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Introduction

The participation of oxidative stress in the
pathogenesis and development of human acute
(AP)(1-3) and chronic(4, 5) pancreatitis (CP) has been
suggested in various reports. The oxidative stress
has also been widely examined in animal models
of pancreatitis - most often cerulean-(6), tauro-
cholate-(7) or alcohol-induced(8) and in vitro models
(pancreatic acinar cell damage)(2, 8,9). In many
organs with high oxygen metabolism, biochemical
reactions that permit the continuity of life produce
reactive oxygen species (ROS) that damage the
cell membrane, DNA and the intracellular
organelles.

Oxidative stress is the resulting condition in
which these harmful molecules cannot be neutral-
ized, and it plays an important role in the
aetiopathogenesis of various diseases(10,11).
Oxidative stability is defined as the equilibrium
between production and elimination of ROS. Any
increase in the formation rate or decrease in the
elimination rate of ROS can cause an imbalance
leading to oxidative stress. Oxidative stress is one
of the primary reasons of tissue injury or molecular
damage in the cells(12).

It has been showed that oxygen free radicals
play an important role in pancreatitis with different
etiologies: biliary, alcoholic, and drug- and/or
xenobiotic-induced pancreatitis(2, 5, 13).
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ABSTRACT

Aim: The aim of this study was to determine the anti-oxidative status of patients with acute pancreatitis and compare with
healthy controls. 

Materials and methods: Thirty patients with acute edematous pancreatitis and thirty healthy volunteers were enrolled in the
study. To determine the anti-oxidative status of patients and healthy individuals, serum total antioxidant status was measured by
using a novel automated method. Blood samples were taken once from the healthy controls and three times from the patients before
treatment, in the third and fifth days of the treatment. 

Results: Total antioxidant capacity of serum was significantly lower in patients with acute edematous pancreatitis than in
healthy persons (P<0.01). The assessment that is made in terms of total antioxidant capacity in patients with acute edematous pan-
creatitis, there were significant differences between before treatment and 3 and 5 days post-treatment values. Whereas, the significant
differences were not detected between 3 and 5 days after treatment. 

Conclusions: Evaluating of total antioxidant status by this novel assay is feasible, and fully automated in patients with acute
edematous pancreatitis. 
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Oxidative stress is also likely to have a central
role in the development of pancreatic inflammation
and the extra pancreatic complications. Antioxidant
activity is known to reflect the altered redox bal-
ance of affected fluids, tissues or organs in several
pathologic states. Plasma is an important vehicle
that can either act as a protective factor for oxida-
tive damage to different blood components or dis-
tribute dietary antioxidants to the rest of the
body(14). Plasma concentrations of antioxidants can
be measured separately in the laboratory, but these
measurements are time-consuming, labour-inten-
sive and costly. Since antioxidative effects of
antioxidant components of plasma are additive, the
measurement of total antioxidant response reflects
the antioxidative status of plasma. We evaluated, in
this study, the total antioxidative status of plasma
by using a more recently developed measurement
method by Erel(15). Using this method, we aimed to
compare total antioxidative status of acute pancre-
atitis patients with healthy controls and also to
evaluate patient’s response to the treatment by
measuring their total antioxidative response in the
third and fifth days of the treatment by using this
novel automated method(16). 

Materials and methods 

This study included a total of 23 PD patients
whSubjects

The study was conducted at the Harran
University Medical Faculty, Departments of General
surgery and Clinical Biochemistry. After having writ-
ten informed consent and the approval of the
Intuitional Review Board, 30 patients with acute ede-
matous pancreatitis and 30 healthy volunteers were
included in this study. Demographic data of all
patients and controls were similar (Table 1).

Acute edematous pancreatitis was diagnosed by
physical examination, clinical routine biochemical
parameters, abdominal ultrasound, and tomography
findings. 

Exclusion criteria
Exclusion criteria included the use of supple-

mental vitamins and iron, smoking, history of dia-
betes mellitus, coronary artery disease, cancer, sys-
temic or local infection, alcohol intake, pregnancy,
concomitant chronic active hepatitis or other well
known liver diseases such as metabolic or autoim-
mune disorders and various infectious states of the
liver.

Samples
Blood samples from the patients before and in

the third and fifth days of the treatment, and from the
controls were withdrawn into tubes containing
EDTA after overnight fasting. Plasma was separated
from cells by centrifugation at 1500 g for 10 min.
The samples were stored at –80 °C until use.

