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Implementation of HPLC Methodology for
the Quantification of Malondialdehyde in

Cell Suspensions and Liver

M. Elisa Soares, Márcia Carvalho, Fernando Remião,

Félix Carvalho, and Maria de Lourdes Bastos*

REQUIMTE, Toxicology Department, Faculty of Pharmacy,

University of Porto, Porto, Portugal

ABSTRACT

Determination of malondialdehyde (MDA) is commonly used for the

evaluation of lipid peroxidation in biological human samples, especially

in plasma, serum, and urine, as a non-invasive biomarker of some oxi-

dative-stress-related diseases. The objective of the present study was to

implement a HPLC methodology for the quantification of MDA in cell

suspensions and liver, after complexing this compound with thiobarbi-

turic acid (TBA), giving rise to the formation of the complex MDA–

(TBA)2. The implemented methodology was validated and allowed a

reliable separation and quantification of MDA, with high precision

and recovery, and a low detection limit. The stability of MDA in the
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biological samples, as well as of the MDA–(TBA)2 complex, was also

evaluated during storage at different temperatures and for different time

periods. The data obtained from the stability studies concerning the

MDA–(TBA)2 complex prepared from hepatocyte suspensions and

liver samples, indicated that the chromatographic analysis should be

performed within the period of 4 hr when it is maintained at ambient

temperature or at 408C, and within the period of 48 hr if the temperatures

of the storage are 48C, 2208C, or 2808C. When the biological samples

are conserved for posterior preparation of the complex, MDA can be

measured in the cell suspensions conserved at any of these temperatures

in the subsequent 24 hr, but liver samples must be conserved at 48C
or 2208C in order to obtain reliable results of MDA.

Key Words: Malondialdehyde; HPLC/UV; Cell suspensions; Liver.

INTRODUCTION

Oxidative stress, an important mechanism of cell toxicity, can be elicited

by several endogenous and exogenous processes because of its unequivocal

characterization in biological samples. Oxygen radicals react with polyunsa-

turated fatty acid residues in phospholipids, resulting in lipid peroxidation,

which, depending on the extension, can cause reversible or dramatic injury

culminating in cell death.

One of the most abundant carbonyl products of lipid peroxidation is

malondialdehyde (MDA) which is also generated as a side-product of prosta-

glandin biosynthesis.[1] Thus, the specific and accurate determination of MDA

is crucial in research for evaluation of the cell lesions and, consequently, for

establishing the mechanism of cell injury caused by xenobiotics. Moreover,

the presence of MDA in biological systems is also very pernicious due to

its reactivity and phenomenons like aging, mutagenesis, and carcinogenesis

are attributed to this molecule.[1,2]

The most common methodologies referred in literature for indirect detec-

tion and quantification of lipid peroxidation, still consists of the spectrophoto-

metric determination of MDA, after complexing with thiobarbituric acid

(TBA), giving rise to the formation of the complex MDA–(TBA)2.
[3]

In recent literature citing this subject, several proposals of reverse-phase

liquid chromatographic methods for the determination of MDA have been

reported already. Generally, the authors argue in favor of these chromato-

graphic methods, specially because they enable the individualization of the

compound, free of endogenous interferences. These interferences, which can

be relevant in biological materials, can give rise to overstated values of MDA

when the spectrophotometric assays are applied. This fact may explain the

Soares et al.2358

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



wide range of concentration levels of the compound in human serum that has

been found by several authors.[4]

Some of the papers published in the last years involving HPLC method-

ologies, are concerned with the HPLC determination in serum or plasma blood

samples of MDA in its free form,[5] as a complex with the thiobarbituric

acid,[4,6] or after a derivatization step.[7] The HPLC determination of MDA

in human urine after derivatization, for the characterization of lipid peroxi-

dation by a non-invasive manner, was also recently published.[8] An on-line

microdialysis system coupled with HPLC was also implemented for determi-

nation of TBA adduct of MDA, and applied to the monitorization of the lipid

peroxidation in an in vitro study constituted by linoleic acid incubated with

metal ions.[9]

The present study consisted of the adaptation and improvement of

published RP-HPLC methods to measure the complex MDA–(TBA)2 in the

biological matrices, rat liver, and hepatocyte suspensions. Furthermore, we

evaluated the stability of MDA in the biological samples during storage

before analysis, as well as of the MDA–(TBA)2 complex maintained at

different temperatures, and for different periods of time.

