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Crohn’s disease (CrD) and ulcerative colitis (UC), known 
collectively as inflammatory bowel disease (IBD), are auto 
immune‑like disorders characterized by chronic, idiopathic 
inflammation of the intestinal mucosal tissue, which 
causes arrange of symptoms including abdominal pain, 
severe diarrhea, rectal bleeding and wasting.[1,2] IBD tends 
to emerge in late childhood, occurs primarily in immuno 
competent individuals and is most prevalent in westernized 
regions of the world.[2,3] CrD and UC are distinguished 

by the tissues affected: CrD can affect any region of the 
gastrointestinal tract in a discontinuous and transmural 
manner, whereas pathology in UC is restricted to the surface 
mucosa of the colon, in particular the rectum.[1,2] Although, 
the exact etiology of IBD remains uncertain, dysfunctional 
immune regulation of the gut is believed to be the main 
culprit.[4] Amongst the immune regulatory factors, reactive 
oxygen species (ROS) are produced in abnormally high 
levels in IBD. Their destructive effects may contribute to 
the initiation and/or propagation of the disease.[5‑7] ROS 
are highly reactive transient chemical molecules such as 
the super oxideanion (O2), hydrogen peroxide (H2O2), the 
hydroxyl radical, and singlet oxygen. ROS are indispensable 
as mediators in many normal cellular processes, and under 
physiological condition, their generation is controlled by a 
large number of antioxidant systems, which act as protective 
mechanisms. These antioxidant control systems consist of 
enzymes and antioxidant substrates. Among antioxidant 
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Background/Aims: Inflammatory bowel diseases (IBDs), Crohn’s disease (CrD) and ulcerative colitis (UC), 
are chronic gastrointestinal inflammatory disorders. The precise etiology of IBD remains unclear, and it is 
thought that interactions among various factors, including, genetic factors, the host immune system and 
environmental factors, cause disruption of intestinal homeostasis, leading to dysregulated inflammatory 
responses of the gut. As inflammation is intimately related to formation of reactive intermediates, including, 
reactive oxygen species, oxidative stress has been proposed as a mechanism underlying the pathophysiology 
of IBD. The purpose of this study is to examine the lipid peroxidation, protein oxidation and anti‑oxidative 
profile in Tunisian IBD. Materials and Methods: Malondialdehyde (MDA), conjugated dienes (CD), protein 
thiol levels, as well as the catalase (CAT) activity were evaluated in intestinal biopsies of 17 patients affected 
by IBD (12 CrD and 5 UC) and 12 healthy control individuals. Results: Oxidative stress was confirmed 
in these two types of disease biopsies as compared to controls. MDA and CD levels were significantly 
increased in both UC and CrD patients’ biopsies as compared to controls’ biopsies (P < 0.001). CAT activity 
was similar in UC and CrD biopsies’ and was not significantly increased in IBD patients’ biopsies compared 
with controls’ biopsies (P > 0.05). Anon‑significant decrease in thiol (SH) level was observed in both UC and 
CrD patients’ biopsies compared with controls’ biopsies (P > 0.05). Conclusion: Increased levels of MDA 
and CD in IBD patients’ biopsies underline the implication of oxidative stress in the physiopathology of IBD.
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enzymes, the superoxide dismutase (SOD) catalyzed 
is mutation of O2  to H2O2 and molecular oxygen. The 
decomposition of H2O2 to nontoxic compounds is the main 
function of catalase (CAT), glutathione peroxidise (GPx) 
and peroxiredoxins.[8] Antioxidant substrates such as 
glutathione and α‑to copherol also play a crucial role 
in scavenging ROS.[9] An imbalance between ROS and 
antioxidant defenses creates oxidative stress.[10] This 
disturbance of the oxidative status is the result of either 
an excessive ROS production or a deficiency in antioxidant 
system activities. Both parameters seem to be implicated 
in autoimmune diseases (systemic lupus erythematosus, 
pemphigus foliaceus, diabetes mellitus, primary Sjøgren’s 
syndrome and IBD).[11‑15]

In the light of these data, the present study aims to assess 
the oxidative damage seen in IBD biopsy, by studying 
the lipid peroxidation, the protein oxidation profile and 
CAT activity. Malondialdehyde (MDA) and conjugated 
dienes (CD) levels were measured as parameters of 
lipid peroxidation, protein thiol as parameter of protein 
oxidation. CAT activity was measured as parameters of 
antioxidant system evaluation.

