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ABSTRACT

AIM: To observe the effects of different subtypes of
central nicotinic receptor on leaming and memory.
METHODS: Passive avoidance response, including
step-down avoidance and step-through avoidance in
mice and long-term potentiation { LTP |
hippocampal RESULTS:
(C,) 7 pgs/mouse and kappa-bungarotoxin ( x-BTX)

in rat
slices, Hexamethonium
0.6 ug/mouse inhibited the acquisition of avoidance
conditioning in mice, and «-BTX yiclded this effect
with a dose-response relationship,  «-BTX 1 pemol L'
suppressed the induction of LTP { P <0.05}, but not
normal synaptic transmission and maintenance of LTP in
rat  hippocampal CONCLUSION: The
subtypes of central nicotinic receptor sensitive to k-BTX

slices .

play an important role in leaming and memory.

INTRODUCTION

The cholinergic system in the CNS was involved in
leaming and memory!'** . Its research focused on
central muscarinic cholinergic receptors, and few
reports  implicated the role of central nicotinic
cholinergic  receptors, although nicotine Improved
behavioral deficits in an animal model of cholinergic
dysfunction'® .
cholinergic receptor in leaming and memory drew

Recently. the role of central nicotinic
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people’s artention becanse of some interesting findings
in the patients with Alzheimer disease { AD}. The
density of nicotinic receptors but not muscarinic receptor
in the brain of patients with AD was decreased
compared with the age-opposited control groupm.
Moreover, the changes in densities of subtypes of
nicotinic receptors marked by radiolabeled nicotine.
kappa-bungarotoxin (x-BTX} and alpha-bungarotoxin
{o-BTX} were different in the brains of patients with
AD®'. It suggested different roles of subtypes of
nicotinic teceptor in  leamning and memory and
possibility to develop a novel nootropic with high
selectivity for the subtype of nicotinic receptor mainly
involved in learning and memory. Four antagonists
with different selectivities for different subtypes of
nicotinic  receptor; hexamethonium [ C, ), kappa-
bungarotoxin {k-BTX), alpha-bungarotoxin { ¢-BTX),
and dihydro-3-erythroidine { DHRE) were used as tools
to explore the different roles of subtypes of nicotinic
receptor in leaming and memory in this report.

MATERIALS AND METHODS

Chemicals x-BTX and ¢-BTX were extracted
from crude venom of Burgaruws mufticincrus collected in
Zhejiang Province, China®'. C, was obtained from
Sigma and DHEE was from RBI.

Animals NIH mice { 5 ¥, 23 g+ 2 g, Crade
Il , Certificate No 26-001 conferred by Medical Animal
Management Committee, Guangdong Province ). and
Sprague-Dawley rats { €, 130 g + 20 g, Grade I,
Certificate No 26-001 conferred by Medical Animal
Management Committee, Guangdong Province ) were
obtained from the Experimental Animal Center of Sun
Yat-Sen University of Medical Sciences, Mice were
housed in groups of 10 per cage with free access to food
and water for 2 d before the experiment.

Passive avoidance response in mice The
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drug effect on the “one-tial” acquisition of a passive
avoidance response in mice was measured by a later
The small plastic tube ( PEIQ) was
inserted into the cerebral ventricles for 3 mm depth and
fixed 3 d before the "one-trial”. Then. each mouse
was recovered in a box with free access o food and
On d 3, shortly before their training tral. 2
1L of drug or saline was injected into the ventricles of
the brain through the tube. Passive avoidance response
included  step-through
avoidance:” . All mice received drug or saline
injections shortly before their training trial. Then.
they were given training mal. After 24 h, all mice
received one retention trial that duplicated the training-
trial procedure. The latency and number of error were
used a5 indices in the step-through model, and the
nurnber of error and % of animals with error as indices
in the step-down model.

