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ABSTRACT: The role of oxidative stress is one of the most important factors in the development of cancer. In this
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study, the catalase activity and total antioxidant capacity in NHL patients were measures and compared with those in
healthy subjects. The population of this study consisted of 25 patients with non-Hodgkin's lymphoma, diagnosed
based on pathological findings. Total antioxidant capacity (TAC) and catalase catalytic activity (CAT) were
determined by spectrophotometry. Based on the results, the CAT activity was significantly lower and TAC was lower
(0.29±0.04 vs. 2.69±0.15; P-value=0.01) in NHL patients than in healthy subjects. The findings showed that these
markers could be used as a prognosis in non-Hodgkin's lymphoma that oxidative stress may also be related to the NHL
or increase the risk of disease.

INTRODUCTION
A group of diseases characterized by uncontrolled cell

the body [5, 6]. In high concentrations, free radicals can

growth and proliferation is called cancer [1, 2]. The

cause oxidative stress, which is a harmful process

angiogenic process results from the growth of a cancerous

damaging severely all biological molecules in the body,

tumor, which provides sources of oxygen and nutrients for

disrupting cell function, and even leading to necrosis and

the tumor tissues and metastasizes to other parts of the

disease. Oxidative stress leads to cancer, cardiovascular

body [3, 4]. Non-Hodgkin's lymphoma (NHL) is a

disorders, and neurological diseases over time [7, 8, 9]. To

malignant lymphoproliferative disease. Risk factors, such

combat this process, the body uses the immune system of

as autoimmune disorders, specific infections, genetic

antioxidants, such as peroxidase and glutathione reductase,

factors, and history of lymphoma, can predispose to the

catalase, and superoxide dismutase. Additionally, such

disease. An imbalance between the production of free

antioxidants as vitamin C, vitamin E, and carotenoids,

radicals and reactive metabolites leads to the production of

which have high antioxidant power, are taken to minimize

reactive oxygen species leading to damage to vital cells in

the harmful effects of reactive oxygen species [10, 11].
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Many studies have been performed to investigate the total

Oxidative stress enzymes were measured according to the

antioxidant capacity (TCA) and lipid and catalase

guidelines of standard protocols.

peroxidation. Serum levels (e.g., catalase catalytic activity)
Assay of catalase activity

are an essential component of the antioxidant system [12].
This study aimed to compare the levels of TCA and

To evaluate the activity of CAT, a colorimetric enzyme

catalase catalytic activity (CAT) in the serum of NHL

assay kit was used at 405 nm

patients from those of healthy subjects and investigate

Germany). Based on the kit protocols, the CAT activity

whether these variables may be considered necessary to

unit was considered micromoles. This method can

predict NHL patient survival.

determine the activity of CAT with a 0.5 U/ml sensitivity.

(ZellBio GmbH, Ulm,

The coefficient of variation was calculated within and

MATERIALS AND METHODS

between the measurements rendering for 6.3% and 7.9%,
This case-control study was conducted on 25 cases in

respectively.

Zahedan city, Sistan and Baluchestan Province, Iran.
Measurement of total antioxidant capacity
Study population
Serum TAC levels were measured using a kit and following
the protocol of the manufacturer (ZellBio GmbH,

Patients group

Germany) by colorimetric method and reduction of oxidant
To conduct the study, the blood samples of 25 patients with

at 490 nm. Serum TAC levels were considered to be

lymphoma were collected. The subjects did not have any

superior to the function of vitamin C due to the presence of

other known cancers or systemic diseases and were under

antioxidants in the sample. This method can determine the

the treatment process. The inclusion criteria were having

serum TAC level with a 0.1 mm sensitivity (100 μmol/L).

lymphoma (non-Hodgkin's disease) being confirmed by a

It is claimed that the variability values within and between

pathologist and lacking secondary malignancies and

assays are 4.4% and 4.2%, respectively.

congenital chromosomal abnormalities. The patients'
demographic information, including age, gender, height,

Statistical analysis

weight, location, and body mass index were obtained and
The collected data were analyzed in SPSS software

calculated.

(version 21) using the mean score, as well as the student ttest to compare the groups. A p-value of < 0.05 was

Control group

considered significant.
The blood samples of 25 healthy subjects with no known
cancer or systemic disease were collected in Zahedan city.