EXPERIMENTAL

Materials

1,1,3,3-Tetraethoxypropane (TEP), TBA, and butylated hydroxytoluene

(BHT) were obtained from Sigma (St Louis, MO). All other chemicals were

of analytical grade and obtained from Merck (Darmstadt, Germany).

Deionized suprapure water (Seral Water Purification Systems, Munich,

Germany) was used for HPLC and to prepare all solutions and buffers.

To avoid contamination of the samples, all materials were immersed in

freshly prepared 15% (v/v) pro-analysis HNO3 during 24 hr, then rinsed

thoroughly with deionized suprapure water.

High Performance Liquid Chromatography

The HPLC system consisted of a Hewlett Packard, HP 1100 Series

Quaternary Pump, equipped with a manual injector and a variable wavelength

detector. Data and chromatograms were processed by a HP Chemstation for

HPLC.

The column was a Waters Spherisorb C18, 5mm ODS2 (4.6 � 250mm

analytical cartridge), Waters Corporation.

Quantification of Malondialdehyde 2359

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



The mobile phase consisted of methanol : ammonium acetate buffer

0.05M, pH 5.5 (40þ 60). The separation was carried out isocratically at

room temperature. The flow rate was 0.7mL/min, the detector wavelength

was set at 532 nm and the injection volume was 50mL.

Standards and Reagent Solutions

The TEP standards were prepared daily in absolute ethanol 40% in deion-

ized suprapure water. Working standard solutions 0.25, 0.5, 1.0, 2.0, and

5.0mM were made by dilution from a 1000mM stock solution. A 1.0% of

trichloroacetic acid solution and 1% of TBA solution were prepared daily in

deionized suprapure water. A 0.2% of BHT solution was prepared daily in

40% absolute ethanol in deionized suprapure water.

Phosphate buffer solution (pH 7.0) was prepared by dissolving 1.7025 g of

KH2PO4 in 200mL deionized suprapure water and 2.67 g of Na2HPO4
.H2O in

300mL deionized suprapure water, and mixing the two solutions. Triton X-100

(0.5mL) was added to this phosphate buffer, the final concentration being 0.1%.

Samples for Analysis and Pre-treatment

Samples of rat liver and suspensions of freshly isolated rat hepatocytes

were used to improve HPLC published methods applied to human plasma deter-

mination of MDA, in order to adapt them to these complex biological matrices.

The pre-treatment of the biological samples in parallel with TEP

standard solutions and formation of MDA–(TBA)2 complex, is schematically

presented in Fig. 1. Briefly, 250mL of cell suspensions or TEP standards

were added to 25mL of 0.2%BHT in order to prevent further lipid peroxidation.

Liver samples (0.25 g) were homogenized with 1mL phosphate buffer and

25mL of 0.2% BHT was added. The precipitation of the proteins was achieved

by addition of 1mL 1.0% TCA. The samples were then vortexed and centri-

fuged (10,000 rpm for 10min, at 48C). For the complexation reaction, 500mL
of 1% TBA was added to the supernatant layer and allowed to stand at 958C
during 45min. After cooling at 48C, the samples were vortexed, centrifuged,

and 50mL supernatant were directly injected onto the HPLC column.

Validation of the Method

Both in standard solutions and in the biological samples, several

concentrations of TCA were tested in order to find the convenient pH that
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proportionates the complete precipitation of the proteins without altering the

stability of the MDA–(TBA)2 complex. The best results were obtained with

the concentration of 1.0%, which corresponded to pH 2.1. Similar study

was done for TBA. Three concentrations of TBA were tried, 0.1%, 0.5%,

and 1%,verifying that 1% gave the most reproducible results for the formation

of MDA–(TBA)2 complex, both for cell suspensions and for liver samples.

Figure 1. Scheme for preparation of the MDA–(TBA)2 complex in standard solution

and biological samples.
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Under the described conditions, the detection limit of the complex

MDA–(TBA)2 was defined as three times of the background noise in the chro-

matogram baseline.

