S.D.
Median

0.86 ± 0.35
0.85

1.58 ± 0.48**
1.44

1.83 ± 0.72**
1.92

Albumin (mg/dL)
Mean  ±  S.D.
Median

4.74 ± 0.23
4.27

3.2 ± 0.23*
3.0

2.65 ± 0.55*
2.3

Bilirubin (mg/dL)
Mean  ±  S.D.
Median

0.80 ± 0.15
0.75

1.03 ± 0.1
1.01

2.34 ± 1.29
2.15

Vitamin C (μmol/L)
Mean  ±  S.D.
Median

54.26 ± 16.25
54.26

46.17 ± 17.9
47.09

41.73 ± 12.5
36.92

Uric acid (mmol/L)
Mean  ±  S.D.
Median

0.32 ± 0.072
0.35

0.30 ± 0.04*
0.31

0.25 ± 0.06
0.18

TAS (mmol/L)
Mean  ±  S.D.
Median

1.31 ± 0.17
1.31

0.80 ± 0.22**
0.86

0.67 ± 0.16**
0.45

OSIAOPP (arbitrary unit)
Mean  ±  S.D.
Median

0.80 ± 0.30
0.70

1.70 ± 0.80** +

1.40
3.20 ± 0.50**
2.60

MELD
Mean  ±  S.D.
Median

6–8 8.31 ± 2.55*++

8.0
20.2 ± 8.25*
19.0

*P<0.05; ** P<0.001 vs. healthy controls; + P<0.05; ++P<0.001 vs. Child-Pugh B and C.
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teins may contribute to progressive liver disease in 
these patients and influence the potency of oxidative 
stress.

A role of oxidative stress in the pathogenesis 
of chronic liver disease has been proposed by several 
authors (Romero et al., 1998; Yadav et al., 2002; Logu-
ercio & Federico, 2003; Bandara et al., 2005; Koike & 
Miyoshi, 2006). Studies have shown increased plasma 
levels of markers of lipid peroxidation and reduced 
plasma antioxidant content. Protein oxidation prod-
ucts are increasingly being used as markers instead 
of lipid peroxidation products in demonstrating oxi-
dative stress (Dalle-Donne et al., 2003). AOPPs mea-
surements reflect the free radical generation and the 
degree of protein oxidation (Witko-Sarsat et al., 1996). 
ROS can play a role in the development of chronic 
liver disease by damaging cell constituents in the 
liver and causing fibrosis and cirrhosis (Bolukbas et 
al., 2005; Denzer & Lüth, 2009). It was reported that 
AOPPs generated by different oxidation patterns lead 
to the production of either hydrogen peroxide or ni-
tric oxide (Servettaz et al., 2007). Nitric oxide can inter-
act with ROS to form other reactive nitrogen species. 
These reactive nitrogen species secondarily promote 
important reactions such as nitrosation, oxidation or 
nitration, leading to impaired cellular functions and 
enhanced inflammatory reactions (Friedman, 2000; 
Wiest & Groszmann, 2002). AOPPs are referred to 
as markers of oxidative stress as well as markers of 
neutrophil activation in chronic disease (Witko-Sarsat 
et al., 2003). It has thus been shown that chlorinated 
oxidants of neutrophil origin may lead to oxidative 
stress, notably protein oxidation. Once formed, such 
AOPPs foci create a nidus for the amplification of 
oxidative stress. In addition to increased formation, 
decreased removal/detoxification of AOPPs may con-
tribute to stress. There is increasing evidence that 
the liver plays important roles in the elimination of 
AOPPs (Iwao et al., 2006). In patients with chronic 
liver diseases, constriction of the sinusoidal blood 
stream leads to the development of portal hyperten-
sion with portocaval shunts (Svistounov & Smedsrød, 
2004). The hindrance of substance exchange between 
hepatocytes and the sinusoidal blood stream could in-
crease serum level of AOPPs in these patients. There-
fore, the liver, especially in cirrhotic patients, cannot 
prevent the accumulation of AOPPs effectively. Fi-
nally, our findings extended the results of Oettl et al. 
(2008) which suggested that albumin is oxidatively 
modified in patients with advanced liver disease de-
pending on its severity. 

