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Abstract:

We investigated the influence of recurrent epileptic seizures on the arachidonic acid (AA) cascade in platelets and brain microves-
sels, using [14C]AA as a tracer substrate and chromatographic determination. The recurrent epileptic seizures of male Wistar rats
were induced every second day with 3-aminopyridine (3-AP, 25 mg/kg ip) for two weeks.
In the chronic 3-AP model, the earlier epileptic insults resulted in a decreased incidence of limbic seizures and higher survival rate at
later administration of 3-AP. After 3-AP treatment, the formation of lipoxygenase products was unchanged, but the total amount of
cyclooxygenase (COX) metabolites was decreased both in platelets and brain microvessels. The reduction in COX-mediated eicosa-
noid synthesis after recurrent seizures was due to the decreased synthesis of vasodilator and vasoconstrictor COX metabolites. In
platelets, the 3-AP-treatment reduced the synthesis of vasodilator prostacyclin (PGI2), prostaglandin E2 (PGE2) and 12-L-hydroxy-
5,8,10-heptadecatrienoic acid (12-HHT), while the synthesis of prostaglandin D2 (PGD2) remained unchanged. In isolated brain
capillaries, the PGD2, PGE2 and 12-HHT synthesis was decreased after recurrent seizures. As for the vasoconstrictor COX metabo-
lites, both platelets and brain microvessels synthesized significantly lesser amount of prostaglandin F2� (PGF2�) and thromboxane
A2 (TxA2) upon 3-AP administration.
Our results indicate that platelets and isolated brain capillaries synthesize significantly lesser amount of COX metabolites after
chronic 3-AP treatment. The decreased conversion of AAinto different COX products may play a role in the neuroprotective/precon-
ditional adaptation of the brain against subsequent seizures.
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Abbreviations: AA – arachidonic acid, 3-AP – 3-amino-
pyridine, CON – amount of vasoconstrictor cyclooxygenase
metabolites, COX – cyclooxygenase, DIL – amount of vasodilator
cyclooxygenase metabolites, dpm – disintegrations per minute,
GABA – �-aminobutyric acid, 12-HHT – 12-L-hydroxy-5,8,10-

heptadecatrienoic acid, 6-keto-PGF�� – 6-keto-prostaglandin
F�� (stable metabolite of prostacyclin), LOX – lipoxygenase,
PGD� – prostaglandin D�, PGE� – prostaglandin E�, PGF�� –
prostaglandin F��, PUFA – polyunsaturated fatty acid, TxB� –
thromboxane B� (stable metabolite of TxA�)
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Introduction

Prostaglandins (PG) are produced in mammalian
brain tissues and play a significant role in the central
nervous system, e.g. in the regulation of the cerebral
blood flow, sleep-wakefulness cycle and body tem-
perature [19, 32, 37, 48]. There are convincing evi-
dences supporting the activation of arachidonate cas-
cade in the brain during experimental epilepsy [5, 17].
Indeed, the levels of PGD2, PGE2 and PGF2� have
been found to be high in different brain regions such
as the hippocampus and cerebral cortex after chemi-
cally or electrically induced seizures [6, 34]. It has
been also reported that the PG profile is differentially
altered in the rat brain during the early and the late
phase after seizures [34].

The possible role of PGs and their inhibitors in
modulation of seizure activity is still inconclusive.
Some reports pointed out that PGs (e.g. PGD2, PGE2,
and PGF2�) might have anticonvulsant properties [16,
20]. In contrast to this, another author demonstrated
that cyclooxygenase (COX)-inhibitors decreased the
number of epileptic convulsions [45]. Moreover,
Rosenkranz et al. [41] reported that pretreatment with
PGF2� potentiated the pentylenetetrazole- and electro-
shock-induced seizures.

On the other hand, it was previously shown that
chronic administration of the conventional antiepilep-
tic drug valproate reduced the arachidonic acid (AA)
turnover within brain phospholipids [8, 11] and de-
creased the concentrations of vasoactive COX and
lipoxygenase (LOX) products in rat platelets [44].