The precision of the analytical method was evaluated by analyzing 10

times the complex in the same supernatant obtained both from cell suspen-

sions and liver samples. For evaluation of the precision of the overall pro-

cedure, 14 different final supernatants obtained from cell suspensions and

liver samples containing the MDA–(TBA)2 complex prepared as described

above, were analyzed.

For the recovery studies, three different concentrations of TEP standard

solutions were added to the cells and liver samples (6–8 portions for each con-

centration), submitted to the overall procedure, and the complex quantified by

the established chromatographic conditions.

RESULTS

The values obtained for the precision (relative standard deviation; RSD)

of the analytical technique for quantification of the complex MDA–(TBA)2
were 3.7% and 3.8% and for the overall procedure were 10.8% and 12.9%

for cell suspension and liver samples, respectively (Table 1).

The results of the recovery study obtained by the standard additions

method (0.5, 1.0, and 2.0mM of TEP) were between 94%+ 3 and 99%+ 1

for the cell suspensions, and between 96%+ 2 and 97%+ 2 for the liver

samples (Table 2).

The detection limit of the method was 0.028mM and the linear range was

set between 0.028 and 10.0mM.

Considering 0.25 g of liver for quantification of MDA, and 2.525mL the

final supernatant volume, the limit of quantification was 0.28mM. For 0.25mL

of cell suspension and 1.775mL the final supernatant volume, the limit of

quantification was 0.20mM.

Results were calculated as mM MDA equivalent from the TEP standard

calibration (1 : 1 conversion under acidic conditions).[6]

Table 1. Precision (%) of the analytical method and overall procedure for quantifi-

cation of MDA–(TBA)2 complex in biological samples.

Sample

Analytical method

(n ¼ 10)

Overall procedure

(n ¼ 14)

Cell suspension 3.7 10.8

Liver 3.8 12.9

Soares et al.2362
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Data obtained from the stability study of the MDA–(TBA)2 complex,

both at different temperatures and during different periods of time, are sum-

marized in Tables 3 and 4 and expressed as percentage of variation relative

to time zero. The variations of the complex levels prepared from cell suspen-

sions and preserved at ambient temperature and at 408C during 5 hr were lower

than 10.9%. The variations of the complex levels prepared from liver samples

were lower than 13.8% during the first 4 hr; at 5 hr, the variations were 21.7%

and 18.9% at ambient temperature and 408C, respectively. When the MDA–

(TBA)2 complex was prepared from cell suspensions and conserved at 48C,
2208C, and 2808C, the variations of levels were between 2.8% and 12.7%.

For liver samples, the variations were between 8.3% and 14.3% during 48 hr

at the tested temperatures; at 96 hr, the variations were higher than 22.0%.

Data obtained from the stability study of MDA present in the biological

samples at time zero, and 24 hr after their collection and maintenance at differ-

ent temperatures, are presented in Table 5. In cell suspensions, the variations

Table 2. Statistical results for the recoveries of MDA–(TBA)2 complex obtained

after TEP standard additions.

Parameter

Concentration (mM) n Recovery(%)+ SD

Cell suspension 0.5 8 94+ 3

1.0 8 95+ 3

2.0 6 99+ 1

Liver 0.5 7 97+ 2

1.0 7 97+ 2

2.0 7 97+ 2

Table 3. Results of the stability studies (expressed as percentage of variation relative

to time 0) of MDA–(TBA)2 complex prepared from cell suspensions and liver samples

at ambient temperature and at the temperature of 408C (n ¼ 3).

Time (hr)

Ambient temperature 408C

Cells Liver Cells Liver

1 1.2 3.4 10.9 5.0

2 9.5 13.8 0.0 9.3

3 7.1 11.2 10.3 2.6

4 9.8 21.7 9.5 18.9
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were 1.8%, 8.4%, and 15.3% at 48C, 2208C, and 2808C, respectively. In the

liver samples the variations of the MDA contents were 5.5%, 2.0%, and 45.7%

at 48C, 2208C, and 2808C, respectively.

