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 Background: The aim of this study was to evaluate the plasma concentrations of malondialdehyde (MDA) and nitric oxide 
(NO) and the plasma activities of oxidant and antioxidant enzymes in patients with IBS.

 Material/Methods: A total of 36 patients with IBS were included in the study. Thirty-five healthy subjects were selected to form 
the control group. Superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), xanthine ox-
idase (XO), adenosine deaminase (AD) activities, and malondialdehyde (MDA) and nitric oxide (NO) concentra-
tions were studied in the serum samples of all patients and controls.

 Results: Plasma XO and AD activities, and MDA and NO concentrations were significantly higher in IBS patients than in 
controls. The SOD, CAT, and GSH-Px activities in the serum of patients with IBS were significantly lower than 
that of controls.

 Conclusions: These results suggest that lipid peroxidation and alterations in the oxidant-antioxidant enzymatic system may 
play a role in the pathogenesis of IBS. Increased lipid peroxidation in IBS may be related to an increase in NO 
level and XO activity and a decrease in antioxidant enzymes activities. In addition, increased AD activity may 
have a role in immunological changes of IBS patients.
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Background

Irritable bowel syndrome (IBS or spastic colon) is a common 
gastrointestinal (GI) disorder that affects 5–20% of individu-
als worldwide [1]. It occurs more often in women than in men, 
and is more commonly diagnosed in patients younger than 50 
years of age [2]. IBS is a symptom-based diagnosis character-
ized by chronic abdominal pain, diarrhea, constipation, dis-
comfort, bloating, and a change in bowel habit. Some patients 
complain of daily symptoms, while others present with inter-
mittent symptoms at intervals of weeks or months. IBS is a 
disease with a high social cost, as it considerably reduces the 
quality of life. Although environment, social learning, diet, in-
testinal microbiota, low-grade inflammation and disturbances 
in the enterochromaffin cell function, and genetical factors (es-
pecially some gene polymorphism) are considered as etiopatho-
genic causes of IBS, the exact cause remains unknown [3,4].

Reactive oxygen species (ROS), including superoxide, hydroxyl, 
hydrogen peroxide, singlet oxygen, and nitric oxide are gener-
ated by cells in some physiological and pathological circum-
stances. ROS can react with all macromolecules, such as lipids, 
proteins, nucleic acids, and carbohydrates, particularly polyun-
saturated fatty acids on the cell membrane. After the begin-
ning of an initial reaction with ROS, a continuing chain reac-
tion is started and cell injury and, ultimately, cell death, occurs. 
ROS-initiated oxidative stress can be regulated by the antiox-
idant defense system, which includes enzymatic and nonen-
zymatic antioxidants. Superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase are enzymes that have an-
tioxidant properties. Vitamin E, vitamin C, and flavonoids are 
nonenzymatic antioxidants. Clinical and experimental stud-
ies have reported the role of oxidative stress in inflammato-
ry bowel disorders [5].

To our knowledge, there are no clinical studies in the litera-
ture about oxidative stress in patients with IBS. In the present 
study, we evaluated the plasma concentrations of malondial-
dehyde (MDA) and nitric oxide (NO) and the plasma activities 
of oxidant and antioxidant enzymes in patients with IBS and 
in age- and sex-matched healthy controls to investigate the 
role of oxidative stress in the pathogenesis of IBS.

Material and Methods

Patients and controls

The study included 36 patients (19 females, 17 males; age 
range: 18–62 years) who had applied to Namık Kemal University 
Faculty of Medicine, Department of Gastroenterology, and were 
diagnosed with IBS using the Rome III criteria and had no alarm 
symptoms, no chronic disease history, and had macroscopically 

normal colonoscopy/upper gastrointestinal system endoscopic 
findings. There were 35 control patients (19 females, 16 males; 
age range: 18–63 years) who had no history of chronic dis-
ease or drug use, who were undergoing colonoscopy for rea-
sons not related to IBS (familial colorectal cancer screening or 
investigation of anemia), and who had macroscopically nor-
mal colonic mucosa. The study was carried out in accordance 
with the Declaration of Helsinki II with approval of the ethics 
committee of Namık Kemal University Faculty of Medicine. All 
participants were informed about the study protocol and writ-
ten consent was obtained from each of them.