Some metabolites of the AA cascade are important
second messengers in neurons [27] and in platelets
[25, 35]. Blood platelets have been frequently used as
a model to investigate the imbalance between the up-
take of the inhibitory amino acid transmitter �-amino-
butyrate (GABA) and excitatory amino acid gluta-
mate in epileptic patients [39, 40, 49]. Increased glu-
tamate [40] and decreased GABA uptake [39] by
platelets in epileptic patients has led to the hypothesis
that high seizure activity may induce compensatory
alteration in platelet function [40]. Previous studies
using the platelet model in other disorders of the cen-
tral nervous system also reported that glutamate up-
take was decreased in platelets from patients with
Alzheimer’s [14] and Parkinson’s [15] disease. These
findings suggest that platelets are useful as a periphe-

ral marker of glutamatergic involvement and as an ad-
junctive diagnostic tool in these disorders.

Endothelial cells of brain microvasculature contri-
bute to the regulation of blood flow by releasing vaso-
dilator (DIL; PGI2, PGE2, PGD2 and 12-HHT) and
vasoconstrictor (CON; TxA2 and PGF2�) COX me-
tabolites [1, 18]. PGs influence the cerebral blood flow
in various pathologic conditions [3, 36, 43] and may
result in pial arteriolar dilatation in epileptic seizures
[9]. In addition to the vasoactive effects of PGs, it has
been reported that PGE2 increases the Ca2+ influx into
hippocampal CA1 pyramidal neurons, leading to in-
creased membrane excitability and increased frequen-
cy of firing [12]. It is also known that endothelial cells
and platelets may influence each other’s function via

synthesizing platelet inhibitory and aggregatory PGs
(PGI2 and TxA2, respectively) as well as intercellular
exchange of AA and endoperoxides [10]. Therefore,
a significant communication between the endothelium
and platelets may occur both during physiologic and
pathologic conditions.

We hypothesized that repeated 3-AP-treatment, in-
ducing chronic epilepsy, might influence the PG syn-
thesis in platelets and/or brain microvessels, and these
changes may influence epileptogenesis and seizure
susceptibility. The aim of the present work was to ex-
amine the effects of repeated 3-AP treatment on the
behavior of rats and to investigate the effects of chronic
(repeated) seizures on the arachidonate cascade in iso-
lated platelets and brain capillaries in the animals 24 h
after the recovery from seizure.

Materials and Methods

Animals

This study was performed on adult male Wistar rats
weighing 150–170 g. The animals were maintained
on 12-h dark/12-h light cycles in a room maintained at
constant temperature (23 ± 1°C) with access to stan-
dard laboratory food and water ad libitum. Animal ex-
periments were performed according to a protocol ac-
cepted by the Ethical Committee for the Protection of
Animals in Research, University of Szeged, Hungary.
The investigation conforms with the Guide for the
Care and Use of Laboratory Animals published by
the US National Institutes of Health.
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Chemicals

AA (grade I), 12-HHT and 12-hydroxy-5,8,10,14-
eicosatetraenoic acid unlabeled standards, serum-free
tissue culture Medium 199 and 3-AP were purchased
from Sigma (St. Louis, MI, USA). [14C]AA (specific
activity: 2035 MBq/mM) was obtained from Amer-
sham (England). Silica gel thin-layer plates (0.25 mm)
were obtained from Merck AG (Darmstadt, Germany).
PGE2, PGD2, TxB2 (the stable metabolite of TxA2),
PGF2�, and 6-keto-PGF1� (the stable metabolite of
prostacyclin) were generously provided by Upjohn Co.
(Kalamazoo, USA). Pentobarbitone was purchased from
Ceva-Phylaxia (Budapest, Hungary). Chloroform and
methanol were purchased from Reanal (Hungary).