Measurement of the total antioxidant status of
plasma

The total antioxidant status (TAS) was mea-
sured in plasma by using a novel automated colori-
metric method for the total antioxidant response
(TAR) developed by Erel(17).

In this method, the hydroxyl radical, the most
potent biological radical, is produced by the Fenton
reaction, and reacts with the colorless substrate o-
dianisidine to produce the dianisyl radical, which is
bright yellowish brown in color. Upon addition of a
plasma sample, the oxidative reactions initiated by
the hydroxyl radicals present in the reaction medium
are suppressed by the antioxidant components of the
plasma, preventing the color change and thereby pro-
viding an effective measure of the total antioxidant
status of the plasma. The assay results are expressed
as mmol Trolox Eq/L, and the precision of this assay
is excellent, the variation being lower than 3%(17).

Statistical analysis
All data were expressed as mean ± standard

deviation (SD). The significance of difference was
determined using One-Way ANOVA F test. Post Hoc
multiple comparison test LSD was used to compare
the groups with each other. The statistical signifi-
cance was defined as p < 0.05. Data were analyzed
using SPSS® for Windows computing program
(Version 11.0). 

Results

Table 1 and 2 presents the demographic char-
acteristics and laboratory findings of the patients
with acute pancreatitis and the controls. No signifi-
cant differences were found between the groups
regarding demographic characteristics such as age,
sex, and body mass index. All patients included in
the study were hemodynamically stable. There
were no significant differences between the two
groups in terms of pulse, respiratory rate and blood
pressure. Mean Ranson criteria value of the
patients were 2.1: ± 0.83. 
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There were significant differences between the
patients with acute edematous pancreatitis and the
controls regarding to plasma TAS levels (Table 2).
Plasma TAS levels of the patients before treatment
were significantly lower than those of the healthy
persons (P<0.01) (Table 2). Whereas there was no
significant difference between the third- and fifth-
day TAS levels in the patients, there were significant
differences between before treatment and third-day
TAS levels, and between before treatment and fifth-
day TAS levels (respectively; P<0.01, P<0.05).

Discussion

Acute pancreatitis led to various degrees of
interstitial edema, acinar cell damage, hemorrhage
and necrosis. Although the inflammation initiates
in pancreas, the disease may lead to systemic
multi-organ failure. Several factors (complement
activation, cytokines, oxygen free radicals,
ischemia, and auto digestion of pancreatic
enzymes) have been known to be involved in the
pathogenesis of acute pancreatitis, but the role of
these factors remains still unclear. Among them,
oxygen free radicals could damage extracellular
tissue by degrading hyaluronic acid and collagen in

the intercellular matrix and directly attack biologi-
cal membrane through the peroxidation of struc-
turally and functionally important lipids.
Furthermore, they could denature enzymes and
other important proteins, and damage nucleic acid.
In addition, they could indirectly trigger the accu-
mulation of polymorphonuclear (PMN) leukocytes
in the tissue. Activated PMN leukocytes could
secrete various enzymes such as myeloperoxidase
and elastase(18). As a result, the inflammatory reac-
tion accelerated. Moreover, oxygen free radicals
could indirectly stimulate arachidonic acid metabo-
lism with increased production of prostaglandins,
thromboxane, and leukotrienes, and eventually
could lead to micro circular derangement and cel-
lular damage(18).

There are many reports about the mechanism
to production of oxygen free radicals. Xanthine
oxidase, PMN leukocyte, and cytochromes P-450
have been introduced as the source of oxygen free
radicals(18, 19). However, the true sources of oxygen
free radicals have not yet been identified up to the
present(20, 21). Since the first study by Sanfey et al(22),
many studies have demonstrated the role of oxygen
free radicals in the pathogenesis of acute pancreati-
tis in experimental models and patients. Oxygen
free radicals have been known to mediate an
important step in the initiation of acute pancreati-
tis(18). However, there are many limitations on
studying patients with acute pancreatitis in clinical
settings. Because of the nature of their high reac-
tivity, oxygen free radicals are difficult to measure
directly. Direct measurement of oxygen free radi-
cals with electron spin resonance (ESR) technique
was limited to in vitro studies due to short half
time of free radicals and toxicity of compounds(21).
For these reasons, the alternative of measuring sta-
ble metabolites was met with broad acceptance(15).
The measurements of the effects of radical reaction
with biological substances (i.e., lipid peroxides and
changes of glutathione metabolism) and/or body
response to these free radicals called antioxidant
activity, like we did in this study, have replaced the
assessment of oxygen free radicals.

