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A possible reason for the low
reproducibility of malondialdehyde
determinations in biological samples

« - - .

Malondialdehyde is used as a biomarker for many common health
problems, such as cancer, cardiovascular, pulmonary, psychiatric and
. . . 7
infectious diseases.
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Malondialdehyde (MDA) is the most fre-
quently used biomarker of oxidative stress
(imbalance between oxidant and antioxidant
systems) in clinical investigations. MDA
is used as a biomarker for many common
health problems, such as cancer [1], cardio-
vascular 2], pulmonary [3], psychiatric (4] and
infectious 5] diseases. Although the results
of case—control comparisons using statistical
analyses have shown significantly increased
MDA levels in the case groups, some non-
significant changes and even some signifi-
cantly decreased values for MDA levels in
case groups against control groups have been
observed [6-10]. In addition, there are very
wide variations in the reported MDA values
in both case and healthy control groups. As
an example, reported plasma MDA levels
vary from 0.32 [11] to 53.8 nmol/ml [4]. A
quick survey of the MDA levels of biological
samples measured using a single analytical
method revealed that there is huge variability
in the MDA levels of healthy people [12]. The
variations are wider when various analytical
methods are considered [6]. Proposed reasons
for these variations include the following:

*  Variations in the production rate of MDA
in biological fluids

*  Effects of diet and physical activity

*  Effects of sampling time

*  Effects of sample storage conditions

e High reactivity of MDA and cross-
reactions with biochemicals present in
the biological samples

¢ Variations in derivatization rate

¢ Variations the analytical

methods

owing to

These points along with some further
aspects were recently reviewed and readers
are referred to [13] for further details.

Formation of an adduct with thiobarbi-
turic acid (TBA) and its spectrophotometric
determination is the most commonly used
analytical procedure for determination of
MDA in biological samples. Despite the poor
selectivity of spectroscopic determination of
MDA, it is still widely used even in recent
research works. Another main problem with
the method is its low reproducibility, which
is caused by different factors as follows [14-17].
Derivatization steps of most of the reported
methods were carried out at temperatures of
higher than 70°C and usually 100°C. The
boiling point of MDA is 109°C so at higher
temperatures, evaporation of MDA is pos-
sible and its concentration could be changed
owing to the evaporation of MDA or water.
Concerning this hypothesis, the effects of
possible evaporation on the reproducibility
of MDA determination have been investi-
gated. Based on derivatization conditions in
plasma, including reflux, open and closed
systems, reproducibility of the results was
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all samples, a pooled plasma sample was used [Aziz s,
KHOUBNASABJAFARI M, JOUYBAN A, UNPUBLISHED DATA].

Temperature is considered as a major factor that
affects the rate of a chemical reaction. Keeping the
pH value of the reaction solution at 2.5 and the
ratio of TBA/MDA at 5, the effect of temperature
was investigated at three temperatures: 70, 85 and
100°C. Previous studies showed that MDA analysis is
affected by the solution temperature at the derivatiza-
tion stage, the pH of the solution and the molar ratio
of TBA/MDA [13,18-19]. According to our observations
[Az1z1 S, KHOUBNASABJAFARI M, JOUYBAN A, UNPUBLISHED DATA],
the absorbance is increased remarkably by setting
the reaction temperature to 70°C. In addition, the
temperature of the reaction affects both repeatability
and reproducibility. Concerning the boiling point of
MDA (approximately 109°C), at higher temperatures
evaporation of MDA may also cause the loss of ana-
lyte and subsequently a decrease in the absorbance
of the solution. Production of MDA from lipid per-
oxidation and its release from proteins are affected
by temperature and may cause poor reproducibility.
It is obvious that at lower temperatures the reaction
rate will be decreased, and a longer reaction time is
required for derivatization of MDA. We found that
180 min is a reasonable time for the derivatization
stage.

“Analysis of malondialdehyde as a biomarker of

oxidative stress is an interesting subject in medi-

cal investigations since oxidative stress is one of
the well-accepted causes...”

In a series of experiments conducted under the
same conditions in open, closed and refluxed sys-
tems, the observed UV absorbance of MDA-TBA
was higher in open and closed systems than in the
refluxed system. The sampling times were 30, 60,
90, 120, 150 and 180 min. Higher absorbance and
a greater reduction in solution volume were observed
for the open system along with the highest variations
in the absorbance, revealing evaporation of MDA
and water. In the closed system, both evaporations
are decreased but the absorbance variations are high
[Az1z1 S, KHOUBNASABJAFARI M, JOUYBAN A, UNPUBLISHED DATA].
The refluxed system showed better repeatability. It
seems that poor reproducibility and repeatability
as the main drawbacks of the spectroscopic meth-
ods [20] are resolved in the refluxed system where the
relative standard deviations for all data points are
between 0.7 and 6.1% (average, 2.8%), while the
relative standard deviations in the open and closed
systems are 23 and 21%, respectively. Therefore, the
reflux procedure is recommended for determination

For reprint &{gcq{ésd R4%?56%%@5%&(&2@9&&@{%@%&5&5nﬁgrcom MDA in biological samples to provide acceptable

reproducibility and repeatability of the analytical
results.

Analysis of MDA as a biomarker of oxidative
stress is an interesting subject in medical investiga-
tions since oxidative stress is one of the well-accepted
causes, or at least an initial cause, of the most fre-
quent health problems. Unfortunately, most MDA
measurements are carried out without prior valida-
tion of the methods used in the studies. We were not
able to obtain acceptable validation data using several
previously established analytical methods employing
spectrophotometric and spectrofluorometric detec-
tion methods, even after liquid chromatographic
separations. Careful review of the literature revealed
that a number of research groups pointed out such
poor validation data [14-17); however, these impor-
tant and critical points have been ignored by research
groups, and simple derivatization and spectrophoto-
metric determination of MDA is frequently used in
medical investigations, as correctly stated by Wade
& van Rijj [21]. The rapidity, ease of use and very low
cost made spectroscopic assay of MDA-TBA adduct
a popular analytical method for monitoring MDA
levels in biological samples, and its limitations were
simply ignored by most of biomedical researchers.
Our results revealed that to reach a more reproducible
and repeatable procedure, the derivatization reaction
should be performed in a refluxed system at 70°C at
pH 2.5. Using these reaction conditions, MDA could
be analyzed reproducibly in human plasma samples.
It is obvious that to improve the selectivity of the
spectroscopic method, a separation method should
be combined with the analytical method and full
validation data should be obtained prior to applica-
tion of the method for analysis of biological samples.
A valid analytical method should be employed for
quantification of MDA in biological samples and it
is strongly recommended to not use nonvalidated
analytical methods in clinical investigations to avoid
misleading by the obtained results and, consequently,
controversial findings in health/disease conditions.
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