3-AP treatment

Animals (n = 16) were treated every second day with
3-aminopyridine (3-AP; 25 mg/kg ip, dissolved in
1 ml of isotonic saline solution) for two weeks (alto-
gether seven 3-AP treatments). Age-matched control
rats (n = 9) were treated with the same volume of sa-
line alone. After the administration of 3-AP the ani-
mals experienced local and generalized seizures, ob-
served and graded according to Zhang et al. [50]. Sur-
viving rats, showing typical features of epileptic
seizures were used for the experiments. Platelets and
brain microvessels were isolated one day after the last
treatment.

Isolation of platelets

Isolation of platelets was carried out by using the
method described previously [31]. Briefly, under pen-
tobarbitone anesthesia (60 mg/kg ip) blood was drawn
from the abdominal aorta and diluted (1:2) with phos-
phate buffer (pH 7.4), containing EDTA (5.8 mM) and
glucose (5.55 mM). Platelet-rich plasma was col-
lected after the whole blood had been centrifuged at
200 × g for 10 min at room temperature. Platelets
were separated from the supernatant by centrifugation
at 2,000 × g for 10 min. The contaminating red blood
cells could metabolize arachidonic acid via the LOX
pathway and release leukotrienes [29], therefore
erythrocytes were lysed with hyposmotic ammonium
chloride (0.83%, 9 parts), containing EDTA (0.02%,
1 part) at 4°C for 15 min. Platelets were then washed
with phosphate buffer (pH 7.4, containing 5.8 mM
EDTA and 5.55 mM glucose) and centrifuged at

2,000 × g for 10 min at room temperature. During the
separation procedure, the activation of platelets was
inhibited by applying Ca2+-free medium and silicon-
ized glassware. The washed platelet suspension was
free from other cellular elements of the blood (red
blood cells, leukocytes, etc.) and plasma proteins.
After the last centrifugation, platelets were resus-
pended (108 platelets/ml) in serum-free tissue culture
Medium 199.

Isolation of brain microvessels

Rats were anesthetized as described above and the
brains were perfused with 0.9% NaCl (containing
5.8 mM EDTA) to eliminate blood from the capillar-
ies. After decapitation the brain was quickly removed
and blood-free brain microvessels were isolated from
300 mg wet weight of brain cortex by the modified
[44] centrifugation method [22]. Microvessels were
resuspended in 1 ml of Medium 199 and an aliquot
was examined for purity under light and phase-
contrast microscope. The viability of capillaries was
determined by trypan blue exclusion method and was
found to be over 90% at the end of the separation pro-
cedure [28].

Analysis of eicosanoids

The separation and measurment of radiolabeled eico-
sanoids were described elsewhere [31]. Briefly, plate-
lets (108 cells/ml in each sample) and brain microves-
sels (300 mg wet weight of brain cortex/ml in each
sample) were preincubated at 37°C for 5 and 10 min,
respectively. The enzyme reaction was initiated by the
introduction of the tracer substrate, [14C]AA (3.7 kBq,
0.172 pmol), into the incubation mixture. Ten and
30 min later the enzyme reaction was stopped by
bringing the pH to 3 with formic acid in mixtures con-
taining platelets and microvessels. Samples were then
extracted with ethyl acetate (2 × 3 ml) and the organic
phases were pooled and evaporated to dryness under
nitrogen. The residues were reconstituted in 2 × 100 �l
of ethyl acetate and quantitatively applied to silica gel
G thin-layer plates. The plates were developed
to a distance of 15 cm in the organic phase of ethyl
acetate : acetic acid : 2,2,4-trimethylpentane : water
(110:20:30:100 v/v/v/v) by means of overpressure
thin-layer chromatography (Chrompres 25, Labor
MIM, Hungary) [1, 13]. Each 3-mm band of the chro-
matograms was then scraped off and the radioactivity
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was determined by liquid scintillation analyzer
(TRI-CARB 2100TR, Canberra Packard, USA) using
5 ml of toluene containing 0.44% (w/v) of 2,5-
diphenyloxazole, 0.02% (w/v) of 1,4-di-[2-(5-phenyl)
oxazoyl] benzene and 10% (v/v) of ethanol. Radioac-
tivity was expressed in disintegrations per minute
(dpm). The radiolabeled products of AA were identi-
fied with unlabeled authentic standards, i.e., 6-keto-
PGF1� (Rf = 0.19), PGF2� (Rf = 0.29), PGE2 (Rf =
0.48), PGD2 (Rf = 0.58), TxB2 (Rf = 0.39), 12-HHT
(Rf = 0.69) and 12-HETE (Rf = 0.79) [30] which were
detected by anisaldehyde reagent [26]. Assuming that
the exogenously administered [14C]AA, as a tracer is
converted in the same way as the endogenous source,
our method allows to measure the relative amount of
various prostanoids.

