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Short communication

Arachidonic acid metabolites and the synaptic potentiation evoked by
activation of metabotropic glutamate receptors
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Abstract

Ž . Ž .We have previously shown that coapplication of arachidonic acid 10 mM and 1S,3R -1-aminocyclopentane-1,3-dicarboxylic acid
Ž .ACPD, 50 mM evokes an enhancement of synaptic transmission in the CA1 region of the rat hippocampal slice. Here we have
investigated whether the metabolites of arachidonic acid are implicated in this potentiation. Inclusion of the cyclo-oxygenase inhibitor

Ž .indomethacin 10 mM did not block the potentiation induced by coapplication of arachidonic acid and ACPD. However, the presence of
Ž .either the cyclo-, lipo- and epoxygenase inhibitor 5,8,11,14-eicosatetraynoic acid ETYA, 20 mM , or the lipoxygenase inhibitor

Ž .nordihydroguaiaretic acid 10 mM , prevented the long-lasting enhancement. The results suggest that the lipoxygenase and epoxygenase
metabolites of arachidonic acid may be involved in the induction of this form of synaptic potentiation. q 1998 Elsevier Science B.V.
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1. Introduction

There is evidence for the involvement of both NMDA
Žand metabotropic subtypes of glutamate receptor mGlu

.receptors in the induction of synaptic long-term potentia-
Žtion in the CA1 region of the rat hippocampal slice Col-

lingridge et al., 1983; Bashir et al., 1993; Collins and
.Davies, 1994; Izumi and Zorumski, 1994 , although the

nature of their interaction is unclear. One hypothesis sug-
gests that activation of postsynaptic NMDA receptors is
required for upregulation of phospholipase A and release2

of the putative retrograde transmitter, arachidonic acid
Ž .Williams et al., 1989 . A refinement of the hypothesis is
that arachidonic acid may then interact with presynaptic

ŽmGlu receptors to increase transmitter release Herrero et
.al., 1992; Sanchez-Prieto et al., 1996 .

In support of a role for NMDA receptor-mediated re-
lease of arachidonic acid interacting with mGlu receptors,
we have previously shown that co-application of exoge-
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nous arachidonic acid with the mGlu receptor agonist
Ž .1S,3 R -1-aminocyclopentane-1,3-dicarboxylic acid
Ž .ACPD evokes synaptic potentiation and that this poten-
tiation is not blocked by NMDA receptor antagonists,
suggesting that the effect is downstream of NMDA recep-

Žtor activation Collins and Davies, 1993; Collins et al.,
.1995 .

Arachidonic acid is a relatively unstable and short-lived
substance, being rapidly broken down by three principal

Ž .enzymes Piomelli and Greengard, 1990 . Metabolism by
lipoxygenase enzymes produces various hydroxyeicosate-
tranoic acids and leukotrienes, epoxygenase enzymes give
rise to epoxides and cyclooxygenase enzymes produce
prostaglandins and thromboxanes. The aim of the present
study was to establish whether arachidonic acid itself, or
one of its biologically active metabolites, was responsible
for the interaction with mGlu receptors. We have therefore
investigated the effects of the cyclo-, lipo- and epoxyge-

Ž .nase inhibitor 5,8,11,14-eicosatetraynoic acid ETYA
Ž .Capdevila et al., 1988 , the lipoxygenase inhibitor nordi-

Ž .hydroguaiaretic acid Egan and Gale, 1984 and the cyclo-
Ž .oxygenase inhibitor indomethacin Salari et al., 1984 , on

the potentiation induced by co-application of arachidonic
acid and ACPD.
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2. Materials and methods

400 mm thick transverse hippocampal slices were pre-
Žpared from halothane anaesthetised rats weight 140–160

.g and maintained in a constantly perfused and humidified
interface chamber at 29–318C. Artificial cerebrospinal fluid

Ž .for perfusion contained in mM : NaCl, 124; KCl; 3;
NaHCO , 26; NaH PO , 1.25; CaCl , 2; MgSO , 1;3 2 4 2 4

D-glucose, 10, and was constantly bubbled with 95%
O r5% CO . For all experiments the CA3 region was2 2

removed. Bipolar electrodes were used to stimulate the
Schaffer collateral commissural fibre pathway at a fre-
quency of 0.033 Hz. Field excitatory post synaptic poten-

Ž .tials field e.p.s.p.’s were recorded from the dendritic
region of the CA1 with a 3 M NaCl filled glass electrode
Ž .resistance 2–10 MV . All drugs were applied by addition
to the perfusion medium.

