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Background & objectives: Oxidative stress contributes to severity of ulcerative colitis (UC) but the status 
of erythrocyte antioxidant defence remains unknown. The present study was aimed to study the role of 
oxidative stress and antioxidant levels in erythrocytes of UC patients from north India. 
Methods: A total of 81 adult UC patients and 85 age and sex matched apparently healthy controls were 
included in this study. Levels of lipid peroxidation (LPO), reduced glutathione (GSH), catalase and 
superoxide dismutase (SOD) were measured in erythrocytes. 
Results: Mean age of UC patients was 43.5 yr (range 18-64 yr) while in the control group this was 45.3 
yr (range 20-64 yr). LPO, catalase and SOD levels in UC patients were significantly increased (P<0.05) 
compared to healthy controls, while GSH levels in UC patients were significantly decreased (P<0.05) 
compared to healthy controls Ulcerative colitis activity score (UCAI) was 157.4±27.6 in UC patients. 
Interpretation & conclusions: Increased levels of LPO, SOD, catalase and a decreased level of GSH 
represent that oxidative stress plays a significant role in pathophysiology of UC. Further, the levels of 
LPO, GSH, catalase and SOD remained same during different UCAI. 
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	 Ulcerative colitis (UC) and Crohn’s disease are 
the types of inflammatory bowel diseases (IBD). 
UC mainly affects the lining of the large intestine 
(colon) and rectum. This disease may affect any age 
group, but it is most prevalent in individuals in the 
age groups 15-30 and 50-70 yr1. Incidence rate of UC 
in north India has been reported to be 6.02 cases per 
100,000 inhabitants2. Although the aetiology of this 
inflammatory disorder remains essentially unknown, 
there have been significant advances in identifying 
genetic and environmental factors that contribute to 

its pathogenesis3. Stress and certain food items may 
trigger symptoms of this disease. It is currently thought 
that loss of tolerance against indigenous enteric flora 
is the fundamental event in the pathogenesis of UC4. 
Amongst the immune-regulatory factors, oxidative 
stress is one of the major contributing factors involved 
in the development of the disease and may be secondary 
to inflammation5. Substantial evidence suggests 
that chronic intestinal inflammation is associated 
with enhanced production of reactive oxygen and 
nitrogen species (ROS/RNS). The overproduction of 
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ROS/RNS and the consequent oxidative stress and 
redox modulation by antioxidants, e.g. superoxide 
dismutase (SOD), catalase, reduced glutathione (GSH) 
have been demonstrated to play a critical role in the 
pathophysiology of UC in both experimental animals 
and human subjects6,7. SOD convert the superoxide 
anion into the easily diffusible and stable metabolite 
hydrogen peroxide (H2O2) and then catalase acts on 
H2O2 and neutralizes it into water. 

	 The microbiota is critical for maintaining intestinal 
homeostasis through activation of innate immune 
toll like receptors8 and could also play a causal role 
in the impaired mucosal integrity and repair seen in 
UC patients. In diseases like IBD, diet is implicated 
as a contributing factor by having direct effects on 
host metabolism and/or immune responses. However, 
recent evidence suggests that diet also influences the 
composition of the microbiome9. Therefore, it can be 
assumed that environmental factors including diet can 
affect the pathogenesis of this disease. Though studies 
related to oxidative stress in UC have been done 
in different populations5-7, no such study has been 
reported from India. Therefore, this study was planned 
to elucidate the role of oxidative stress and antioxidants 
levels in erythrocytes of UC patients from India.

Material & Methods

	 In this study, 81 consecutively selected adults 
patients with UC between age 18-70 yr attending 
Gastroenterology Clinic in Postgraduate Institute 
of Medical Education and Research (PGIMER), 
Chandigarh, India, were enrolled in this study. Diagnosis 
was based on clinical, radiological, endoscopy and 
histological findings. Eighty five apparently healthy age 
and sex matched individuals were also enrolled. They 
were relatives of the patients who gave their consent 
for participation in the study. The study was done 
from May 2009 to December 2011. Written informed 
consent was obtained from all subjects. Study protocol 
was approved by the PGIMER, Chandigarh.

	 Individual with age ≥ 18 and ≤ 70 yr; confirmed 
UC patients on the basis of clinical, radiological, 
endoscopy and histological findings; and UC patients 
who were in remission state and on maintenance therapy 
with 5-aminosalicylic acid, were included in the study. 
Patients with hepatic changes, acute infections, other 
chronic inflammatory diseases and pregnancy, and 
those who underwent colostomy were excluded.

	 After 12 h of fasting, venous blood samples (5 ml) 
were drawn from patients and control subjects. Blood 

was collected in EDTA containers. Blood collected in 
EDTA was used immediately for the preparation of 
erythrocyte hemolysate. 

	 Erythrocytes were isolated from blood collected in 
EDTA by centrifugation. The erythrocytes were washed 
thrice with ice-cold normal saline and then lysed by 
adding ice-cold distilled water. The haemolysate 
was used for measurement of oxidative stress and 
antioxidant levels.

Laboratory evaluation : Oxidative stress was assayed 
by monitoring lipid peroxidation in all the groups by 
the method of Ohkawa et al10. Reduced glutathione 
(GSH) in whole blood was estimated by the method 
of Ellman11. Catalase activity (mmol/min/gHb) in 
erythrocyte haemolysate was estimated by monitoring 
the decrease in absorbance at 230 nm, resulting from 
decomposition of hydrogen peroxide for 10 min at 
37ºC12. Superoxide dismutase (SOD) was measured by 
Kono method and represented in I.U13.

