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Parameters of long-term potentiation in the system mossy fibers—CA3 pyramidal neurons
in hippocampal slices in experimental animals vary during the formation of chronic opiate
dependence. During the first day of morphine treatment, the value of potentiation was sig-
nificantly lower than in controls. Starting from day 8 and at early stages of dependence (days
25-29), facilitation of long-term potentiation was recorded. Incubation of the slices with L-
type Ca?*-channel blocker nifedipine did not change the response to the test stimuli and did
not affect potentiation induction in hippocampal slices from control and morphine-treated
animals. Nifedipine had no effect on long-term potentiation of mossy fibers in the control and
at early terms of morphine treatment, but significantly reduced its facilitation at later terms.
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Synaptic plasticity provides the basis for adaptation
changes developing in various structures of the brain
during long-term drug abuse. Published data suggest
that the development of morphine dependence is re-
lated to facilitation of long-term potentiation (LTP),
i.e. generation of postsynaptic potentials of greater
amplitude after tetanization compared to intact animals
[8,11]. We previously demonstrated that modification
of synaptic plasticity of mossy fibers (MF) in the hip-
pocampus under the effect of morphine had a complex
pattern and preceded the development of opiate depen-
dence in experimental animals [1]. The mechanism
of modification of synaptic plasticity leading to LTP
facilitation remains unknown.

When analyzing possible mechanisms of LTP fa-
cilitation in the Shaffer collaterals—CA1l pyramidal
neurons system, Iranian researchers detected a con-
siderable contribution of L-type voltage-gated Ca*'-
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channels (L-VGC) into facilitation development in
morphine-dependent animals [11,12]. LTP of hippo-
campal MF is mediated by other processes, primarily
presynaptic processes depending on the increase in
transmitter release. Various Ca*-channels are involved
into transmitter release [7,10], including L-VGC, al-
though their contribution is low [15]. At the same time,
high density of L-VGC is characteristic of somatic
membrane and proximal dendrites of CA3 pyramidal
neurons [6], which implies their participation in modi-
fication of LTP during the development of morphine
dependence.

Here we studied the role of L-VGC in LTP facili-
tation in the system of synaptic contacts between MF
and hippocampal CA3 pyramidal neurons (MF-CA3)
in animals with chronic morphine dependence and
during the formation of this dependence.

MATERIALS AND METHODS

Experiments were carried out on male Wistar rats
weighing 140-160 g. The animals were maintained in
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individual cages under standard illumination regimen
(12 h day/12 h night) with free access to food. For
modeling chronic opiate dependence in experimen-
tal animals, morphine was added to drinking water
containing 2% sucrose. Morphine concentration was
changed according to the following protocol: 0.1, 0.2,
0.3 mg/ml for 48 h each and then 0.4 mg/ml until the
end of treatment [1]. Controls received 2% sucrose.
The animals were used in electrophysiological experi-
ments on days 2, 8-10, 14-15, and 21-29 of morphine
treatment.

Transverse hippocampal slices (400 p) were pla-
ced into a flow chamber with a medium of the fol-
lowing composition (in mM): 124 NacCl, 4.9 KCl, 1.2
KH,PO,, 1.3 MgSO,, 2.5 CaCl,, 25.6 NaHCO,, 10
D-glucose (pH 7.5) aerated with carbogen (95% O,
and 5% CO,); before the experiments, the slices were
adapted to in vitro conditions at least 40 min at room
temperature. Stimulation was performed with bipolar
electrolytically sharpened tungsten electrodes posi-
tioned in the MF area. The evoked field potentials
were recorded using glass microelectrodes filled with
physiological saline (3-6 MQ) placed into the area of
apical dendrites of CA3 hippocampal field. For LTP
development, the amplitude of the stimulus evoking
half-maximum response was chosen. Tetanization was
performed with three successive bursts of stimuli with
a frequency of 200 Hz (1 sec burst duration and 2 sec
interburst interval). Tetanization was repeated after 10
sec. The evoked field potentials were recorded for at
least 60 min after the second tetanization.

For inhibition of L-VGC, the slices were incu-
bated in the presence of 10 uM nifedipine (Sigma) for
30 min and the evoked field potentials were recorded
for evaluation of its effect on the basal characteristics.
The degree of LTP was evaluated by relative changes
in the amplitude of evoked potentials after tetanization
calculated by the formula:

(A-A)/A,)*100%,

where A and A, are the amplitudes of the response to
the test stimuli before and after tetanization, respec-
tively.

Significance of differences between the means
was evaluated using one-way ANOVA and Student ¢
test.

RESULTS

The method of morphine administration with drinking
water allows to avoid stress to the experimental ani-
mals and effects of handling. In rats treated according
to this protocol, the first signs of the syndrome in re-
sponse to naloxone administration were noted on day
21, while full-scaled picture of chronic morphine de-

pendence was observed on day 25. Long-term period
of dependence formation provides the possibility of
studying the dynamics of changes in synaptic plasti-
city during the development of opiate dependence. In
preliminary experimental series, no differences in pa-
rameters of MF LTP were noted between rats receiving
water or 2% sucrose solution for 30 days.