Statistical analysis

The results are expressed as the means ± SEM. Sig-
nificance of the differences between eicosanoid syn-
thesis of 3-AP-treated and control rats were evaluated
by F-test, followed by modified Student’s t-test [46];
p < 0.05 was considered to be statistically significant.

Results

Behavioral analysis

The 3-AP-induced epileptic behavioral profile was
monitored for 3 h post-injection. Control rats (vehicle-
injected animals) did not show abnormal behavior.
Epileptic rats, immediately after the first 3-AP injec-
tion, presented behavioral changes, including immo-
bilization, staring, head nodding, tremor and wet-dog
shakes, that persisted for up to 15 min. These initial
changes were followed by increased forelimb jerks,
salivation and then progressed into motor limbic sei-
zures in 69% of animals (11/16 animals). Limbic con-
vulsive behavior persisted for 50–60 min and led to
death in 13% of the animals (2/16 animals). The re-
maining rats (87%) returned back to normal behavior.
Following the second 3-AP treatment, the animals
presented the same initial behavior and 36% of ani-
mals (5/14 animals) had limbic seizures, which pro-
gressed to death in 21% of animals (3/14 animals).
The remaining rats (n = 11) survived the last five

3-AP treatment and the incidence of limbic seizures
reduced to 10–20%.

Effects of 3-AP treatment on eicosanoid

synthesis

Platelets

Chronic 3-AP treatment significantly reduced the
total amount of AA metabolites in platelets (18.6%;
Fig. 1). The conversion of AA to COX products was
significantly decreased (33.9%; Fig. 2), while the
amount of LOX products remained unchanged after
3-AP administration (in 1,000 dpm:) 72.98 ± 4.5 and
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Fig. 1. Total production of arachidonic acid metabolites synthesized
by platelets and brain microvessels in control (�) and 3-AP-treated
(�) rats. Data represent the means ± SEM; ** p < 0.01 when control
rats were compared with 3-AP-treated animals

Fig. 2. Comparison of COX metabolites synthesized by platelet and
brain microvessels in control (�) and 3-AP-treated (�) rats. Data rep-
resent the means ± SEM; ** p < 0.01 and *** p < 0.001 when control
rats were compared with 3-AP-treated animals



63.28 ± 4.1 for control and 3-AP-treated rats, respec-
tively). The reduction in COX-mediated eicosanoid
synthesis after chronic 3-AP treatment was due to de-
creased synthesis of both the DIL (20.0%) and the
CON metabolites (38.5%) (Fig. 3). Indeed, 3-AP treat-
ment reduced the production of 6-keto-PGF1� (the
stable metabolite of PGI2) (37.0%), PGE2 (33.3%)
and 12-HHT (37.4%) synthesis. Interestingly, recur-
rent seizures did not induce alteration in platelet
PGD2 production (in 1,000 dpm: 2.84 ± 0.11 and 2.74
± 0.14 for control and 3-AP-treated rats, respectively)
(Fig. 4). The amount of PGF2� (60.6%) and TxB2 (the

stable metabolite of TxA2) (34.0%) was also de-
creased upon 3-AP administration (Fig. 6).

