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Long-term potentiation induced by nicotine in CA; region of

hippocampal slice is Ca?*-dependent!
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ABSTRACT

AIM To observe the effects of Ca®* on hippocampal
long-term potentiation LTP induced by nicotine in CA,
METHODS Extracel-

PS of the pyramidal
cell layer in the hippocampal CA, region in vitro. RE-
SULTS Nicotine 1 pmot L~' induced LTP in the hip-
It did not induce LTP in CA, re-
gion when Ca®" was removed from artificial cerebrospinal
fluid ACSF . Nifedipine 1 and 10 ymo} L~! partly in-
hibited LTP induced by nicotine and thapsigargin 1 and
10 pmot L~ completely inhibited LTP induced by nico-
CONCLUSON
pocampal CA, region is Ca** -dependent. Both Ca?* in-

region of rat hippocampal slice.
lularly recorded population spikes

pocampal CA; region.
a2+

tine. LTP induced by nicotine in hip-

flux and Ca?* release participate in the induction of LTP.

INTRODUCTION

Hippocampal long-term potentiation LTP a long-
lasting increase in the efficacy of synaptic transmission is
assumed to underlie the plastic changes associated with
learning and memory and is assumed to be a cellular
mechanism of learning and memory ' . The facilitation
of synaptic transmission which contributes to LTP in hip-
pocampal CA, cells requires the convergence of a transient
elevation in intracellular Ca?* with transmitter binding to
cell-surface receptors. This temporal convergence of
Ca®* and G-protein-stimulated second-messenger cascades

synergistically stimulates several classes of serine/threo-
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nine protein kinases
function or cell excitability through the phosphorylation of
ion channels resulting in LTP % .

which in turn modulate receptor

There has been an increase in interest regarding the
important role of neuronal nicotinic acetylcholine recep-
tors nAChRs
potential role of nAChRs in the treatment of Alzheimer’s
discase AD * but the studies are still inconclusive.
On finding that nicotine induced LTP in CA, region of
hippocampal slices in present experiments we used hip-

in memory modulation and regarding the

pocampal slices in vitro to study the role of Ca>* on LTP
induced by nicotine.

MATERIAL AND METHODS

Chemicals Nicotine nifedipine and thapsigargin
were obtained from Sigma. Sprague-Dawley rats 9
£ 100-120 ¢ Grade [I Certificate No 26-001 con-
ferred by Medical Animal Management Committee
Guangdong Province were obtained from the Experimen-
tal Animal Center of Sun Yat-sen University of Medical
Sciences.

Methods 400-pm  thick
were prepared at 0 C and incubated in artificial cere-
brospinal fluid ACSF at 28 C for at least 90 min.
ACSF NaCl 124 KCI 3.4 KH,PO, 1.2 MgSO,
7H,O 1.7 NaHCO; 25 CaCl, 2.4 glucose 10 mmot
L' pH 7.4 was previously saturated with 95 % O, +
5 % CO,.
an interface chamber where slices were continuously per-
fused at 1 mL- min~' with saturated ACSF at 33 C.
Nicotine nifedipine and thapsigargin were added into
the perfusate solution.

Hippocampal slices

Before recording slices were transferred to

Potentials were recorded extracellularly by the use of
1 -2 MQ resistance filled with
placed in the pyramidal cell layer of

glass microelectrodes
NaCl 2 mol L™
CA, region stimuli being applied to the Schaffer collater-
al-commissural pathway through a bipolar insulated

tungsten wire electrode. Test stimuli 0.017 Hz 0.1 ms
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width adjusted to give 80 % of maximal population
spikes PS amplitude were applied. Potentials were fed
MEZ-7101  Nihon
Kohden Japan to a dual-beam memory oscilloscope

VC-10 Nihon Kohden Japan and recorded by an X-Y
electronic recorder Nihon Kohden Japan .

