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The aim of this study was to examine the connection between cholestatic markers 

and the oxidative protein modification intensity in patients with choledocholithiasis. All 
the participants were subjected to clinical, laboratory and ultrasonic check-up at the 
Internal Department of the Military Hospital in Niš, Serbia. The parameters of oxidative 
stress: carbonyl groups, a measure of oxidative protein modification, and biochemical 
markers of cholestasis were determined by standard biochemical methods. The 
concentration of total (r=0.41, p<0.05), direct (r=0.49, p<+0.01) and indirect (r=0.41, 
p<0.05) bilirubin was in statistically significant positive linear correlation with the 
intensity of oxidative modification of proteins, while the other biochemical markers of 
cholestasis did not show such correlation. Total, direct and indirect bilirubins showed a 
significant positive correlation with oxidative protein modification, assessed through the 
levels of carbonyl groups in patients with choledocholithiasis. Acta Medica Medianae 
2014;53(1):10-14. 
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Introduction 
 

 Numerous experimental and clinical resear-
ches indicate the significance of cholestasis, inflam-
mation and oxidative stress, mutually connected by 
pathophysiological mechanisms in patients with 
choledocholithiasis (1-5).  

Results of our previous prospective study 
confirmed the positive correlation of neutrophils, 
total, direct and indirect bilirubin with the intensity of 
lipid peroxidation in patients with choledocholi-
thiasis (6).   

There are no literary data on connection 
between cholestatic parameters and the oxidative 
protein modification intensity in patients with 
choledocholithiasis. Therefore, the aim of this 
study is to examine the connection between 
cholestatic markers and the oxidative protein 
modification intensity in patients with choledo-
cholithiasis. 

Patients and methods 
 
The study included 70 subjects divided into 

two groups: the choledocholithiasis group (CHDL) 
- 40 patients with obstructive jaundice caused by 
choledocholithiasis and the control group - 30 
healthy individuals. 

The patients with extrahepatic cholestasis 
due to mechanical obstruction caused by choledo-
cholithiasis were included in the study. The obs-
truction of biliary ducts caused by other factors 
was not considered.  

The diagnosis of obstructive icterus was 
made according to anamnestic data, clinical features, 
and biochemical and ultrasound examination of 
biliary ducts. For the ultrasound examination of 
biliary ducts in the supine position, Sono et Medison 
Co. Ltd ultrasound was used.  

All the patients were anamnestically and 
clinically observed at the Internal Department of 
Military Hospital in Niš, Serbia. Basic biochemical 
indicators and parameters of oxidative stress 
were determined in Biochemical Laboratory of 
Military Hospital in Niš and the Laboratory of the 
Biochemistry Institute at the Faculty of Medicine 
in Niš.  

All the patients with choledocholitiasis were 
tested in the first three days since the occurrence 
of cholestasis syndrome and before surgery or 
endoscopic retrograde cholangiopancreatography 
(ERCP) with papillotomy. 
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Table 1. The results of laboratory parameters in control group and patients with choledocholitiasis 
 

Parameter Control CHDL 
Alkaline phosphatase (U/L) 81.4±37.7 385.0±459.0*** 
γ-glutamyl transferase (U/L) 24.1±6.0 364.0±382.0*** 
Total bilirubin (mmol/L) 9.5±2.8 123.2±101.1*** 
Direct bilirubin (mmol/L) 3.01±1.09 55.1±39.4*** 
Indirect bilirubin (mmol/L) 6.6±2.4 73.6±61.8*** 
Carbonyl groups (µmol/g protein) 5.7±1.8 8.8±3.0*** 

***p < 0.001 compared to the control 
 

Table 2. Correlation between biochemical parameters of cholestasis with the intensity of oxidative modification of 
proteins in the control group and the patients with choledocholitiasis 

 

Parameter Control 
correlation with CG ( r ) 

CHDL 
correlation with CG ( r ) 

Alkaline phosphatase (U/L) 0.05 0.16 
γ-glutamyl transferase (U/L) 0.24 0.07 
Total bilirubin (mmol/L) 0.02 0.41* 
Direct bilirubin (mmol/L) 0.1 0.49** 
Indirect bilirubin (mmol/L) -0.04 0.41* 

r – Pearson's correlation coefficient 
*p < 0.05; **p < 0.01 compared to the control 
 
Participants of both groups did not differ in 

gender and age structure. Out of the total 
number of studied subjects, 37 (53%) were men 
and 33 (47%) women. The average age of the 
patients was 58.8±15.9 years. 