We previously demonstrated that morphine admi-
nistration considerably modified synaptic plasticity of
hippocampal MF and this modification had a complex
pattern and significantly precedes the development of
opiate dependence in experimental animals [1]. The
amplitude of evoked field potentials 60 min after teta-
nization was significantly reduced during the first days
of morphine treatment, while appreciable LTP facilita-
tion was observed on days 8-10 and after 21 days of
morphine treatment with a transient decrease on days
14-15 [1]. These terms were chosen for evaluation of
the effect of L-VGC into LTP facilitation.

In hippocampal slices from control animals, in-
cubation with nifedipine did not change the amplitude
of MF potentials in response to the test stimuli. This
agrees with published data on insignificant contribu-
tion of L-VGC into synaptic transmission of mossy
synapses. Although this type of channels was found
in giant MF buttons [15], the release of bound Ca*
[14] and calcium entry through other types of channels
[7,10] plays the major role in elevation of Ca*" content
in presynaptic terminals.

Nifedipine also had no appreciable effect on LTP
induction in MF—-CA3, but the degree of potentiation
was lowered (Fig. 1). These findings agree with pre-
vious reports [4] that potentiation of MF was little
affected by nifedipine. It is known that LTP of MF
has primarily presynaptic character [7]. Potentiation
degree probably decreases due to the presence of
L-VGC on giant MF buds in the hippocampus, which
are assumed to mediate enhanced Ca?* inflow into pre-
synaptic terminals after tetanization [15]. Incubation
with nifedipine blocking these channels contributes to
the decrease in potentiation degree.

At all terms of morphinization, nifedipine had no
effect on responses to the testing stimuli and induction
of potentiation. On day 1 of morphine treatment, the
amplitude of evoked field potentials 60 min after teta-
nization considerably decreased in experimental ani-
mals compared to controls not treated with morphine
(151.65+14.07, n=12 and 106.92+8.39, n=6, p<0.01).
In this case, similarly to the control, the contribution
of L-VGC into LTP changes was insignificant (~10%).

Long-term morphine treatment considerably
changed parameters of LTP in MF-CA3 system in
hippocampal slices. Incubation of hippocampal slices
with nifedipine reduced LTP facilitation during the
formation of morphine dependence, but the main evo-
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Fig. 1. Effect of nifedipine on parameters of LTP in the MF-CA3
system in hippocampal slices of the hippocampus during the for-
mation of morphine dependence. Open bars: without nifedipine;
dark bars: with nifedipine. *p<0.01 compared to the control. EPSP:
evoked postsynaptic potential.

ked field potentials after tetanization remained above
the corresponding values in the control group (Fig.
The maximum contribution of L-VGC into LTP fa-
cilitation in MF—CA3 was recorded on days 8-10 of
morphine treatment (81%); it decreased on days 14-15
(26%) and attained 58% in slices from animals with
chronic dependence. Thus, L-VGC play an essential
role in facilitation of LTP in the MF—-CA3 system of
the hippocampus during the development of physical
dependence and at its early stages.

It is hardly possible that the involvement of L-VGC
in LTP facilitation is determined exclusively by presyn-
aptic channels. It cannot be excluded that the formation
of morphine dependence is accompanied by changes in
the contribution of pre- and postsynaptic components
into the formation of LTP in the MF-CA3 system.

The involvement of L-VGC into facilitation of
MF potentiation can be mediated by two not mutu-
ally excluding mechanisms: increase in their density
and changes in kinetic characteristics during long-
term morphine treatment. Conductivity of these chan-
nels is regulated via phosphorylation by cAMP- and
Ca?*-dependent protein kinases modulating the time
of their open state [3,6]. Long-term action of opiates
stimulates adenylate cyclase thus increasing the cAMP
content in neurons and activating phosphorylation pro-
cesses. This shortens the time of inactivation and in-
creases the probability of channel open state, which,
in turn, leads to manifold increase in the amplitude of
Ca*-currents [3].

Activation of Ca*-currents without considerable
changes in their kinetics can be related to an increase
in the number of ionic channels, e.g. due to enhanced
expression of mRNA and proteins forming these chan-
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nels. Pyramid neurons of the hippocampus express two
subtypes of pore-forming subunits of L-VGC: CaV1.2
(a1C) m CaV1.3 (alD) [9], which have different bio-
physical properties, subcellular localization, and con-
centration and temporal sensitivity to dihydropyridines
[2,6]. Long-term morphine treatment increases the ex-
pression of alC, alD, and a2/51 subunits of L-VGC
in brain cortex, hippocampus [4,13], and mesolimbic
system, including nucleus accumbens, i. e. in brain
regions involved in the formation of morphine depen-
dence. Increased expression of a2/81 subunits posi-
tively modifies the function of L-VGC increasing the
probability of their open state [13].

The functional and quantitative changes in L-VGC
observed in morphine-dependent animals in various
brain areas are considered as an important neurochem-
ical modification during the development of physical
dependence; however, the role of these changes re-
mains unclear. The results obtained in previous studies
[8,11,12] and our findings suggest that this type of
Ca?"-channels plays an essential role in modification
of synaptic plasticity of the hippocampus during the
development of morphine dependence.

The study was supported by the Russian Founda-
tion for Basic Research (grant No. 09-04-00668-a).
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