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Measurement of malondialdehyde (MDA) level
in rat plasma after simvastatin treatment using two
different analytical methods

Abstract

Background and Purpose: The aim of this study was to investigate the
effect of chronic administration of simvastatin (SIMV) on plasma malon-
dialdehyde (MDA) level using two different methods. We also wanted to
examine the plasma MDA level 10 days after the last administration of
SIMV

Materials and Methods: The first two groups of Wistar rats were given
10 mglkg/day of SIMV and the third and fourth groups 50 mg/kg/day of
SIMV for 21 days. Two control groups were on saline for the same period.
Plasma MDA level was measured after the end of treatment and 10 days
after the last dose. Two methods were used: UV-VIS spectrophotometric
method and HPLC-MS method. Statistics: Kruskal-Wallis test and Steel
test for post-hoc comparison with the control group. P values less or equal to
0.05 were considered as statistically significant.

Results: MDA levels in all groups, measured by both techniques, showed
that SIMV treatment caused a dose-dependent decrease (significant in high
dose) in plasma MDA level. The decrease in MDA level was also well-
maintained for 10 days after the last administration of SIMV in both doses
(significantly in high dose).

Conclusion: Both doses of SIMV decreased plasma MDA level after 21
day treatment and it remained decreased 10 days after the last dose, re-
gardless of the measurement method used. These results showed that SIMV
has antioxidant activity that persists after discontinuation of therapy.
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INTRODUCTION

Oxidative stress is a term denoting an imbalance be-
tween the production of oxidants and respective de-
fense systems of an organism (). Oxidants encompass
reactive oxygen species (ROS), reactive nitrogen species
(RNS), sulfur-centered radicals and others. Not all of
these reactive species are arene-radicals, i.e. molecules
with one (or more) unpaired electrons, but in many cases
the reactive non-radical species will end up as radicals,
damaging biomolecules by (one-electron) oxidation. The
danger of this type of reaction is that the oxidation prod-
ucts formed are radicals themselves, which are in many
cases able to propagate the reaction, leading to extensive
damage. Oxidants can be generated in numerous ways,
such as by ionizing radiation, by chemical reactions, en-
zymatically, through redox-catalysis involving free tran-
sition metal ions, or metal ions bound to enzymes.
Important cellular sources of oxidative stress are: (a) the
formation of reactive oxygen species by incomplete re-
duction of oxygen in the respiratory chain of mitochon-
dria, and (b) host defense systems, which include the »oxi-
dative burst« mediated by NADPH oxidase, producing
superoxide radical, and myeloperoxidase, leading to the
formation of hypochlorous acid (2).

There is extensive evidence that links hypercholes-
terolemia with increased lipid peroxidation and increas-
ed oxidative stress (3, 4). The oxidative modification of
lipoproteins — particularly low-density lipoproteins (LDL)
— has emerged as a fundamental process in the develop-
ment of atherosclerosis (5). Oxidatively modified LDLs,
that have been heralded as an initiating factor in athero-
genesis, possess numerous unfavorable biological effects,
including the induction of endothelial dysfunction, acti-
vation of endothelial adhesiveness, monocyte differentia-
tion and adhesion, and smooth muscle cell proliferation
(6-9). Several studies suggest the relationship between
oxidized LDL and severity of atherosclerosis in coronary
(10), carotid or brachial arteries (11, 12). Quantification
of primary lipid peroxidation products (hydroperoxides)
is difficult due to the unstable and reactive nature of
these compounds (13). Thus, the assessment of lipid
peroxidation is usually performed by analyzing secon-
dary oxidation products such as malondialdehyde (MDA).
This distinctive compound has long been employed as a
model compound for studying secondary degradation
products of lipid peroxidation. The condensation of MDA
with two molecules of 2-thiobarbituric acid (TBA) has
been widely used to measure the extent of oxidative
deterioration of lipids in biological and food systems
(14-16). The absorbance of the complex is usually mea-
sured by spectrophotometry or spectrofluorometry (17),
or by specific techniques, also based on TBA-adduct,
where HPLC separation with spectrophotometric or spec-
trofluorometric or MS detection is employed. The level
of oxidative stress in plasma and tissue usually correlates
with MDA concentration (Scheme 1).

Statins have been used for treatment of hyperchol-
esterolemia for a very long period. They lower the level of
LDL due to specific, competitive, reversible inhibition of
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Figure 1. Structures of the Simvastatin.

