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The aim of this study was to examine the relationship of inflammatory parameters, lipid 

peroxidation and oxidative modification of proteins with ultrasound findings of biliary tract in 
patients with choledocholithiasis. The study included 70 subjects divided into two groups: the 
choledocholithiasis group (CHDL)-40 patients with obstructive jaundice caused by choledo-
cholithiasis and the control group-30 healthy individuals. All the patients were anamnestically 
and clinically observed at the Internal Department of Military Hospital in Niš, Serbia.  

The values of MDA were not significantly correlated with the degree of dilatation of 
intrahepatic and extrahepatic bile ducts, while the values of carbonyl groups showed a sig-
nificant correlation with the degree of dilatation of intrahepatic bile ducts (p < 0.05). Dilatation 
of bile ducts was not significantly associated with inflammation and lipid peroxidation, however, 
oxidative modification of the protein showed a significant positive correlation with dilatation of 
the intrahepatic bile ducts. 
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Introduction 
 
Procedures used in the morphological diagno-

sis of extrahepatic caused obstructive jaundice are: 
ultrasonography (US), computed tomography (CT), 
magnetic resonance (NMR) and magnetic cholangio-

graphy (MRCP). Direct visualization of the biliary 
tract, either with cholangiopancreatography (ERCP) 
or percutaneous transhepatic cholangiography (PTC) 
is still the gold standard in the presentation of the 
biliary tract (1). Ultrasound as the cheapest, safest 

and most sensitive technique for displaying hepato-
biliary-pancreatic system represents an ideal screen-
ing method. This method is valid for discovering the 
cause of extrahepatic cholestasis in a wide variety of 

etiological cause. Extrahepatic obstruction suggests 
a dilatation of extrahepatic bile ducts, but displaying 
normal extrahepatic bile ducts cannot totally exclude 
the presence of obstruction (2). 

Inflammation, cholestasis and oxidative stress 
are following disorders of choledocholithiasis (3-5). 
Previous studies in patients with choledocholithiasis 

showed a positive correlation between the number 
of monocytes and the activities of aspartate transa-
minase (AST), hyperbilirubinemia, and fibrinogen 
and albumin and alanine transaminase (ALT), while 

a negative correlation was observed between albu-
min and alkaline phosphatase (AP) (6). Significant 

positive correlation between the total, direct and in-
direct bilirubin with oxidative modification of proteins 
was proven, whereas neutrophils and the levels of 
total, direct and indirect bilirubin evaluation showed 
a significant positive correlation with lipid peroxida-
tion (7, 8). 

There are no literature data that show the 

correlation of the parameters of inflammation and 
oxidative stress with ultrasound findings of biliary 
tract in patients with choledocholithiasis. Therefore, 
the aim of this study was to examine the correlation 
of inflammatory parameters, lipid peroxidation and 
oxidative modification of proteins with ultrasound 
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findings of biliary tract in patients with choledocho-

lithiasis. 

 
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 choledocho-
lithiasis were included in the study. The obstruction 
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 a Sono et Medison Co. Ltd. 
ultrasound was used. Based on ultrasound, exami-

nation was performed to evaluate the level of bile 
duct dilatation in two categories: dilatation of extra-
hepatic bile duct (DEBD) and dilatation of intrahe-
patic bile ducts (DIBD). 

All the patients were anamnestically and cli-
nically 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 Bioche-
mistry Institute of 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 endo-
scopic retrograde cholangiopancreatography (ERCP) 
with papillotomy. 

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  
 
Inflammatory and cholestatic parameters: ac-

tivity of γ-glutamyltransferase (γ-GT), alkaline phos-

phatase, level of total, direct and indirect bilirubin, 
aspartate aminotransferase, alanine aminotransfe-

rase, albumin (Alb), fibrinogen (Fib), C-reactive pro-
tein (CRP), leukocytes (Leu), lymphocytes (Ly), mo-
nocytes (Mo) and granulocytes (Gr). The previously 
mentioned biochemical parameters were determined 
by the ready tests produced by Elitech Company, on 

the biochemical analyzer BTS–370 (Biosystem).  
Assessment of oxidative protein modification 

products in form of carbonyl groups (CG), was made 
by using a colorimetric reaction with 2,4-dinitrophe-
nylhydrazine (2,4 DNPH) and TCA (9). Assessment 
of carbonyl groups in amino acid residue is an im-

portant marker of oxidative protein modification. 