Exclusion criteria were alcohol and substance abuse or de-
pendence, presence of severe organic disorders, use of any 
antioxidants like vitamin E or C, presence of gastroenterolog-
ical disorder, presence of infectious and viral disease, and ex-
cessive obesity.

Biochemical analysis

Measurement of plasma XO activity

XO activity was assayed spectrophotometrically at 293 nm and 
37°C with xanthine as substrate [6]. The formation of UA from 
xanthine results in increase in absorbency. One unit of activi-
ty was defined as 1 mol of UA formed per minute at 37°C, pH 
7.5, and expressed in U·l–1.

Measurement of plasma AD activity

AD activity was estimated spectrophotometrically by the meth-
od of Giusti [7], which is based on the direct measurements of 
the formation of ammonia, which is produced when AD acts 
in excess of adenosine, and expressed in U·l–1.

Measurement of plasma NO level

As NO measurement is very difficult in biologic specimens, sam-
ple nitrite and nitrate concentrations are used as an index of 
NO production. The method was based on the Griess reaction 
[8]. Samples were initially deproteinized with Somogyi reagent. 
Total nitrite (nitrite + nitrate) was measured after conversion 
of nitrate to nitrite by copperized cadmium granules by a spec-
trophotometer at 545 nm. A standard curve was established 
with a set of serial dilutions of sodium nitrite. Linear regression 
was performed by using the peak area from the nitrite stan-
dard. The resulting equation was then used to calculate the un-
known sample concentrations. Results are expressed as µmol·l–1.

Measurement of plasma MDA level

In the samples, MDA concentrations were determined using 
the method of Draper and Hadley [9], based on the reaction 
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of MDA with thiobarbituric acid (TBA) at 95°C. In the TBA test 
reaction, MDA and TBA react to form a pink pigment with an 
absorption maximum at 532 nm. The reaction was performed 
at pH 2–3 at 95°C for 15 min. The sample was mixed with 2.5 
volumes of 10% (w/v) trichloroacetic acid to precipitate the 
protein. The precipitate was pelleted by centrifugation and an 
aliquot of supernatant was reacted with 0.67% TBA in a boil-
ing water bath for 15 min. After cooling, the absorbance was 
read at 532 nm. Arbitrary values obtained were compared with 
a series of standard solutions (1,1,3,3 tetramethoxypropane). 
Results are expressed as µmol·l–1.

Measurement of plasma SOD activity

Total SOD (EC 1.15.1.1) activity was determined according to 
the method of Sun et al [10]. The principle of the method is 
based on the inhibition of nitroblue tetrazolium reduction by the 
xanthine – xanthine oxidase system as a superoxide generator. 
Activity was assessed in the ethanol phase of the sample after 
1.0 ml ethanol/chloroform mixture (5/3, v/v) was added to the 
same volume of sample and centrifuged. One unit of SOD was 
defined as the enzyme amount causing 50% inhibition in the 
NBT reduction rate. The SOD activity was expressed as U ml-1.

Measurement of plasma GSH-Px activity

GSH-Px (EC 1.6.4.2) activity was measured by the method of 
Paglia and Valentine [11]. The enzymatic reaction in the tube, 
containing NADPH, reduced glutathione (GSH), sodium azide, 
and glutathione reductase, was initiated by addition of H2O2 
and the change in absorbance at 340 nm was monitored by a 
spectrophotometer. Activity is given as U·l–1.