 
Biochemical analysis  
 
Cholestasis parameters: activity of γ-glutamyl 

transferase (γ-GT), alkaline phosphatase (AP) 
and the level of bilirubin were determined. The 
previously mentioned biochemical parameters 
were determined by the ready tests produced by 
Ellitech Company, on the biochemical analyzer 
BTS–370 (Bio–system).  

Assessment of oxidative protein modifi-
cation products in form of carbonyl groups (CG), 
was made by using a colorimetric reaction with 
2,4 dinitrophenyl-hydrazine (2,4 DNPH) and TCA 
(7). Assessment of carbonyl groups in amino acid 
residue is an important marker of oxidative 
protein modification. Concentration of carbonyl 
groups was expressed in µmol/g plasma protein.  

 
Statistical analysis  
 
The data were analyzed by means of the 

commercially available statistic software package 
(SPSS® for Windows, v. 9.0, Chicago, USA) 
using the Student’s t-test and Chi-square test. 
The results were presented as means ±/SD. 
Statistical significance was set at p<0.05. To 
determine the correlation of biochemical markers 
of cholestasis with the intensity of oxidative 
modification of proteins the Pearson's correlation 
coefficient (r) was used.  

 
Results 
 
The level of cholestasis, measured via bio-

chemical indicators, and the intensity of oxidative 

modification of proteins measured in the form of 
CG are shown in Table 1.  

Using statistical analysis of data, the following 
was shown: significant increase (p<0.001) of alcal 
phosphatase, γ–GT, as well as the increase in 
total, direct and indirect levels of plasma bilirubin 
in patients with extrahepatic cholestasis caused by 
choledocholithiasis. Intensity of oxidative protein 
modification was followed by a change in levels of 
carbonyl groups, which were statistically significantly 
higher in patients with choledocholithiasis (p<0.001) 
compared to the control group of patients.    

The correlation of biochemical parameters 
of cholestasis with the intensity of oxidative 
modification of proteins in the patients with 
choledocholithiasis is shown in Table 2. 

The concentration of total (r=0.41, p<0.05), 
direct (r=0.49, p<0.01) and indirect (r=0.41, 
p<0.05) biliruin was in statistically significant 
positive linear correlation with the intensity of 
oxidative modification of proteins, while the other 
biochemical markers of cholestasis did not show 
such corre-lation. 
 

Discussion  
 
The cholestatic markers, as well as CG levels, 

were statistically significantly increased in group 
of patients with choledocholithiasis compared to 
control group (Table 1). Conducted research con-
firmed results presented by other authors about 
increased inflammation, cholestasis and oxidative 
protein modification in patients with choledo-
cholithiasis (3-5). 

Experimental literary data show that the 
increase of carbonyl groups level is followed by 
biliar duct proliferation and neutrophil infiltration, 
and therefore represents an important patho-
physiological mechanism for increased oxidative 
stress in patients with choledocholithiasis (8,9). 
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Obstructive jaundice and endotoxemia cause 
the expression of hemostatic factors and an increase 
in liver/biliar tract – infiltrating neutrophils. Cascade 
reaction in which neutrophils have a leading role 
is a source of a great amount of free radicals 
which lead to damage of aforementioned struc-
tures and an increase in carbonyl groups concen-
tration (10,11).  

Noted in this research is a connection 
between total, direct and indirect bilirubin and 
CG, while other cholestatic markers did not present 
with such connection. Laboratory research indicates 
a significant bond between obstructive jaundice and 
immune function, especially in experimental models 
with biliar obstruction. Mice with ligated bile ducts 
have increased expression of toll-like receptors 
(TLR) 4 and increased level of hepatotoxic cytokines, 
such as tumor necrosis factor alfa (TNF-a), as well 
as the increased level of protective anti-inflam-
matory cytokines (interleukin-6), as a response to 
endotoxic effect. Laboratory research shows that 
bilirubin and other hem metabolic products are 
closely connected to inflammatory response and 
risk of infection (12).  