3-hydroxyl 3-methylglutaryl-coenzyme A reductase
(HMG-CoA reductase). Some studies have shown the
ability of statins to reduce the levels of circulating ox-
idized LDL or of circulating MDA as well (18-20). The
known member of statins is simvastatin (Figure 1), which
has also shown antioxidant, anti-inflammatory and pro-
tective cardiovascular effects.

The aim of this study was to investigate the effect of
simvastatin (SIMV) on plasma MDA level using two
different analytical techniques, and to compare the re-
sults of these two analytical approaches in order to decide
which technique is more reliable and accurate for further
investigation of antioxidant action of statins. Because the
plasma level of MDA indirectly indicates the degree of
oxidative stress, it was of interest to measure the MDA
level immediately after the discontinuation of SIMV
treatment, and 10 days after the last dose (wash-out
period). Additionally, the effect of SIMV on plasma MDA
could indirectly show its protective effect on LDL oxi-
dation.

MATERIALS AND METHODS

Test Substance. Simvastatin (CAS-79902-63-9) was
obtained from Pliva Hrvatska d.o.o., Zagreb (Croatia)
(Stateks® 20) and administered daily into stomach by
oral gavage in two different doses (10 and 50 mg/kg body
weight/day) in saline.

Treatment of animals

Forty-six male Wistar rats (Department of Pharma-
cology, School of Medicine, University of Zagreb, Za-
greb, Croatia) weighing 170-200 g, were randomized in
two control groups (n=7 ecach) treated with saline, and
four experimental groups (n=8 each). The first two ex-
perimental groups were given a small dose of SIMV
(10 mg/kg/day), and the third and fourth experimental
groups were given a high dose of SIMV (50 mg/kg/day).
The drug treatment period for all experimental groups
was 3 weeks. On 21 day of treatment and following an
overnight fast, the rats from one control group and from
the first and third treatment groups were sacrificed under
diethyl ether anesthesia, and blood sera were obtained
directly from the heart. Plasma samples for measuring
MDA were frozen immediately after sampling at —70 °C
until further processing. Other groups of rats were sa-
crificed 10 days after the last administration of saline
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(control) or SIMV (two experimental groups on small
and high doses). The rats were housed in an air-con-
ditioned room (20-22 °C) at 12 h light/12 h dark cycles,
and were on standard diet (food for laboratory rats and
mice manufactured by Mucedola s.r.], Italia) and water
ad libitum. Handling and treatment of the animals were
conducted following the international guidelines regard-
ing the use of laboratory animals. The experiments had
been approved by the local ethics committee.

MDA

The level of MDA was measured spectrophotometri-
cally on UV-VIS spectrophotometer (Hitachi, Japan) at
535 nm or by reverse phase HPLC-MS method with
single ion monitoring technique. MDA levels are ex-
pressed as pmol/L concentrations using calibrating cur-
ves and expressed as percentage of decrease in MDA level
compared to negative control.

Chemicals

The chemicals used for spectrophotometric and HPLC-
-MS determination of MDA-TBA: ammonium acetate,
potassium dihydrogen phosphate and trichloroacetic acid
(TCA) were obtained from Merck. Thiobarbituric acid
(TBA) and butylated hydroxytoluene (BHT) were pur-
chased from Aldrich. The solvents used in experiments
and analysis were of analytical purity (p.a.) or HPLC
grade purity purchased from Merck.

Spectrophotometric determination
of MDA-TBA

The TBA assay was adopted from Angulo ez al. (17)
and Botsoglou ez al. (21) and adapted for our purposes.

In the first step, an aliquot of plasma (250 mL) was
transferred into a 5 mL Nunc CryotubeE (Polylabo,
Geneva, Switzerland), followed by successive additions
of 25uL.0.2% BHT (dissolved in ethanol) and 1 mL 15%
aqueous TCA. The mixture was then centrifuged (Uni-
versal 32 R, Hettich Zentrifugen) at 4000g for 15 minutes
at 4 °C. The deproteinized supernatant (stock) was stor-

ed at—70 °C.

From that stock, an aliquot of 500 puLL was transferred
into a 5 mL Nunc CryotubeE and 1 mL TBA (0.375% in
0.25 M HCI) was added. It was then heated at 100 °C for
15 minutes. After cooling, the solution was analyzed by
spectrophotometry using 1 cm absorption cell (Hitachi,
Japan) at 535 nm.

