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ABSTRACT

The effect of endogenous serotonin on long-term potentiating (LTP) in region CA; was studied by
blocking 5-HT, receptorswith ketanserin in rat hippocampal slices. Such a block significantly enhanced
long-term potentiation of the CA; population spike induced by high frequency stimulation of the
schaffer collateral/ commissural pathway. Thisimpliesthat serotonin acts on 5-HT, receptorsin CA; to
represslong-term potentiation. Iran. Biomed. J. 2: 129-131, 1998
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INTRODUCTION

Extracellular recording techniques in the CA; re-
gion of the rat hippocampus is used for showing the
effects of different drugs on LTP [1]. Long-term
potentiation is a form of synaptic plasticity that is
widely thought to underlie the formation of memory
traces in the brain [2-3]. Essentidly, it is a long-
lasting increase in the efficacy of synaptic trans-
mission, caused by a brief burst of high frequency,
high intensity "conditioning” stimulating to the
synaptic pathway under consideration [2]. LTP oc-
curs in many regions of the central nervous system
but has received particular study in the CA; region
of the hippocampus, where the glutamatergic schaf-
fer collateral/ commissural pathway can be poten-
tiated through activation of the N-methyl D-
agpartate (NMDA) type of glutamate receptor by a
conditioning burst of stimuli [4].

The hippocampal CA; region receives many
serotonin (5-HT)-containing fibers from the nucleus
raphe of brain stem and some of these will pre-
sumably be activated by LTP conditioning stimula-
tion. Finally, 5-HT appear to have a dua effect on
LTP in the hippocampus as this neurotransmitter
was shown to block and facilitate LTP in the Am-
mon's horn and dentate gyrus respectively [5]. The

aim of this study was to elucidate the effect on LTP
of CA; serotonergic pathways acting through the 5-
HT, receptor.

MATERIALSAND METHODS

Male Wistar rats (200g) were decapitated and the
brain was removed into cold oxygenated artificia
cerebrospina fluid (ACSF) of composition NaCl
124 mM, KC1 3 mM, NaHPO, 1.25 mM, glucose
10 mM, CaCl, 2 mM and blubbered with 95% O,
and 5% CO, The hippocampus was dissected and
transverse slices were cut nominaly 400 pm thick
using atissue chopper.

The slices were incubated on a net immersed in
oxygenated ACSF for at least an hour, then trans-
ferred to submerged dlice recording chamber main-
tained at 28-32°C and superfused with ACSF con-
taining 10uM bicuculline methiodide and 4 mM
MgC1,, with or without 10 pM ketanserin (a 5-HT2
antagonist). Bicuculline methiodide and ketanserin
tartrate were obtained from Research Biochemicals
Inc. Field potentials were recorded from the cell
body layer of the CA; region using glass microelec-
trodes filled with ACSF and having a resistance of
approximately 5 megohms (MQ). Stimulation was
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applied via a bipolar tungsten electrode in the
Schaffer collateral/commissural  pathway. Test
gimulation pluses 0.1 ms negative, of a current which
caused population spikes of approximately haf maximal
amplitude were ddivered every 20 sec during the
experiment (except during  conditioning).Conditioning
burgts of dimulation condsted of 6 bursts of pulses of
approximatdy 50% grester intengity than the test pulses
ddivered a 10 sec intervas. Each burst congged of 50
pulses a 100 Hz fidd potentid s were digitized a 10 KHz
and gtored on a PC cologne for off-line andyss. A pesk
picking program was used to determine the amplitude of
each population spike and results from different
experiments were averaged usng Soreadsheet VP
Panner.

RESULTS AND DISCUSSION

Results are shown in Figure 1. It can be seen that
preincubation of dices in 10uM ketanserin to block 5-

HT, receptors caused a potentiation of long-term
potentiation. This implies that serotonin is normally
released in hippocampal dices in response to test and /
or conditioning stimulation and acts via 5-HT, receptor
to repress LTP of the population spike. The serotonergic
innovetion of the hippocampus arises from 5-HT
neurons of the median and dorsal raphe area[5].
Serotonin mediates severa actions on CA; pyramida
cdls  through different S-HT receptors.
Hyperpolarization through 5-HT.s receptors in the
dendrites [5-7]. Sow  excitatory  responses
(depolarization and reduction in the cacium-activated
potassum mediated after hyperpolarization) through 5-
HT, receptors [5-8] and 5-HT3 [9]. There is dso an
outward current (which would produce a
hyperpolarizetion in a non-voltage clamped cdl)
through 5-HT2 receptors on the cell bodies[10].
According to the above observation, the effect of
ondansetron, a potent and selective antagonist of the 5-
HT; receptors, significantly increased the magnitude and
durationof LTP[9]. The blockade5-HT, receptors

A,

Fig. 1. Effect of 5-HT, blodker onlong term patentictionin CA,. Grgohsshow meenvauesfrom7 (A) and 5 (B) expaiments Ineachindividud populaion soikes
amplitude have ben normdized as a percantage of the meen population soike amplitude for the beasdine (before conditioning) period for thet expaimant.
Conditioning simulate wes gpplied a 30 min after the sart of each expaiment as desibed in thetext. Graoh A shows resuilts from contrdl dices In (B), thedices
wereincubeted in 10uM ketansarin for 30 to 60 min beforethe start of the expeari ment and throughout the expaimentd period. Thepairsof fidd potentid tracesshow
means of 10 consaoutive fidd patentidstaken 15 min (Upper trace) and 60 min (lower traod) after the gart of representative expaiments from contral and ketansain

groups Barsrepresat 2mv, 10ms
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prevented L TP induction in mogt, but not all, of the cdlls
[11]. The blockade of LTP by 5-HT could dsoinvolvea
hyperpolarization of pyramidal neurons through 5-HT
receptors as this effect is blocked by methysergide or
spiperone and mimicked by 5CT (5-carboxyamido
tryptamine) [5-13]. With regard to LTP, depletion of
seratonin has been reported to inhibit LTP in the dentate
gyrus of the hippocampus [12-14] but to have no effect
on LTP in CA; [14]. Conversdy, application of
serotonin did not affect the magnitude of LTP produced
by high frequency stimulation in CA,, either, dthough it
blocked LTP induced by primed burst stimulation[15].

The lack of effect of ether depleting or adding
seratonin on LTP induced by conditioning simulation in
CA; may wdl be due to the cancding out of the
opposng effects exerted by serotonin through the
different receptor types. Our results implies that
endogenous serotonin acts through 5- HT, receptors to
depress dgnificantly the long-term potentiation of the
population spike induced by high frequency stimulation.
Thus blockade of 5-HT, receptors enhances longterm
potentiation.
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