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ELECTROCONVULSIONS ELEVATE THE LEVELS OF LIPID
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Electroconvulsions elevate the levels of lipid peroxidation products in mice. R. ROLA,
M. ŒWI¥DER, S. J. CZUCZWAR. Pol. J. Pharmacol., 2002, 54, 521–524.

The objective of this study was to determine whether electroconvulsions lead to ex-
cessive lipid peroxidation. The concentrations of the conjugated dienes (CD) and malonyl
dialdehyde (MDA) in the homogenates of the brains after seizures induced with 25 mA
current (MES) measured immediately after seizures were significantly higher in compari-
son with the control brains. There were no significant differences between control group
and animals treated with multiple MES. Significant rise in CD concentrations was also
observed at 1 h following MES. The results indicate that electroconvulsions may lead to
the increased formation of lipid peroxidation products.
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INTRODUCTION

Reactive oxygen species, such as superoxide
anion, hydroxyl radical or hydrogen peroxide par-
ticipate in the pathogenesis of various types of dis-
ease [1]. There is also rising evidence that free radi-
cals may participate in the development of seizures
under pathological conditions and are linked to
seizure-induced neurodegeneration. Excessive gen-
eration of free radicals has been observed in the

hippocampal structures during kainate-induced [3]
or iron-salt-induced seizures [13] or in rats with
seizures due to exposure to ozone [6]. However,
excitotoxins or iron used in those models of experi-
mental epilepsy are themselves potent initiators of
free radical generation [1]. Thus, the generation of
reactive oxygen species may be due to the presence
of inducing agents rather than to the oxidative ef-
fects of seizures.
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Consequently, in the present study we decided
to find out whether or not the concentrations of
conjugated dienes (CD) and malonyl dialdehyde
(MDA), which may be considered indirect markers
of the activity of oxygen free radicals, are higher in
the brain tissue homogenates after electroconvul-
sions. We attempted to determine whether or not
electroconvulsions lead to the generation of reac-
tive oxygen species and, subsequently, to excessive
lipid peroxidation.

MATERIALS and METHODS

The experiment was carried out on 51 male
Swiss mice (20–25 g). They were housed in group
cages under normal laboratory conditions (tem-
perature of 20–21°C, natural day/light cycle) and
had free access to commercial chow pellets (Muri-
gran, Bacutil) and water.

Animals were subsequently divided into 7 groups:
— Control group – 21 animals with only ear-clips

put on without current delivery;
— Group I – 6 animals shocked once with 25 mA

current – measurements were performed imme-
diately after seizures;

— Group II – 6 animals shocked 5 times during
30 min with 25 mA current – measurements
were performed immediately after last seizure
episode;

— Group III – 6 animals shocked once with 25 mA
current – measurements were performed 1 h after
seizures;

— Group IV – 6 animals shocked once with 25 mA
current – measurements were performed 2 h after
seizures;

— Group V – 6 animals shocked once with 25 mA
current – measurements were performed 3 h after
seizures;

— Group VI – 6 animals shocked once with 10 mA
current – measurements were performed imme-
diately after seizures;

— Group VII – 6 animals shocked 5 times during
30 min with 10 mA current – measurements
were performed immediately after last seizure
episode.
Electroconvulsions were produced using ear

clip electrodes and alternating current (50 Hz) de-
livered by Hugo Sachs (type 221, Freiburg, Ger-
many) generator. The stimulus duration was 0.2 s.
Tonic hindlimb extension was taken as an endpoint.
Two current intensities were used: CS%) (current

strength allowing to reach the endpoint in 97% of
mice, estimated at 10 mA) and 25 mA (maximal
electroshock, MES), which is 3–4 fold higher than
the threshold intensity producing tonic seizures in
50% of mice (which is usually in range between
6–7 mA).

After seizures, the animals were decapitated ac-
cording to the schedule described above, and their
whole brains were excised and immediately frozen
and stored at –30°C for 48 h. After thawing, whole
brains were homogenized in saline (1 ml per 100 mg
of tissue) in glass homogenizer at 200 rpm for 10
min. Then, the homogenates were centrifuged at
2000 × g for 15 min, and the supernatants were col-
lected for further use.