Measurement of plasma CAT activity

CAT (EC 1.11.1.6) activity was determined according to Aebi’s 
method [12]. The principle of the assay is based on the de-
termination of the rate constant (s−1, k) of the H2O2 decom-
position at 240 nm. Activities are expressed as k (rate con-
stant) per l (k/L).

Statistical analysis

All values are expressed as mean ± standard deviation. SPSS 
for Windows 11.0 was used for statistical analysis. The t test 
was used to estimate the significance between parameters. 
P<0.05 was considered to be significant.

The Minitab program was utilized for power calculation. In the 
sample patient population, n=36 and the impact factor for d=4 
was found to be 80%.

Results

In patients with IBS, significantly higher concentrations of 
plasma MDA and NO concentrations were found compared to 
the control group (P<0.01, and p<0.05, respectively) (Table 1). 
Oxidant enzyme XO activity was increased in the IBS group 
compared to the control group (p<0.01) (Table 1). AD activity 
in patients with IBS was found to be increased compared to 
controls (P<0.01) (Table 1). There was a remarkable decrease 
in SOD, CAT, and GSH-Px activities in patients with IBS com-
pared to control subjects (p<0.001, p<0.01, and p<0.01, re-
spectively) (Table 2).

n Age MDA (µmol/l) NO (µmol/l) XO (U/l)

IBS 36  2.05±0.9  13.53±2.38  1.67±0.41

Control 35  1.55±0.5  11.90±1.71  1.25±0.49

p value p>0.05 p<0.01 p<0.05 p<0.01

Table 1. XO activity, and NO, and MDA levels of serum in IBS patients and controls.

Values are given as mean ±s.d. MDA – malondialdehyde; NO – nitric oxide; XO – xanthine oxidase; IBS – irritable bowel syndrome.

n SOD (U/ml) CAT (k/l) GSH-Px (U/l) AD (U/l)

IBS 36  11.62±3.29  6.27±1.49  49.22±12.57  18.13±5.11

Control 35  14.94±3.03  7.13±1.07  59.06±11.08  14.48±3.33

p value p<0.001 p<0.01 p<0.01 P<0.01

Table 2. Antioxidant enzymes and AD activities of serum in IBS patients and controls.

Values are given as mean ±s.d. SOD – süperoxide dismutase; CAT – katalase; GSH-Px – glutathion peroxidase; AD – adenosine 
deaminase; IBS – irritable bowel syndrome.
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Discussion

To date, measurement/evaluation of antioxidant and antiox-
idant enzyme activities, and nitric oxide and lipid peroxida-
tion product have not been studied in samples of IBS patients 
associated with oxidative stress. In this study, plasma XO ac-
tivity was measured and higher levels of the enzyme activ-
ity were found in patients with IBS in comparison with the 
control group. XO, in the presence of its substrate hypoxan-
thine or xanthine, reduces molecular oxygen to superoxide 
anion radical and hydrogen peroxide, which can further react 
to form the more reactive hydroxyl radical, termed ROS. XO-
derived ROS have been suggested to be critical factors in sev-
eral mechanisms of tissue pathophysiology. IBS represents a 
common digestive system mucosal disease with altered hu-
moral and cellular immunities. Recently, studies have shown 
that inflammatory cytokine levels increased [13] and levels 
of mucosal-soluble mediators such as ZO-1 and levels of ad-
hesion molecules l [14] decreased and also extracellular ma-
trix components, and matrix receptors were reduced [15] in 
the samples of patients with IBS. Schwartz et al. [17] report-
ed that XO-derived ROS contribute to the increased expres-
sion of mRNA for interleukin 1 beta (IL-b) and tumor necrosis 
factor-a (TNF-a), which are both found to be increased in IBS 
samples [13]. In several studies of inflammatory bowel dis-
ease, the role of inflammation as a causative factor of abnor-
mal intestinal motor function has been reported. Inflammatory 
mediators such as IL-1 and H2O2 have been shown to be as-
sociated with altered sigmoid motor dysfunction in ulcerative 
colitis [16]. We suggest that a similar situation is present in 
the intestines of patients with IBS.

