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Astrocytes are the main source of prostaglandins
(PG) in the brain. Synaptic release of glutamate is
followed by a transient increase in [Ca2+]in in astro-
cytes. [Ca2+]in variations in astrocytes depend on
neuronal activity and regulate PG formation from
arachidonic acid (AA). Glutamate release, increase
in [Ca2+]in, and PG release are observed during ac-
tivation of ionotropic and metabotropic glutamate
receptors on astrocytes [4,13,14]. PG are also pro-
duced in neurons. Activation of NMDA receptors
in neurons of the brain cortex in vitro is accompa-
nied by stimulation of Ca2+ entry through NMDA
receptors, activation of phospholipase A2, AA re-
lease, and formation of PGE2 and PGF2a [7]. PG
produce various effects on the central nervous sys-
tem (CNS). They are involved in neuronal transmis-
sion and development of neurodegenerative diseas-
es (e.g., Alzheimer’s disease). PGE2 abolishes the
neurotoxic effect of β-amyloid by suppressing Ca2+

current through L-type Ca2+ channels [12]. PGE2,
PGF2a, and PGD2 modulate activity of postsynaptic
GABA receptors, increase the inhibitory influence
of GABA and taurine, and potentiate the excitato-
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ry effect of glutamate and aspartate on guinea pig
Purkinje cells. Purkinje cells carry a considerable
number of PGD2-binding sites. The content of PGD2

in the brain is much higher compared to other PG.
PGD2 induces sleep, causes membrane depolariza-
tion in NE-115 neuroblastoma cells, and modulates
Ca2+ current. PGF2a binds to its specific receptor via
G protein and potentiates activation of postsynap-
tic NMDA receptors by increasing [Ca2+]in [8]. PGE2

stimulates Ca2+-dependent secondary release of endo-
genous glutamate and aspartate in the presynapse,
protects neurons in rat cerebral cortex from gluta-
mate toxicity, and plays a role in the regulation of
sleep via EP4 receptors [2,3,5,9].

Thus, the modulatory effect of PG can include
pre- and postsynaptic centers in CNS. NMDA re-
ceptors play an important role in glutamate excito-
toxicity in cortical and hippocampal neurons. Hy-
peractivation of NMDA receptors is accompanied
by massive Ca2+ entry into the cell and increase in
[Ca2+]in. These changes are followed by activation
of intracellular enzyme systems initiating cell de-
generation and lysis.

Here we studied the effects of PGD2 and PGE2

on presynaptic NMDA receptors in rat cerebral cor-
tex using the method of 45Ca2+ uptake by synapto-
somes in rat cerebral cortex during NMDA stimu-
lation.
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MATERIALS AND METHODS

Synaptosomes were isolated from the cerebral cor-
tex of newborn Wistar rats (9-10 days) by the meth-
od of F. Hajos [6]. The brain was homogenized in
a 10-fold volume of cold 0.32 M sucrose (900 rpm)
using a glass-Teflon homogenizer. The homoge-
nate was centrifuged at 1500g for 10 min. The su-
pernatant was centrifuged at 10,000g for 20 min.
For accumulation of the radioactive label, the P2

synaptosomal fraction was suspended in incubation
buffer A containing 132 mM NaCl, 5 mM KCl, and
5 mM HEPES (pH 7.4, final protein concentration
1.5-2.0 mg/ml). Ca2+ concentration in the final so-
lution was 1.25 mM (1.4 µCi/ml). NMDA (200 µM
NMDA and 5 µM glycine) was used to stimulate
45Ca2+ uptake by synaptosomes. After 3-min incu-
bation with NMDA at 37oC, 45Ca2+ uptake was stop-
ped by filtering of the mixture through GF/B fiber-
glass filters (Whatman). The samples were washed
3 times with cold buffer solution B containing 145
mM HEPES, 10 mM Tris, and 54 mM Trilon B (pH
7.4). The measurements were performed in 3-4 paral-
lel samples (3-4 independent experiments). The ra-
dioactivity was measured on a liquid scintillation
β-counter. The amount of 45Ca2+ accumulated in
synaptosomes was calculated as the difference be-
tween label concentrations in the presence and ab-
sence of uptake stimulator (NMDA) and expressed
in percents from the control.

Specific Ca2+ uptake was calculated as follows:

K(43/21)=[(Ca4-Ca3)/(Ca2-Ca1)]×100%,

where Ca1 is 45Ca2+ uptake in the control (in the
absence of agonist and test compounds); Ca2 is
45Ca2+ uptake in the presence of agonist (NMDA);
Ca3 is 45Ca2+ uptake in the presence of PG (without
NMDA); and Ca4 is 45Ca2+ uptake in the presence
of NMDA and PG.