LTP in rat hippocampal slices

Hippocampal slice preparation  SD rats were
decapitated and the brains were transferred into ice-cold
artificial cerebral spinal fluid (ACSF) af the following
composition: NaCl 124. KC1 5. KH.PO, 1.24,
MgS0,-7H-0 1.3, NaHCO, 26, CaCl, 2.4, and D-

glucose. 10 mmol - L™".

retention test.

water.

avoidance and  step-down

Transverse slices { 500-pm
thick} were cut with tissue chopper and were incubated
in oxygenate {95 % O, and 5 % CO,) ACSF at 34 T
for 90 min, At the time of an experiment . slices were
transferred on the nylon i a recording chamber (2
ml.].

Extracellular recording and  stimulation
Extracellular recordings were obtained from the CAl
synaptic area using a 4 — 5 MQ glass microelectrode
filled with NaCi 2 mol-L~'. The Schaffer collateral-
commissural fibers were stimulated using a concentric
bipolar electrode and 200 ps constant current pulses at
an intensity sufficient to evoke a 50 % maximal
population spike amplitude ( PSA). Stimuli were
delivered every 200 s. LTP was produced by an electric
tetanus using the same current pulses administered for
100 Hz, 2 s. DBefore the tetanus, population spike
evoked by single pulse was recorded 15 min as
baseline.  The drugs were dropped into recording
chamber.

Statistical analysis Data were expressed as
x = 5 and compared with f-test.

RESULTS

Effects of k-BTX, o-BTX, C;, and DHBE
on the acquisition of avoidance conditioning in
mice Mice were divided at random into control group
{NS 2 pL mause, icv). k-BTX group ¢ x-BTX 0.6
pg/maouse, icv), oBTX group (o-BTX 1.0 pg/
mouse. icv). G group {G; 7 pp/mouse, icv), and
DHRE group (DHEE 9 pg/mouse, icv). Intraventr-
cular injection of x-BTX increased the number of error.
in both models {control; 0.3 £ 0.6. «-BTX group:
1.7+ 1.5. P <0.05 in step-through model. and
control; 0.8+0.9. v-BTX; 28x1.6. P<.0l in
step-down model) and shortened the latency in step-
through model ( control; 262 s + 64 s, x-BTX group:
1285+ 105 s, P<0.01),
of C, also cbviously increased the number of errors in
both models (control; 0.3 £ 0.6, G, group: 1.3
1.1, P < 0.0] in step-through model, and control:
U.8+£0.9, G group; 1.6 1.0, P<0.05, in step-
down model . While intraventricular injection of
g-BTX and DHSE did not markedly affect the number
of errors and latency in both models. It suggested that
leaming and memory acquisition was inhibited by
x-BTX and C;(Tab 1).

Intraventricular injection

Tab 1. Effects of x-BTX, o-BTX, C;, and DHPE on
acquisition of avoidance response in mice. x * s,
%P < 0.05, °P < 0.01 vs control.

Com- Siep-down test Step-through test
pound Mo of errors % of emor  Latency/s MNe of ermors

NS D.8+09 A% W2xed  0.3:0.6
- BTX 28+1.6° 100 %P 128105 1.7£1.5°
oBTX 1.2+1.0 @9 % 23029 0.7x0.8
G 1.6x1.00 100 %t 96+93 | 3x+].1°
DHBE VYx1.2 50 % 232499 0.1+0.6

Moreover, «-BTX did this effect with a good
dose-response relationship { Tab 2) .

Effects of x-BTX and DHBE on LTP in rat
hippocampal slices LTP was induced and recorded
in the CAl area by a single electric shock after applying
a tetanus of 100 Hz for 2 s to the Schaffer-commissural
fibers. The amplitude of the population spike after the
tetanus (100 Hz, 2 s) was increased by > 200 %,
compared with the baseline. LTP phenomenon lasted
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Tab 2. Dose-effect relationship of x-BTX inhibiting
acquisition of avoidance respanse in mice.
'P<0.05, ‘P<0.01.

xXts.