MATERIALS AND METHODS

Patients and tissue samples
A total of 17 intestinal tissue samples from 12 CrD patients  
(7F, 5M), age 16‑82 years and 5 UC patients (2F, 3M), age 
25‑60 years, undergoing colonoscopy were obtained for 
our study at the Gastroenterology Department of Hedi 
Chaker University Hospital (Sfax, Tunisia). Informed 
consent was obtained from all patients. Each patient had a 
confirmed diagnosis by standard endoscopic and histological 
criteria, and disease activity was graded according to the 
Harvey–Bradshawindex (HBI) or Mayoscore.[16,17] Twelve 
control samples were taken from healthy individuals with 
normal endoscopic findings and without macroscopic and 
microscopic evidence of inflammatory or neoplastic disease. 
Grading of mucosal inflammation (active disease) was 
performed by an expert gastroenterologist, who specializes 
in IBD, according the following criteria: CrD and UC 
active (HBI ≥ 8, Mayo score ≥ 6, respectively). This study was 
approved by the Ethical Committee of the Habib Bourguiba 
University‑Hospital of Sfax, Tunisia.

Protein extraction
The biopsies were weighed and then placed in a buffersolution of 
tampon buffersaline (TBS; 50 mMTris, 150 mMNaCl, pH 7.4) 
at a temperature of 4°C. The biopsies were homogenized in 
TBS (1 mg/ml) in an ultrasound homogenizer (Vibracell®). 
Homogenates were centrifuged at 3.000 g at 4°C for 15 min 
and the supernatants were divided into aliquots. Biochemical 
estimation was carried out immediately.

MDA determination
MDA was evaluated using thiobarbituric acid‑reactive 
species assay.[18] Biopsy supernatants (30 μl) were diluted 
in 500 μl distilled water and 2V of thiobarbituric acid agent 
was added (15% trichloroacetic acid and 0.8% thiobarbituric 
acid in 0.25 NHCl). The mixture was then heated at 95°C 
for 15 mins. After centrifugation at 3.000 rpm for 10 mn, 
optical density of the supernatant was determined at 
532 nm. Values were reported to a calibration curve of 
1,1,3,3‑tetraethoxypropane.

Conjugated diene determination
The conjugated diene level was evaluated as described 
by Kurien and Scofield[11] with modification. Biopsy 
supernatants (25 μl) were extracted with 3 ml chloroform/
methanol (2:1, v/v). After centrifugation at 1.000 g for 
15 mins, 2 ml of organic phase was transferred into another 
tube and dried at 45°C. The dried lipids were dissolved in 
2 ml of methanol and absorbance at 233 nm was determined. 
It corresponds to the maximum absorbance of the extracted 
compounds.

CAT activity determination
CAT activity was measured, as described previously 
by Aebi.[19] This method is based on the principle that 
the absorbance at 240 nm decreases because of H2O2 
dismutation. The extinction coefficient of 43.6 l/mol/cm 
for H2O2 was used for calculation. One unit is defined as the 
amount of H2O2 converted into H2O and ½O2 in 1 mn under 
standard conditions, and the specific activity is reported as 
units per mg of protein.

Determination of protein thiol levels
Protein thiols were quantified spectro photometrically 
using 5,5‑dithionitrobenzoic acid (DTNB); 250 ml of 
freshly prepared 10 m MDTN Bin 0.05 Mphosphate 
buffer pH8, were added to 50 ml of celly satin 1200 ml of 
0.05 M phosphate buffer. After incubation in the dark for 
15 min at room temperature, there lease of 5‑thiobenzoic 
acid was quantified by measuring the absorbance at 412 nm 
and converted to absolute values using N‑acetylcysteine as 
standard (0‑0.1 mM). A correlation coefficient of r2 = 0.999 
was obtained. The absorbance of sample slacking DTNB 
was subtracted to account for the background absorbance 
at 412 nm. Samples were analyzed in duplicate.

Protein quantification
The Protein levels were determined by using the Bio‑Rad 
protein assay based on the Bradford dye procedure[20] and 
bovine serum albumin in served as standard.

Statistical analysis
Values of different parameters were expressed as the 
mean ± standard deviation (x ± SD). The one‑way analysis 
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of variance (ANOVA) was performed to evaluate the 
significance of differences between mean values. The post 
hoc test (Newman Kulls) was used to compare all paired 
means. A P value less than 0.05 were considered to be 
statistically significant. All statistical tests were performed 
using Graph‑Pad Prism version 5 for Windows.

RESULTS

The study included 29 subjects in 3 groups. The CrD patient 
group consisted of 7 women and 5 men who were aged 
16‑82 years. The UC patient group consisted of 2 women 
and 3 men who were aged 25‑60 years. The control group, 
consisted of 12 healthy volunteers.

Evaluation of lipid peroxidation in the biopsies
To determine lipid peroxidation, MDA and CD levels were 
assessed in CrD and UC biopsies in each patient, as well as 
in control subjects. The results, depicted in Figure 1, show 
that MDA and CD levels were significantly increased in CrD 
and UC biopsies of patients compared with those of control 
subjects (MDA: P < 0.001; CDP < 0.001).

Evaluation of CAT activity in the biopsies
CAT activity in biopsies of CrD and UC patients as well 
as in control subjects’ biopsies are shown in Figure 2. 
Our data show a non‑significant rise in CAT activity in 
CrD and UC patients’ biopsies compared with controls’ 
biopsies (P > 0.05), however, CrD and UC patients showed 
higher activity of CAT than control subjects.

