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Acute lymphoblastic leukemia (ALL) is a fatal disorder in most cases and is the most common
cancer in young patients. ALL features an uncontrolled proliferation and maturation arrest of
lymphoid progenitor cells (lymphoblast) in the bone marrow. An increase of reactive species
production occurs in ALL with an involvement of oxidative stress (OS) and cellular damage.
However, there is a lack of information about variations in young patients. The biomarker widely
used to measure the OS is the main product of lipid peroxidation, the malondialdehyde (MDA).
This biomarker, when evaluated by a chromatographic method and the data analyzed by multivariate
analysis with other biochemical parameters of ALL patient charts, shows the distinction of healthy
and ALL patients, and a great correlation with the risk of disease.
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Introduction
Leukemia is not the cancer with the highest incidence,
however, it corresponds to the range of 25 to 35% of
malignancies during childhood, and 80% of cases are
diagnosed with acute lymphoblastic leukemia (ALL). In
adolescents and young adults the incidence decreases to
20%, and increased again over 60 years of age, however, its
diagnosis is not always fast and accurate. Acute leukemia is
recognized as a disease with heterogeneous characteristics
and a variety of biological aspects that generally exhibit
nonspecific signs or symptoms.1-6
ALL is an aggressive type of leukemia with rapid
progression, being necessary the performance of an
early diagnosis. It is common to find young neoplastic
cells (blasts) in the morphological examination of blood
and bone marrow (BM). The abnormal accumulation of
blasts with lymphoid feature in the BM interrupts the
production of blood cells, white blood cells, red blood
cells and platelets resulting in patient BM bankruptcy
and anemia, recurrent infections, bleeding, neutropenia,
thrombocytopenia, and can infiltrate organs such as liver,
spleen, lymph nodes, meninges, brain, and skin.7-10
*e-mail: snixdorf@uel.br

Many studies have shown high levels of lipid
peroxidation in different types of cancer, including
leukemia.11-13 It is known that carcinogenesis is related to
three main stages: initiation, promotion and progression of
tumor, however, other studies have shown that oxidative
stress is involved in these three steps.14
High levels of lipid peroxidation in newly diagnosed
ALL patients suggest these oxidative lesions are related
to the pathogenesis and not to chemotherapy, which
is quite aggressive to the organism. 11 However, the
number of studies on lipid peroxidation in childhood is
still scarce.
The products of lipid peroxidation have been commonly
used as biomarkers of oxidative damage, but the
determination of oxidant agents is not feasible due to its
instability. The aldehyde resulting from secondary reactions
with lipids, proteins, carbohydrates and DNA have higher
stability, and can be measured in plasma or urine as an
indirect index of oxidative stress. Among the various
aldehydes formed, malondialdehyde (MDA) is the most
studied in the pathologic molecular process in oxidative
stress.15-18
The commonly employed approach to analyze MDA
is by the thiobarbituric acid (TBA) test, that forms the
adduct TBA2-MDA which has an absorption at 532 nm,
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allowing spectrophotometrically quantification. However,
TBA reacts with a variety of oxidized lipids and aldehydes,
sucrose, and urea, forming the known TBA-reactive
substances (TBARS) that could cause an overestimation
of the TBA2-MDA in colorimetric assay. In order to
eliminate interferences, chromatographic techniques are
widely used in MDA investigations, due to its selectivity
and specificity, since there is a separation of TBA2-MDA
from other compounds by reversed phase.19-21
Thus, the aim of this paper was to evaluate, by a
selective and specific chromatographic method and
multivariate analysis, the increase of oxidative stress, using
MDA as biomarkers, in young patients diagnosed with ALL
compared with healthy patients. Also, the relationship of
the variability of biochemical and hematological parameters
of ALL patient charts and the MDA values with the risk
disease prognosis were considered.