Arachidonic acid, 5,8,11,14-eicosatetraynoic acid
Ž .ETYA , nordihydroguaiaretic acid and indomethacin were

Ž .obtained from Sigma and 1S,3R -1-aminocyclopentane-
Ž .1,3-dicarboxylic acid ACPD was obtained from Tocris

Cookson. Statistical comparison of pre- and post-treatment
field e.p.s.p. amplitudes were made using the Student’s
t-test.

3. Results

Ž .Perfusion of either arachidonic acid 10 mM or ACPD
Ž .50 mM for 5 min had no significant long-term effects on

Žsynaptic transmission for arachidonic acid: the mean field
e.p.s.p. amplitude was 99"9% of the control at 90 min
post application, not significant, ns6, Fig. 1a; for ACPD,
the mean field e.p.s.p. amplitude was 91"8% of the
control at 90 min post application, not significant, ns5,

.Fig. 1b . However, we found that coperfusion of arachi-
donic acid and ACPD evoked a long-lasting enhancement
of synaptic transmission. As we have previously observed,
the potentiation showed a clear biphasic time course with
an early transient phase which peaked during perfusion of

Žthe drugs maximum potentiation was 113"7% of control
.during perfusion and a slower developing but persistent

Žphase which followed mean field e.p.s.p. amplitude was
144"5% at 90 min post application, P-0.05, ns8,

.Fig. 1c .
5 min perfusion of the cyclo-, lipo- and epoxygenase

Ž .inhibitor ETYA 20 mM had no effect on synaptic trans-
Žmission mean field e.p.s.p. height was 90"9% at 90 min

.post application, not significant, ns5, data not shown .
Co-perfusion of arachidonic acid and ACPD in the pres-
ence of ETYA evoked a transient potentiation of the field
e.p.s.p. during perfusion comparable to that in control

Žconditions maximum potentiation was 112"5% of con-
.trol during perfusion , but no long-term potentiation was

Žobserved mean field e.p.s.p. amplitude was 86"7% at 90
.min post application, not significant, ns7, Fig. 2a .

Fig. 1. Perfusion of arachidonic acid and ACPD together, but not alone,
Ž .potentiates synaptic transmission. A Effect of 10 mM arachidonic acid

Ž . Ž .perfused for 5 min ns6 . B Effect of 50 mM ACPD perfused for 5
Ž . Ž .min ns5 . C Effect of co-perfusion of 10 mM arachidonic acid and

Ž .50 mM ACPD for 5 min ns8 . In this and Fig. 2, points on the graph
represent pooled and normalised data for the amplitude of the field
e.p.s.p. for the stated number of slices. The inset traces show the average
of three consecutive synaptic responses from a single slice taken during

Ž . Žthe control period trace 1 , or at the end of the time period shown trace
.2 . The thick bar indicates the period of drug perfusion and the scale bar

represents 2 mV and 10 ms.

5 min perfusion of the lipoxygenase inhibitor nordihy-
Ž .droguaiaretic acid 10 mM had no significant effect on

Žsynaptic transmission mean field e.p.s.p. amplitude was
81"11% at 90 min post application, not significant,

.ns6, data not shown . Co-perfusion of arachidonic acid
and ACPD in the presence of nordihydroguaiaretic acid
evoked a transient depression of the field e.p.s.p., which
returned to pre-treatment levels within 20 min, but no

Žlong-term effects were observed mean field e.p.s.p. ampli-
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Fig. 2. ETYA and nordihydroguaiaretic acid, but not indomethacin, block
the slowly developing persistent potentiation induced by co-perfusion of