	 The activity index (AI) calculated by qualified 
gastroenterologist for UC was expressed as follows: 
AI = 60 x blood stool + 13 x bowel movements + 0.5 
x erythrocyte sedimentation rate - 4 x haemoglobin  
- 15 x albumin + 200. Index below 150, between 150 
and 220, and above 220 nearly corresponded to mild, 
moderate, and severe disease, respectively14.

Statistical analysis: Statistical significance for LPO, 
GSH, catalase and SOD levels between UC patients 
and healthy controls, was evaluated using an unpaired 
two-tailed Student’s ‘t’ test. ANOVA was used to 
compare UCAI with LPO, GSH, catalase and SOD. 
All statistical analyses were performed by using SPSS 
version 16.0 for Windows (SPSS, inc., Chicago, IL, 
USA).

Results

	 Mean age of UC patients was 43.5±19.3 yr while 
in control group it was 45.3±20.5 yr. There were 49 
males in UC patients and 51 males in control subjects. 
The age range in UC patients was 18-64 yr while in 
controls 20-64 yr. The age and sex distribution among 
UC patients and controls was found to be comparable. 

	 The levels of LPO, catalase and SOD were 
found to be significantly increased in UC patients 
compared to control (P<0.05). The glutathione levels 
were significantly decreased (P<0.05) in UC patients 
compared to controls (Table). 

	 Mean ulcerative colitis activity index (UCAI) 
score was 157.4 ± 27.6 in UC patients. Comparison 
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of oxidative stress and antioxidant enzyme levels with 
UCAI in UC patients has shown that levels of oxidative 
stress (LPO) and antioxidant status (GSH, catalase, 
SOD) were comparable at different UCAI scores. 

Discussion
	 UC is a persistent inflammatory disease which is 
multifactorial in nature15. The colon is more responsive 
to oxidative damage because of the relatively short 
amount of antioxidants accessible in the mucosa. The 
accumulation of ROS could cause damage to specific 
genes involved in cell growth or differentiation or could 
cause changes in antioxidant enzyme levels16. Oxidative 
stress has been well documented in UC patients with 
increased ROS levels and decreased antioxidant levels 
in the inflamed mucosa, which ultimately contribute to 
chronic tissue damage17. In the present study, oxidative 
stress was assessed in the erythrocytes. Erythrocytes 
(RBCs) are more exposed to oxidative stress than 
other cell types due to an abundance of heme iron 
and oxygen, which can generate superoxides, H2O2 
and lipid peroxides. The hydroperoxides themselves 
are not very reactive but are readily converted in the 
presence of free iron and electron donor molecules to 
hydroxyl and alkoxyl radicals, which indiscriminately 
inflict damage on biomolecules. Therefore, RBCs are 
believed to have a very effective defence mechanism 
against peroxides18.

	 Increased ROS which are produced through the 
oxidative burst associated with the inflammatory 
process in the cell may lead to severe damage to 
macromolecules19. Levels of LPO were significantly 
increased in the present study which was indicative of 
increased oxidative stress in UC patients as compared 
to controls. Similar finding have been reported from 
Turkish patients of UC showing increased activity 

of myeloperoxidase20. SOD, GSH and catalase are 
dominating intracellular antioxidants present or 
released into the circulation following disease related 
erythrocyte catastrophe21, their plasma/serum activities 
are changed by several orders of magnitude than 
corresponding erythrocyte levels22. 

	 Decline in level of reduced glutathione has often 
been considered to be indicative of increased oxidative 
stress23. Thus, low level of GSH observed in UC 
patients may be due to increased oxidative stress in 
these patients. The results of the present study were 
similar to that reported earlier24.

	 In the present study, increased levels of catalase 
were seen in the UC patients compared to controls 
as has been reported earlier25. Catalase reduced the 
oxidative stress by converting toxic H2O2 to water. 

	 In UC patients with onset of inflammation, levels 
of free radicals like superoxide anion (O-) are increased 
and can cause both morphological and functional 
damage in the cell25.  The cells protect themselves 
against oxidative damage by enzymatic and non-
enzymatic antioxidant system. Superoxide dismutase 
is the primary enzymatic antioxidant defence system 
in the cell26. Increase in SOD activity observed in UC 
patients indicated that antioxidant defence system 
was functional in these patients. Similar findings of 
increased SOD has been reported in experimentally 
induced UC in albino rats27.

	 No significant association was observed between 
the level of LPO, GSH, catalase and SOD when 
compared with UC activity index. It shows that the 
level of antioxidant and oxidative stress molecules are 
independent of UCAI. The reason for this may be that 
most of the patients were in remission state.

	 In conclusion, this study indicated that patients 
with UC had increased oxidative stress and decreased 
reduced glutathione antioxidant. Consistent elevated 
levels of oxidative stress may be the reason for 
recurrence of active infection in these patients despite 
being on maintenance therapy. Therefore, they may 
be treated additionally with antioxidants. The major 
limitation of the study was that oxidative stress was 
not measured in colonic biopsies and compared with 
oxidative stress in erythrocytes.
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Table. Levels of lipid peroxidase (LPO), reduced glutathione 
(GSH), catalase and superoxide dismutase (SOD) in patients 
with ulcerative colitis (UC) and controls
Parameter UC patients

(n=81)
Controls
(n=85)

LPO (µmol/gHb) 5.27 ± 0.90* 3.95 ± 0.44
GSH (µmol/gHb) 0.70 ± 1.0* 2.86 ± 0.51
Catalase (IU) 534.9 ± 101.6* 403.0 ± 60.2
SOD (m mol/min/gHb) 1657.1 ± 442.3* 679.9 ± 219.6
Values are mean ± SD
*P<0.05 compared to controls
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