Experimental
Samples

The study was reviewed and approved by the Human
Ethics Committee of State University of Londrina, Paraná,
Brazil (Presentation of Certificate of Appreciation for
Ethics - CAAE No. 0164.0.268.000-09, protocol approved
in CEP 214/09). Patients were recruited in the University
Hospital of Londrina and in the Hospital of Cancer of
Londrina. A term of free informed consent was signed by
all participants or guardians. The studied group consisted
of 18 healthy patients (HP) and 27 patients with ALL, both
with age between 1 and 23 years old.
Venous blood samples were collected in 4 mL heparin
anticoagulant tubes. The samples were placed on ice
and centrifuged at 3000 rpm at 4 °C for 10 min, and the
supernatants (plasma) were kept frozen at −20 °C until
the analysis.
MDA extraction

MDA levels were determined by the method of
Bastos et al.,22 with slight modifications. Before the
analysis, samples were centrifuged (MiniSpin, Interprise,
Paulínia, Brazil) at 6000 rpm for 10 min. Eppendorf tubes
containing 250.0 µL of plasma, 36.0 µL of 0.2% BHT
(butylated hydroxytoluene; Sigma-Aldrich, Saint Louis,
MO, USA) and 6.25 µL of NaOH (sodium hydroxide;
Merck, Darmstadt, Germany) 10.0 mol L−1 were vortexed.
Alkaline hydrolysis of the protein bonded to MDA was
achieved by incubating the mixture for 30 min at 60 °C in
a water bath (Fisatom 550 A, São Paulo, Brazil), and left to

J. Braz. Chem. Soc.

stand in ice bath for 10 min. After this, 1500 µL of a solution
of 7.2% TCA (trichloroacetic acid; Sigma-Aldrich, Saint
Louis, MO, USA) + 1% potassium iodide (KI; Quimidrol,
Brazil) was added, followed by centrifugation at 6000 rpm
(2000 × g) for 10 min. The supernatant (500.0 µL) was
transferred to screw tubes and 500.0 µL of 0.6% TBA
(2-thiobarbituric acid; Merck, Darmstadt, Germany) was
added and incubated for 45 min at 90 °C in a water bath.
A volume of 20.0 µL was injected into the reversed phase
high performance liquid chromatography with ultravioletvisible detection (RP-HPLC-UV-Vis) system.
MDA standard preparation

MDA (malondialdehyde) stock solution used to
construct the calibration curve, was prepared with 22.0 µL
of 1,1,3,3-tetramethoxypropane (Sigma-Aldrich, Poole,
UK) in 10.0 mL of 1% H2SO4 (sulfuric acid; Merck,
Darmstadt, Germany). After 2 h protected from light,
5.0 µL of this MDA stock solution were added to 1.5 mL
of 1% H2SO4. The concentration of the MDA stock solution
was determined by reading the absorbance at 245 nm in the
spectrophotometer (ε245 = 13700 L mol–1 cm–1).22
MDA calibration curves used for quantification were
performed with a pool of plasma samples of healthy
patients (n = 6) to have a representative variance by adding
the standard solution to reach the final concentrations of
MDA (0.00, 0.25, 0.50, 1.00, 1.50, 2.00 and 5.00 µmol L−1),
following the same procedure of MDA extraction described
previously. The standard addition method on pool plasma
was chosen to minimize the matrix effect.
Chromatographic method

Liquid chromatographic system was an Alliance
e2695 (Waters, Milford, MA, USA) consisting of a pump
with quaternary solvent organizer and degas module,
autosampler, column oven and a photodiode array detector
(2998 PDA), all managed by Empower 2 software. For
the analysis, we used an isocratic mobile phase based on
Bastos et al.22 that consisted of 35% CH3OH (methanol;
J.T. Baker, Philipsburg, NJ, USA) and 65% potassium
phosphate (Nuclear, Diadema, São Paulo, Brazil) buffer
(10.0 mmol L−1, pH 7.0) filtered through a 0.22 μm nylon
membrane (Millipore, Merck KGaA, Darmstadt, Germany)
at a flow rate of 0.7 mL min−1, with column temperature of
30 °C. The PDA was set at 532 nm for the detection of the
adduct of TBA-MDA. Guard column (4.6 × 12.5 mm, 5 µm)
and analytical column was a Zorbax Eclipse XDB-C18
(4.6 × 250 mm, 5 µm, Agilent Technologies, Santa Clara,
USA).
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Validation process