HPLC-MS determination of MDA-TBA

A portion of the deproteinized stock was also used for
HPLC-MS measurements.

A Waters HPLC-MS Quatro-Micro instrument equip-
ped with a diode-array detector (DAD) was used for
quantification. The analytical reverse phase (RPC-18)
column (X-Terra) from Waters, 100 mm long and 4.6 mm
wide with 5 p particle size was used and the solvent was
mixture of acetonitrile / water acidified by 0.01% formic
acid. The analyses were conducted by injecting 1 pul of
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sample on the column by autoinjector using program-
med gradient mode which started from 5% water / 95%
acetonitrile at the beginning of chromatography to 25%
water / 75% of acetonitrile over 15 min period at the
flow-rate of 1 mL/min. During the chromatography mo-
lecular ion for MDA-TBA adduct was simultaneously
monitored, as well as UV-VIS absorbance at 536 nm.
Data acquisition and processing were carried out with
MsLynx software. The MDA derivative was quantitated
based on the calibration curve previously measured for
different MDA-TBA concentrations.

Statistical analysis

Data are shown as mean =* standard error of the
mean. Data analysis was made using Kruskal-Wallis test
and Steel test for post-hoc comparison with the control
group. P values less or equal to 0.05 were considered
statistically significant. All applied tests were two-tailed.

RESULTS AND DISCUSSION

The levels of MDA in all experimental groups (mea-
sured by both techniques) in comparison with their cor-
responding control show that SIMV treatment caused a
dose-dependent decrease in plasma MDA level. Only the
treatment with high dose of SIMV resulted in the signi-
ficantly greater decrease of MDA level, which was the
same regardless of the measurement method (Figures 2

and 3).

Spectrophotometric analysis of MDA level showed a
decrease in plasma concentration by 9.0% and 39.0%
(p<0.05) after the administration of SIMV in doses of 10
and 50 mg/kg/day during 3 weeks. According to our
results, the decrease in MDA level was well-maintained
for 10 days after the last administration of SIMV in both
doses (Figure 2) (wash-out period). As shown in Figure
2, 10 days after the last small dose of SIMV, the decrease
in MDA was greater (30%) in comparison with the MDA
level measured after the last administration (after 3 weeks),
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Figure 2. Effect of Simuvastatin treatment on MDA level in rat
plasma measured by UV-VIS
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but insignificant. The decrease in the MDA level mea-
sured 10 days after the last administration of high dose

was greater in comparison with the small dose, and sig-
nificant (63%).

HPLC-MS analysis showed decrease in MDA level
by 30.0% (small dose) and 38.3% (p<<0.05) (high dose)
after the 3 week SIMV treatment (Figure 3). It showed
that the decrease in MDA level was also well-maintained
for 10 days after the last administration of both doses, but
insignificant (Figure 3, wash-out period).

Based on our results, we suggested that both methods,
spectrophotometric method and HPLC-MS, give results
that have similar direction, but with difference in magni-
tude and sensitivity. We suppose that this difference is due
to the high specific quality of HPLC-MS which measures
only MDA-TBA adduct, while UV-VIS method lacks that
specificity and absorption and at wavelength of 536 nm
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Figure 3. Effect of Simvastatin treatment on MDA level in rat
plasma measured by HPLC-MS.

MDA

Scheme 1. Mechanism of lipoxigenation of polyunsaturated farty
acids (LH).
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was affected by other UV-VIS active species present in
plasma.

According to our data (Figure 2 and 3), SIMV decrea-
ses the plasma level of MDA. Because MDA is described
as an oxidative marker, the results of this study indicate
that the SIMV administered at high dose (50 mg/kg/day)
significantly decreases the level of oxidative stress in the
healthy rat.

