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ABBREVIATIONS

8-oxo-dG – 8-oxo-7,8-dihydro-2’-deoxyguanosine   
AAG – alkyladenine glycosylase 
BER – base-excision repair  
CAT – catalase 
CD – Crohn’s disease 
ECAMs –  endothelial cell adhesion molecules 
ENDO III – endonuclease III 
Fpg –  formamidopyrimidine-DNA glycosylase 
GPx –glutathione peroxidase 
Hb – Hemoglobin 
IBD – inflammatory bowel disease 
iNOS – inducible nitric oxide synthase  
IPAA – ileo-pouch-anal anastomosis 
MDA – plasmatic lipid peroxidation 
NO – nitric oxide 
PBS – phosphate-buffered saline 
RNS – reactive nitrogen species 
ROS– reactive oxygen species 
SD– Standard Deviation 
SODI– superoxide dismutase 
UC– ulcerative colitis 

 

INTRODUCTION

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) 
and Crohn’s disease (CD), is a chronic intestinal inflammatory dis-
ease of unknown etiology. The pathogenesis is multifactorial in na-
ture: genetic, immunologic and environmental, due to changes in 
the colonic barrier function, bacterial and viral infection, altered 
colonic microflora, and eating habits. CD can affect any part of 
the gastrointestinal tract, whereas UC involves only the rectum 
and colon. It is estimated that in Europe, approximately 0.3% of 
the population (2.5–3 million people) suffer from IBD. Morbid-
ity in Crohn’s disease in Europe varies from 1.5 to 213 cases per 
100,000 people, and in the case of ulcerative colitis from 2.4 to 294 
cases per 100,000 people [1]. Activation of inflammatory cells in 
conjunction with oxidative stress can cause genetic and epigenet-
ic changes that promote carcinogenicity [2]. Oxidative damage to 
intestinal mucosal cells and aggravation of inflammatory reaction 
have been proposed as two significant mechanisms of oxidative 
stress involved in the pathophysiology of IBD [3]. 

Moreover, the long-term presence of many activated phagocytes 
in the inflamed intestine of IBD patients entails an extended  
exposure to reactive oxygen species (ROS) and reactive nitrogen 
species (RNS). The literature data showed an elevated amount 
of free radicals, including hydroxyl radical, hydrogen peroxide,  
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alkaline conditions, essentially according to the procedure of Sin-
gh et al. [7] with some modifications as described previously [8]. 
To evaluate DNA damage, lymphocytes were incubated with or 
without H2O2 at a final concentration of 10 μM and 20 μM. Next, 
the level of DNA damage was measured at 0, 60, and 120 min of 
repair incubation.

Percentage of DNA in the tail (% tail DNA) was analyzed. To check 
the ability of the enzymes to recognize oxidized DNA bases in 
our study samples, the cells were incubated with H2O2, lysed and 
post-treated with endonuclease III (Endo III; Nth) and formami-
dopyrimidine-DNA glycosylase (Fpg) (New England Biolabs, USA). 
The comets were detected under fluorescence microscope Del-
ta Optical, connected with a camera (Jenoptik, Jena, Thuringia, 
Germany).

Measurement of antioxidant enzyme activity
Blood was centrifuged (3000 rpm, 4oC, 10 min). After removal of 
the plasma, erythrocytes were hemolysed by addition of deionized 
water and freezed (-18oC). 

The plasma was used for nitric oxide analysis. SOD activity was 
determined at 37oC by recording the increase in absorbance at 480 
nm following the autooxidation of adrenaline, inhibited by SOD [9]. 

CAT activity was assayed with Beers and Sizer’s method [10] and 
calculated as Bergmeyer units/g Hb. GPx activity was measured with 
Sedlak and Lindsay’s method modified by Little and O’Brien [11]. 

Hemoglobin (Hb) concentration in the erythrocyte hemolysate, 
necessary for determination of enzyme activity, was measured with 
the Drabkin’s reagent (Aqua-Med, Lodz, Poland) [12]. 

Measurement of malondialdehyde concentration
MDA level in the red blood cells expressed by the concentration 
of compounds reacting with thiobarbituric acid, was measured 
with the Placer’s method [13]. 

Measurement of nitric oxide concentration
NO concentration was evaluated with the Marlett method [14], 
which measured a correlation between the levels of nitrates and 
nitrites. Measurements of enzyme activity and concentrations of 
Hb, MDA, and NO were performed using a spectrophotometer 
Lambda 14P UV/VIS, Perkin Elmer, Überlingen, Germany.

Statistical analysis
The data of the comet assay were expressed as mean ± S.E.M. of 
two separate experiments. In case of no significant differences be-
tween variations, as assessed by the Snedecor-Fisher test, the differ-
ences between means were evaluated by applying Student’s t-test. 