The validation of the method was performed according
to the criteria proposed by Brazilian Health Surveillance
Agency (ANVISA RE 899/03).23 The following parameters
were evaluated: dynamic range, linearity, limits of detection
(LOD) and quantitation (LOQ), precision (repeatability and
intermediate precision), accuracy (recovery) and selectivity.
Robustness evaluation of chromatographic method was
performed by slight modification of mobile phase flow rate
(0.6 and 0.8 mL min−1), methanol concentration in the mobile
phase (30 and 40%) and column temperature (25 and 40 °C).

mobile phase and temperature of column were made, as
described in Validation process section. No significant
differences (p > 0.05) were observed in peak areas for these
conditions. The selectivity was observed by the absence
of analytical response at the same retention time of MDA
when the sample diluent was injected. The peak purity of
the aldehyde in the standard (Figure 1) and in the samples
(data not shown) was confirmed by spectral homogeneity.

Other biochemical parameters

Leukocytes (mm 3 ), percentage of blasts (%),
erythrocyte (mm3), hemoglobin (g dL−1) and platelets
(mm3) were determined using routine clinical assays. The
data were obtained from the patients’ charts.
Statistical analysis

Data are presented as mean ± standard deviation.
One‑way analysis of variance (ANOVA) was used to
analyze the differences between the groups of patients:
healthy (HP) and acute lymphoblastic leukemia (ALL).
The mean comparison test (Tukey’s test, at 5% significance
level) was also used. The results were also evaluated using
principal component analysis (PCA) and hierarchical
cluster analysis (HCA). The hierarchical tree was obtained
by unweighted pair-group average as the linkage rule and
considering the Euclidean distances as the coefficient of
similarity. Statistical analyses were performed using the
Statistica 7.0 software24 and MATLAB.25

Results and Discussion
The advantages of using a chromatographic method
are the increase of sensibility and specificity. Biological
samples analysis usually needs the use of buffer to maintain
the pH of solution during analysis. However, when the
blend of mobile phase (aqueous and organic) is made
by the system, the buffer concentration should be lower
than 25 mmol L–1 to avoid precipitation.26 The original
chromatographic method22 used a high concentration of
phosphate buffer (50 mmol L−1) as mobile phase. Therefore,
a concentration of 10.0 mmol L−1 was proposed and
resulted in a shorter retention time for the MDA, without
compromising the resolution and selectivity.
In order to evaluate the robustness of the new method,
small changes in the flow rate, organic composition of

Figure 1. Chromatogram of reversed phase high performance liquid
chromatography with ultraviolet-visible detection (RP-HPLC-UV-Vis)
and (inset) UV-Vis spectrum of malondialdehyde (MDA) standard spiked
in plasma sample. Mobile phase: methanol:potassium phosphate buffer
(10.0 mmol L−1, pH 7.0) (35:65, v/v); flow rate: 0.7 mL min−1; injection
volume: 20 μL; column: Zorbax Eclipse XDB-C18 (4.6 × 250 mm, 5 µm);
oven temperature: 30 °C; PDA at λ 532 nm.

A method validation was also performed. Table 1 shows
the chromatographic parameters obtained. Based on three
calibration curves, it was possible to determine the linearity,
Table 1. Chromatographic parameters from analytical method validation
for MDA determination by RP-HPLC-UV-Vis
Parameter

MDA /
(µmol L–1)

Dynamic range

0.00-5.00

Linearity (r)

Result
–
0.9964

Linear equation

y = 15597x + 1407.7

LOD / (µmol L−1)

0.20

−1

LOQ / (µmol L )

0.66

Precision (repeatability (n = 6),
RSD / %)