Concentration of carbonyl groups was expressed in 

μmol/g plasma protein.  
The intensity of lipid peroxidation in the 

plasma was measured spectrophotometrically, and 
based on the thiobarbituric response products as 
described by Ohkawa et al. (10). Malondialdehyde 

(MDA - lipid peroxidation end product) concentration 
was expressed as μmol/l, using the MDA molecular 
absorbance coefficient (1.56 x 10-5 mol cm-1). 

 
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 signi-
ficance was set to p < 0.05. To demonstrate the 
correlation between the parameters of inflammation 
and oxidative stress with ultrasound findings of the 

biliary tract in patients with choledocholithiasis 
Pearson's correlation coefficient was used (r). 

 
Results 
 
The results of laboratory parameters in con-

trol group and patients with choledocholitiasis are 
shown in Table 1. 

Statistically significant difference of albumin 
(p < 0.001) and higher values of fibrinogen (p < 
0.05) and CRP (p < 0.001) were in the group of 
patients with choledocholithiasis compared to the 

control group. Higher values of leukocytes (p < 0.01) 

and granulocytes (p < 0.001), with a decrease in 
the number of lymphocytes (p < 0.001), and mo-
nocytes (p < 0.001) were found in the group of pa-
tients with choledocholithiasis compared to the con-
trol group. Intensity of oxidative protein modification 
was followed by a change in the levels of carbonyl 
groups, which were statistically significantly higher 

in patients with choledocholithiasis (p < 0.001) com-
pared to the control group of patients. The values of 
MDA were significantly increased (p < 0.001) in pa-
tients with extrahepatic cholestasis caused by chole-
docholithiasis, compared to the control group.  

Correlation between indicators of inflamma-

tion and oxidative stress with ultrasound findings of 
the biliary tract in patients with choledocholithiasis is 

shown in Table 2.  
In patients with choledocholithiasis, dilatation 

of intra and extrahepatic bile ducts did not signi-
ficantly correlate with the systemic indicators of in-
flammation. The values of MDA were not signifi-

cantly correlated with the degree of dilatation of in-
trahepatic and extrahepatic bile ducts, while the 
values of carbonyl groups showed a significant cor-
relation with the degree of dilatation of intrahepatic 
bile ducts (p < 0.05). 
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Table 1. The results of laboratory parameters in the control group and patients with choledocholitiasis 

 
 

Parameter Control CHDL 

Albumin (g/l) 46.1  4.3 36.7  6.6*** 

Fibrinogen (g/l) 3.5  1.1 5.1  1.2* 

C-reactive protein (mg/dl) 4.7  1.3 11.2  7.1*** 

Leukocytes (G/l) 6.1  1.4 9.9  6.3** 

Lymphocytes (%) 28.8  9.4 15.3  8.2*** 

Monocytes (%) 8.5  3.0 5.2  3.9*** 

Granulocytes (%) 62.2  8.9 79.4  10.6*** 

MDA (μmol/l) 21.6  2.0 51.2  8.6*** 

Carbonyl groups (mol/g protein) 5.7  1.8 8.8  3.0*** 

*p < 0.05; **p < 0.01; ***p < 0.001 compared to the controls 

 
 

 
Table 2. Correlation between indicators of inflammation and oxidative stress,  

and ultrasound findings of biliary tract in patients with choledocholithiasis 

 

*p < 0.05 

 
 
 

 

Discussion 

 
In patients with obstructive jaundice, ultra-

sonography is the first and widely accepted method 
for displaying dilated intrahepatic bile ducts. Ultra-
sonography is very reliable in detecting the level of 
obstruction, and in most cases is able to identify the 
reason of obstruction (11). Recent years have deve-
loped new methods in the review of patients with 
diseases of the gall bladder and bile ducts. One of 
them is intraoperative ultrasonography, which can 
clearly see the invasion of the gallbladder and asso-
ciated blood vessels in the case of tumors, and 
define the difference between intraluminal and extra 

luminal tumors (12). Lipid peroxidation of unsatu-
rated fatty acids associated with free radicals is 
adverse and negative process that leads to the 
damage of lipid membranes of cells. It may disrupt 
the regulation of membrane fluidity and permeability 
of the plasma membrane of hepatocytes (13). Lipid 
peroxidation products such as hydro peroxides of 
unsaturated fatty acids, short chain hydrocarbons 
and aldehydes (MDA), possess a pronounced cyto-
toxic effect (14). MDA toxicity is based on its ability 
to act as a mutagenic agent is in a cell (15). 