Cerebral microvessels

In isolated brain capillaries, chronic 3-AP treatment
did not change the total amount of AA metabolites (in
1,000 dpm: 72.77 ± 1.23 and 74.39 ± 5.54 for control
and 3-AP-treated rats, respectively) (Fig. 1). Similarly
to platelets, the synthesis of COX products (Fig. 2)
was reduced (35.7%), but no significant change in
LOX products (in 1,000 dpm: 65.78 ± 1.2 and 69.89 ±
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Fig. 3. The amount of vasodilator (DIL) and vasoconstrictor (CON)
COX metabolites in control (�) (n = 9 and n = 7 for platelet and brain
microvessels, respectively) and 3-AP-treated (�) (n = 11) rats. Data
represent the means ± SEM ; ** p < 0.01 and *** p < 0.001 when con-
trol rats were compared with 3-AP-treated animals

Fig. 4. Comparison of platelet 6-keto-PGF��, PGD�, PGE� and
12-HHT synthesis in control (�) (n = 9) and 3-AP-treated (�) (n = 11)
rats. Data represent the means ± SEM; ** p < 0.01 and *** p < 0.001
when control rats were compared with 3-AP-treated animals

Fig. 5. Comparison of 6-keto-PGF��, PGD�, PGE� and 12-HHT syn-
thesized by brain microvessel in control (�) (n = 7) and 3-AP-treated
(�) (n = 11) rats. Data represent the means ± SEM; * indicates
p < 0.05 and ** p < 0.01 when control rats were compared with 3-AP-
treated animals

Fig. 6. Comparison of platelet and brain microvessel PGF�� and
TxB� synthesis in control (�) (n = 9 and n = 7 for platelet and brain
microvessels, respectively) and 3-AP-treated (�) (n = 11) rats. Data
represent the means ± SEM; ** p < 0.01 and *** p < 0.001 when con-
trol rats were compared with 3-AP-treated animals



5.45 for control and 3-AP-treated rats, respectively)
was observed. The reduction in COX-mediated eico-
sanoid synthesis after chronic 3-AP treatment was due
to decreased synthesis of both the DIL (32.2%) and
the CON (36.9%) metabolites (Fig. 3). Indeed, 3-AP
treatment reduced PGD2 (40.2%), PGE2, (34.3%) and
12-HHT (38.1%) synthesis while the synthesis of
6-keto-PGF1� remained unchanged (in 1,000 dpm:
0.67 ± 0.07 and 0.57 ± 0.03 for control and 3-AP-
treated rats, respectively) (Fig. 5). Finally, the amount
of PGF2� (27.7%) and TxB2 (40.9%) was also de-
creased upon 3-AP administration in brain capillaries
(Fig. 6).

Discussion

Sufficient evidence has accumulated on the biological
actions of platelets to consider them as important
players in the disorders of the central nervous system,
including epilepsy [39, 40, 49]. Indeed, it was hypo-
thesized that high seizure activity induced compensa-
tory alterations in platelet function, that may play
a beneficial role in epileptogenesis [40]. It is also
known that differences between the effect of single
and recurrent seizures on neuronal function and pre-
sumably on PG synthesis may exist [4]. Since fre-
quent seizures were suggested to induce changes in
platelet function, we used the chronic 3-AP model to
investigate the PG synthesis in platelets. The AA cas-
cade was investigated one day after the last treatment,
thus, any alteration in PG production was not due to
acute convulsions, but was caused by changes in
platelet function after recurrent seizures.