3.10

Intermediate precision (n = 6,
RSD / %)

3.62

Accuracy (recovery test / %,
n = 3)

0.25

103.0

2.50

109.1

5.00

109.4

MDA: malondialdehyde; RP-HPLC-UV-Vis: reversed phase high
performance liquid chromatography with ultraviolet-visible detection;
r: correlation coefficient; LOD: limit of detection; LOQ: limit of
quantitation; n: number of replicates; RSD: relative standard deviation.
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Figure 2. MDA levels in healthy (HP) and acute lymphoblastic leukemia (ALL) patients, measured by RP-HPLC-UV-Vis (reversed phase high performance
liquid chromatography with ultraviolet-visible detection) method. The error bars indicates standard deviation measured from n = 2.

LOD and LOQ. The repeatability was an average of six
consecutive injections, and the accuracy was determined
from recovery tests performed by spiking the sample with
MDA standard solutions in order to obtain low, medium
and high concentration levels made in triplicate.
After validation, MDA measurement was performed on
plasma samples. The variation in oxidative stress between
HP and ALL was significantly altered. The MDA levels
in the control group (HP, healthy patients) presented
values from 0.58

to 1.20 μmol L−1 and a mean value of
0.91 ± 0.18 μmol L−1. However, for ALL group, the MDA
levels ranged from 0.97 to 3.67 μmol L−1, with a mean value
of 2.17 ± 0.77 μmol L−1 (Figure 2). Except for the patients
39, 41 (recently diagnosed) and 30 (remission), all of them
were in treatment.
We applied multivariate analysis to evaluate the
dispersion of MDA levels between the groups. The
dendrogram plot clearly distinguishes two main clusters
using the Euclidean distances, one composed of HP and the
other of ALL (Figure 3a). The principal component analysis
score plot (PCA) also indicated clear discrimination
between both groups. A separation trend for HP and ALL
patients was observed with 100% of the data variability
explained by principal component 1 (PC1) and 2 (PC2)
(Figure 3b), which shows that MDA determination was
capable to distinguish the groups. The same differentiation
was also observed by Battisti et al.11
Oxidative stress in humans is also related to the existing
biological variability and the various factors such as age,
gender, ethnicity, and body mass index,27 however, these
parameters were excluded from the present study because
the number of samples was not large enough. Nevertheless,
the MDA values alone cannot be used as criteria of
normality in toxicological analysis. It can only identify
whose patients had significant difference from the average
value when compared to the control group.

It is known that the risk-based stratification of patients
used to identify the features affecting prognosis, could be
differentiated in low- and high-risk, in which the main
difference is the toxicity of the treatment. The classification

Figure 3. Application of chemometrics on malondialdehyde (MDA) levels
from healthy (HP) and acute lymphoblastic leukemia (ALL) patients
measured by RP-HPLC-UV-Vis (reversed phase high performance
liquid chromatography with ultraviolet-visible detection) method.
(a) Dendrogram plot from hierarchical clustering analysis (HCA); and
(b) principal components analysis (PCA) score plot showing the separation
of HP and ALL groups.
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is affected, for example, by age and white blood cells
(WBC) count.6,28-30 The biochemical parameters obtained
from ALL patient’s charts, such as the risk (R), leukocytes
(LE), blasts (BL), erythrocyte (E), hemoglobin (HG), and
platelets (PL), are described in Table 2.
The ALL group studied showed differences in the count
of LE (1900 to 119000 mm3), HG (4.80 to 16.00 g dL−1),
PL (8000 to 1000000 mm3) and presence or absence of BL
(0 to 77%) (Table 2).
In order to evaluate the relationship between biochemical
parameters, MDA values and the risk stratification, it was
used the same statistical approaches, the hierarchical
clustering analysis, performed using only the data from 19
patients with complete charts. A separation in four clusters
using the Euclidean distance was obtained (Figure 4a). The

