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ABSTRACT

A short period of depolarization evokes transient suppression of neurotransmitter
release (Depolarization-induced Suppression of IPSP: DSI). Recent studies suggest that
cannabinoids are candidates for the retrograde messenger required to induce DSI in the
hippocampal CA1l area. A G protein-coupled process and inhibition of N-type calcium
channels at the presynaptic terminals are believed to be involved in the induction
mechanism. We examined DSI induction in the nucleus accumbens in which inputs from
multiple sites in the telencephalon, including the hippocampus and basolateral
amygdala, converge. Using whole-cell recording from a horizontal slice preparation of
nucleus accumbens from the rat brain, we monitored the effect of endogenous
cannabinoids on DSI induction and found that 300 nM AM281, a selective cannabinoid
CB1 receptor antagonist, resulted in blockade of DSI. Adenosine is reported to suppress
neurotransmitter release by inhibiting N-type calcium channels, which is a similar
mechanism to that reported for cannabinoid-induced DSI. We therefore examined the
effect of endogenous adenosine on DSI induction using DPCPX, a selective A1l receptor
antagonist, and found that DSI induction was blocked in the presence of 100 nM
DPCPX. These results suggest that cooperative activation of CB1 and Al receptors
contributes to DSI induction in the rat nucleus accumbens.
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INTRODUCTION

Depolarization-induced suppression of exci-
tatory postsynaptic currents (EPSCs) and
inhibitory postsynaptic currents (IPSCs), DSE
and DSI respectively, are recently reported
short-term plasticities of the synaptic res-
ponse”. In pathological conditions, such as
ischemia, depression of presynaptic activity
induced by depolarization of the postsynaptic
cell membrane could help cell survival by
decreasing glutamate-induced neurotoxicity ®.
In the other case, for instance during an
epileptic seizure, cells at the focus are
simultaneously depolarized and the subse-
quent increase in extracellular K facilitates
the depolarization of neighboring cells. Under
such a pathological condition, DSI could
prevent excess excitability of the tissue by
causing a transient decrease in neurotransmit-
ter release. In physiological conditions, DSI
could contribute to the precise regulation of
synaptic responses and synaptic plasticity by
acting as a negative feedback mechanism.

The mechanism for DSI induction has been
mainly investigated in the hippocampus, in
which there is abundant information underly-
ing synaptic plasticity”. Involvement of
cannabinoid as a retrograde signal to induce
DSI/DSE in the hippocampus and cerebellum
has been recently investigated and it has been
demonstrated that cannabinoid induces
DSI/DSE by the activation of G-protein and the
block of N-type voltage-dependent calcium
channels (VDCCs) at the presynaptic sites.

It has been known that adenosine has a
protective role on the cell survival in the
pathological condition by activating G-protein
and blocking of VDCCs. In the present study,

on the analogy of the role of adenosine with
that of cannabinoid, we examined the role of
adenosine on the DSI/DSE. We investigated
DSI
(NAc), that has a critical role on the control of
behavior by precise regulation of synaptic

induction in the nucleus accumbens

responses from the limbic system, cortex and
amygdala®, since cannabinoid binding sites are
abundant in this region of the brain”.

MATERIALS AND MOTHODS

All experiments were performed according to
the guidelines laid down by the Animal Welfare
Committee of Kochi Medical School. Slices of
the NAc were prepared from young adult SD
rats of both sexes (30- to 38-days-old). The rats
were anesthetized with diethyl ether, decapitat-
ed, and the brain was quickly removed and
rinsed with partially frozen solution consisting
of (in mM): 124 NaCl, 3.0 KCl, 0.5 CaCl., 4.0
MgS0O., 1.25 NaH.PO., 22.0 NaHCO;, 10
glucose, pH 7.2-7.3, bubbled with 95% O, and
5% CO., then horizontal slices (500y m thick)
were prepared using a rotary tissue slicer
(Dosaka, Japan; DK-7700). The slices were
transferred to an incubation chamber contain-
ing extracellular solution consisting of (in
mM): 124 NaCl, 3.0 KC], 2.0 CaCl,, 2.0 Mg SO.,
1.25 NaH,PO,, 22.0 NaHCO; 10 glucose,
bubbled with 95% O. and 5% CO,,

maintained at room temperature (25+ 1

and
) for
at least 2 hours. For each experiment, a slice
was transferred to a submersion recording
chamber and continuously perfused with
extracellular solution (2 mL/min) saturated
with 95% O: and 5% CO:..