DISCUSSION

Determination of MDA is commonly used for the evaluation of lipid

peroxidation in biological human samples, especially in plasma, serum, and

urine as a non-invasive biomarker of some diseases. Blood levels of this

parameter have been used by some authors to characterize several human

pathologies like atherosclerosis,[10] glomerular disease,[6] and goiter.[5] For

decades, a simple and reliable method for the evaluation of lipid peroxide

level in serum or plasma by the use of TBA reaction was universally

adopted. However, this method offers a rather low specificity. In the last

years, some HPLC methods were implemented for the specific determination

at low levels of the stable product of lipid peroxidation, the MDA, enabling the

establishment of real normal blood human levels and, consequently, to corre-

late the elevated values with some diseases.

The characterization of lipid peroxidation is also very important in

research studies, both in vivo and in vitro, in order to evaluate the injury

Table 4. Stability study (expressed as percentage of variation relative to time 0) of the

MDA–(TBA)2 complex at different times after its formation (24, 48, and 96 hr) at

several temperatures (48C, 2208C, and 2808C) (n ¼ 10).

Time (hr)

48C 2208C 2808C

Cells Liver Cells Liver Cells Liver

24 10.0 10.0 12.7 14.3 3.6 8.4

48 3.9 8.3 10.0 9.7 2.8 9.3

96 5.1 31.0 5.3 58.0 8.5 22.0

Table 5. Study of the stability of MDA in the biological samples (hepatocyte suspen-

sions and liver) at different temperatures (48C, 2208C, and 2808C) during 24 hr.

Values are expressed as % of variation relative to time zero (n ¼ 4).

48C 2208C 2808C

Cell suspension 1.8 8.4 15.3

Liver samples 5.5 2.0 45.7
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evoked by reactive species and some xenobiotics at biomembrane levels. It

would be rather complex to refer to the thousands of mechanistic research

works published to date, that used the spectrophotometric methods for evalu-

ating lipid peroxidation based on the complexation of TBA with MDA, albeit

the recognition of the limitations of the method.

Taking as basis, the recent and above referred HPLC methods that selec-

tively separate and quantify the MDA–(TBA)2 complex in human blood

samples, we improved and adapted them to other biological samples, namely

rat liver and isolated hepatocyte suspensions. This last preparation is, nowadays,

a common in vitro model for hepatotoxic and hepatoprotector studies.[11,12]

Concerning the pre-treatment of the biological samples, it consisted

essentially of two steps: the simplification of the samples by adding the tri-

chloroacetic acid for protein precipitation, and the subsequent formation of

the MDA–(TBA)2 complex. Immediately after collecting the samples,

either cells or liver, the antioxidant BHT was added, as proposed by other

authors,[6] to prevent additional formation of MDA at the drastic adopted con-

ditions, namely the acid pH and the high temperature of incubation of the

samples needed to proportionate the formation of the MDA–(TBA)2 complex.

In parallel with the biological samples, a standard TEP solution was also

submitted to all the pre-treatment steps. Since MDA is unstable, TEP was used

because it is quantitatively converted to MDA during the pretreatment pro-

cedure, i.e., acidic pH and high temperature.[10]

The validation of the method was carried out by the determination of the

precision, both of the analytical and of the overall procedures. As it is pre-

sented in Table 1, the obtained values, expressed in RSD%, were very good

for the first (3.7% and 3.8% for the cell suspensions and liver, respectively)

and very acceptable for the second (10.8% and 12.9% for the cell suspensions

and liver, respectively). In the recovery studies performed by the standard

additions method, the obtained values were always higher than 94%, for the

two biological samples at all the added concentrations. The detection limit

of the method, 0.028mM, was low enough to quantify the levels considered

normal in these biological samples and, consequently, to characterize the

lipid peroxidation resulting from the injury elicited by reactive species or

other adverse conditions. Comparing the limit of detection obtained for the

present method with other HPLC methods applied to human fluid samples,

it may be concluded that it is similar or even better.[6,8]