Plasma contains various antioxidant mole-
cules. One of them is proteins, particularly albu-
min, constitute the main antioxidant component of
serum. Free sulfhydryl groups of proteins are
mainly responsible for antioxidant response of
them. It was calculated that proteins compose
about 49% of the measured serum TAS against
potent free radical reactions in healthy persons as
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Parameters Controls(n: 30) AEP (n: 30)

Age (years) 49±12 50±11ns

Sex (Female/male) 9/16 11/14

Body mass index
(kg/m2) 22.5±3.8 21.8±2.9ns

Table 1: Demographic data in controls and acute edema-
tous pancreatitis (AEP) groups.
Values are mean ± SD;
ns = non significant

Controls
(n: 30)

AEP
(n: 30)  

AEP (3rd day)
(n: 30)  

AEP (5th day)
(n: 30)  

TAS
(mmol Trolox Eq/L) 2.15±0.33a** 1.83 ± 0.3a**,b**,c* 1.44± 0.28b**,d ns 1.47± 0.19c*,d ns

Table 2: Total Antioxidant Status (TAS) in controls and
acute edematous pancreatitis (AEP) groups.
a: Difference between control and patient groups
b: Difference between patient groups in the 1st and 3rd days 
c: Difference between patient groups in the 1st and 5th days
d: Difference between patient groups in the 3rd and 5th days
ns = non significant 
*** = P<0.001
** = p<0.01
* = p<0.05



cited by Aslan et al(24). The others are uric acid and
bilirubin which serve as potent antioxidants by rad-
ical scavenging and reducing activities. All of these
antioxidants are measured as TAS in our study and
found to be reduced significantly in the patients
with acute pancreatitis compared to the healthy
persons.

The most widely used methods for measure-
ment of plasma TAS are either colorimetric, fluo-
rescence-based, or chemiluminescence(25-27). But
these methods are not appropriate for routine
usage. There is as yet no accepted ‘‘gold standard’’
reference method, but the novel reported assay has
several major advantages over the other currently
available techniques. It is simple and inexpensive,
and can easily be fully automated. It is also reliable
and sensitive, and is not subjected to interference
by commonly occurring serum components such as
bilirubin, serum lipids, and anticoagulants such as
heparin or oxalate(15). Accurate measurements of the
total serum antioxidant response can be obtained in
as little as 10 min, making this assay eminently
suitable for the clinical biochemistry laboratory.

In this study, we have used this novel mea-
surement method to evaluate the extent of oxida-
tive stress in acute pancreatitis patients, and com-
pared these indices with those of healthy volun-
teers. It provides a useful method for the rapid
evaluation of the TAS, a parameter valuable not
only in the diagnosis of this condition, but also for
other disorders involving oxidative stress. In terms
of acute pancreatitis, however, routine measure-
ment of the TAS may provide a useful tool to
assess patient’s oxidative stress status, and in the
determination of an appropriate treatment manage-
ment plan. Routine screening of the TAS during
acute pancreatitis may also prove useful in terms of
early recognition of acute pancreatitis oxidative
stress, which could then be treated with appropriate
dietary supplementation, and more careful follow-
up of patients at risk of developing pancreatitis.
Our findings support previous studies(27-29). The
mentioned reports explain that some components
of antioxidative status are deficient and oxidative
injury occurs in patients with acute pancreatitis.
We determined that the TAS of the patients
decreased.

In the light of these findings it is possible to
conclude that the patients with acute edematous
pancreatitis are exposed to oxidative stress and this
may play a role in the etiopathogenesis of the dis-
ease. The novel assay is rapid, easy, stable, reli-

able, sensitive, inexpensive and fully automated,
and may be used for both diagnosis and follow-up
of these patients. Routine measurement of the TAS
may provide a useful tool to aid in the assessment
of the patient’s oxidative stress status, and in the
determination of an appropriate treatment manage-
ment AP plan. 

In conclusion, detecting plasma TAS levels
during AP as a routine and rapid test may be useful
in the management of disorders coexisting with
oxidative damage
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