Obstructive jaundice induces intestinal oxi-
dative stress in people, which may be the key 
factor in intestinal barrier loss and development 
of septic complications in these patients (13).  

It is presumed that hydrophobic bile acid, 
withheld in hepatocytes during cholestasis, induce 
production of reactive oxygen radicals (ROS) in 
mitochondria, which leads to lipid peroxidation and 
loss of liver cells vitality. There is experimental 
proof that hydrophobic bile acid stimulates 
production of ROS in isolated liver cells and in 
purified mitochondria in rat hepatocytes (14). 
Bile acid may disturb transport of electrons in 
respiratory chain and therefore lead to ″leakage″ 
of electrons in the third complex of respiratory 
chain (ubiquinone), thus stimulating the formation 

of superoxid anion radicals (O2-) and their meta-
bolites (15). 

In cholestatic conditions, bile acid cause 
change in mitochondrial membrane permeability 
(MPT), and consequently lead to loss in mito-
chondrial membrane potential (ΔΨm), therefore 
interrupting respiratory chain and inhibiting ATP 
synthesis. Complete chain of reactions that poten-
tially change mitochondrial membrane permeability 
is a result of ROS production, which are the main 
stimulating factors in hepatocyte necrosis and 
apoptosis (16). Yerushalmi et al. (17) noted that 
even relatively low concentration of bile acid leads 
to oxidative stress in hepatocytes, and also noted a 
significant positive linear correlation between apop-
tosis and magnitude of oxidative stress.  

Lately, there have been numerous clinical 
cases in which patients with cholestasis have lethal 
hepatocyte damage due to increased concentration 
of hydrophobic bile acid that induce apoptosis. 
Apoptosis is a form of cellular death, followed by 
numerous morphological and biochemical changes 
and it represents a form of „programmed cellular 
death”. Mitochondrial dysfunction and loss of mito-
chondrial membrane potential can be an important 
mechanism that stimulates cholestatic bile acid 
induced apoptosis of hepatocytes (18).  

 
Conclusion 
 
Based on the results of this research, we can 

conclude that total, direct and indirect bilirubin 
show a significant positive correlation with oxidative 
protein modification, assessed through levels of 
carbonyl groups, in patients with choledocho-
lithiasis.  

Hyperbilirubinemia analyzed in this manner 
represents an important parameter that can 
additionally clarify pathophysiological aspects of 
liver tissue damage in choledocholithiasis, and 
can also be treated as a prognostic factor for 
existing liver oxidative stress. 
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POVEZANOST MARKERA HOLESTAZE SA INTENZITETOM OKSIDATIVNE 
MODIFIKACIJE PROTEINA KOD BOLESNIKA SA HOLEDOHOLITIJAZOM 

 
Zoran Damnjanović, Milan Jovanović, Aleksandar Nagorni, Dušan Sokolović, 
Milan Radojković, Goran Damnjanović, Boris Đinđić, Dragutin Grozdanović, 

Mlađan Golubović 
 
 
Cilj ovog istraživanja bio je ispitati povezanost markera holestaze sa oksidativnom 

modifikacijom proteina kod bolesnika sa holedoholitijazom. Svi ispitanici sagledani su 
klinički, laboratorijski i ultarzvučno na Internom odeljenju Vojne bolnice Niš u Srbiji. 
Parametri oksidativnog stresa, karbonilne grupe, merilo oksidativne modifikacije proteina i 
biohemijski marker holestaze ispitivani su standardnim biohemijskim metodama. Koncen-
tracija totalnog (r=0.41, p<0.05), direktnog (r=0.49, p<0.01) i indirektnog (r=0.41, 
p<0.05) bilirubina pokazala je statistički značajnu pozitivnu linearnu korelaciju sa 
intenziteteom oksidativne modifikacije proteina, dok ostali biohemijski parametri 
holestaze nisu pokazali takvu povezanost. Na osnovu nivoa karbonilnih grupa, totalni, 
direktni i indirektni bilirubin pokazuje značajnu povezanost sa oksidativnom modifi-
kacijom proteina kod bolesnika sa holedoholitijazom. Acta Medica Medianae 2014;53(1): 
10-14. 

 
Ključne reči: holestaza, intenzitet oksidativne modifikacije proteina,  holedoholitijaza 
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