
Abstract. Background: Oxidative stress, a pervasive
condition of an increased amount of free radicals, is now
recognized to be prominent feature of various diseases and
their progression. However, evidence for this association
has often been lacking because of a lack of specific
biomarkers and methods available to evaluate oxidative
stress status in humans with disease conditions. Emphasis
is now being placed on biomarkers of oxidative stress,
which can be objectively measured and evaluated as
indicators of normal biological and pathogenic processes.
The aim of this study was to investigate the plasma levels
of malondialdehyde (MDA) and protein carbonyl (PC) as
biomarkers for oxidative stress and disease progression in
patients with chronic myeloid leukemia (CML). Materials
and Methods: The study included 20 CML patients and 10
age-and sex-matched healthy control volunteers. The mean
age of CML patients was 37.11±11.36 years and that of
controls was 31.07±7.60 years. Results: There was a
significant increase (p<0.05) in plasma MDA and PC levels
in CML patients as compared to healthy volunteers. Our
results also showed that plasma MDA and PC levels were
significantly higher (p<0.001) in both chronic phase
(CML-CP) and accelerated phase (CML-AP) as compared
to healthy volunteers. During the follow-up of 12 months,
two patients of CML-CP progressed to the accelerated
phase. The mean plasma levels of MDA and PC in patients
with CML-CP who progressed to CML-AP were found to be
higher than in patients with CML-CP who did not progress
to the accelerated phase. Conclusion: Plasma MDA and PC

appears to reflect the oxidative stress status and disease
progression in CML and can be used as biomarkers for
oxidative stress and disease progression.

Chronic myeloid leukemia (CML) is a pleuripotent stem cell
disorder characterized by neoplastic proliferation of progenitor
cells. It is the first human malignancy where a specific marker,
the Philadelphia (Ph) chromosome, was linked to pathogenetic
events of leukemogenesis (1). At the gene level, breaks occur
in the ABL and BCR genes on chromosome 9 and 22
respectively (1). The resulting BCR-ABL fusion on the Ph
chromosome is transcribed to chimerical RNA and then
translated into a fusion tyrosine kinase protein of varying size
P 210 to P 190 kDa (2). Classic CML has three phases,
chronic (CML-CP), accelerated (CML-AP), and terminal
blast crisis (CML-BC). CML has an incidence of 1 to 1.5
cases per 100,000 per year and occurs slightly more often in
men (2). Although the median age at presentation is 40-60
years, 10% of patients are under the age of 20. The cause is
unknown and most cases occurs sporadically (2).

Free radicals are continuously generated inside the cells of
human beings in response to both external and internal
stimuli, as well as during pathological processes (3). Free
radicals may be crucial in a plethora processes, including
intracellular signal transduction, carcinogenesis, proliferation,
apoptosis, immunity and defense against microorganisms (4).
Oxidative stress, a pervasive condition of increased and/or
inadequate removal of free radicals, is now recognized to be
a prominent feature of many acute and chronic diseases, and
even cancer and leukemias (4-8).

The localization and effects of oxidative stress, as well as
information regarding the nature of the free radicals, may be
gleaned from the analysis of discrete biomarkers of oxidative
damage isolated from tissues and fluids of human beings.
Biomarkers are defined as characteristics that can be
objectively measured and evaluated as indicators of normal
biological processes, pathogenic processes, or pharmacological
responses to a therapeutic intervention. Several in vitro markers
of oxidative stress are available, including free radicals
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themselves, but most are of limited value in vivo because they
lack sensitivity, specificity, or require invasive methods.
Although some free radicals have been directly detected in
vitro by electron spin resonance with or without spin-trapping
reagents, or by chemiluminescence, these direct detection
methods are not yet applicable for clinical research because of
the instability of many free radicals and the need for expensive
equipment. Furthermore, free radicals are generally too reactive
and have a half-life too short to allow direct measurement in
cells, tissues, or body fluids. Because molecular products
formed from the reaction of free radicals with biomolecules are
generally considered more stable than free radicals themselves,
most commonly, free radicals have been tracked by measuring
stable metabolite concentrations of their oxidation target
products, including malondialdehyde (MDA), a by-product of
lipid peroxidation, and protein carbonyl (PC) as product of
oxidized proteins (9, 10). The MDA level has been shown to
have value as a biomarker for oxidative stress and disease
progression in a number of types of cancer including solid
tumors, gastric carcinoma, breast cancer and leukemias (7, 9,
11-14). The PC level has been found to be significantly high
and used as biomarker of oxidative stress in lungs, breast,
bladder, and colon cancers (9, 10, 15-18). Several studies show
that MDA and PC can be used as biomarkers of oxidative stress
status in various diseases including cancer and other
malignancies (9, 10).

