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ABSTRACT Background: Oesophageal cancer has long been considered one of the deadliest malignancies, and the most 
common histological types are squamous cell carcinoma (SCC) and adenocarcinoma (AC), which together con-

stitute more than 90% of oesophageal malignancies. It has been reported that oxidative stress plays a role in the pathogenesis of can-
cer. Catalase (CAT) is an endogenous antioxidant enzyme that neutralizes H2O2 into H2O and O2 and can be up regulated by oxidative 
stress. Objective: To assess oxidative stress by evaluating the activity of catalase in oesophageal cancer patients and to compare it with 
the healthy controls. Methods: Blood samples from oesophageal cancer patients (n=24) and healthy controls (n=24) were collected 
and plasma was separated and analysed for the catalase activity. Results: The BMI was found to be significantly lower in oesophageal 
cancer patients when compared to that of controls (p<0.001). The catalase activity was significantly high (p <0.001) in patients with 
oesophageal cancer when compared to the healthy controls. This may be due to the adaptive response to oxidative stress and indica-
tive of dysfunction of the antioxidant defence system in oesophageal cancer patients. 

Assessment of Catalase Activity in Oesophageal 
Cancer- a Case Control Study
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INTRODUCTION
Antioxidant enzymes constitute one of the major cellular pro-
tective mechanisms against oxidative stress in the human body 
1. Antioxidants are classified as enzymatic and non-enzymatic 
antioxidants. Enzymatic antioxidants include: glutathione per-
oxidase, glutathione reductase, catalase and superoxide dis-
mutase. Non enzymatic antioxidants include vitamin E, vitamin 
C, carotenes and retinols and some transition metals such as 
zinc, copper and selenium 2. Anti-oxidants protect DNA from 
oxidative damage and thereby, protect cells against carcinogen-
esis 3. 

Catalase (EC 1.11.1.6) is a hemoprotein containing four heme 
groups and exists as a dumbbell-shaped tetramer of four identi-
cal subunits. It is localized in the peroxisomes in blood, bone 
marrow, mucous membrane, kidney and liver 4. 

Catalase, an endogenous antioxidant enzyme that neutralizes 
reactive oxygen species by decomposing H2O2 into H2O and O2 
and therefore is up regulated by oxidative stress 5. Hence the 
present study was focussed to determine the activity of the an-
tioxidant enzyme, catalase in patients with oesophageal cancer 
and in healthy controls.

RESEARCH DESIGNS AND METHODS:
STUDY SUBJECTS:
Blood samples of patients (n=24) with oesophageal Cancer 
were collected from the speciality Hospital, Madurai and from 
healthy volunteers (n=24) after getting their consent. The study 
was approved by the ethics committee of the hospital. 

Plasma catalase activity was estimated by 6 and protein was 
estimated by 7. The activity of the enzyme was determined col-
orimetrically at 620nm and was expressed as µmol of hydrogen 
peroxide consumed / minute / mg protein. Hydrogen peroxide 
in the range of 2 to 10 µmoles/ml was used as standard. The 
data was represented as Mean±SEM. Mann-Whitney rank sum 
test was performed for catalase activity to find out whether 
there is any significant difference.

RESULTS:
It was observed in the study, the incidence of oesophageal can-
cer was high among males (75%) when compared to that of fe-

males (25%). The average age (years) in patients and controls 
was found to be about, 59.91±2.08 years and 42.25±1.86 years 
respectively. 

In the present study, significant reduction in BMI was observed 
among the cases. [Table-1]. It was also noted that, the habit of 
smoking (38%) and combination of alcohol consumption and 
smoking (22%) was high when compared to the other combina-
tions of risk factors like tobacco and smoking (6%) ; tobacco, 
alcohol and smoking (6%) in male patients, but was completely 
absent in female patients ( Non smokers) (Figure 1). 

Figure-1: Comparison of modifiable risk factors among 
cases.