Evaluation of protein oxidation
Thiol (SH) levels in CrD and UC biopsies of patients as well 
as in control subjects’ biopsies are shown in Figure 3. A non‑
significant decrease in SH level was observed in patients’ 
biopsies compared with controls’ biopsies (P > 0.05).

DISCUSSION

Auto immune process induces an inflammatory reaction 
and ROS are among its products. ROS are formed as normal 
metabolic products and are important in normal cellular 
functioning, but their production can be increased under 
pathological conditions and cause damage.[21,22]

Figure 3: Box plots showing the levels of thiol SH in biopsies of UC 
and CrD patients and biopsies of control subjects, non significant 
decrease in SH level was observed in patients’ biopsies compared 
with controls’ biopsies (P > 0.05)

Figure 1: Box plots showing the levels of malondialdehyde and conjugated dienes in biopsies of UC and CrD patients and biopsies of 
control subjects. MDA and CD levels were significantly increased in UC and CrD biopsies of patients compared with those of control subjects 
(MDA: P < 0.001; CD P < 0.001). *P < 0.05 as compared with control subjects

Figure 2: Box plots showing catalase activity in biopsies of UC and 
CrD patients and biopsies of control subjects. Our data show a non 
significant rise in catalase activity in UC and CrD patients’ biopsies 
compared with controls’ biopsies (P > 0.05)
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As far as we know, the present study is the first to assess the 
oxidative stress markers in North African IBD patients in 
general and Tunisian IBD patients in particular.

In this study, the measurement of lipid peroxidation showed 
increased levels of MDA and CD markers in IBD biopsies 
of patients compared with control subjects, indicating the 
presence of oxidative stress. This was in agreement with 
the report of Alzoghaibi et al.,[23] who found a high MDA 
level in the plasma of CrD and UC patients. In contrast, 
Durak et al.,[24] have reported that tissue MDA levels in UC 
patients was significantly low indicating that the mucosa was 
not under oxidative stress and the defense mechanism was 
not impaired and Tüzün et al.,[25] have demonstrated that 
plasma MDA levels were not different between IBD patients 
and control group.

Moreover in our study, we have demonstrated an increased 
CAT activity in the biopsies of UC and CrD patients as 
compared with controls, but this result was not significant. 
This increase in CAT activity may represent a compensatory 
response to ROS production, which is known to enhance CAT 
expression.[26] SOD and CAT enzymes usually act in a synergetic 
manner. SOD, the first line of defense against ROS, catalyzes the 
dismutation of the O2 into H2O2. H2O2 can then be transformed 
into H2O and O2 by CAT, GPx and peroxiredoxins.[27] However, 
Krzystek‑Korpacka et al.,[28] reported a decrease in CAT and GPx 
activities in IBD. This corroborates findings on several plasma 
antioxidants, decreased concentration, and/or activity of which 
has been confined to active IBD.[29,30] This discrepancy can be 
linked to the difference in the study design. In the previous 
studies, antioxidant enzyme activities were assessed in plasma 
of IBD patients; but in the current study, for the first time they 
were measured in IBD biopsies.

There lease of various inflammatory mediators has been 
reported in UC and CrDbiopsy.[31,32] It is well evidenced 
that inflammatory cells produce, in an inflammatory 
environment, large quantities of O2 radical and other ROS, 
which could be responsible for the oxidative stress observed 
in CrD and UC biopsy. It is also well‑known that NADPH 
oxidase expressed in neutophiles is a strong candidate as a 
source of ROS production.[33,34]

The measurement of protein oxidation showed a 
non‑significant decrease of SH level in UC and CrD 
biopsies of patients than in controls’ biopsies. Our data 
showed for the first time protein oxidation in IBD patients’ 
biopsies. Oxidized proteins cause major physiological 
perturbations including loss of structure and function.[10,35,36] 
In auto immune diseases, oxidatively modified proteins 
are responsible for additional perturbations because they 
represent potential targets for the immune system by 
breaking the B‑cell tolerance.[37] Indeed, oxidatively modified 

proteins lead to the genesis of new epitopes that incite auto 
antibody production.

Proteinoxidation causes conformational changes which include 
the exposure of the hydrophobic regions of the proteins, 
explaining the increased interaction between auto antibodies 
and autoantigens after oxidation.[10,38] In a previous study we had 
demonstrated that oxidative modification of proteins could lead 
to an increase of reactivity of auto‑antibody of auto‑antibody of 
Lupus erythematosus patients patients, when compared with 
native proteins.[39]

CONCLUSION

This study shows that oxidative stress is involved in the 
pathogenesis of UC and CrD. The administration of 
antioxidants such as vitamins[40] could be a therapeutic 
management to stop the spread of IBD in the biopsy of 
patients by increased lipid peroxidation, protein oxidation, 
and modulation of antioxidant defense system.
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