The mobile phase used in the chromatographic analysis, consisting of a

mixture of methanol and acetate buffer operating in an isocratic mode,

allowed the separation of the MDA–(TBA)2 complex from endogenous com-

pounds, as is shown in Fig. 2. The possibility of using acetate buffer is an

advantage when compared with the phosphate buffer used by others,[4–6,9]

especially in the interest of preserving the HPLC pumping system.
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In research, it is common to collect, in the same experiment, several tens

of biological samples for quantification of lipid peroxidation. This results in

the impossibility of analyzing all of them immediately, which means that

the conservation of the samples and quantification of MDA during several

days is important in order to establish analysis protocols that provide accurate

results for reliable interpretation. Also, for HPLC analysis, it is very comfor-

table to use an automatic sampler, enabling the sample analysis in the absence

of an operator. Thus, it is imperative to study the stability of MDA in the bio-

logical samples before analysis, as well as the stability of the MDA–(TBA)2
complex obtained from the biological and standard samples, at different temp-

eratures and during several periods of time before chromatographic analysis.

To evaluate the stability of the MDA–(TBA)2 complex at ambient temp-

erature (20+ 28C) and at 408C, standard samples, cell suspensions, and liver

samples were submitted to the pre-treatment procedure, as schematized in

Fig. 1, and the supernatant containing the MDA–(TBA)2 complex maintained

during 5 hr at those temperature conditions. The complex levels were quanti-

fied hourly by the established HPLC conditions against the standard curve.

The variations of the complex contents along the time (1–5 hr) were

Figure 2. HPLC chromatograms of MDA–(TBA)2 complex prepared from (——)

TEP standard solution, (. . . . . .) cell suspensions, and (----) liver samples.
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calculated and compared with the levels obtained at time zero. As is presented

in Table 3, the complex levels variations were progressively higher along the

time, but the variation is still acceptable after 5 hr in the cell samples con-

served at the ambient temperature, and at 408C (variations ,13.8%). For

the liver samples, the variations of the levels of MDA–(TBA)2 complex at

the 5 hr period were too high for both temperatures, attaining levels that com-

promise the interpretation of data, and consequently, the quantification of the

complex in liver must be measured within 4 hr after preparation. It is important

to mention that the standard work solutions of MDA–(TBA)2 complex must

be prepared and preserved in parallel with the complex prepared from the bio-

logical samples, because degradation was also verified in standard solutions.

The stability of the MDA–(TBA)2 complex prepared from the biological

samples was also evaluated by its quantification at time 0 and after 24, 48, and

96 hr of storage at 48C,2208C, and2808C. The variations were calculated as
referred to above. As can be observed in Table 4, compared with time 0, the

variations of the complex levels were still acceptable after 96 hr for the cell

samples and after 48 hr for the liver samples, at all tested storage temperatures.

The excessive positive variation values obtained at time 96 hr for the MDA–

(TBA)2 complex obtained from the liver samples (31.0%, 58.0%, and 22.0%),

can be justified by the presence of lipids in the supernatant, and formation of

MDA, which complexes with TBA present in excess, indicating that lipid per-

oxidation continues after 48 hr of storage of liver at any of the studied

conditions.

Also performed, was the study of MDA stability in the cell suspensions

and in liver samples by quantifying the MDA–(TBA)2 complex formed

immediately after the collection of the samples and 24 hr later, maintaining

the samples at three different temperatures (48C, 2208C, and 2808C). It
was observed, that the MDA content in the biological samples was stable

during 24 hr at the assayed temperatures (variations ,15%), except for the

liver at 2808C in which the variation of the contents were considerably

higher (45%), as shown in Table 5. The reason for this effect induced by freez-

ing at very low temperatures is still unclear, but may be due to an upper cell

disruption provoked by ice volume expansion, exposing cells to a more exten-

sive lipid peroxidation during thawing. When comparing with the stability

obtained for the MDA–(TBA)2 complex, this study indicates that it is more

correct to prepare the complex immediately after collecting the biological

samples and preserve it at low temperatures until analysis, than conserve

the biological samples for preparing the MDA–(TBA)2 complex afterwards.