A probability of 0.05 was set as the level of statistical significance. 
Antioxidant enzyme activity was calculated and showed as mean 
value ± SD (Standard Deviation). Normally distributed data in 
study and control groups were compared by Student’s t-test. All 
statistical calculations were performed using STATISTICA v. 6.0 
package (StatSoft, Tulsa, OK, USA).

superoxide anion, hypochlorous acid, nitric oxide and peroxyni-
trite in colonic mucosa in animal models of IBD [4]. The level of 
oxidized bases in the DNA molecule is a result of the balance be-
tween the level of oxidative DNA damage and its repair. 

Free radicals can also raise blood supply by vasodilation due to en-
hanced activity of enzyme iNOS (inducible nitric oxide synthase), 
which produces the vasodilator, NO (nitric oxide). The literature 
data demonstrated that iNOS-derived NO could promote chronic 
gut inflammation by reacting with leukocyte-derived superoxide 
anion to form peroxynitrite (ONOO-), which in turn dysregulates 
cytokine and/or endothelial cell adhesion molecules’ (ECAMs)  
expression leading to damage of the tissue [5].

Our previous studies showed that SOD1 A35C and GSHPX1Pro-
197Leu genotypes may be associated with a reduction in the IBD 
risk [6]. The presented work is a continuation of earlier research. 
We examined oxidative DNA damage in order to assess whether 
the level of oxidative damage can be significantly increased through 
exogenous cytotoxic agents. We analyzed the level of basal endog-
enous and oxidative endogenous DNA damage as well as the effec-
tiveness of DNA repair in lymphocytes of patients with IBD and 
individuals without intestinal disorders. We examined the activi-
ty of SOD (superoxide dismutase), CAT (catalase) and GPx (glu-
tathione peroxidase) as parameters of antioxidant defense capac-
ity. The concentration of malondialdehyde (MDA) was measured 
as a lipid peroxidation product. NO as a lipophilic free radical was 
estimated on the basis of the concentration of nitrite/nitrate in the 
plasma of the study groups. 

MATERIAL AND METHODS

The study group consisted of forty-one individuals (sixteen fe-
males, age 33.3 ± 12 years), with histologically proven inflamma-
tory bowel disease (IBD), seven patients with UC and thirty-four 
patients with CD. All patients underwent elective or emergent sur-
gical treatment in the Department of General and Colorectal Sur-
gery, Medical University of Lodz. All patients with UC underwent 
restorative proctocolectomy with ileo-pouch-anal anastomosis 
(IPAA). Patients with Crohn’s disease: seventeen had resection of 
the ileoceacal region with primary anastomosis, eight had partial 
resection of the small bowel, seven patients underwent drainage 
of perianal fistulas, five patients underwent colectomy with pri-
mary anastomosis and four patients – only latarotomy with co-
lostomy or ileostomy. 

The control group consisted of 40 patients admitted to elective sur-
gical procedures, such as fistulotomy, haemorrhoidectomy or Li-
chtenstein procedure (age 35 ± 7 years) without symptoms of IBD. 
The subjects enrolled in the control group did not suffer from any 
acute diseases and did not take any medications, thus all known 
confounding factors were excluded. We obtained a written con-
sent from all participants in the study which was accepted by The 
Ethics Committee of the Medical University of Lodz. 

DNA damage determination 
Peripheral blood lymphocytes were isolated by centrifugation  
(300 g) on a Histopaque 1077 and washed twice in phosphate 
-buffered saline (PBS). The comet assay was performed under  
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RESULTS

One of the goals of our study was to evaluate the level of basal, 
oxidative DNA damage induced by hydrogen peroxide in the con-
centration of 10 μM and 20 μM, endogenous DNA damage rec-
ognized by two endonucleases (Nth – endonuclease III [Endo III; 
Nth] and Fpg – formamidopyrimidine – DNA glycosylase) and 
oxidative endogenous DNA damage induced by 10 μM and 20 μM 
H2O2, recognized by Nth and Fpg enzymes in the group of patients 
with inflammatory bowel disease (IBD) in relation to healthy con-
trol. The percentage of DNA in the tail of the comet was analyzed 
from 50 cells in each sample. 

Basal DNA damage and oxidative DNA damage induced by 
10µM and 20µM hydrogen peroxide
Firstly, we observed a higher level of basal DNA damage (samples 
not treated by H2O2) in the group of patients with IBD in relation 
to healthy controls (P < 0.001). But, we also indicated a lower lev-
el of oxidative DNA damage, after incubation with H2O2 in the 
concentration of 10 µM and 20 μM in the group of IBD patients 
compared to the control group (P < 0.001). 

The results from our study proved an increased level of basal types 
of DNA damage in group patients with IBD in relation to healthy 
controls. It can be concluded that lymphocytes from patients with 
IBD are no more sensitive on H2O2 activity compared to healthy 
controls. The results are presented in Fig. 1.