RESULTS
Blood serum samples from diagnosed NHL patients and

Samples collection

healthy volunteers (n=25 each group) were analyzed to
The cases in both groups were homogenous regarding age,

measure the TCA level and CAT activity. According to the

gender, and ethnicity. A volume of 7 ml of blood samples

results, CAT activity and TCA levels were significantly

was collected in non-coagulated tubes and stored at 25°C

lower in NHL patients than in the control group (Table 1).

for 25 min. Subsequently, the blood samples were

Therefore, the findings showed a decrease in the

centrifuged at 3,000 rpm for 10 min in a refrigerated

antioxidant system and an increase in lipid peroxidation

centrifuge and the serum was carefully collected and stored

resembling oxidative stress among ovarian cancer patients.

at -70°C until oxidative stress enzymes were measured.
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Table 1. Comparison of total antioxidant capacity levels and catalase catalytic activity in study and control groups
Parameter

Control (n=25)

Cases (n=25)

P-value

TCA

2.69±0.15

1.29±0.04

0.01

CAT

4.62±0.4

3.45±0.2

0.01

TCA: total antioxidant capacity, CAT: catalase catalytic activity

DISCUSSION

CONCLUSIONS

Many clinical disorders originate from an imbalance

The results of our study showed a decrease in antioxidant

between the production of oxidative molecules and the

activity of TCA and CAT indicated a decrease in the

ability of biological antioxidant systems to detoxify these

activity of NHL antioxidant enzymes. This means that

oxidative stress markers [13, 14]. Oxidative stress plays an

oxidant/antioxidant imbalance may also be associated with

important role in changing metabolic pathways in tumor

an increased risk for NHL patients. Low serum levels of

cells, resulting in changes that can affect tumor progression

TCA and CAT develop this hypothesis that some

and the adaptation of cancer cells to oxidative stress, as

disturbances in the oxidant-antioxidant balance in favor of

well as increasing the treatment resistance, angiogenesis,

oxidation may contribute to NHL formation. It is

and risk of metastasis [15, 16, 17, 18]. Consequently,

recommended to perform further studies to determine the

oxidative stress can be particularly important in the

role of oxidative stress among NHL patients.

prognosis of cancer. In this study, the CAT activity and
ACKNOWLEDGMENTS

TAC level were measured in blood samples of patients with
lymphoma and compared with the results of a study of

The authors would like to thank all participants (case and

healthy individuals. The Findings of the present research

control) in this study for their patience and support.

indicated that the TAC level in patients with non-Hodgkin's
Conflicts of interest

lymphoma was significantly lower than that in the control
group. Additionally, the results of CAT enzyme activity

The authors declare that there is no conflict of interest.

showed a low significant relationship between patients and
healthy individuals. The reason for this change can be

REFERENCES

attributed to an increase in metabolism as a result of
increased production of free radicals [19, 20, 21]. One of

1. Müller A., Ihorst G., Mertelsmann R., Engelhardt M.,

the natural metabolites in living cells is hydrogen peroxide.

2005. Epidemiology of non-Hodgkin’s lymphoma (NHL):

defense against oxidative stress, antioxidant enzyme

trends, Geographic distribution and aetiology. Ann

catalase to break down hydrogen peroxide into water and

Hematol. 84,1–12.

oxygen, which is not a radical [22, 23, 24, 25]. Removal of

2. Armitage J., Longo D., 2008. Malignancies of lymphoid

hydrogen peroxide is essential since it leads to the

cells. Harrison's Principles of Internal Medicine. 641–56.

oxidation of cellular components. Liver and kidney cells

3. Durackova Z., 2009 . Some current insights into

also have catalase activity and the lowest catalase activity

oxidative

is in connective tissues [26, 27, 28]. Although serum TAC

intermediates as mediators of programmed necrobiosis in

and CAT levels are good markers for oxidative and

plants and animals. BiochemPharmacol. 57,231–245.

antioxidant status, they are still not definitively indicative

4. Boscia F., Grattagliano I., Vendemiale G., Micelli-

of changes in NHL patients, due to the involvement of

Ferrari T., Altomare E., 2000. Protein oxidation in humans.

many factors [29, 30, 31, 32].

Investigative Ophthalmology and Visual Science. 41,2461–
2465.

165

stress.

Physiol

Res.

Reactive

oxygen

H. Hoseini et al / Journal of Chemical Health Risks 11(2) (2021) 163-167

5. Taylor A., Nowell T., 1997. Oxidative stress and

products in patients with DM . Physiological Research.

antioxidant function in relation to NHL. Advances in

51,597–604.

Pharmacology. 38,515–536.

18. Witko-Sarsat V., Friedlander M., Khoa T.N., 1998.

6. Sun Y., Oberley L.W., Li Y., 1988. A simple method for

Advanced oxidation protein products as novel mediators of

clinical assay of SOD. Clinical Chemistry. 34,497–500.

inflammation and monocyte activation in chronic renal

7. Paglia D.E., Valentine W.N., 1967. Studies on the

failure . Journal of Immunology. 161,2524–2532.

quantitative and qualitative characterization of erythrocyte

19. Pan H.Z., Zhang H., Chang D., Li H., Sui H., 2008.The

peroxidase . The Journal of Laboratory and Clinical

change of oxidative stress products in DM and diabetic

Medicine. 70,158–169.

retinopathy. British Journal of Ophthalmology. 92,548–

8. Aebi H., 1984. Catalase in vitro . Methods in

551.

Enzymology. 105,121–126.