The catalase activity in oesophageal cancer patients highly sig-
nificant than those of the healthy subjects (median 20000.0 
inter quartile range [2500.0-70000.0]) µmols/min/mg protein 
compared with 499.5 [138.5-1818.0]) µmols/min/mg protein; 
p<0.001; Mann-Whitney rank sum test. (Table-1)

TABLE 1: Demographic data and catalase activity among oe-
sophageal  cancer patients and controls:
Demographic data Cases

(N=24)
Controls
 (N=24)

Male (%)  18(75%)  18(75%)
Female (%)  6(25%)  6(25%)
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Age(years) 
Mean±SEM

 60±2  42±1.8

BMI Mean±SEM 18.64±0.80 20.91±0.31
Catalase activity
(µM/min/mg 
protein)

 22316.66±4073.15a  681.91±108.13

a Statistically significant (p<0.001)

DISCUSSION:
Catalase has one of the highest turnover numbers of all en-
zymes; one catalase enzyme can convert 40 million molecules of 
hydrogen peroxide to water and oxygen each second 8. Catalase 
is a tetramer of four polypeptide chains, each over 500 amino 
acids long. The optimum pH was approximately 7 for human 
catalase activity 9.

In the present study the incidence of oesophageal cancer was 
predominant in males. Similar finding was also reported in a 
study conducted for the incidence of oesophageal cancer within 
the United States, with an overall 3:1 male-to-female ratio 10. 

Common presenting symptoms of esophageal cancer are dys-
phagia, odynophagia, and progressive weight loss. 11. In the pre-
sent study the reduction in body weight and lower BMI among 
the cancer patients can be attributed to the obstruction of the 
food passage due to the progression of the oesophageal cancer 
by which the individuals were deprived of solid foods and sur-
vived through liquid diet. People seek for medical support only 
when they develop symptoms like difficulty in swallowing and 
are diagnosed of oesophageal cancer at their advanced stages.

Several modifiable environmental, dietary, and habitual risk fac-
tors have been associated with the development of oesophageal 
carcinoma. Studies have provided reliable evidence that heavy 
alcohol consumption and cigarette smoking were the two per-
sonal habits that often coexists as important risk factors for 
oesophageal carcinoma 12. Earlier studies have demonstrated 
the relationships between tobacco usage and gastrointestinal 
malignancies 13, emphasizing the importance of smoking ces-
sation strategies with appropriate treatment of pre malignant 
conditions and aggressive monitoring may significantly im-
prove morbidity and mortality associated with late diagnosis. 

In the present study the catalase activity was found to be high 
in patients with oesophageal cancer when compared with con-
trols. It suggests that there is an increased oxidative stress ac-
companied by an adaptive increase of catalase activity. A study 
conducted in different cancer types have 14 also reported that 
catalase activity of patients with early cancer was found to be 
significantly higher than that of the controls. However, another 
study 15, conducted among the breast cancer patients have re-
ported that the rate of catalase activity in cancer patients was 
significantly lower than controls.

Exposure to environmental factors, such as UV light, cigarette 
smoke, environmental pollutants and gamma radiation, accel-
erates the generation of ROS 16. Oxidative damage to cellular 
macromolecules can arise through overproduction of ROS and 
faulty antioxidant and/or DNA repair mechanisms. The result-
ant altered gene expression patterns evoked by ROS contribute 
to the carcinogenesis process. Recent evidence demonstrates 
an association between a number of single nucleotide polymor-
phisms (SNPs) in oxidative DNA repair genes and antioxidant 
enzyme genes with human cancer susceptibility 17, 18. 

Dietary modifications seem to play a role in the reduction of 
cancers of the upper aerodigestive tract, suggesting a benefit 
from a diet high in fruits and vegetables. Scientists believe that 
fruits and vegetables contain high levels of phyto chemicals that 
may modify carcinogenesis through their antioxidant proper-
ties, suppressing the abnormal proliferation of early, preneo-
plastic lesions 19. 

Though catalase is not essential for some cell types under nor-
mal conditions, it plays an important role in the acquisition of 
tolerance to oxidative stress in the adaptive response of cells 20. 
However, genetic variations in the antioxidant gene coding for 
enzyme may lead to decreased or impaired regulation of the en-
zymatic activity and alter ROS detoxification which in turn may 
modulate disease condition and reflects directly on the oxida-
tive DNA damage and subsequently the individual’s risk of de-
veloping cancer. Hence genetic polymorphism in catalase gene, 
associated with altered expression and its activity in cancer pa-
tients need to be investigated.