In the purine metabolic pathway, AD is an important deaminat-
ing enzyme, which converts adenosine and 2’-deoxyadenosine 
to inosine and 2’-deoxyinosine, respectively. AD is not only a 
cytosolic enzyme, but it can also be found as an ecto-enzyme. 
Plasma AD activity has physiologic functions thought to be re-
sponsible for cellular immunity. AD activates T cells by bind-
ing to surface receptors. In our study, plasma AD activity was 
found to be high, supporting the opinion that cellular immu-
nity plays an important role in the pathogenesis of IBS [13]. 
Furthermore, AD activity can be accepted as an important fac-
tor in some other alterations observed in cellular immunity, 
such as elevation of T cell fractions in peripheral blood, and 
elevation of T cell activity and expression in mucosa in IBS pa-
tients [18]. Increased AD activity, by inducing T cell subtypes, 
may play an important role in the synthesis of proinflamma-
tory cytokines.

A strict correlation is observed between NO production and 
gastrointestinal diseases and it is suggested that elevation 
of NO plays an important role in the pathogenesis of these 
diseases [19,20]. In our study, we found significantly higher 

plasma NO concentrations in IBS patients compared with the 
controls. There are not enough studies in the literature on the 
relation between IBS and NO, and there is no consensus be-
tween the few clinical studies on this subject. While Dykhuizen 
et al. [21] reported that there is no significant change in NO 
level between IBS patients and control subjects, Yazar et al. 
[22] reported an increase in (with constipation) IBS patients. 
Reinders et al. [23], using chemiluminescence technique, also 
found an increase in NO concentrations in rectal mucosa of 
patients with IBS. Although it is not known if AD activity has 
a direct effect on NO synthesis, it is claimed that there is a 
synergistic relationship between adenosine and NO produc-
tion. Because increase in the amount of substrate is one of 
the significant factors increasing enzyme activity, increase in 
AD activity may suggest an increase in the amount of ade-
nosine, which is an AD substrate. Therefore, increase in the 
amount of adenosine might have stimulated NO synthesis. In 
addition, many studies in the literature show that an increase 
in the amount of NO is accompanied by an increase in AD ac-
tivity [25]. NO is a strong inhibitor of smooth muscle contrac-
tion, and high local concentrations of NO has been hypoth-
esized to play an important role in the development of toxic 
mega colon. Hence, high NO concentrations may be one of the 
factors disrupting normal bowel movements in the setting of 
IBS [24]. In our study, it was observed that SOD, CAT, and GSH-
Px activities were significantly lower in the IBS group than in 
the control group. These results suggest that antioxidant sta-
tus against ROS is impaired in IBS. We considered that the de-
creased antioxidant capacities of cells could be responsible for 
the increase in ROS, which may explain the increased level of 
MDA. A search in PubMed did not reveal any clinical studies 
that investigated antioxidant enzyme activities in samples of 
IBS patients, and there is no consensus between the few ex-
perimental studies on this subject. While Mozaffari et al. [26] 
showed by experimental study decreased antioxidant pow-
er of the samples in IBS rats in comparison with the controls, 
Ding et al. [27], in a proteomic analysis of colonic mucosa in a 
rat model of IBS, reported that antioxidant activity (peroxire-
doxin-6) is over-expressed.

Conclusions

These results suggest that lipid peroxidation and alterations 
in the oxidant-antioxidant enzymatic system may play a role 
in the pathogenesis of IBS. Increased lipid peroxidation in 
IBS may be related to an increase in NO level and XO activ-
ity, and a decrease in antioxidant enzyme activities. We be-
lieve our study provides further evidence of the role of ox-
idative and nitrosative pathophysiology in development of 
irritable bowel syndrome and encourages further research 
for the treatment of this disorder with agents targeting these 
complex pathways.
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