Oxidative modification of the protein and 
amino acids by free radicals is caused by the reac-
tion of the side chains of amino acid residues of their 

Parameter DIBD DEBD 

Albumin (g/l) 0.124 0.107 

Fibrinogen (g/l) -0.239 -0.247 

C-reactive protein (mg/dl) 0.162 -0.041 

Leukocytes (G/l) -0.353 0.072 

Lymphocytes (%) 0.176 -0.011 

Monocytes (%) 0.165 -0.017 

Granulocytes (%) -0.201 0.008 

MDA (μmol/l) -0.15 0.01 

Carbonyl groups (mol/g protein) 0.4* 0.11 
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breaking away, or the fragmentation of the protein 
in the conversion of higher molecular form (16). The 
degree and type of oxidative damage, and therefore 
the consequences, depend on the affinity of free 
radicals to certain classes of biomolecules. In parti-
cular, the oxidations of sensitive amino acids are 
methionine and cysteine. As the largest oxidation 
number of mechanisms leading to the formation of 
carbonyl group, and this group is most often used as 
a marker of oxidative damage to proteins (17). 

Due to these characteristics of oxidative 
stress markers, the objective of this study was to 
determine the correlation of MDA and carbonyl 
groups with ultrasound findings of dilatation of the 
bile ducts. The fact is that we have developed many 
methods for determining these parameters of oxida-
tive stress, which does not require special and ex-
pensive equipment and can be implemented in 
standard-equipped laboratories, and the determi-
nation of their serum levels could be part of routine 
biochemical diagnostic algorithm in patients with 
choledocholithiasis (18). 

Results of the research showed that the dila-
tation of intrahepatic and extrahepatic bile ducts did 
not significantly correlate with the systemic indica-
tors of inflammation in the blood plasma. Also, the 
results of our study did not show a clear correlation 
between the values of the parameters of oxidative 
stress, and degree of dilatation of the biliary tree. 
Higher values (p < 0.05) of carbonyl groups in pa-

tients with dilatation of intrahepatic bile ducts were 
statistically significant. Possible explanation of this 
finding is persistent cholestasis in these patients, 
which led to the complete dilatation of the biliary 
tree and the consequent damage or oxidative stress 
of hepatocytes, which resulted in the increased pro-
duction of carbonyl groups. 

Dilatation of only extrahepatic bile ducts in 
the initial stage of biliary obstruction is likely still not 
enough for functional impairment of the liver pa-
renchyma in the direction of oxidative stress. Also, 
because of its specificity, determining MDA and car-
bonyl groups could be useful in detecting and de-
termining the intensity of eventually present cholan-
gitis in patients with choledocholithiasis. This finding 
points to the importance of the earliest possible re-
solution of cholestasis in order to prevent paren-
chymal damage or justification for timely preventive 
hepatoprotective therapy. 

 
Conclusion 
 
In patients with choledocholithiasis, ultra-

sound diagnosis of dilatation of bile ducts was not 

significantly associated with inflammation and lipid 
peroxidation, however, oxidative modification of the 
protein showed a significant positive correlation with 
dilatation of the intrahepatic bile ducts. 
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Cilj ovog istraživanja bilo je ispitati povezanost inflamatornih parametara lipidne 

peroksidacije i oksidativne modifikacije proteina sa ultrazvučnim nalazom bilijarnog trakta kod 
bolesnika sa holedoholitijazom. Istraživanje je obuhvatilo 70 ispitanika podeljenih u dve 
grupe: grupa bolesnika sa holedoholitijazom (CHDL) – 40 bolesnika sa opstruktivnom žuti-
com, izazvanom holedoholitijazom; i kontrola grupa – 30 zdravih dobrovoljaca. Svi bolesnici 
su anamnestički i klinički sagledani na Internom odeljenju Vojne Bolnice u Nišu (Srbija). 
Vrednost MDA nisu bile značajno povezane sa stepenom dilatacije intrahepatičnih i ekstra-
hepatičnih žučnih puteva, dok su vrednosti karbonilnih grupa pokazale značajnu korelaciju sa 
stepenom dilatacije intrahepatičnih puteva (p < 0,05). Dilatacija žučnih puteva nije bila 
značajno povezana sa inflamacijom i lipidnom peroksidacijom, dok je oksidativna modifikacija 
proteina pokazala značajnu pozitivnu povezanost sa dilatacijom intrahepatičnih žučnih puteva. 
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