REFERENCE
1. Rosen DR. Mutations in Cu/Zn Superoxide dismutase gene are associated with familial amyotrophic lateral sclerosis, Nature. 1993; 362-364. 
| 2. Kulikowska KE, Moniuszko JJ. The Antioxidative Barrier in the Organism-Review Polish Journal of Environmental Studies.2004; (13)1: 5-13. 

| 3. Yan C, Rohan TE. Vitamin D, Calcium, and Breast Cancer Risk: A Review Cancer Epidemiol Biomarkers Prev. 2006; 15-18. | 4. Leopold JA, Loscalzo J, Oxidative enzymopathies 
and vascular disease. Arterioscler Thromb Vasc Biol. 2005; 25:1332-40. | 5. Hunt CR, Sim JE, Sullivan SJ, Featherstone T, Golden W, Von Kapp HC, Hock RA, Gomez RA, Parsian AJ, 
Spitz DR. Genomic instability and catalase gene amplification induced by chronic exposure to oxidative stress. Cancer Res.1998; 58:3986–92. | | 6. Sinha AK. Colorimetric assay of 
catalase. Anal Biochem. 1972; 47:389–94. | 7. Lowry OH, Rosebrough NJ, Farr Al, Randall RJ. Protein measurement with the Folin phenol reagent. J Biol Chem. 1951; 193:265–75. | 
8. Goodsell DS. "Catalase". Molecule of the Month. RCSB Protein Data Bank. 2004; Retrieved 2007. | 9. Aebi H. Catalase in vitro. Meth. Enzymol. 1984; 105: 121–126. | 10. Pickens A, 
Orringer M B, (2003),Geographical distribution and racial disparity in esophageal cancer. Ann Thorac Surg, 76: 1367–9. | 11. Layke J C, Lopez PP. Esophageal cancer : A review and 
update. Am Fam Physician.2006, 73(12):2187-2194. | 12. Yokoyama C, Wang X, Briggs MR, Admon A, Wu J, Hua X, Goldstein JL, Brown MS. SREBP-1, a basic-helix-loop-helix-zipper 
protein that controls transcription of the low density receptor gene. Cell. 1993; 75:185–197. | 13. Martin IG, Young S, Sue LH, Johnston D. Delays in the diagnosis of oesophago-
gastric cancer: a consecutive series. BMJ.1997; 314:467–70. | 14. Hristozov D, Gadjeva V, Vlaykova T, Dimitrov G. Evaluation of Oxidative Stress in Patients with Cancer. Archives of 
Physiology and Biochemistry.2001; 109 (4): 331–336. | 15. Negahdar M, Djalali M , Abtahi H, Sadeghi MR, Aghvami T , Javadi E, Layegh H. Blood Superoxide Dismutase and Catalase 
Activities in Women Affected with Breast Cancer. Iranian J Publ Health. 2005; (34) 3: 39-43. | 16. Marks DB, Marks AD, Smith C M. Oxygen metabolism and oxygen toxicity. In: Velker 
J (ed.): Basic Medical Biochemistry. A Clinical Approach.1996; 327–340. | 17. Khan N, Afaq F, Mukhtar H. Lifestyle as a risk factor for cancer: Evidence from human studies.( Review) 
Cancer Lett. 2010; 2: 133-43. | 18. Klaunig JE, Xu Y, Isenberg JS, Bachowski S, Kolaja KL, Jiang J The role of oxidative stress in chemical carcinogenesis. Environ Health Perspect 
.1998; 106 (Suppl): 289-95. | 19. Wargovich MJ, Experimental evidence for cancer preventive elements in foods. Cancer Lett. 1997; 114:11–7. | 20. Mates J M, Perez GC, Nunez de 
CI. Antioxidant enzymes and human diseases. Clin Biochem.1999; 32:595–603. | | 


