
Open Journal of Blood Diseases, 2013, 3, 17-22 
http://dx.doi.org/10.4236/ojbd.2013.33A004 Published Online October 2013 (http://www.scirp.org/journal/ojbd) 

17

Oxidative Stress and Antioxidant Status in Acute and 
Chronic Myeloid Leukemia Patients 

Ullagaddi Rajeshwari1*, Iyer Shobha1, Rao Raghunatha2, Bondada Andallu1 
 

1Sri Sathya Sai Institute of Higher Learning, Anantapur, India; 2Nizam’s Institute of Medical Sciences, Hyderabad, India. 
Email: *rajeswarichandrashekaru@sssihl.edu.in 
 
Received July 1st, 2013; revised August 1st, 2013; accepted August 8th, 2013 
 
Copyright © 2013 Ullagaddi Rajeshwari et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

Oxidative stress, a pervasive condition of increased number of reactive oxygen species, is now recognized to be promi-
nent feature of various diseases and their progression. The relationship between antioxidants and levels of well-known 
markers of oxidative stress, measured as lipid peroxides and oxidized proteins reflect health indices. The aim of this 
study is to evaluate the extent of oxidative stress and antioxidant status in acute and chronic myeloid leukemia patients. 
The present study included 60 patients selected using standard questionnaire based on age, family history, Body Mass 
Index (BMI), dietary intake, with no other complications and 30 age and sex-matched healthy subjects. The median age 
of myeloid leukemia patients was 43 years and that of controls was 42 years. Out of 60 myeloid leukemia patients, 30 
were in acute and 30 were in chronic state. Oxidative stress and antioxidant status were evaluated in the patients and in 
the controls by assessing standard oxidative stress markers viz. plasma and erythrocyte lipid peroxide levels in terms of 
malondialdehyde and oxidized proteins as protein carbonyls whereas antioxidant status was assessed in terms of serum 
non enzymatic antioxidant levels. There was a significant increase (p < 0.01) in plasma and erythrocyte lipid peroxida-
tion and protein oxidation in acute and chronic myeloid leukemia patients as compared to healthy subjects. Antioxidant 
status as indicated by the levels of non-enzymatic antioxidants viz. erythrocyte reduced glutathione (GSH), serum β 
carotene, vitamin A & C and ceruloplasmin was found to be significantly decreased (p < 0.01) in both the leukemia 
patients as compared to healthy participants. However, chronic myeloid leukemia patients had significantly (p < 0.05) 
higher oxidative stress and lower antioxidant status as compared to acute myeloid leukemia patients.  
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1. Introduction 

The substances that can damage DNA and cause cancer 
are known as free radical (FR) producers. Free radicals 
induce changes in the sequence of DNA viz. deletions, 
gene amplification, rearrangement and mutations, which 
cause the activation of various protooncogenes and/or 
tumor suppressor genes. Free radicals, the by-products of 
normal metabolism increase inflammation and exposure 
to exogenous sources including nitrogen oxide pollutants, 
smoking, certain drugs (e.g., acetaminophen, bleomycin) 
and radiations can induce cancer-causing mutations, oxi-
dize lipids and proteins, and alter signal transduction 
pathways that enhance cancer risk [1]. Reactive oxygen 
species may also arise through the metabolism of certain  

drugs, like anthracyclic antineoplastic agents (doxorubi-
cin), pesticides and solvents [2].  

Oxidative stress is defined as a pervasive condition of 
increased production and/or inadequate removal of ROS 
[3]. Lipid peroxidation is evaluated in terms of malon- 
dialdehyde (MDA) levels. Protein carbonyl (PC) is a 
product of irreversible non-enzymatic oxidation of pro-
tein [4]. Oxidative stress is now recognized to be a 
prominent feature of many acute and chronic diseases, 
and even cancer and leukemia [5]. Defense mechanisms 
of the body play an important role in the form of anti-
oxidants and therefore, minimize the damage, adapting 
itself to the stressful situations. Antioxidants are com-
pounds that dispose, scavenge, and suppress the forma-
tion of ROS, or oppose their actions and play a major 
role in the prevention of various diseases including can-
cer and their clinical manifestations [4,6]. *Corresponding author. 
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Myeloid Leukemia 

Leukemia is a disease of the white blood cells (WBC). 
There is a higher incidence of leukemia in people ex-
posed to intense radiation. Some types of cytotoxic drugs 
can also lead to an increased risk. The peak incidence is 
between 40 and 60 years with the median age being 53 
years [7]. Acute myeloid leukemia (AML) is a type of 
cancer that starts in the cells that normally develop into 
different types of blood cells. AML is also called as acute 
myelogenous leukemia, acute granulocyctic leukemia 
and acute non-lymphocytic leukemia [8].  