The patch clamp technique for thick slices
(the' blind patch’ technique) was employed

using a low magnification microscope.
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Inhibitory postsynaptic currents (IPSCs) were
measured using whole-cell recording in the
voltage clamp configuration. Glass patch
pipettes with input resistances of approxi-
mately 4-5 MQ were made using a puller (P-
97, SUTTER Instrument Co., Novato, CA).
The internal solution for the recording pipette
consisted of (in mM): 115 CsCl., 1.0 ethylene
glycol-bis(2-aminoethyl)-N,N,N’, N’-tetraacetic
acid (EGTA), 10 HEPES, 1.0 NaCl, 2.0 MgCl,,
2.0 ATP, 0.3 GTE, with the pH adjusted to 7.25
using KOH. The osmolality of the internal
solution was adjusted to 280 mosm. To induce
DSI, a depolarizing step current from 80 to 0
mV lasting 10 sec was applied in the voltage
clamp configuration through the patch pipette.
The series resistance, normally about 12-20
MQ, was monitored throughout the experi-
ment; if it changed more than 15% from the
original value, the recording was discarded.
The current was recorded using an amplifier
(Axopatch 200B, Axon Instrument, Foster City,
CA) with a 2 kHz low-pass filter. Data were
presented as mean + S.E. Statistical signifi-
cance of data was evaluated by Mann-Whitney
non-parametric test. Differences were consid-
ered significant when p values were less than
0.05.

RESULTS

We first examined whether DSI could be
evoked in the NAc using the protocol used in
the hippocampus”. The recording pipette was
located in the core of the NAc close to the
commissural fibers, and the bipolar concentric
tungsten-wire stimulating electrode, with a tip
of approximately 25um (Rhod
Instruments, CA), was located 300-500 p m
apart (Fig. 1).

diameter

stimulating electrode

NA shell

Fig. 1.

Schematic drawing of the experimental arrange-
ment of on a nucleus accumbens slice.

Positions of the stimulating electrode and the
recording electrode are indicated in the figure.
AC: anterior commissure; CP: caudate puta-
men; NA core: nucleus accumbens core; NA
shell: nucleus accumbens shell.

Monosynaptic IPSCs were evoked continu-
ously with 0.33 Hz stimuli in the presence of
20 y M CNQX in the voltage clamp configura-
80 mV. IPSC
quantified as the percentage reduction in the

tion at suppression was
mean amplitude of five consecutive IPSPs
immediately after depolarization to the base-
line responses. The first recording of IPSP
after depolarization was not included in the
calculation. DSI was successfully induced in
the NAc with a time-course similar to that
reported in the hippocampus” (Fig. 2, 63.7+
6.2%,n="7).

We then examined the effect of cannabinoids
on the DSI using the CB1 receptor antagonist,
AM281. A stock solution of 300 y M AM281 in
DMSO was prepared, then diluted in the
recording solution immediately before the
DSI was not evoked in the
of 300 nM AM281 (Fig. 3A,
inhibition: 5.8+ 3.1%, n=5), suggesting that
NAc was
similar to that in the hippocampus®. To verify

experiment.

presence

the induction mechanism in the

that CB1 receptor activation contributed to the
suppression of IPSCs in the NAc, we applied a
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Fig. 2.
DSI is induced in the nucleus accumbens.

Whole cell IPSPs were monitored in the presence of 20 y M CNQX. A depolarization pulse was applied
at the time shown by the horizontal bar. The left upper panel shows a typical example of DSI, while the
left lower panel shows the averaged DSI (n=8). Representative traces obtained at times a and b
indicated in the left upper panel are shown in the right panel. The scales are shown as an inset.

CB1 receptor-selective agonist, WIN55,212-2
(100 nM), and found that the IPSCs were
significantly eliminated (Fig. 3B).

Adenosine is a tonically released endogenous
agent which suppresses neurotransmitter
release by activating presynaptic Al recep-
tors”. We used the adenosine Al receptor
antagonist, DPCPX, to examine the effect of
endogenous adenosine on DSI induction. DSI
was almost completely blocked in the presence
of 100 nM DPCPX (Fig. 4A, 19.6+ 5.0%, n=6),
suggesting that Al receptor activity also
contributed to DSI induction in the NAc. We

further investigated the effects of the Al

agonist on the synaptic response in the NAc
and found that addition of 50 nM CHA
blockade of the
synaptic responses (Fig. 4B), suggesting that

resulted in remarkable
Al receptor activity modulates transsynaptic
responses in the Nac, presumably by affecting
transmitter release. The quantified amplitude
of DSI in the presence of DPCX and AM281 are
summarized in Fig. 4C.