Our results obtained by spectrophotometric measure-
ment seem to agree with the results of Beltowski ez al.
(22a), and Beltowski ez al. (226) who, using the same
method, found that cerivastatin and fluvastatin caused a
significant reduction in plasma concentration of MDA+
hydroxydialkenals (HAD) and lipid hydroperoxides. Plas-
ma concentration of MDA +4-HAD in a group of rats on
alow dose of cerivastatin (0.03 mg/kg/day for 21 days) tend-
ed to be lower than in the control, but the difference was
not significant. In the high dose group (0.3 mg/kg/day for
21 days), MDA+4-HAD level decreased by 46.6% in
comparison with the control (224). The same results
were achieved with fluvastatin, which caused the plasma
decrease of MDA+4-HAD level by 19.8% and 30.9% af-
ter administration of fluvastatin in doses of 2 and 20
mg/kg/day for 21 days (225), perspectively. Our results
are also congruent with the results mentioned above in
the fact that the action of SIMV, cerivastatin and flu-
vastatin on MDA is dose-dependent. In the i vitro ex-
periments, Nakashima A ez al. (23) found that fluvastatin
and its metabolites had the potential to protect against
oxidative stress mediated by several ROS, such as singlet
oxygen, superoxide anion, hydroxyl radical, hypochlorite
ion, and linoleic acid peroxide. These findings also sup-
port our results on the antioxidant action of simvastatin.
We showed that the well-maintained decrease in plasma
MDA level persisted 10 days after the last administration
of SIMV (Figure 2 and 3). Due to this reason, we suggest
that this extended action of SIMV on plasma MDA level
is the new evidence about its antioxidant action. The ef-
fect of simvastatin on plasma MDA level which we sho-
wed in our experiments on rats is also coherent with a
clinical report of Skrha ez al. who observed a significant
decrease in MDA after 3-month treatment of diabetic pa-
tients with combined hyperlipidemia (24).

In conclusion, our results show that spectrophoto-
metric method and HPLC-MS analysis give results that
have similar direction. We showed a decrease in the
plasma level of MDA immediately after the end of SIMV
treatment in small and high doses for 21 days, regardless
of the method used. Also the decrease in plasma MDA
level was verified 10 days after the last dose. The only
significant results were those obtained after the high dose
treatment. Our results showed that SIMV has antioxi-
dant activity that persists after therapy discontinuation.

Acknowledgement: This study was supported by the Mi-
nistry of Science, Education and Sports of the Republic of
Croatia. We gratefully acknowledge the expert technical
assistance of Mrs. Zeljka Roca and Mrs. Ana Cadic.

Period biol, Vol 110, No 1, 2008.



Level of malondialdehyde in rat after simvastatin treatment

Jasna Lovrié ez al.

REFERENCES

1. BERRIDGE M V, TAN A S, McCOY K D, WANG R 1996 The
biochemical and cellular basis of cell proliferation assay that use

tetrazolium salts. Biochemica 4: 15-20

2. HALLIWELL B, GUTTERIDGE ] M C 2000 Free Radicals in Bi-
ology and Medicine. Third edition. Oxford Science Publications,

New York, Oxford University Press.

3. OHARAY,PETERSON TE, SAYEGH H S, SUBRAMANIAN R
R, WILCOX J N, HARRISON D G 1995 Dietary correction of hy-

percholesterolemia in the rabbit normalizes endothelial superoxide

anion production. Circulation 92: 898-903

4, MUREDACH B REILLY M B, DOMENICO PRATICO M D,
DELANTY N, DIMINNO G, TREMOLI E, RADER D, KA-
POOR S, ROKACH J, LAWSON J, GARRET A 1998 Increased

formation of distinct F, isoprostanes in hypercholesterolemia. Circu-

lation 98: 2822-28

9. STEINBERG D, PARTHASARATHY S, CAREW T E, KHOO ]
C, WITZTUM ] L 1989 Beyond cholesterol. Modifications of low-
-density lipoprotein that increase its atherogenicity. New Engl | Med

320: 915-24

6. KUGIYAMA K, KERNS S A, MORRISETT ] D, ROBERTS R,
HENRY P D 1990 Impairment of endothelium-dependent arterial

relaxation by lysolecithin in modified low-density lipoproteins. Na-

ture 344: 160-62

1. FROSTEGARD J, HAEGERSTRAND A, GIDLUND M, NILS-
SONJ 1991 Biologically modified LDL increases the adhesive prop-

erties of endothelial cells. Atherosclerosis 90: 119-26

8. FROSTEGARD J, NILSSON J, HAEGERSTRAND A, HAM-
STEN A, WIGZELL H, GIDLUND M 1990 Oxidized low density
lipoprotein induces differentiation and adhesion of human monocytes
and the monocytic cell line U937. Proc Natl Acad Sci USA 87: 904—08

9. KOBAS, PAKALA R, WATANABE T, KATAGIRI T, BENEDICT
C R 2000 Synergistic interaction between thromboxane A2 and
mildly oxidized low density lipoproteins on vascular smooth muscle
cell proliferation. Prostaglandins Leukot Essent Fatty Acids 63: 329-35