CD concentrations were measured according to
the method of Beuge and Aust, with Ward et al.
modification [14]. Briefly, CD assay was based on
chloroform extraction from tissue homogenate in
acidic environment with subsequent evaporation of
solution under nitrogen and sediment dissolution
in n-heptane. CD concentration was then measured
spectrophotometrically at � = 233 nm against
n-heptane. CD concentration was expressed in OD
(optical density) units per g of tissue.

MDA level was determined in trichloroacetic
acid precipitates as described by Ledwo¿yw et al.
[10]. This method is based on reaction of MDA
with thiobarbituric acid (TBA) in acidic environ-
ment and elevated temperature, leading to the for-
mation of colored complex of these substances.
MDA concentration was measured spectropho-
tometrically at � = 532 nm and then read from cali-
bration curve made for bis-methylacetal of MDA.
MDA concentration was expressed in nmol per g of
tissue. The experimental procedures run in this
study were approved by Local Ethics Committee of
Lublin.

Statistical analysis was performed on a PC with
Statistica Program (StatSoft, USA) using one-way
ANOVA with Fisher “F” exact test and post-hoc
analysis with Duncan “D” test; p less than 0.05 was
considered as statistically significant.

RESULTS

The CD concentration in the homogenates of
the brains after seizures induced with 25 mA current
measured immediately after seizures was signifi-
cantly higher in comparison with the control brains
(4.15 ± 0.89 × 10*+ vs. 2.59 ± 1.35 × 10*+ OD/g of
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tissue) (Fig. 1). Moreover, significantly higher
MDA concentration in this group was also found
when compared with the control tissue (1.43 ± 0.26
× 10*+ and 1.07 ± 0.13 × 10*+ nmol/g of tissue, re-
spectively) (Fig. 2). Surprisingly, there were no sig-
nificant differences in both markers of lipid peroxi-
dation between the control group and animals
treated with multiple MES (group II) (Fig. 1 and 2).
Moreover, in the same group, a reduction of CD
was found. On the other hand, there was significant
increase in CD concentrations in the group after
seizures induced with MES measured 1 h after the
shock in comparison with the control group (4.15 ±
0.11 × 10*+ and 2.59 ± 1.35 × 10*+ OD/g of tissue,
respectively) (Fig. 1).

DISCUSSION

Our results indicate that electroconvulsions pro-
duce several changes in parameters related to lipid
peroxidation processes in whole mouse brain. The
increased levels of CD and MDA seen immediately
after MES-induced seizures suggest an increased
degree of lipid peroxidation in the early phase of
the convulsive event. Although lipid peroxidation
level serves only as an indirect measurement of

radical formation and has a number of flaws [1], it
is still widely used to estimate changes in radical
formation, especially in in vivo models. Conse-
quently, one can state that a “shift” to oxidation
processes is present during seizures occurring inde-
pendently of excitotoxins. These results are in
agreement with previous reports demonstrating in-
creased lipid peroxidation in the rat kindling model
of epilepsy [7]. Moreover, our results confirm and
extend the circumstantial evidence from former
studies, which suggested that oxidative stress and
subsequent increase in lipid peroxidation might oc-
cur during seizures and participate in the patho-
physiology of epilepsy. Such evidence includes ob-
servations from a variety of experimental epilepsy
models employing free radicals-generating systems
[6, 12, 13] as well as from models of excitotoxic
damage after kainate-induced seizures [3]. It was
also proven that exogenously administered enzy-
matic and nonenzymatic antioxidants successfully
protected the brain against seizure-induced damage
and significantly alleviated seizures in these patho-
logical conditions, which additionally supports this
hypothesis [9].