In previous studies (Zuwała-Jagiełło et al., 
2006; 2007; Górka et al., 2008), a cross-sectional sur-
vey of patients with various forms of viral hepati-
tis demonstrated a close association between high 
serum levels of AGEs and the inflammatory lesions 
of the liver with any morphologically evident cir-

rhosis. In this study, we examined serum AGEs in 
the patients with liver cirrhosis for the purposes of 
evaluating their application as markers of the se-
verity of liver cirrhosis of various etiologies. In our 
clinical population, patients with Child B and C cir-
rhosis had elevated AGEs values compared to those 
with Child A cirrhosis. On the other hand, a positive 
correlation was found between AOPPs levels and 
MELD scores in all three Child-Pugh classes, but no 
correlation between AOPPs and AGEs was found in 
either decompensated or compensated cirrhotic pa-
tients. Very recently, AGEs have been found to act 
as proinflammatory factors (Sparvero et al., 2009). 
Nevertheless, AOPPs are believed to be more closely 
related to inflammation than AGEs, whose recep-
tors participate in AOPPs-mediated signal trans-
duction (Kalousová et al., 2005). These interactions 
enhance ROS formation, with nuclear factor NF-κB 
activation and release of proinflammatory cytokines, 
adhesion molecules, and growth factors (Hyogo 
& Yamagishi, 2008). Furthermore, the experiments 
in cultured VSMCs (vascular smooth muscle cells) 
clearly established that AOPPs induce the expres-
sion of monocyte chemoattractant protein-1 (Peng et 
al., 2006), a molecule playing a significant role in the 
development of fibrosis (Marra et al., 1999). Owing 
to these effects, AOPPs and AGEs are assumed to 
have an important pathogenetic role in the compli-
cations of chronic liver disease (Sebekova et al., 2002; 
Kalousová et al., 2005).

The effects of various antioxidants in the plas-
ma are additive and their cooperation protects the 
organism against attacks by free radicals (Willcox et 
al., 2004). Thus, in the present study, we have cho-
sen to perform the measurement of TAS in plasma 
samples. In various disorders of the liver, decrease 
in TAS has been shown in the plasma samples (Bo-
lukbas et al., 2005; Eissa et al., 2008). In our study 
patients with cirrhosis show a significantly lower 
TAS levels compared to the control group. How-
ever, AOPPs level and OSI was significantly higher 
in the decompensated patients than in the compen-
sated cirrhotic patients or controls. There was also 
a positive correlation between the MELD score and 
the AOPPs level and OSI in cirrhotic patients, but no 
correlation between the MELD score and TAS. Re-
cently, it has been reported that OSI may reflect the 
oxidative status more accurately than the total anti-
oxidant status (Canakci et al., 2007). In addition, in 
a study by Fierbinteanu-Braticevici et al. (2002), the 
serum index of oxidative stress has been suggested 
as an independent risk factor for liver fibrosis. Our 
study also clearly demonstrates that the level of OSI 
is independently and positively associated with the 
severity of liver cirrhosis.

In summary, our study shows that patients 
with cirrhosis are exposed to oxidative stress and 
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the potency of the oxidative stress is significantly re-
lated to the severity of liver cirrhosis of various eti-
ologies. The report also describes AOPPs as a new 
serum biomarker useful in assessing the severity of 
liver cirrhosis. However, our findings emphasize the 
need for further investigations correlating the serum 
levels of AOPPs or AGEs seen in decompensated 
cirrhotic patients with their clinical outcomes (for 
example, renal failure, diabetes or septic complica-
tions) to develop prognostic parameters.
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