Chronic myelagenous leukemia (CML) is also referred 
to as chronic myeloid, chronic myelocytic and chronic 
granulocytic leukemia. A number of diseases as well as 
cancers and leukemia viz. acute lymphocytic leukemia 
(ALL), acute nonlymphocytic leukemia (ANLL) have 
been reported to have significantly increased levels of 
various reactive oxygen species (ROS) such as superox-
ide radicals, H2O2, and decreased levels of enzymatic and 
non enzymatic antioxidants compared to healthy indi-
viduals [8]. 

2. Materials and Methods 

Study population: The patients were selected from Ni-
zam’s Institute of Medical Sciences (NIMS) Hyderabad, 
India. Sixty diagnosed myeloid leukemia (ML) patients 
were chosen for the study under the supervision of a 
medical oncologist. Out of 60 myeloid leukemia patients, 
30 were of acute myeloid leukemia and 30 were of 
chronic myeloid leukemia. Thirty age and sex-matched 
healthy subjects were included in the study as controls 
(15 females, 15 males; mean age 42.2 ± 7.6 years) (Ta-
ble 1). There were no dietary or supportive antioxidant 
medications given to patients and control subjects as well 
which could affect the status of free radicals and anti-
oxidants. Informed consent was obtained from all the 
individuals included in the study. The present investiga-
tions were approved by the Institutional Ethical Com-
mittee for biomedical research. Blood samples were col-
lected from the patients in Nizam’s Institute of Medical 
Sciences (NIMS) Hyderabad, India by the trained techni-
cian under the supervision of oncologist. At the time of 
blood collection, there were no evidences of infections, 
tissue injuries or inflammatory manifestations in the pa-
tients as well as in the controls.  

Biochemical Analyses 

Blood samples taken from the patients and healthy sub- 
jects following an overnight fasting (avoiding the possi- 
ble influence of dietary factors on the levels of the bio- 
chemical parameters) into EDTA (5%) containing vials 
were used for the collection of plasma and erythrocytes, 
and vials without any anti-coagulant were used for the 

collection of serum.  
Lipid peroxidation in plasma [9] and erythrocytes [10], 

reduced glutathione (GSH) in erythrocytes [11], protein 
oxidation [12], vitamin A and β-carotene [13], vitamin C 
[14] and ceruloplasmin [15] in serum were estimated. 
The findings were expressed as mean ± standard error. 
The differences were compared using Student’s t-test. A 
value of p < 0.05 was considered to be statistically sig-
nificant (SPSS version 11). 

3. Results  

The present study conducted to assess oxidative stress in 
patients with AML and CML i.e. lipid peroxidation in 
terms of MDA in erythrocyte and plasma, protein car-
bonyl (PC) levels in the serum, non enzymatic antioxi-
dant status of the patients generated very useful data. 
Erythrocyte and plasma MDA, and serum PC levels were 
found to be significantly increased (p < 0.01) in AML 
and CML patients as compared to healthy subjects (Fig-
ures 1-3). GSH in erythrocytes (p < 0.01), β-carotene, 
vitamin A, ceruloplasmin and vitamin C in serum were 
found to be significantly decreased (p < 0.01) in both 
AML and CML patients as compared to healthy subjects. 
However, CML patients had higher MDA and PC and 
lesser antioxidants than that of AML patients (Table 2).  

4. Discussion 

There is strong evidence that oxidative stress is a central 
issue in the processes of ageing, transformation or death 
of living cells and thus leads to many pathological proc-
esses among which is the induction of cancers. Oxidative 
stress originates basically from an acute or chronic im-
balance between the production of reactive oxygen and 
nitrogen species and antioxidant capacities of living cells 
and organisms [1]. 

Free radicals play an important role in the patho- 
physiology of myeloid leukemia, and that high levels of  
 

 

Figure 1. Erythrocyte lipid peroxidation in healthy controls, 
acute and chronic myeloid leukemia patients; Values are 
mean ± SEM of 30 patients/subjects in each group; **Sta- 
tistically significant (p < 0.01) in comparison to healthy 
controls; aStatistically significant (p < 0.05) in comparison 
to AML. 
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Figure 2. Plasma lipid peroxidation in healthy controls, 
acute and chronic myeloid leukemia patients; Values are 
mean ± SEM of 30 patients/subjects in each group; **Sta- 
tistically significant (p < 0.01) in comparison to healthy 
controls; aStatistically significant (p < 0.05) in comparison 
to AML. 
 

