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Choledocholithiasis may cause biliary obstruction which leads to hepatocellular injury. Oxidative stress has
been proposed as a possible mechanism involved in this disorder. This study evaluates the oxidative stress
burden in patients with choledocholithiasis and secondary cholestasis, before and after endoscopic
sphincterotomy. Experimental part: Patients diagnosed with choledocholithiasis and secondary extrahepatic
cholestasis were included in the study between January 1st 2016 and October 31st 2016. In all patients
oxidative stress markers were collected within 2 hours before and 48 hours after therapeutic ERCP. Selected
markers were superoxide dismutase (SOD), glutathione peroxidase (GPX) and malondialdehyde (MDA).
The results were compared to those from a group of 40 healthy subjects. Significantly lower concentrations
of SOD (p = 0.03) and GPX (p < 0.0001) activities, associated with an increased level of MDA level (p <
0.0001) were shown in patients before biliary clearance compared with the healthy control group. After
ERCP the only oxidative stress parameter which showed improvement was the SOD specific activity (p =
0.037). This study shows that extrahepatic cholestasis secondary to choledocholithiasis is associated with
increased oxidative stress status. After biliary clearance one oxidative stress marker was significantly
improved (SOD), suggesting a possible antioxidant effect of such procedure.
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Choledocholithiasis is a very common clinical condition,
with a prevalence of about 10% to 20% of patients diagnosed
with symptomatic gallstones [1, 2]. Nevertheless, up to
25% of the bile duct stones could be discovered incidentally
during bile duct surgery [3]. Bile duct stones should be
removed because of their increased risk for development
of complications such as cholangitis, acute pancreatitis or
bile duct obstruction [4]. Consequently, obstructive disease
triggers extrahepatic cholestasis and jaundice, which leads
to hepatocellular injury and inflammation. Extensive
research is dedicated to understanding how extrahepatic
cholestasis is linked to hepatocellular injury and systemic
inflammation [5]. Pathogenically, besides the hepatobilliary transport of toxic organic compounds [6] or the
decrease in cannalicular aquaporin-8 expression, recently
it has been suggested that oxidative stress may also
determine changes in the nature and function of membrane
lipids and embedded proteins of the liver [7, 8] in cholestatic
patients.
Oxidative stress is the condition arising from an
imbalance between toxic reactive oxygen species (ROS)
and antioxidant systems. Such disturbance may lead to
cellular damage either when there is a lack of antioxidant
capacity secondary to impaired production and distribution
of antioxidant molecules [9, 10], or when reactive oxygen
species are overabundant secondary to various pathogenic
causes [11-15]. To date, oxidative stress has been reported
to be implicated in the development and progression of
various conditions [16] including many gastrointestinal
disorders as irritable bowel syndrome, cirrhosis and hepatic
encephalopathy [17, 18], spontaneous bacterial peritonitis
[19], and inflammatory bowel diseases [20].
Although there are previous studies that have aimed to
link oxidative stress to choledocholithiasis [5, 9, 21, 22],
even to date there is still no clear evidence regarding such

pathogenic relationship. It seems that acute biliary
obstruction and secondary cholestasis determines
increased concentrations of bile acids inducing
peroxidation of lipids by stimulation of phagocytes’ activity
in inflammatory cells present after biliary tract obstruction
[23]. This process is associated with production of oxygenderived free radicals and impaired cellular antioxidant
mechanisms [24-26]. At an enzymatic level, cholestasis
has been linked to a decreased activity of antioxidant
enzymes such as superoxide dismutase (SOD),
glutathione peroxidase (GPX) or catalase [22, 27, 28].
In addition to the current studies on patients, similar
aspects were demonstrated also in animal models [5, 29]
which showed that cholestatic liver disease is associated
with increased lipid peroxidation in the kidney, brain and
heart, as demonstrated by the decreased levels of
glutathione or SOD and increased malondialdehyde (MDA)
concentrations.
The aim of our study was to evaluate the oxidative stress
status in patients with choledocholithiasis and secondary
cholestasis, before and after endoscopic sphincterotomy
(ES) with biliary stone clearance.