Statistical analysis Data were expressed as

X = s and analyzed by 7-test.

through a microelectrode amplifier

RESULTS

LTP induced by nicotine After the potentials
became steady for 15 min nicotine was added into ACSF
and was perfused for 20 min. The mean levels of poten-
tiation at 50 min after nicotine exposure were 125 % =+
5% 158 % +£10 % and 166 % +8 % of the baseline
with the concentrations of 0.1 1 and 10 umol L™" re-
spectively. Nicotine 1 and 10 umot L~' induced more
marked LTP which were markedly different in magnitude
from that induced by nicotine 0.1 pmol- L™' P <
0.05 . nicotine induced LTP of the hip-

pocampal CA; region lasted for at least 65 min and at

Therefore

least nicotine 1 pumol- L~' was required to produce a

maximal effect P >0.05 between the groups of nicotine

1 and 10 ymot L™'  Fig1 .
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Fig1. LTP induced by nicotine in the CA; region of

the hippocampal slice.
@ nicotine 1 pmol L1

O nicotine 0.1 pmol L™!
x nicotine 10 pmol L-1.

n=>5.

X £ S.

3P > 0.05 vs nicotine 1 pmol L1,

In slices from control group incubated in Ca?* -
containing ACSF for 1 h nicotine 1 ymot L~! induced
hippocampal LTP Fig 2 | The role of Ca>* on LTP
induced by nicotine was observed in slices from experi-

groups.

mental group Fig 2 [|
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Fig 2. LTP induced by nicotine necessitated Ca’* in
ACSF. ] Control. I Experimental group. A re-
moving Ca?* from ACSF B adding nicotine 1 pmol

L !into ACSF C adding Ca’* into ACSF.

X+s. 2P >0.05 vs control.

n=>5.

The test stimuli evoking the normal PS was depen-
dent on the presence of Ca>* in ACSF. When Ca>* was
removed from ACSF spikes disappeared Fig2 [ A .
After nicotine was added in Ca®>* -free ACSF test stimuli
still did not elicit spikes and did not induce LTP in CA;

fP <0.01 vs nicotine 0.1 pmot L1,

Test stimuli failed to evoke the increase in PS ampli-
tude in 3 of 10 slices treated with nicotine 1 and 10 pmol
- L™'. The same intensity of test stimuli was delivered
in all the following experiments.

Effect of nicotine on PS in the Ca’*-free
ACSF Slices were divided into control and experimental

region Fig2 || B .

After perfusion with ACSF con-

taining Ca®* 2.4 mmot L™'  the normal spikes reap-

peared and the capacity of nicotine to induce LTP was re-

stored Fig2 [[ C  P>0.05 .

Effect of nifedipine on LTP induced by nico-
After PS were steadily elicited for 15 min

nifedipine 1 or 10 pmot L~' was perfused for 30 min.

Ten minutes after nifedipine was added nicotine 1 p:motl

tine
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L~! was added into ACSF for 20 min. Nifedipine 1 or

10 pmot L~ inhibited LTP induced by nicotine P <
0.05 Fig3 . The inhibition produced by nifedipine 1
and 10 pmol L~' was not significantly different P >

0.05
complete because nicotine still increased the PS amplitude
0133 % +10 % and 145 % +9 % at 50 min after
nicotine was given in the presence of nifedipine 1 or 10

This inhibitory action of nifedipine was not

pmol L™1  respectively.
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Fig 3. Partial inhibition by nifedipine of LTP induced
O nicotine 1 pumot L~! control @
nicotine 1 pmol L~! + nifedipine 1 pmol' L~!  x

by nicotine.

n=5.
Xzs. %P>0.05 vs nicotine 1 pmol L~! + nifedipine 1
pmol L~1. €P <0.05 vs nicotine 1 pmot L~1.

nicotine 1 pmol L~! + nifedipine 10 umol L-!.

Effect of thapsigargin on LTP induced by
nicotine Tharpsigargin 1 or 10 ymol L~' was applied

for 10 min. Then nicotine 1 pmot L~' was perfused
for 20 min. Tharpsigargin 1 or 10 pmot L~' markedly
inhibited LTP caused by nicotine P <0.01 Fig4 .
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Fig 4. Tharpsigargin completely inhibited LTP induced
by nicotine. O nicotine 1 pmol L~! control {
nicotine 1 pmol L~! + thapsigargin 1 pmol L~! x nico-
tine 1 pmol' L' + thapsigargin 10 pmol' L~!. n =5.
x*s. P<0.01 vs nicotine 1 pmol L~'. fP <0.01 vs

nicotine 1 umol L~! + thapsigargin 1 pmol L1,

The mean levels of potentiation recorded at 50 min after
nicotine exposure were 114 % +7 % and 81 % +8 % of
the baseline in the presence of thapsigargin 1 or 10 pmotl
L-!
more marked inhibitory action than thapsigargin 1 pxmot
L™' P<0.01

Tharpsigargin 1 or 10 pmol L~' had no effect on

respectively.  Tharpsigargin 10 pmol- L~' had

baseline. But when nicotine 1 ymol L~' was delivered

following thapsigargin 10 umot L~' the PS amplitudes

were conversely decreased compared with baseline spikes
P<0.01 .