The aim of this study was to investigate the plasma levels
of MDA and PC as biomarkers for oxidative stress and
disease progression in patients with CML

Patients and Methods
Twenty patients were diagnosed with CML. The diagnosis was made
on the basis of standard clinicohematological and cytogenetic criteria.
Ten age-and sex-matched healthy volunteers were also included in the
study. Out of 20 CML patients, 15 were in the chronic phase (CML-
CP) and 5 in the accelerated phase (CML-AP). The mean age of the
CML patients was 37.11±11.36 years and that of healthy volunteers
was 31.07±7.60 years. Patients were given hydroxyurea/imatinib and

the dose was adjusted on each follow-up so as to maintain total
leukocyte counts between 5,000/mm3 and 10,000 mm3.

Blood samples were taken following an overnight fasting period
and placed in K2EDTA vials. The plasma layer was separated by
centrifugation at 3,000 rpm for 15 minutes. Lipid peroxidation in
the plasma was evaluated by slightly modified spectrophotometric
method based on the reaction between MDA and thiobarbituric acid
(TBA) (19). Absorbance was measured spectrophotometrically at a
wavelength 532 nm with molar extinction coefficient ε532=1.56×105
M–1 cm–1. All values were expressed as nmole MDA/ml plasma.
Plasma PC content was measured according to the method described
by Levine et al. based on the spectrophotometric detection of the
reaction between 2,4-dinitrophenyl hydrazine (DNPH) with PC to
form protein hydrazone (20). The results were expressed as nmole
of PC content per milligram of protein by using wavelength 370 nm
with molar extinction coefficient ε370=22000 M–1 cm–1. The protein
content was determined by the Lowry method using bovine serum
albumin as a standard (21).

Statistical analysis. The findings were expressed as the
mean±standard deviation (SD). The differences were compared with
the use of an unpaired Student’s t-test and one-way ANOVA test. A
value of p<0.05 was considered statistically significant.

Results
The present study was conducted to assess MDA and PC as
clinical biomarkers for oxidative stress in patients with CML.
Mean plasma MDA and PC levels were found to be
significantly increased (p<0.05) in CML patients as compared
to healthy volunteers (Table I). The mean plasma MDA in
CML-CP and CML-AP patients was 4.33±0.79 and 6.88±1.30
nmole/ml respectively (Table II). The mean plasma MDA
level in CML-CP and CML-AP were significantly higher
(p<0.001) than in healthy volunteers. The mean plasma level
of PC in CML-CP and CML-AP were 4.59±1.86 and
8.41±0.90 nmole/mg protein respectively whereas in healthy
volunteers it was 1.81±1.13 nmole/mg protein (Table II).
Table II shows that plasma MDA and PC levels were
significantly higher (p<0.001) in both CML-CP and CML-AP
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Table I. Plasma levels of malondialdehyde and protein carbonyl in CML
patients and healthy volunteers.

CML Patients Healthy Volunteers
(n=20) (n=10)

Mean±SD Range Mean±SD Range

Malondialdehyde 4.97±1.45 2.85-8.49 2.51±0.39 1.98-3.00
(nmole/ml plasma)
Protein carbonyl 5.55±2.36 1.45-9.45 1.81±1.13 0.28-3.05
(nmole/mg protein)

Mean value are expressed as ± SD. Statistically significant (p<0.05) in
comparison to healthy volunteers.

Table II. Plasma levels of malondialdehyde and protein carbonyl in
different phases of CML patients and healthy volunteers.

Malondialdehyde Protein carbonyl
(nmole/ml plasma) (nmole/ mg protein)

Mean±SD Range Mean±SD Range

Healthy volunteers 2.51±0.39 1.98-3.00 1.81±1.13 0.28-3.05
(n=10)
CML-CP 4.33±0.79 2.85-5.61 4.59±1.86 1.45-7.15
(n=15)
CML-AP 6.88±1.30 5.62-8.49 8.41±0.90 7.42-9.45
(n=5)

Mean value are expressed as ± SD. Statistically significant (p<0.001) by
one-way ANOVA test in comparison to CML-CP, CML-AP patients with
healthy volunteers and also between CML-CP and CML-AP patients.



as compared to healthy volunteers. A significant difference
was also observed between CML-CP and CML-AP patients
(Table II). During the follow-up of 12 months, two patients of
CML-CP progressed to the accelerated phase. The mean
plasma level of MDA and PC in patients with CML-CP who
progressed to the accelerated phase was higher than in patients
with CML-CP who did not (Table III).