Experimental part
Materials and method
Patients. The study was performed between January 1st
2016 and October 31st 2016. A total of 35 patients were
included in the study, of which 19 females and 16 males,
aged between 32 and 56 years old, diagnosed with
choledocholithiasis and secondar y extrahepatic
cholestasis, who were referred to the Endoscopy Unit of
the Institute of Gastroenterology and Hepatology, Iasi,
Romania for therapeutic endoscopic retrograde
cholangiopancreatography (ERCP). Inclusion criteria were
positive diagnosis of choledocholithiasis, age over 18, and
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the absence of any concomitant evolutive chronic diseases.
Exclusion criteria were represented by history of smoking
and alcohol abuse, or history consistent of active restrictive
diet. Diagnosis and management plan of choledocholithiasis were previously established clinically, by
abdominal ultrasound, and by magnetic resonance
cholangiography according to the criteria developed by
Maple et al. [30]. The results were compared to those from
a homogenous group of 40 healthy subjects aged between
35 and 60 years old, of which 21 females and 19 males. All
patients signed an informed consent for both ERCP and
study inclusion. The Ethical Committee of the Institute
approved the study which was performed within the rigors
of The Code of Ethics of the World Medical Association,
and taking into account some published models and
guidelines [31 - 33].
Biochemical studies. Blood samples for biochemical
evidence of cholestasis and of oxidative stress markers
were collected within 2 h before and 48 h after therapeutic
ERCP. All blood samples were collected after a minimal
period of 12 h fasting, and immediate centrifugation was
performed. Serum was aliquot into Eppendorf tubes and
stored at -40 degrees centigrade prior to measurement. All
samples were measured in duplicate and average values
were calculated. Oxidative stress markers selected were
SOD and GPX specific activities and MDA levels.
Determination of SOD specific activity
SOD activity was measured by the percentage reaction
inhibition rate of enzyme with a water soluble tetrazolium
dye (WST-1) substrate and xanthine oxidase using a SOD
Assay Kit (FLUKA, 19160) according to the manufacturer’s
instruction. Each endpoint assay was monitored by
absorbance at 450 nm (the absorbance wavelength for
the colored product of WST-1 reaction with superoxide
anions) after 20 minutes of reaction time at 37 degrees
centigrade. The percent inhibition was normalized by mg
protein and presented as SOD activity units.
Determination of GPX specific activity
GPX activity was measured using the GPX cellular
activity assay kit GCP-1 (SIGMA). The kit uses an indirect
method based on the oxidation of glutathione (GSH) to
oxidized glutathione (GSSG) catalyzed by GPX, which is
then coupled with recycling GSSG back to GSH utilizing
glutathione reductase and NADPH. The decrease in NADPH
at 350nm during oxidation of NADPH to NADP is indicative
for GPX activity
Determination of MDA levels
MDA levels were determined by thiobarbituric acid
reactive substances (TBARs) assay as described by Atamer
et al, 2016 [15]. 200 microliters of serum were added and
briefly mixed with 1 mL of trichloroacetic acid at 50%, 0.9
mL of TRIS-HCl (pH 7.4) and 1 mL of thiobarbituric acid
0,.73%. After vortex mixing, samples were maintained at
100 degrees centigrade for 20 min; the samples were then
centrifuged at 3000 rpm for 10 min and the supernatant
read at 532 nm. The signal was read against an MDA
standard curve and the results were expressed as nmol/
mL.
Statistics. From each sample, multiple determinations
were performed, the systematized data representing the
mean of these replicas ± the standard deviation. Statistical
analyses were performed using the t-Student test. The
differences between the control and the exposed samples
being considered significant at p < 0.05 (***p < 0.001 very significant; ** 0.001 < p < 0.005 - significant; *0.01 <
p < 0.05 - less significant; 0.05 < p < 0.5 - not significant).
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Results and discussions
Clearance of bile duct stones was achieved in all
patients. Regarding the specific activity of SOD, firstly it
has been observed a significant group difference (F(2,39)
= 6, p = 0.006), as shown in Figure 1. Post-hoc
comparisons also showed a significant decrease in SOD
specific activity in patients before ES versus controls (p =
0.003). Furthermore, there was a significant increase of
the SOD activity in patients after ES when compared to the
results before ES (p = 0.047). No significant differences
were observed between the patients after ES and the
control group (p = 0.13), suggesting that important SOD
activity modifications may occur as a result of ES and biliary
clearance.