DISCUSSIONS

The mechanism underlying DSI induction

has been extensively investigated in the
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Fig. 3.

DSI is suppressed in the presence of a cannabinoid CBI receptor antagonist.

(A) DSI was monitored in the continuous presence of the CB1 receptor antagonist, AM281 (300 nM). A
depolarization pulse was applied at the time shown by the horizontal bar. The left upper panel shows a
typical example of DSI, while the left lower panel shows the averaged DSI (n=5). Representative traces
obtained at time a and b indicated in the left upper panel are shown in the right panel. The scales are
shown as an inset. (B) The CB1 receptor agonist, WIN55,212-2 (100 nM), was administered at the time
shown by the horizontal bar.
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Fig. 4.

i

20 msec

control DPCPX AM251

DSI is suppressed in the presence of an adenosine Al receptor antagonist.

(A) DSI was monitored in the continuous presence of the Al receptor antagonist, DPCPX (100 nM). A
depolarization pulse was applied at the time shown by the horizontal bar. The left upper panel shows a
typical example of DSI, while the left lower panel shows the averaged DSI (n=6). Representative traces
obtained at times a and b indicated in the left upper panel are shown in the right panel. The scales are
shown as an inset. (B) The Al receptor agonist, CHA (50 nM), was administered at the time shown by
the horizontal bar. (C) The vertical bars indicate mean * S.E. of the magnitude of DSI. The DSI
amplitude in the presence of DPCPX or AM281 was significantly reduced compared to the control DSI

(Mann-Whitney, p<.001).



Induction of DSI by Adenosine in the Nucleus Accumbens

hippocampal CA1l area”?”, for which there is
abundant information on the mechanism of
synaptic plasticity®. A requirement for a
retrograde messenger for DSI induction is
suspected, since the induction mechanism is
postsynaptic and the expression, presynaptic”.
Recent reports have indicated that a possible
candidate for the retrograde messenger is the
cannabinoid®” ', since the CB1 receptor
blocker, AM281, blocks DSI induction by
inhibiting N-type voltage-dependent calcium
channels through a G-protein coupled mecha-

), 13)

nism" Several reports also indicate the

involvement of other substances, such as
glutamate'. It has been suggested that
activation of the group 1 metabotropic receptor
(mGluR1) is in the

mechanism of DSI™™'®. No other agents have

involved induction
been reported to be involved. We focused on
adenosine, since adenosine activates the Al
receptor, which is located presynaptically and
suppresses transmitter release by blocking N-
type calcium channels via a G protein-coupled
mechanism'”. We examined the effect of
adenosine on DSI because of this similarity in
the effects of adenosine and the cannabinoid.
Our results showed that the activities of
both Al and CB1 receptors were required for
DSI induction in the NAc. The relationship
between events downstream of Al and CB1
receptor activity has not been well investigat-
ed, but our results indicate that these two
types of receptor share a common induction
mechanism for DSI. It is notable that Murillo-
et al.,

showed that anandamide increases extracellu-

Rodriguez E. using microdialysis,
lar levels of adenosine and that this effect is
mediated by CB1 receptors™, raising the
possibility that the effect of the cannabinoid
could be at least partially mediated through Al

receptor activation due to an increase in
adenosine levels. This raises the question
whether adenosine could be released by
depolarization™.

NMDA receptor activation promotes trans-
synaptic feedback inhibition of glutamatergic
synaptic transmission via adenosine release ™,
suggesting that the release of adenosine is
dependent on the intracellular calcium
Induction of DSI

dependent on the intracellular calcium concen-

concentration. is also
tration, as an increase in calcium due to
depolarization or photolysis induces DSI**,
These facts indicate that adenosine might be
one of the endogenous regulators involved in
DSI induction.

DSI induction has been reported in the
hippocampus, cerebellum, and substantia
nigra®™®. This is the first report showing that
DSI is also evoked in the NAc. The canna-
binoid has been well investigated as the
retrograde signal mediator. We propose that
adenosine is also a candidate for the retrograde
messenger, although its interaction with can-
nabinoid receptor activity remains to be

elucidated.

We thank S. Nomoto for technical assistance in

taking care animals.
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