 

Figure 3. Protein oxidation in healthy controls, acute and 
chronic myeloid leukemia patients; Values are mean ± SEM 
of 30 patients/subjects in each group; **Statistically signifi-
cant (p < 0.01) in comparison to healthy controls; aStatisti-
cally significant (p < 0.05) in comparison to AML. 
 
free radicals may cause oxidative stress in haematopoi-
etic cells if the antioxidant defense system is not poten-
tial. Oxidative stress may occur in patients with leukemia 
due to the higher number of mature and immature mye-
loid series cells as well as other unknown factors. Ma- 
londialdehyde (MDA) which is a stable end product of 
free radical induced-lipid peroxidation was used as a 
surrogate marker for oxidative damage to tissues. Anti-
oxidants, which control the oxidative stress state, repre-
sent a major line of defense regulating overall true state 
of health. The relationship between the levels of anti-
oxidants and the levels of well-known markers of oxi-
dative stress that are measured as lipid peroxides and 
oxidized proteins reflect better health indices and pos-
tures [4]. 

In the present study, significantly increased lipid per-
oxidation in erythrocytes and plasma (measured in terms 
of the levels of MDA) was observed in patients with 
AML and CML as compared with healthy volunteers. 
This could be attributed to the increased formation or 
inadequate clearance of free radicals by the cellular anti-
oxidants. The present observations are in agreement with 

other reports on hematological malignancies, including 
various human cancers [16].  

It has been suggested that ROS exert their cytotoxic 
effect by carbonylating proteins, leading to a loss of pro-
tein function. Protein dysfunction is considered to be a 
widespread marker of severe oxidative stress, damage, 
and disease. ROS also cause peroxidation of membrane 
phospholipids, changing the permeability of the cellular 
membrane, increasing membrane fluidity and rigidity, 
and in some cases, increasing the risk of membrane rup-
ture. Our findings are in broad agreement with an earlier 
study carried out on CML patients that accumulation of 
ROS may result in significantly increased lipid peroxida-
tion and protein damage at the cellular and molecular 
levels [17]. 

Many antioxidants are micronutrients or depend on 
micronutrients for their activity. These include vitamins 
A and E as well as trace elements such as zinc, magne-
sium and selenium, which act as cofactors for antioxidant 
enzymes [18]. Antioxidants have been shown to inhibit 
both the initiation and promotion in carcinogenesis as well 
as counteract cell immortalization and transformation 
[19].The actions of different antioxidants show different 
patterns during neoplastic transformation, and tumour, 
cancer or leukaemic cells, which exhibit abnormal activi-
ties of the antioxidant enzymes as well as the concentra-
tions of non-enzymatic antioxidants, when compared with 
their appropriate normal cells [20]. GR is a glutathione 
regenerating enzyme that permits the conversion of oxi-
dized glutathione (GSSG) to reduced glutathione (GSH) 
by the oxidation of NADH to NAD+ [21]. Glutathione 
reductase is a secondary antioxidant enzyme that helps in 
the detoxification of reactive oxygen species by decreas-
ing peroxide levels or by maintaining a steady state sup-
ply of metabolic intermediates like GSH [22]. 

Vitamin C also known as acid, is a water-soluble anti-
oxidant, which prevents oxidative damage to the cell 
membrane induced by aqueous radicals [23]. Vitamin C 
is a powerful antioxidant, and acts as a scavenger of ROS 
to prevent, or at least alleviate the deleterious effects 
caused by ROS [24]. It works synergistically with vita-
min E to quench free radicals and also regenerates the 
reduced form of vitamin E [25]. Ascorbic acid, in the 
defense system, protects metabolic processes against H2O2 
and other toxic derivatives of oxygen. Acting as a chain 
breaking antioxidant, it impairs with the formation of 
free radicals in the process of formation of intercellular 
substances through the body, including collagen, bone 
matrix and tooth dentine [26].  

Carotenoids have received considerable attention for 
their possible clinical use in diseases associated with 
reactive oxygen species such as cancer [27]. Carotenoids 
are found to decrease oxidative damage to DNA [28]. β- 
carotene (provitamin A) is assumed to stimulate the im-  
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Table 1. Demographic characteristics of healthy controls, AML and CML patients. 

Parameter Healthy controls (n = 30) AML patients (n = 30) CML patients (n = 30) 

Age (years) 42.2 ± 7.6 42.0 ± 8.3 43.0 ± 7.5 

Sex (M/F) 15/15 15/15 15/15 

BMI (kg/m2) 23 ± 2.2 27 ± 2.3 26 ± 2.1 

 
Table 2. Non-enzymatic antioxidants in healthy controls, acute and chronic myeloid leukemia patients. 