Endogenous and oxidative endogenous DNA damage 
recognized by Nth and Fpg enzymes
We observed that patients with IBD had a higher level of endog-
enous DNA damage. To detect DNA oxidation, we applied the 
modified alkaline comet assay with Nth and Fpg endonucleases 
that recognize a wide range of oxidized purines and pyrimidines. 
The results are presented in Fig. 2.

A B

Firstly, we observed a higher level of endogenous oxidative DNA 
damage (lymphocytes were not treated by H2O2) recognized 
by Nth (Fig. 2.; middle panel) and Fpg (Fig. 2.; bottom panel)  
endonucleases in the group of patients with IBD in relation to 
healthy controls (***P < 0.001). 

Kinetics of DNA repair
The efficacy of DNA repair is presented in Fig. 2.

The efficacy of the repair of H2O2 – induced DNA damage was 
measured as the level of DNA in the tail of the comet at 0, 60 and 
120 min of DNA repair incubation. 

It was shown that both basic and H2O2 – induced DNA damage, 
in the case of normal cells and cells derived from patients with 
IBD, was repaired during 60 min of repair incubation (P < 0.001). 
In both study groups, correct DNA repair incubation of induced 
lesions was observed (Fig. 2., upper panel).

In addition, the kinetics of repair of endogenous oxidative damage 
and H2O2 – induced DNA damage recognized by Nth (Fig. 2., mid-
dle panel) and Fpg (Fig. 2., bottom panel) enzymes was evaluated. 
Alike, in control subjects as well as in IBD patients, lymphocytes 
are characterized by complete repair of DNA damage.

Evaluation of antioxidant enzyme activities
We observed that IBD patients had significantly lower SOD, CAT, 
and GPx activity compared to healthy subjects (Tab. I.). 

Evaluation of lipid peroxidation
MDA level was significantly increased in patients with IBD in  
relation to the control group (P ≤ 0.001) (Tab. I.).
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Fig. 1.  (A) Endogenous oxidative (0 μM H2O2) and (B) H2O2-induced (10 μM, 20 μM H2O2) DNA damage in IBD patients in relation to control (***P < 0.001); data are expressed 
as means ± standard error of the mean.
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Evaluation of NO as the plasma nitrite/nitrate concentration

A significant increase in NO concentration was found in patients 
with IBD as compared to the controls (P ≤ 0.001) (Tab. I.).

DISCUSSION

The goal of our study was to examine the relationship between 
oxidative stress, DNA damage, and inflammatory bowel disease  
activity. Our results showed that DNA damage in peripheral blood 
lymphocytes was significantly higher in IBD patients than in con-
trols. Both in healthy individuals and in patients with IBD, lym-
phocytes are characterized by complete repair of DNA damage. 
We also found a significant modification of antioxidant profile 
and increased oxidative and nitrosative stress in IBD patients in  
relation to the control group.

A study by Aslan M. et al. [15] explained that elevated DNA dam-
age determined by comet assay and reduced antioxidant status may 
in part initiate the development of colorectal cancer linked with 
ulcerative colitis. Pereira C. et al. [16] reported that DNA damage 
was elevated in CD patients as compared to the UC group, but  
oxidative DNA damage was significantly higher in UC patients. 
Authors speculated that defects in the ability to repair 8-oxo-7,8-di-
hydro-2’-deoxyguanosine (8-oxo-dG) result in the accumulation of 
endogenously produced oxidized DNA bases, and increased sus-
ceptibility to disease development. Similarly, Dincer Y et al. [17] 
suggest that increased plasma level of 8-OHdG and DNA damage 
result from defective mechanism of DNA base repair enzymes.

Basal and oxidative DNA damage were significantly higher in lym-
phocytes obtained from IBD patients as compared to the controls. 
Furthermore, we revealed that lymphocytes of patients with IBD 
were more susceptible to DNA damage evoked by H2O2 in coma-
prison to control subjects. However, in patients with IBD, DNA 
damage induced by 10 µM and 20 µM H2O2 was repaired during 
60 min of incubation.

Our findings indicated that basal DNA damage may be related to 
insufficient antioxidant capacity and excessive ROS/RNS gener-
ation which contributes to the pathogenesis of the IBD disease. 
Furthermore, we observed that IBD patients have decreased SOD, 
CAT, GPx activities and increased MDA and NO concentration. 

These result may be an effect of overproduction of inflammato-
ry cytokines which induces enzymes such as iNOS, NADPH ox-
idase, eosinophil peroxidase, which excessive production ROS. 
This pathomechanism may contribute to increased cancer risk in 
relation to oxidative DNA damage in inflammation. 