Fig. 1. Superoxide dismutase specific activity in the serum of
control subjects and ERCP patients. The values are mean ± SEM (n
= 40 in control, n = 35 before-ERCP and n = 35 post-ERCP). For
post-hoc analysis **p = 0.003 for patients before ERCP versus the
control group; p = 0.047 for patients after ERCP versus
before ERCP

Fig. 2. Glutathione peroxidase specific activity in the serum of
control subjects and ERCP patients. The values are mean ± SEM (n
= 40 in control, n = 35 before-ERCP and n = 35post-ERCP groups).
For post-hoc analysis **p < 0.006 versus the control group

In what GPX specific activity is concerned, we found
significant differences between our groups (F(2,39) = 6, p
= 0.0063), as shown in Figure 2. Moreover, when we
performed the post-hoc analysis, we observed a significant
decrease in GPX specific activity in both before ES (p =
0.006) and after ES (p = 0.002), as compared to the control
patients. However, no significant differences were
observed in terms of GPX specific activity when we
compared just the study group, before and after ES (p =
0.5).
In the case of the lipid peroxidation marker MDA, we
demonstrated very significant differences between the
study groups and the controls (F(2,39) = 29, p<0.0001),
as shown in Figure 3. Additionally, post-hoc analysis showed
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Fig. 3. Malondiadehyde levels in the serum of control subjects and
ERCP patients. The values are mean ± SEM (n = 40 in control,
before-ERCP and post-ERCP groups). For post-hoc analysis ***p <
0.0001 versus the control group

a significant increase for the MDA levels in both patients
before ES (p<0.0001) and after ES (p<0.0001) when
compared to the control patients. No significant differences
were observed within the study group before and after ES
in terms of MDA levels (p = 0.45).
Our study showed evidence of increased oxidative
stress parameters in patients with choledocholithiasis and
extrahepatic cholestasis before and after ES and biliary
tract clearance, as expressed by decreased serum SOD
and GPX antioxidant activities and increased levels of MDA
as a marker of lipid peroxidation. Furthermore, we
demonstrated a significant increase in the specific activity
of SOD in patients after ES as compared to the results
obtained before ES, suggesting a possible protective effect
of the endoscopic biliary clearance when it comes to the
oxidative stress status of such patients.
A potential correlation between the oxidative stress in
patients with cholestasis and the subsequent inflammatory
process of these patients has been previously suspected
by Copple et al. [5]. Many in vitro and ex vivo studies
showed significant results in this respect, especially in
relationship to the increased lipid peroxidation in the
affected tissues. Jungst et al. [34] has demonstrated that
MDA stimulates secretion of mucin in a concentration
dependent manner in gallbladder epithelial cell cultures.
Moreover, Geetha et al. [35] found clear markers of
increased cellular oxidative stress in gallbladder mucosal
cells from patients who underwent cholecystectomy for
symptomatic gallstones.
MDA levels have clearly been linked to biliary diseases
causing extrahepatic cholestasis [9, 36]. As the end product
of lipid peroxidation, MDA is considered by some authors
the most important marker for oxidative stress [22], and a
positive dynamics of the marker was proved by some in
vivo animal studies with extrahepatic cholestasis through
bile duct ligation (BDL) [36-38]. Such effect is considered
to be a systemic one, as elevated levels of MDA were found
in the kidney, brain and heart in ex vivo models after previous
BLD [29]. Furthermore, elevated levels of MDA together
with reduced total glutathione concentration were
afterwards found also in patients with obstructive
cholestasis [5, 9, 34]. Although our study shows similar
results, it is thought that maximal MDA levels are achieved
after 72 hours as lipid peroxidation is a late event [22, 40],
therefore greater levels of such markers could be showed
even after ERCP and biliar y desobstruction [22].
Nevertheless, MDA levels were characterized by a negative
dynamic towards normal range after resolution of
2174

cholestasis in patients, as a case-control study shows [41].
Such results are consistent also with our findings which
showed a significant increase for the MDA levels in both
patients before and after ES when compared to the control
patients. There are studies assessing some other
thiobarbituric acid reactive substances besides MDA, like
the paraoxonaze-1 (PON-1) activity [21, 42, 43] which
were found to be significantly lower in patients with
cholelithiasis [21].