10. REGNSTROM J, NILSSON ], TORNVALL B LANDOU C,
HAMSTEN A 1992 Susceptibility to low-density lipoprotein oxida-

tion and coronary atherosclerosis in man. Lancet 339: 1183-86

11. RAITAKARI O T, TOIKKA J O, LAINE H, AHOTUPA M, IIDA
H, VIIKARIJ S 2001 Reduced myocardial flow reserve relates to in-
creased carotid intima-media thickness in healthy young men. Azh-

erosclerosis 156: 469-75

12. TOIKKA ] O, LAINE H, AHOTUPA M, HAAPANEN A, JORMA
S A, VIIKARI ] ], HARTIALA, ], RATTAKARI O T 2000 Increased

arterial intima-media thickness and 7 vivo LDL oxidation in young

men with borderline hypertension. Hypertension 36: 929-33

Period biol, Vol 110, No 1, 2008.

20.

21.

22a.

22h.

2.

2,

. JANERO D R 1990 Malondialdehyde and thiobarbituric acid-reac-

tivity as diagnostic indices of lipid peroxidation and peroxidative tis-
sue injury. Free Radic Biol Med 9: 51540

. GRAY J I 1978 Measurement of lipid oxidation: A review. ] Am Oil

Chem Soc 55: 539-46

. FRANKEL E N, NEFF W E 1983 Formation of malonaldehyde

from lipid oxidation product. Biochim Biophys Acta 754: 264-70

. MELTON S L 1983 Methodology for following lipid oxidation in

muscle foods. Food Technol 37: 105-9

. ANGULO AJ,ROMERA J M, RAMIREZ M, GIL A 1998 Effects of

storage conditions on lipid oxidation in infant formulas based on
several protein sources. | Am Oil Chem Soc 75: 1603—07

. VASANKARI T, AHOTUPA M, TOIKKA J, MIKKOLA J, IRTALA

K, PASANEN P 2001 LDL and thickness of carotid intima-media
are associated with coronary atherosclerosis in middle-aged men:
lower levels of oxidized LDL with statin therapy. Azherosclerosis 155:
403-12

. SASAKI S, KUWAHARA N, KUNITOMO K, HARADA S, YA-

MADA T, AZUMA A, TAKEDA K, NAGAWA M 2002 Effects of
atorvastatin on oxidized low-density lipoprotein, low density lipo-
protein subfraction distribution, and remnant lipoprotein in patients
with mixed hyperlipoproteinemia. Am | Cardiol 89: 38689

ROSENSON R S, WOLFF D, TANGNEY C C 2004 Statins re-
duce oxidized low-density lipoprotein levels, but do not alter soluble
intercellular cell-adhesion molecule-1 and vascular cell-adhesion mol-

ecule-1 levels in subjects with hypercholesterolaemia. Clin Sci (Lond)
106: 215-17

BOTSOGLOU N A, FLETOURIS D J, PAPAGEORGIOU G E,
VASSILOPOULOS VN, MANTISAJ, TRAKATELLISA G 1994
Rapid, sensitive and specific thiobarbituric acid method for measur-
ing lipid peroxidation in animal tissue, food and feedstuff samples.

Agric Food Chem 42: 1931-37

BELTOWSKI J, WUJCICKA G, MYDLARCZYK A, JAMROZ A
2002 Cerivastatin modulates plasma paraoxonase/arylesterase activ-
ity and oxidant-antioxidant balance in the rat. Po/ | Pharmacol 54:
143-50

BELTOWSKI J, WUJCICKA G, JAMROZ A 2002 Differential cf-
fect of 3-hydroxy-3-methyl-glutarylcoenzyme A reductase inhibitors
on plasma paraoxonase 1 activity in the rat. Pol | Pharmacol 54: 661—
71

NAKASHIMA A, OHTAWA M, IWASAKI K, WADA M, KURO-
DA N, NAKASHIMA K 2001 Inhibitory effects of fluvastatin and its
metabolites on the formation of several reactive oxygen species. Life
Science 69: 1381-89

SKRHA J, STULC T, HILGERTOVA, WEISEROVA H, KVAS-
NICKA J, CESKA R 2004 Effect of simvastatin and fenofibrat on en-
dothelium in Type 2 diabetes. Eur | Pharmacol 493: 183—-89

67