dispersion of samples in the PCA score plot was performed
using the 3D projection (Figure 4b), since the use of PC3
was needed to explain a reasonable amount of sample
variance (60.22%).
The patients 23, 25, 27, 32, 35, 38, and 39, according to
the charts, were classified as low risk, with presence of blasts,
and the MDA values obtained were above the mean value
(2.17 μmol L−1) (Table 2). We could observe that samples 20,
29, 30, 39 and 40 () were allocated in the negative quadrant
of PC 3, while samples 19, 22, 28, 32 and 42 () were in
the positive quadrant, showing the separation of groups. The
sample 37 (), which showed the highest count of LE, was
separated from the others. The samples 23, 25, 27, 35, 36,
41, 43 and 44, with green dots (), were disposed on the
negative quadrant of PC1 (Figure 4b).

Table 2. Malondialdehyde plasma levels determined by RP-HPLC-UV-Vis and biochemical parameters data obtained by routine clinical assays from
patients’ charts
Patienta

Rb

MDA / (µmol L–1)

LE / mm3

BL / %

E / mm3

HG / (g dL–1)

PL / mm3

19 M

H

3.67

5900

0

5.28

14.00

360000

20 M

H

2.37

8680

0

5.00

16.00

183900

21 M

H

1.45

3600

0

–

8.70

1000000

22 M

H

2.52

1900

0

4.18

12.69

327000

23 F

L

3.24

24400

8

2.81

7.57

41000

24 M

H

1.93

–

0

–

–

–

25 M

L

2.59

11100

63

1.86

5.09

21000

26 F

H

2.11

–

0

–

–

–

27 M

L

3.53

2400

12

3.05

9.70

55000

28 M

H

2.01

1700

0

3.23

10.14

304000

29 F

H

3.30

3100

48

4.37

14.25

157000

30 M

H

2.01

7800

0

5.02

15.63

222000

31 M

H

2.61

6700

0

4.81

–

189000

32 F

L

2.48

2930

32

2.28

6.57

371100

33 F

L

2.68

13600

0

4.28

–

232000

34 F

L

1.61

4400

0

4.60

12.50

–

35 F

L

2.75

13200

74

2.56

6.90

11000

36 M

L

1.59

2300

0

2.53

6.26

21000

37 F

H

2.25

119000

0

1.98

6.72

55000

38 F

L

2.81

–

4

–

–

–

39 M

L

2.32

5200

25

2.88

7.60

144000

40 F

L

1.28

4600

0

3.01

9.02

114000

41 F

H

1.14

39650

75

3.11

8.80

31000

42 M

L

1.63

8100

77

3.53

10.20

383000

43 M

L

0.97

1900

0

3.09

8.20

8000

44 F

L

1.17

20700

72

1.96

4.80

14000

45 F

L

1.19

–

0

–

–

–

F: female; M: male; H: high risk; L: low risk. R: risk. RP-HPLC-UV-Vis: reversed phase high performance liquid chromatography with ultraviolet-visible
detection; MDA: malondialdehyde; LE: leukocytes; BL: blasts; E: erythrocyte; HG: hemoglobin; PL: platelets.
a

b

620

Evaluation of Oxidative Stress in Patients with Acute Lymphoblastic Leukemia

J. Braz. Chem. Soc.

the WBC, thus the contribution of MDA values alone was
not so effective in the separation of the ALL patients.6,30
Nevertheless, despite the number of patients was not so
large, it was possible to observe a relation with the risk
segregation and the differences in MDA values obtained for
the ALL group, indicating that this biomarker may assist
in the diagnosis and stratification.

Conclusions
Analysis of oxidative stress using the MDA as a
biomarker proved to be adequate in the study of acute
lymphoblastic leukemia in young patients, since the levels
of individuals diagnosed with ALL differed significantly
from healthy controls, indicating a possible direct
connection between the disease and lipid peroxidation
observed in the organism.
In addition, the use of multivariate analysis turned
possible to observe a relationship between MDA and
biochemical data from the patient’s charts with the risk
classification of patients, thus being one more parameter
to be evaluated during the treatment.
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