The results obtained in the case of SOD specific
enzymatic activity could be in a way explained by the fact
that SOD is the first line of defense against oxidative stress
development. Thus, regarding the markers determined by
us, SOD is an essential antioxidant enzyme which
detoxifies the superoxide anion (O2) generated by activated
neutrophils and macrophages, by converting it to hydrogen
peroxide (H2O2). GPX acts further in the extracellular
environment to transform H2O2 into O2 and H2O. Along with
catalase, a cellular active enzyme, SOD and GPX represent
the main markers of antioxidant defense [44]. Not only
SOD and GPX, but also the vitamin E and selenium levels
show similar dynamics secondary to oxidative stress [4446]. Nevertheless, there are some animal studies which
found no difference in GPX activities before and after BDL
[28, 39]. The results of our study are consistent with those
of other clinical studies in both the dynamics of SOD and
GPX [22, 47], the difference being that the other studies
assessed Cu and Zn SOD activities which were afterwards
correlated also with the catalase levels. Therefore, the
increase of SOD could represent a compensatory process
or could suggest a protective effect expressed through a
decrease in the oxidative stress status after ES and biliary
drainage. In this way, the results shown by us could be
more relevant, especially considering the fact that currently
the exact mechanisms of oxidative stress resulting from
cholestasis and the impact of applied therapy are not fully
understood. Nevertheless, given the large volume of data
regarding the oxidative stress implication in cholestasis,
recently there is also an increased interest towards the
possible relevance of antioxidant therapy such as NAcetylcysteine (NAC) to be administered in cholestasis [4851].
Given the fact that our study has shown dynamics of
biochemical parameters suggestive for an increased
oxidative stress status in such patients, this suggests that
antioxidants could be useful in therapy. Thus, there are
recent studies on rats with BDL showing some encouraging
results in this respect, in which substances like clofibrate,
curcumin, thymoquinone or NAC were significantly
associated with improvement of oxidative stress
parameters in such animal models with acute cholestasis.
Clofibrate treatment was proven to restore also protein
levels and consequently to improve hepatic function while
it’s effect on reducing hepatic lipid peroxidation was
potentially connected with the activity of liver fatty acid
binding protein [52, 53]. On the other hand, the protective
effect of curcumin on the systemic cholestasis-induced
injury was primary related to the decrease in tumor
necrosis factor-alpha levels [54]. NAC has been shown to
improve both biochemical parameters like AST or alkaline
phosphatase and oxidative stress parameters like
malondialdehyde, luminol or glutathione in animal models
with acute cholestasis similary to it’s effects proven in
patients [51, 55], so that NAC is to date used off-label in
patients with cholestasis-induced hepatotoxicity. Not the
least, also thymoquinone was proven to maintain the
activity of antioxidant pathways reducing liver oxidative
damage by inhibition of ductular proliferation, in this way
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being potentially useful in conservation of liver function in
acute cholestasis [56]. Similar antioxidant effects were
also obtained related to hyperbaric oxygen aplication which
has been shown to attenuate cholestasis-induced oxidative
injury, liver damage, bile duct proliferation, and fibrosis in
animal models [57-60]. A more complex process
secondary to reducing oxidative stress was shown in a
study on Ganoderma lucidum which has been proven to
protect against nucleic acid damage in BDL rats with
obstructive jaundice [57]. Furthermore, sulfasalazine has
been linked with decreased neutrophil accumulation and
subsequent lipid peroxidation in BDL rats with
lipopolysaccharide-induced sepsis [61-63], showing
promising perspectives for future studies on the infectious
complications in acute cholestasis.
As shown both in animal models and clinical studies,
patients with extrahepatic cholestasis are exposed to
elevated levels of oxidative stress and the increased
inflammatory status may play an important role in the
progression of the oxidative processes [64-66].
Consequently, biliary clearance after therapeutic ERCP
leads to a decrease in this enzymatic burden and
subsequently, as our findings suggest, to a milder oxidative
exposure. Clearer results on a potential normalization of
the oxidative stress parameters after therapeutic ERCP
could be obtained with a longer enzymatic follow-up period.
Our study showed several strengths of which the
prospective and controlled methodology with thorough
exclusion criteria are the most consistent, and certain
limitations as the relatively small number of patients
included and the short follow-up period.
Conclusions
Our study indicated that extrahepatic cholestasis
secondary to choledocholithiasis is associated with
increased oxidative stress status. A significant increase in
the specific activity of SOD in patients after ES as compared
to the results obtained before ES, suggests a possible
antioxidant effect of such procedure. Nevertheless, we
showed evidence of increased oxidative stress parameters
in patients with extrahepatic cholestasis before biliary
clearance expressed by decreased serum SOD and GPX
antioxidant activities and increased levels of MDA as a
marker of lipid peroxidation.
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