Discussion

Oxidative stress situations are characterized by an increase in
the concentration of free radicals which can cause damage at
different levels of cellular organization. MDA is a by-product
of lipid peroxidation, whereas PC is a product of irreversible
nonenzymatic oxidation or carbonylation of protein (9).
These are indicators of free radical generation in cells. MDA
is a mutagen and a genotoxic agent that may contribute to the
development of human cancer (22). Carbonylation of protein
often leads to a loss of protein function, which is considered
a widespread marker of severe oxidative stress, damage and
disease-derived protein dysfunction (9, 10). Protein oxidation
in contrast to lipid peroxidation does not have the feature of
chain reactions. Significantly elevated plasma levels of MDA
and PC are found in various types of cancer including
hematological malignancies and neurodegenerative diseases
as well as in human cell lines (7, 9-18, 23).

The proposed mechanism for high levels of MDA and PC
is that myeloid cells are the major source of free radicals
which lead to lipid peroxidation and irreversible protein
oxidation in the cells (14). Brown et al. explored the
possible role of plasma concentration of MDA as marker of
disease activity in acute lymphocytic leukemia (24).
Increased MDA level was first reported in 1972 by Stocks et
al. in a patient with acute myeloid leukemia (25). They

attributed this phenomenon to an increased availability of
substrate i.e. polyunsaturated fatty acids in the red cells.
Previous study on breast cancer has provided evidence that
protein oxidation might be associated with cancer risk (16).
A significantly increased level of plasma protein carbonyl
was observed in patients with Hodgkin’s lymphoma, bladder
cancer, lung cancer and in children with various
malignancies (15, 17, 23, 26). To the best of our knowledge,
there is no available study of PC in patients with leukemia.

In our study the mean MDA and PC levels were
significantly higher in CML patients at the time of diagnosis
as compared to healthy volunteers (Table I), while MDA and
PC were found significantly different between CML-CP and
CML-AP (Table II). Variability in the course of disease
between CML patients cannot be reliably divided or analyzed
by the available clinicohematological parameters. Various
efforts have been made to categorize the chronic phase into
different prognostic groups based on chromosomal
abnormalities. We have observed that variable plasma levels of
MDA and PC also reflect the heterogeneous clinical behavior
of CML patients. CML-CP patients can be subdivided into two
groups, one with higher plasma MDA and PC levels and other
with lesser plasma MDA and PC. The former subgroup
exhibits high proliferative activity and progresses into the
accelerated phase earlier than the other group (Table III).

The current interest in the clinical significance of MDA and
PC as biomarkers for oxidative stress and disease progression
are due to their widespread effect on cell constituents and
functions of the hematopoietic system. Chronic myeloid
leukemia is the most common chronic leukemia in India. The
cause of CML is not known and free radicals have been
implicated in the pathogenesis of leukemia (7, 8). Our results
demonstrate that the plasma MDA and PC levels were high in
different phases of the disease in CML patients as compared to
healthy volunteers and it indicates the high free radical
generation in the hematopoietic cells. High levels of free
radicals may cause the oxidative stress in hematopoietic cells if
the antioxidant defense system is not effective. Oxidative stress
may occur in patients with CML because of the high numbers
of mature and immature cells in the myeloid series and other
unknown factors (7, 8, 14). MDA and PC levels have been
used as biomarkers in the past to assess the oxidative stress in
patients with cancer and some hematological malignancies
because MDA and PC are more stable and easy to evaluate in
the plasma (9, 10). Some other studies showed that the levels
of MDA and PC were continuously increased with disease
progression and the aging process (27-30).

To utilize suitable biomarkers of oxidative modifications in
relation to disease and its progression, it is critical that such
oxidation products are stable, can accumulate to detectable
concentrations, reflect specific oxidative stress status, and
correlate with disease severity and progression, so that they can
be used as diagnostic and prognostic tools. Hence, it can be
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Table III. Follow-up plasma levels of malondialdehyde and protein
carbonyl in CML patients.

Malondialdehyde level Follow-up (Months)
(nmole/ml plasma)
Mean±SD 0 4th 8th 12th

CML – CP not progressed 3.97±0.58 3.38±1.33 4.06±2.29 4.97±2.04
to accelerated phase (n=13)
CML – CP progressed 5.96±1.91 6.55±3.32 7.35±3.04 8.76±2.08
to accelerated phase (n=2)

Protein carbonyl Follow-up (Months)
(nmole/mg protein)
Mean±SD 0 4th 8th 12th

CML – CP not progressed 4.30±1.82 3.67±2.24 4.47±2.81 4.39±2.96
to accelerated phase (n=13)
CML – CP progressed 6.48±0.95 7.38±2.27 8.46±2.67 9.19±2.92
to accelerated phase (n=2)



implicated that in CML, plasma MDA and PC levels at the
time of diagnosis and the increment of MDA and PC during
follow-up may precisely reflect the magnitude of oxidative
stress, proliferative signal transduction, disease phenotype and
its subsequent progression to the accelerated phase. We suggest
that plasma MDA and PC may serve as biomarkers for
oxidative stress and disease progression in patients with CML.
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