The concentrations of PGE2 and PGD2 were
10—13-10—6 M.

The results were analyzed by Student’s t test.

RESULTS
45Ca2+ uptake by synaptosomes during stimulation
with NMDA is associated with activation of NMDA
glutamate receptors. NMDA-induced 45Ca2+ uptake
by synaptosomes decreases after addition of the
following NMDA receptor antagonists: MK-801
(IC50 ~1 µM), CPP (IC50 ~100 µM), memantine
(IC50 ~0.4 µM), and Mg2+ (IC50 ~100 µM). Our re-
sults support the data that NMDA activates NMDA
receptors in the P2 synaptosomal fraction of rat cere-

bral cortex [1]. PGE2 in low concentrations (10—11-
10—10 M) inhibited NMDA-induced 45Ca2+ uptake by
synaptosomes. The maximum inhibition of 45Ca2+

uptake by synaptosomes was observed in the pre-
sence of 10—10 M PGE2 (IC50 10 µM). PGE2 in con-
centrations of 10—8-10—6 M potentiated 45Ca2+ uptake
by synaptosomes from rat cerebral cortex during
NMDA stimulation. The maximum stimulation of
45Ca2+ uptake by synaptosomes was observed in the
presence of 10—8 M PGE2 (Fig. 1).

PGE2 dose-dependently stimulates glutamate
release in the presynapse, thus increasing NMDA-
induced cytotoxicity [9]. PGE2 increases cytotoxi-
city induced by NMDA via activation of EP2 re-
ceptors on cultured rat cortical neurons, activates
adenylate cyclase, and increases intracellular cAMP
concentration [10]. We found that PGE2 in concen-
trations of 10—8-10—6 M increases 45Ca2+ uptake by
synaptosomes during stimulation with NMDA. It
can be suggested that PGE2 in the specified concen-
tration range stimulates glutamate release in synap-
tosomes. These changes result in additional activa-
tion of NMDA glutamate receptors and increase in
45Ca2+ uptake by synaptosomes. Our suggestion is
consistent with published data that PGE2 increases
NMDA toxicity via AMPA/kainate receptors,
NMDA receptors, and metabotropic receptors [11].
It should be emphasized that PGE2 has a protective
effect on NMDA-induced cytotoxicity. PGE2 inhib-
its the intracellular mechanisms associated with
glutamate toxicity. PGE2 stimulates EP2 receptors,
which contributes the decrease in NO production
[3,5]. The protective effect of PGE2 is related to
activation of EP2 and EP4 receptors, which results
in the increase in cAMP concentration and activa-
tion of protein kinase. This discrepancy probably

Fig. 1. Effects of PGD2 (1) and PGE2 (2) on 45Ca2+ uptake by syn-
aptosomes of rat cerebral cortex during stimulation with NMDA.
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arises from the fact that PGE2 affects various sub-
types of PGE2 receptors. It was hypothesized that
the protective effect of PGE2 is mediated by EP2
and EP4 receptors and results from the increase in
cAMP concentration. PGE2 decreases cAMP con-
centration via EP3 receptors. PGE2 does not have
protective activity under these conditions [2]. Fur-
ther studies are required to evaluate the mechanism
underlying the opposite effects of PGE2 on CNS via
NMDA receptors. We showed that PGE2 in low
concentrations (10—11-10—10 M) inhibits NMDA-in-
duced 45Ca2+ uptake by synaptosomes of rat cerebral
cortex. PGE2 in the specified concentration range
probably protects NMDA receptors by inhibiting
45Ca2+ uptake by synaptosomes. PGE2 can produce
inhibitory or stimulatory effect on NMDA-induced
45Ca2+ uptake by synaptosomes of rat cerebral cortex
depending on the concentration of this compound.

PGD2 increased 45Ca2+ uptake by synaptoso-
mes. 45Ca2+ uptake by synaptosomes increased most
significantly under the influence of PGD2 in a con-
centration of 10—10 M (132.2% of the control). Simi-
larly to PGE2, PGD2 in concentrations of 10—8-10—6

M can potentiate NMDA receptors, which leads to
stimulation of glutamate release and increased 45Ca2+

uptake by synaptosomes.
Our results indicate that PGE2 protects NMDA

receptors due to inhibition of 45Ca2+ uptake by syn-
aptosomes, but in high concentrations it potentiates
the toxic effect of NMDA. The effect of PGE2 is
probably associated with expression of various sub-
types of receptors (EP2, EP3, and EP4). PGD2 al-

ways potentiates NMDA receptors. We conclude
that PGE2 and PGD2 modulate synaptic transmis-
sion in CNS via presynaptic NMDA receptors.
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