Several cellular processes that are activated
during electroconvulsions may contribute to the in-
creased production of oxygen free radicals (OFR)
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Fig. 1. �� ��! �" 	��#���$�% %����! &'()� �" $�!!��* �� $�� ����
$�!!�� �" $�� 	��$�� ���� ��% ����! �" ������! $��$�% ��$�
���	$�	�� ��!���! &+��� , � ��	� ��$� �� �-� !�	�"�	�% ���
��%��$��. �"$� !��
��!� +��� ,, � � $���! %���� /� ��� ��$�
�� �-� !�	�"�	�% ����%��$��. �"$� !��
��!� +��� ,,, � ��	�
��$� �� �-� !�	�"�	�% � � �"$� !��
��!� +��� ,0 � ��	� ��$�
�� �-� !�	�"�	�% � � �"$� !��
��!� +��� 0 � ��	� ��$�
�� �-� !�	�"�	�% / � �"$� !��
��!� +��� 0, � ��	� ��$�
�� �-� !�	�"�	�% ����%��$��. �"$� !��
��!� +��� 0,, �
� $���! %���� /� ��� ��$� �� �-� !�	�"�	�% ����%��$��. �"$�
!��
��!*� 1�! ���!��$ ���� 2 !$��%�% %� ��$���� 3 � 4 ����
� !����"�	��$�. %�""���$ "�� $�� 	��$�� ����
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Fig. 2. �� ��! �" �����.� %���%��.%� &����)� �" $�!!��* �� ����
$�!!�� �" $�� 	��$�� ���� ��% ����! �" ������! $��$�% ��$�
���	$�	�� ��!���! &+��� , � ��	� ��$� �� �-� !�	�"�	�% ���
��%��$��. �"$� !��
��!� +��� ,, � � $���! %���� /� ��� ��$�
�� �-� !�	�"�	�% ����%��$��. �"$� !��
��!� +��� ,,, � ��	�
��$� �� �-� !�	�"�	�% � � �"$� !��
��!� +��� ,0 � ��	� ��$�
�� �-� !�	�"�	�% � � �"$� !��
��!� +��� 0 � ��	� ��$�
�� �-� !�	�"�	�% / � �"$� !��
��!� +��� 0, � ��	� ��$�
�� �-� !�	�"�	�% ����%��$��. �"$� !��
��!� +��� 0,, �
� $���! %���� /� ��� ��$� �� �-� !�	�"�	�% ����%��$��. �"$�
!��
��!*� 1�! ���!��$ ���� 2 !$��%�% %� ��$���� 3 � 4 ����
� !����"�	��$�. %�""���$ "�� $�� 	��$�� ����



including reportedly increased production of brain
free fatty acids that leads to the formation of eico-
sanoids, lipid peroxides and free radicals [4]. Fur-
thermore, the rise in intracellular Ca"5 level that is
observed during electroconvulsions [2] might also
be responsible for generation of OFR. It leads to
the activation of mitochondrial metabolism [8] and
subsequently facilitates generation of superoxide
radical. There is also a rising number of reports,
which reveal the presence of severe disturbances in
enzymatic [5] as wells as non-enzymatic [11] anti-
oxidant defense mechanisms. Of special interest
are differences in the activities of superoxide dis-
mutase (SOD) and glutathione peroxidase (GPx) in
various structures of CNS. Erakovic et al. [5] re-
vealed that decreased GPx activity in the hippo-
campus after electroconvulsions in rats was not as-
sociated with notable changes in SOD activity. This
finding suggests a potentially very severe oxidative
damage in this region. In such circumstances, nor-
mal SOD activity allows transformation of O"

6*

into H"O" while decreased GPx activity fails to de-
toxify it. It leads to accumulation of H"O", which in
presence of transition metal ions like Fe"5 or Cu5

undergoes Fenton reaction generating hydroxyl
radicals that may cause excessive oxidative dam-
age. This process can contribute to the neuronal in-
jury observed in the hippocampus after seizures.

It is surprising, however, that we did not notice
any differences between group II (the animals hav-
ing received shock 5 times during 30 min with
MES) with measurements performed immediately
after seizures and the control group. The origin of
this effect remains obscure. We can only hypothe-
size that the first electroconvulsions episode
launched an immediate response of antioxidative
mechanisms. This phenomenon can also be respon-
sible for subsequent decrease in the levels of lipid
peroxidation products that we observed in Group
III, IV and V, in which measurements were per-
formed 1, 2 and 3 h after seizures, respectively.

Our study should give an impulse for further,
more detailed experiments since this experimental
model, as a preliminary study, suffers from numer-
ous limitations. The first one is that the whole brain
was studied as opposed to detailed analysis of cer-
tain structures in the CNS. Moreover, we did not
assess the activity of antioxidant defense mecha-
nisms either in a whole brain or in specific struc-
tures. These specific problems will be addressed in
further studies.
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