20. Garland D., 1990. Role of site-specific, metal-catalyzed

9. Witko-Sarsat V., Friedlander M., Capeillère-Blandin C.,

oxidation in lens aging and cataract. a hypothesis.

1996. Advanced oxidation protein products as a completely

Experimental Eye Research. 50,677–682.

unique marker of oxidative stress in uremia. Kidney

21. Wolf N., Pendergrass W., Singh N., Swisshelm K.,

International. 49,1304–1313.

Schwartz J., 2008. Radiation cataracts: mechanisms

10. Reznick A.Z., Packer L., 1994. Oxidative damage to

involved in their long delayed occurrence on the opposite

proteins: spectrophotometric method for carbonyl assay.

hand rapid progression. Molecular Vision. 14, 274–285.

Methods in Enzymology. 233,357–363.

22.Alonso de Vega J.M., Diaz J., Serrano E., Carbonell

11. Sasaki H., Jonasson F., Shui Y.B., 2002. High

L.F., 2002.Oxidative stress in critically ill patients with

prevalence of nuclear cataract within the population of

systemic inflammatory response syndrome. Crit Care

tropical

Med.30,1782–1786.

and

subtropical

areas.

Developments

in

Ophthalmology. 35,60–69.

23.Alonso de Vega J.M., Diaz J., Serrano E., Carbonell

12. Betteridge D.J., 2000.What is oxidative stress?

L.F., 2000. Plasma redox status relates to severity in

Metabolism. 49,3–8.

critically ill patients. Crit Care Med. 28,1812–1814.

13. Huang L., Yappert M.C., Jumblatt M.M., Borchman

24.Ghiselli A., Serafini M., Natella F., Scaccini C.,

D., 2008. Hyperoxia and thyroxine treatment and therefore

2000.Total antioxidant capacity as a tool to assess redox

the

status: critical view and experimental data. Free Rad Biol

relationships

generation,

between

mitochondrial

reactive
membrane

oxygen

species

potential,

and

Med. 29,1106–1114.

cardiolipin in human lens somatic cell cultures. Current

25.Motoyama T., Okamoto K., Kukita I., Hamaguchi M.,

Eye Research. 33,575–586.

Kinoshita Y., Ogawa H., 2003. Possible role of increased

14. Stadtman E.R., 1992. Protein oxidation and aging.

oxidant stress in multiple organ failure after systemic

Science. 257,1220–1224.

inflammatory response syndrome. Crit Care Med. 31,1048–

15. Alderman C.J.J., Shah S., Foreman J.C., Chain B.M.,

1052.

Katz D.R., 2002. The role of advanced oxidation protein

26.Tsai K., Hsu TG., Kong C.W., Lin K., Lu F., 2000. Is

products in regulation of dendritic cell function. Free

the endogenous peroxyl-radical scavenging capacity of

Radical Biology and Medicine. 32,377–385.

plasma protective in systemic inflammatory disorders in

16. deZwart L.L., Meerman J.H.N., Commandeur J.N.M.,

humans? Free Rad Biol Med. 28,926–933.

1999. Vermeulen NPE. Biomarkers of radical damage

27.MacKinnon KL., Molnar Z., Lowe D., Watson I.D.,

applications in experimental animals and in humans. Free

Shearer E., 1999. Measures of total radical activity in

Radical Biology and Medicine. 26,202–226.

critically ill patients. ClinBiochem. 32,263–268.

17. Kalousová M., Skrha J., Zima T., 2002. Advanced

28.Teng R.J., Ye Y.Z., Parks D.A., Beckman J.S., 2002.

glycation end-products and advanced oxidation protein

Urate produced during hypoxia protects heart proteins from
166

H. Hoseini et al / Journal of Chemical Health Risks 11(2) (2021) 163-167

peroxynitrite-mediated protein nitration. Free Rad Biol

31.Altman D.G., 2000.Confidence intervals in practice. In:

Med. 33,1243–1249.

Altman DG, Machin D, Bryant TN, Gardner MJ, editor.

29.Anker S.D., Doehner W., Rauchhaus M., Sharma R.,

Statistics with Confidence: Confidence Intervals and

Francis D., Knosalla C., Davos C.H., Cicoira M., Shamim

Statistical Guidelines. 6–14.

W., Kemp M., 2003. Uric acid and survival in chronic heart

32.Dasgupta A., Malhotra D., Levy H., Marcadis D.,

failure: validation and application in metabolic, functional,

Blackwell W., Johnston D., 1997. Decreased total

and hemodynamic staging.Circulation.107,1991–1997.

antioxidant capacity but normal lipid hydroperoxide

30.Whitehead T.P., Thorpe G.H.G., Maxwell S.R.J.,

concentrations in sera of critically ill patients. Life

1992.Enhanced chemiluminescent assay for antioxidant

Sciences. 60,335–340.

capacity in biological fluids. AnalyticaChimicaActa.
266,265–277.

167

H. Hoseini et al / Journal of Chemical Health Risks 11(2) (2021) 163-167

168