Dane Step-down test Seep-through 1est

e " Latency/s Mo of emrors Latencyss Mo of errors
oy 9 101 69 112019 232+ 102 0.3z20.5
na2n 9 W+ 71 1.1+1.8 1%¢+115 1.0zx1.0
ue) 9 lzx2v 23+1.0 Wwzx9l 1.2+0.0

ro 27 —p.47sd® 03780 —N.6380°F 0,440
for »>2 h.

x-BTX 1 pmol - L' ( final concentration ), when
applied 10 min before the tetanus, suppressed the
induction of TP ( P < 005}, not nommal synaptic
transmission. DHZE 10 pamol - 17 ' { final concentra-
tion) did not inhibit the induction of LTP { P < 0.05)
(Fig 1A).
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Fig 1. Effects of «-BTX, DHPE on LTP in rat
hippocampal slices. A) ¥-BTX 1 pymol-L-!, DHBE
10 pmol+L~! were applied 10 min before the tetanus.
B} x-BTX 1 pmol-L~' was applied 20 min after the
tetanus. xxs. “P<0.01 vs comtrol.

However, LTP induced after the tetanus was not
affected by k-BTX 1 gemol - L~'{ final concentration )
applied 20 min after the tetanus ( Fig 1B}. These
results showed that «-BTX could interfere with the

formation of LTP, but not normal synaptic (ransmission
and maintenance of LTP in rat hippocampal slices.

DISCUSSION
Oliverio-™

tinic antagonist,

conditioning .

reported that mecamylamine, a nico-
inhibited the acquisition of avoidance
We observed that hexamethonium. a
with lower selectivity, inhibited
the acquisition of passive avoidance response. It
suggested that central nicotinic receptor be associated
with learning and memory.

There are several sobtypes of central nicotinic
receptor, such as the subtype sensitive to x-BTX, the
subtype sensitive 1o o-BTX, and the subtype sensitive
to DHEE. Molecular-cloning smdies have identified
several genes encoding ¢ and 3 subunits of the nicotinic
acetylcholine receptor® .

We found that =-BTX inhibited the acquisition of
passive avoidance conditioning and it yielded this effect
with a dose-response relationship. It showed that the
subtype of central nicotinic receptors sensitive to x-BTX
was involved in learning and memory .

nicotinic antagonist.

LTP was a phenomenon proposed by Bliss™ in
1973, which is abomt a prolonged enhancement in
synaptic efficacy afier brief high-frequency stimnlation
of several afferent pathways in the hippocamps. It is
believed to be a cellnlar model of leaming and
memory' ', In this report, we found that «-BTX
interfered with the formation of LTP, but not normal
synaptic transmission and maintenance of LTP in the
hippocarnpal slices. It has been thought that excitatory
amino acid-glutamate released from  presynapse.
activates NMDA receptor in the postsynapse and leads
to the generation of LTP'™).  Recent swdies showed
that generation of LTP also involved a series of the
second cellular messengers, such as Ca®* . protein
kinase C, ¢cAMP, NO, exc!™'. It scems that in the
generation of LTP, the activation of NMDA receptor
induces LTP. Then LTP is maintained by a series of
the second messengers. «-BTX depressed the induction
of LTP in the CAl area of hippocampal slice in our
experiment possibly by blocking the sabtype of central
nicotinic receptors sensitive to k-BTX in the presynapse
membrane, reducing the release of glulamate from
presynapse membrane, and unactivating NMDA

receptor.  Some studies supported it, Sugava'® dis-
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covered that «-BTX 1 pmol - L™' decreased the
clectrically evoked releases of [*H -ACh from rat
frontal cortex slices, they also found high density
binding sites of | *1]-x-BTX in the hippocamnpal CA3
area.  Another guess is that wBTX depressed the
induction of LTP by blocking postsynapic nicotinic
receplor. Recent research showed that central nicotinic
receplor was similar 10 NMDA receptor, a kind of gate-
operated calcium chamnels'™). Tt suggested that
actvating the central nicotinic receptor might induce
LTP.

These results implicated that the subtypes of
central nicorinic receprors sensitive o k-BTX played an
important role in leaming and memory.
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