In the chronic 3-AP model, the earlier epileptic in-
sults may offer a neuroprotective adaptation of the
brain against subsequent seizures [24, 42]. In our ex-
perimental settings, the development of epileptic tole-
rance was manifested as a decreased incidence of lim-
bic seizures and higher survival rate at later admini-
stration of 3-AP. After the first and second 3-AP
treatment 69% and 36% of animals had limbic sei-
zures, which led to the death of 13% and 21% of ani-
mals, respectively. During the last five 3-AP treat-
ments, only 10–20% of animals had limbic seizures,
and the seizures were not severe enough to induce
the death of the animals. Although, the exact molecu-
lar and cellular mechanisms involved in the develop-

ment of epileptic tolerance are not yet fully under-
stood, the role of ATP-sensitive K+ channels [21, 38]
and heat shock proteins [47] is presumed. It was dem-
onstrated that pretreatment with polyunsaturated fatty
acids (PUFA) could provide a potent neuroprotective
adaptation of the brain against epileptic seizures [7].
Considering this finding and our present results, one
may suggest that decreased conversion of PUFAs to
PGs may contribute to the mechanisms of epileptic
tolerance.

Our results demonstrate that chronic 3-AP treat-
ment alters the formation of AA metabolites in rats. In
platelets, recurrent seizures reduced the total produc-
tion of AA metabolites and this reduction derived
from a decreased synthesis of DIL and CON COX
products. In isolated brain capillaries, despite the
similar reduction of DIL and CON COX production
by chronic 3-AP treatment, the total amount of AA
metabolites remained unchanged. In platelets among
the vasodilator and platelet antiaggregatory COX
products, the formation of PGI2, PGE2 and 12-HHT
was decreased, whereas the amount of PGD2 re-
mained unchanged after 3-AP treatment. In brain
microvessels, recurrent seizures induced a decreased
synthesis of PGD2, PGE2 and 12-HHT. As for the in-
dividual CON COX metabolites, both the platelets
and the brain microvessels synthesized significantly
lesser amount of PGF2� and TxA2 after chronic ad-
ministration of 3-AP. In contrast, chronic 3-AP treat-
ment did not alter the total amount of LOX metabo-
lites either in platelets or in brain microvessels. How-
ever, further investigations are needed to elucidate
whether 3-AP-induced seizures influence the avail-
ability of AA in the membrane, or changes the activity
of phospholipase A2 and COX.

Previously, it was found that primary cultures of rat
cerebral neurons lack the ability to desaturate fatty
acids [33], therefore, AA and other PUFAs must be
provided by the bloodstream, cerebromicrovascular
endothelial cells or astroglial cells [23]. Accordingly,
one might suggest that any alterations in the AA cas-
cade of platelets and brain microvessels, through the
alteration of extracellular release of AA or other
PUFAs into the bloodstream and interstitial space,
may influence the AA supply to the neurons and have
an impact on neuronal PG synthesis and excitability.
In the present study, we demonstrated that conversion
of AA into different COX metabolites was decreased
both in platelets and brain capillaries 24 h after the
last induction of seizures. However, the question

350 �����������	��� 
������ ����� ��� �������



whether the development of epileptic tolerance, in-
duced by recurrent seizures, is due to a decreased con-
version of PUFAs to PG or to an increased intercellu-
lar exchange of PUFAs, remains to be elucidated.

Here, we demonstrate for the first time that the
3-AP-induced reduction in the total amount of CON
PGs was similar in platelets (38.5%) and in brain
microvessels (37.1%). In contrast, the decrease in the
synthesis of DIL PGs induced by recurrent seizures
was different in platelets (19.9%) and in brain capil-
laries (32.3%). This difference between platelet and
brain microvessels was due to the fact that chronic
3-AP treatment did not reduce PGD2 production in
platelets (3.6%), while it decreased it in brain capillar-
ies (40.4%). Interestingly, PGD2 is the most abundant
PG during seizures [16, 34], and the most promising
candidate for a possible anticonvulsant effect of
prostanoids [2]. Since preserved platelet PGD2 pro-
duction may improve oxygen supply to the neurons
and decrease neuronal excitability, it is conceivable
that platelets may play a compensatory role in recur-
rent seizures.

The present results indicate that recurrent seizures
did not modify the LOX pathway in platelets and
brain microvessels, but decreased the total amount of
DIL as well as CON COX products. The decreased
conversion of AA into different COX products may
play a role in the neuroprotective/preconditional ad-
aptation of the brain against the subsequent seizures.
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