Most of the research works revealed the results of DNA damage 
without evaluate capacity of DNA repair in IBD patients. These 
results indicated that lymphocyte DNA damage level increases in 
patients with IBD. But, in the available literature there is a sparse 
number of papers that showed the ability to repair DNA in the ex-
amined disease entity (IBD). 

Reactive oxygen species can generate significant concentrations 
of lipid peroxidation products, which react with DNA to gener-
ate mutagenic etheno-base DNA adducts. Some studies showed 
enhanced repair of etheno-DNA adducts and oxidatively induced 
8-hydroxyguanine in cancerous colon tissues in comparison to 
non-cancerous samples as well as enhanced expression of OGG1 
and PARP1, proteins which play a key regulatory role in base-ex-
cision repair (BER) [18–20]. 

Moreover, alkyladenine glycosylase (AAG) and AP endonuclease 
can be overexpressed within inflamed tissues of UC patients [21]. 
The authors of these study explained that mentioned changes 
were due to enhanced expression of repair enzymes implicated in  
removal of mutagenic modification. 

Our results may be due to induction of DNA repair genes may  
occur at the stage of the pathological changes pathway (IBD), that 
may be caused by elevated oxidative stress.

We measured significantly lower activity of SOD, CAT, GPx in IBD 
patients in relation to controls. Insufficient enzymatic antioxidant 
defense may be associated with activated neutrophils which are 
a potential source of ROS and inflammation, oxidative stress, de-
fect in protein synthesis which may contribute to catalytically less 
active enzymes or proteins more susceptible to proteolytic degra-
dation in inflammatory bowel disease. 

On the one hand, Achitei D. et al. [22] demonstrated a reduction 
in serum SOD and GPx activity of IBD patients being in remis-
sion, but the enzyme activity in patients with an active disease was  
increased versus healthy subjects. Alzoghaibi M.A. et al. [23] found 
lower SOD activity in CD patients compared to controls. On the 
contrary, Rana S.V. et al. [24] revealed that SOD, CAT activity in 
UC patients were significantly increased, while GSH (reduced glu-
tathione) level was significantly decreased compared to controls. 
Dincer Y. et al. [17] explained that increased plasma SOD and GPx 
activities in IBD patients can be considered an adaptive response 
of activated mucosa to oxidative stress. The oxidative state was  
estimated by measuring a lipid peroxidation product – MDA 
and a biomarker of nitro oxidation – NO. Our measurements for 
plasma NO concentrations and hemolysate MDA level in IBD 
patients are in agreement with those obtained in previous studies  

CONTROL  
N = 40

IBD PATIENTS
N = 41 P VALUE 1)

SOD (U/gHb/100 mL) 2604.99 ± 591.92)  2335.18 ± 513.8 0.031

CAT (BU/gHb) 7.17 ± 1.86 6.15 ± 1.36 0.006

GPx (U/gHb) 47.18 ± 4.11 35.85 ± 5.65 0.001

MDA (µmol/gHb) 0.13 ± 0.02 0.17 ± 0.05 0.001

NO (µmol/L) 1.85 ± 1.2 5.13 ± 1.66 0.001

1) P-value by Student t-test
2) all values are means ± SD

Tab. I.  Activity of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPx), levels of MDA and plasma nitric oxide (NO) in IBD patients and control.
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Fig. 2.  Efficacy of DNA repair in IBD patients in comparison to controls (***P < 0.001). (A) the efficacy of DNA repair of DNA damage induced by 10 μM and 20 μM H2O2. (B) 
the efficacy of DNA repair of oxidative endogenous DNA damage induced by 10 μM and 20  μM H2O2 recognized by Nth endonuclease. (C) the efficacy of DNA repair 
of oxidative endogenous DNA damage induced by 10 μM and 20  μM H2O2 recognized by Fpg endonuclease data are expressed as means ± standard error of the mean.
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In the light of the above, our preliminary findings support the con-
cept that both DNA damage and oxidative stress are increased in 
patients with IBD. Our results suggest that there is a link between 
overproduction of ROS, RNS and basal DNA damage seen in patients 
with IBD, as compared to the control group. However, the nature of 
this link, and whether it is direct or indirect, remains to be explored. 

Our results indicate that DNA damage induced by hydrogen per-
oxide is repaired in the lymphocytes of IBD patients. The alkaline 
comet assay used in our investigation permits to measure the gen-
eral DNA repair but is insufficient to analyze the specific pathways 
of DNA repair. The important question is why in the patient group 
with IBD, DNA repair is effective despite oxidative stress symp-
toms and impaired antioxidant defense? 

Therefore, in order to continue our studies, we need to find the 
correlation between free radicals’ overproduction and/or reduced 
or enhanced DNA damage repair efficiency and polymorphic var-
iants of base-excision repair pathway (BER) (e.g. OGG1, XRCC1, 
PARP1, MUTYH, ADPRT, APE1).
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