DISCUSSION

Behavioural experiments in animal and human stud-
ies disclose that nicotinic agonists improve performance
on a variety of memory tasks and that nicotinic antago-
nists such as mecamylamine impair memory function * .
The cellular mechanisms of nicotine regarding enhancing
of the memory functions have evoked many scientists’ in-
terest. Some studies have reported the relationship be-
tween neuronal nAChRs and LTP. GTS-21 a nicotinic
agonist could facilitate LTP caused by tetanus in CA, re-

Hamid er al ® have re-
1

gion of rat’s hippocampus ° .
ported that a challenge dose of nicotine 0.4 mg kg~
produced a long-lasting potentiation of field excitatory
EPSPs
gyrus by stimulation of the medial perforant path in ure-

postsynaptic potentials evoked in the dentate
thane-anaesthetized rats primed 4 wk earlier with 7-d in-
jections of nicotine 0.8 mg kg™* d!' . In our exper-
iments with test stimuli which evoked 80 % maximal PS
amplitude nicotine caused long-lasting increases of the
PS amplitude in the CA; region and at least nicotine 1
pmol L~! was required to produce the maximal excitatory
response .

Nicotine did not induce the hippocampal LTP in
Ca’* -free ACSF and the capacity of nicotine to induce
LTP was restored when Ca>* was added into ACSF re-
vealing that LTP induced by nicotine is dependent on the
Neuronal nAChRs

garotoxin sensitive subtypes and a-bungarotoxin insensi-

presence of Ca®* . including a-bun-

tive subtypes have a high relative permeability to Ca?*
In
CA, region of hippocampal slice nicotine 0.5 pmot L™

compares with other ligand-gated ion channels * .

increases the concentration of Ca®>* in mossy-fibre presy-

naptic terminals and enhances glutamatergic synaptic
8

transmission Obviously Ca’* influx into postsynap-

tic CA; neurons through neuronal nAChRs is the main
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pathway which increases the intracellular Ca?* concentra-

tions.
Nicotine increases the intracellular Ca?* concentra-

tions in cultured hippocampal neurons and this response

is dependent on the presence of extracellular Ca®* and is

blocked by CdCl,

tracellular Ca?* concentrations are due to activation of

suggesting that the increases in the in-

voltage-gated Ca®* channels * . L-type voltage-gated

Ca’* channels visualized using a monoclonal antibody

are located in the cell bodies and proximal dendrites of
hippocampal pyramidal cells and are clustered in high
The partly in-
an L-type voltage-gated
Ca’* channels blocker on LTP induced by nicotine sug-

density at the base of major dendrites ' .
hibiting effect of nifedipine

gests that Ca?* might enter into postsynaptic neurons only
through L-type Ca?* channels and not through neuronal
nAChRs.

provides the level of postsynaptic depolarization which is

Perhaps activation of postsynaptic nAChRs
a prerequisite for the opening of L-type voltage-gated
Ca®* channels. Ca’* influx into postsynaptic CA, neu-
rons through both neuronal nAChRs and L-type Ca?*
channels is necessary for the induction of LTP.

Calcium entry into postsynaptic CA; neurons of hip-
pocampal slices might further increase the Ca?* concen-
tration through Ca®* -induced Ca?* release from intracel-
Tharpsigargin  which depleted intracel-

completely inhibited LTP induced by
nicotine indicating that increase in intracellular Ca?* re-

lular stores ' .
lular Ca?* stores

leased from Ca?* stores also contributes to the induction
of LTP.

Hence LTP induced by nicotine in CA; region of the
hippocampal slice provides a powerful evidence that nico-
tine enhances the efficacy of synaptic transmission. Fur-
ther studies regarding LTP induction by nicotine would be
beneficial to understand the roles of nAChRs on learning

and memory .
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