Taking both the data obtained from the stability studies concerning the

MDA–(TBA)2 complex prepared from hepatocyte suspensions and liver, we

can conclude that the chromatographic analysis should be performed within

the period of 4 hr when it is maintained at ambient temperature or at 408C,
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and within the period of 48 hr if the temperatures of the storage are 48C,
2208C, or 2808C. When the biological samples are conserved for posterior

preparation of the complex, MDA can be measured in the cell suspensions con-

served at any of these temperatures in the subsequent 24 hr, but liver samples

must be conserved at 48C or2208C in order to obtain reliable results of MDA.

ACKNOWLEDGMENT

This work was supported by a FCT/POCTI/FEDER European

Community project (POCTI/36099/FCB/2000).

REFERENCES

1. Marnett, L.J. Oxy radicals, lipid peroxidation and DNA damage.

Toxicology 2002, 181/182, 219–222.
2. Ohya, T. Reactivity of alkanals towards malondialdehyde (MDA) and the

effect of alkanals on MDA determination with a thiobarbituric acid test.

Biol. Pharm. Bull. 1993, 16, 1078–1082.

3. Lefevre, G.; Beljean-Leymarie, M.; Beyerle, F.; Bonnefont-Rousselot, D.;

Cristol, J.P.; Therond, P.; Torreilles, J. Evaluation of lipid peroxidation by

measuring thiobarbituric acid reactive substances. Ann. Biol. Clin. (Paris)

1998, 56, 305–319.

4. Roman, K.; Vladimira, M.; Alexander, C. Highly specific, simple and

rapid method for the determination of malondialdeyde in blood using

high-performance liquid chromatography. Clin. Chem. Lab. Med. 2002,

40, 1032–1035.

5. Karatas, F.; Karatepe, M.; Baysar, A. Determination of free malondialde-

hyde in human serum by high-performance liquid chromatography. Anal.

Biochem. 2002, 311, 76–79.

6. Templar, J.; Kon, S.P.;Milligan, T.P.; Newman, D.J.; Raftery,M.J. Increased

plasma malondialdehyde levels in glomerular disease as determined by a

fully validatedHPLCmethod. Nephrol. Dial. Transplant. 1999, 14, 946–951.

7. Sim, A.S.; Salonikas, C.; Naidoo, D.; Wilcken, D.E.L. Improved method

for plasma malondialdeyde measurement by high-performance liquid

chromatography using methyl malondialdehyde as an internal standard.

J. Chromatogr. B 2003, 785, 337–344.

8. Korchazhkina, O.; Exley, C.; Spencer, S.A. Measurement by reversed-

phase high-performance liquid chromatography of malondialdehyde in

normal human urine following derivatisation with 2,4-dinitrophenyl-

hydrazine. J. Chromatogr. B 2003, 794, 353–362.

Soares et al.2368

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



9. Sheu, J.-Y.; Ku, H.-P.; Tseng, W.-C.; Chen, M.-T.; Tsai, L.-Y.; Huang,

Y.-L. Determination of thiobarbituric acid adduct of malondialdehyde

using on-line microdialysis coupled with high-performance liquid chrom-

atography. Anal. Sci. 2003, 19, 621–624.

10. Yagi, K. A simple fluorometric assay for lipid peroxides in blood serum or

plasma. In CRC Handbook of Free Radicals and Antioxidants in Bio-

medicine; Miquel, J., Ed.; CRC Press: Boca Raton, 1989; 215–217.

11. Carvalho, M.; Milhazes, N.; Remião, F.; Borges, F.; Fernandes, E.;

Amado, F.; Monks, T.; Carvalho, F.; Bastos, M.L. Hepatotoxicity of

3,4-methylenedioxyamphetamine and alpha-methyldopamine in isolated

rat hepatocytes: formation of glutathione conjugates. Arch. Toxicol.

2004, 78, 16–24.

12. Fernandes, E.; Carvalho, M.; Carvalho, F.; Silva, A.M.S.; Santos, C.M.M.;

Pinto, D.C.G.A.; Cavaleiro, J.A.S.; Bastos, M.L. Hepatoprotective

activity of polyhydroxylated 2-styrylchromones against tert-butylhydro-

peroxide-induced toxicity in freshly isolated rat hepatocytes. Arch.

Toxicol. 2003, 77, 500–505.

Received March 20, 2004

Accepted April 26, 2004

Manuscript 6350

Quantification of Malondialdehyde 2369

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