S. No. Parameters Healthy  AML  CML  

1. Reduced glutathione (IU/gHb) 20.9 ± 0.44 16.5 ± 4.41** (21) 9.6 ± 2.5**a (42) 

2. Ceruloplasmin (mg/dl) 29.1 ± 0.88 27.6 ± 2.3** (5) 8.9 ± 3.6**a (67) 

3. β-carotene (μg/dl) 190.3 ± 0.28 109.6 ± 0.2** (42) 95.6 ± 0.5**a (13) 

4. Vitamin-A (μg/dl) 25.3 ± 0.82 15.6 ± 0.5** (38) 8.9 ± 0.3**a (43) 

5. Vitamin-C (mg/dl) 2.4 ± 0.77 1.9 ± 0.4** (21) 1.7 ± 0.6**a (11) 

Values are mean ± SEM of 30 subjects in each group; **Statistically significant (p < 0.01) in comparison to healthy controls; aStatistically significant (p < 0.05) 
in comparison to AML; Figures in parentheses indicate per cent change over the respective groups. 

 
mune system and cancer suppressor genes as well as de-
regulate oncogenes and block tumor angiogenesis. There- 
fore, carotenoids have been regarded to be of value not 
only as effective nutrients for the eyes, but also as anti-
oxidants [29]. β-carotene has great capacity to remove 
the singlet oxygen and hence possesses antioxidant and 
antiproliferative properties and anticancer activity in 
humans [30]. Studies have demonstrated that β-carotene 
and vitamin A protect lipid molecules, low-density lipo-
proteins, proteins, and DNA against free radical attack, 
playing an essential role in the protection against dis-
eases [31]. 

Ceruloplasmin (Cp) is a copper–containing ferroxidase 
that functions as an antioxidant in part by oxidizing toxic 
ferrous iron to nontoxic ferric iron [32]. Ferrous iron 
(Fe2+) is highly damaging because of its ability to gener-
ate toxic free radicals, particularly superoxide and hy-
droxyl radicals. Cp also serves as a general antioxidant 
by catalyzing the destruction of oxygen radicals and can 
bind to and inhibit neutrophil myeloperoxidase oxidant 
activity. Cp is a highly effective antioxidant that can 
prevent oxidative damage to lipids, DNA and proteins 
[33].  

In our study, it was observed that the levels of non- 
enzymatic antioxidants were significantly (p < 0.01) de-
creased in ML patients as compared to healthy controls. 
These findings suggest that alterations in antioxidant 
defenses, which normally protect biological tissues from 
ROS, may be related to leukemia progression. Alterna-
tively, it is possible that the cancer process itself causes 
the observed dysfunction of the antioxidant system. 

Cellular non-enzymatic antioxidants are also known as 
free radical scavengers that protect cells against toxic  

free radicals. GSH is the chief constituent of the thiol 
pool and a vital intracellular scavenger of free radicals. 
Therefore, decreased GSH levels may reflect a depletion 
of non-enzymatic antioxidant reserve counterparts [20]. 
In this study, a significant depletion of GSH and other 
non enzymatic antioxidants was observed in patients with 
AML and CML as compared with healthy volunteers. 
The low levels of non enzymatic antioxidants in patients 
with ML provides some evidence that free radical gen-
eration in the haematopoietic cells is high compared to 
their normal counterparts. 

Free radicals therefore, have the potential to lead addi-
tional mutations that could contribute to the progression 
of ML. Other studies have shown that the levels of lipid 
peroxidation increased continuously with disease pro-
gression and the aging process, whereas a defective non- 
enzymatic antioxidant defense system was found as the 
disease progressed and this is evidenced by the higher 
levels of lipid peroxidation in plasma and erythrocytes 
and protein carbonyls and lesser antioxidants in CML 
than that of AML in the present investigation. Although 
reactive species are well recognized for playing a dual 
role—deleterious and beneficial, excessive accumulation 
of ROS leads to antioxidant depletion and dysfunction 
[34]. 

5. Conclusion 

In conclusion, high levels of plasma and erythrocyte 
malondialdehyde and protein carbonyls and poor anti-
oxidant status in acute and chronic myeloid leukemia 
patients as compared to healthy subjects confirm oxida-
tive stress in the patients. Higher oxidative stress and 
lower antioxidant status in chronic myeloid leukemia 
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(CML) patients reflect higher magnitude of oxidative 
stress in chronic myeloid leukemia than acute myeloid 
leukemia (AML) indicating a possible link between de-
creased antioxidant levels and increased cellular altera-
tions due to oxidative damage, supporting the possibility 
of the persistence of oxidative stress in CML. More 
studies are necessary to confirm whether these alterations 
are the cause or the consequence of carcinogenesis. 
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