Ž .arachidonic acid and ACPD. A Effect of co-perfusion of 10 mM
Ž .arachidonic acid AA and 50 mM ACPD in the presence of 10 mM

Ž . Ž .ETYA ns7 . B Effect of co-perfusion of 10 mM arachidonic acid
Ž .AA and 50 mM ACPD in the presence of 10 mM nordihydroguaiaretic

Ž . Ž . Ž .acid NDGA ns6 . C Effect of co-perfusion of 10 mM arachidonic
Ž .acid AA and 50 mM ACPD in the presence of 10 mM indomethacin

Ž .ns4 .

tude was 99"18% at 90 min post application, not signifi-
.cant, ns6, Fig. 2b .

Application of the cyclo-oxygenase inhibitor indo-
Ž .methacin 10 mM also had no effect on synaptic transmis-

Žsion mean field e.p.s.p. amplitude was 92"11% at 90
min post application, not significant, ns7, data not

.shown .
Interestingly, in the presence of indomethacin, perfusion

of arachidonic acid and ACPD still evoked a biphasic
potentiation almost identical to that seen in control slices
with a transient potentiation observed during perfusion
Žmaximum potentiation observed during perfusion of the

.drugs was 111"5% and a slower persistent phase which
Žfollowed mean field e.p.s.p. amplitude was 140"16% at

.90 min post application, P-0.05, ns4, Fig. 2c .

4. Discussion

The results indicate that the metabolites of arachidonic
acid are involved in the induction of the slowly developing
synaptic potentiation induced by arachidonic acid and
ACPD. Since indomethacin did not block the potentiation,
the cyclo-oxygenase metabolites of arachidonic acid are
probably not involved, but since ETYA and nordihydro-
guaiaretic acid both did, the lipoxygenase and epoxygenase
metabolites probably are.

These conclusions are comparable to those of Williams
Ž .and Bliss 1989 who found that nordihydroguaiaretic acid

but not indomethacin inhibited tetanus induced long term
potentiation in the CA1 region of the rat hippocampal
slice. They also reported that although NGDA prevented
the development of long-term potentiation, the short-term
potentiation observed following tetanic stimulation was
unaffected and they suggested that this may reflect the
involvement of arachidonic acid in the induction of short
term potentiation but the involvement of the metabolites in
the later phases.

This also has parallels in our results where ETYA
blocked the slowly developing potentiation, but did not
affect the early transient potentiation observed during per-
fusion of the drugs. This is the first time that we have been
able to pharmacologically separate these two temporal
phases of potentiation and suggests that they may have
different underlying mechanisms, with the early transient
phase depending on arachidonic acid and the slowly devel-
oping transient phase depending on the metabolites.

The rapid transient phase of potentiation was not ob-
served in our experiments with nordihydroguaiaretic acid.
We suspect this may be due to the non-specific actions of
nordihydroguaiaretic acid which, apart from inhibiting the
formation of lipoxygenase metabolites, has also been shown

Ž .to inhibit phospholipase A Billah et al., 1986 . So far as2

we are aware its action on other phospholipases has not
been established, but since it has been suggested that
arachidonic acid and the metabotropic glutamate receptors
may potentiate synaptic transmission via phospholipase

Ž .activation McGahon and Lynch, 1996 , this inhibition of
phospholipase activity may block the initial brief enhance-
ment of transmission. Furthermore, such an action may
explain the pronounced depression observed in the pres-
ence of nordihydroguaiaretic acid, since blocking the ac-
tions of phospholipase linked group I mGlu receptors
leaves the effect of the cAMP linked group II and III mGlu
receptors in isolation and it is these which are thought to
be responsible for the transient depression of synaptic

Ž .transmission Sanchez-Prieto et al., 1996 .
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In summary, we suggest that the lipoxygenase and
epoxygenase, but not the cyclooxygenase metabolites of
arachidonic acid may be involved in the slowly developing
persistent potentiation observed after coperfusion of
arachidonic acid and ACPD. In contrast, the early transient
potentiation observed during perfusion of the drugs may be
mediated by arachidonic acid itself.
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