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A Novel Type of Nicotinic Receptor in the Rat Central Nervous
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We present a functional
characterization
of a neuronal nicotinic receptor in the CNS using patch-clamp
techniques
and
a preparation
of acutely isolated neurons from the medial
habenular
nucleus of lo- to 20-d-old rats. The salient pharmacological
and electrophysiological
properties
of this nicotinic response
are (1) its association
with a channel that
is relatively nonselective
for cations and has a unitary conductance of 26.2 f 5 pS at room temperature;
(2) its insensitivity to a-bungarotoxin
and to neuronal
bungarotoxin;
(3)
its activation
by the ganglionic
nicotinic agonists
nicotine,
1,l -dimethyl-4-phenylpiperazinium
and cytisine
and its
blocking
by several nicotinic
antagonists,
mecamylamine,
hexamethonium,
d-tubocurarine,
and dihydro+erythroidine. The combination
of these properties
has not been
reported for any other known type of nicotinic receptor.

The presence of functional nicotinic acetylcholine receptors
(AChR) has been demonstrated in various regions of the vertebrate CNS by electrophysiological techniques. These regions
include cat spinal cord (Curtis and Ryall, 1966; Duggan et al.,
1976) brain stem (Bradley and Dray, 1972), interpeduncular
nucleus (Brown et al., 1984), substantia nigra (Clarke et al.,
1985a),hypothalamus(Miller et al., 1987),locuscoeruleus(Egan
and North, 1986), cerebellum (Garza et al., 1987) medial habenula (McCormick and Prince, 1987a), lateral geniculate nucleus (McCormick and Prince, 1987b), and frontal neocortex
(Vidal and Changeux, 1989). Although the neuronal nicotinic
receptorsthat mediate synaptic transmissionthrough gangliaof
the autonomic nervous system have been well studied, no detailed direct electrophysiological characterization of CNS nicotinic AChR has, to our knowledge, been performed in situ.
Yet, neuronal nicotinic AChRs have been characterized in primary cultures of retinal ganglion cells (Lipton et al., 1987) and,
in a preliminary fashion, of hippocampal cells (Aracava et al.,
1987).
Recent studies of cloned nucleic acid sequenceshave demonstrated the existence of a family of genesthat encode functional nicotinic receptorsfound in muscleand in nerve cells(for
review, seeLindstrom et al., 1987;seealsoDeneriset al., 1988a,
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b; Nef et al., 1988; Wada et al., 1988). The question thus arises
asto how many neuronal receptorscan be distinguishedin terms
of function in the CNS?
The localization of nicotinic AChRs in the vertebrate CNS
has benefited from several different techniques such as autoradiography with radiolabeledcholinergic ligandslike ACh, nicotine, and dihydro-P-erythroidine (Williams and Robinson,
1984; Clarke et al., 1985; London et al., 1985), immunocytochemistry with monoclonal antibodies (Deutch et al., 1987;
Swansonet al., 1987) in situ hybridization of putative mRNAs
(Goldman et al., 1986, 1987; Deneris et al., 1988a,b; Wada et
al., 1988), and local cerebral glucoseutilization (London et al.,
1988).
A direct correlation exists between rat brain regionswhich
exhibit high-affinity binding for 3H-ACh and 3H-nicotine(Clarke
et al., 1985b)and those which react with lZ51-mAb270 (Swanson et al., 1987) or mAb 35.76 (Deutch et al., 1987). Among
these regions, the medial habenular nucleus (MHb) exhibits
prominent reactivity and is the locus of substantial increasein
local glucoseutilization in responseto peripheral nicotine application (London et al., 1988).Moreover, in situ hybridization
with various RNA probesreveals that severaldifferent genesof
the nicotinic AChR family are expressedin the MHb (Boulter
et al., 1986; Goldman et al., 1986, 1987; Deneriset al., 1988a,
b; Wada et al., 1988).
The MHb is a cytoarchitectonically homogeneousgroup of
densely packed small neurons (diameter, 8-20 pm) which lies
in the medial part of the dorsal thalamus. It receives most of
its afferents from the posterior septal region (Gottesfeld and
Jacobowitz, 1979;Contestabileand Villani, 1983)and gives rise
to a large axonal projection through the fasciculusretroflexus
to the interpeduncular nucleus and the median raphe (Herkenham and Nauta, 1979). Recent electrophysiological evidence
using extra- and intracellular recordings in a slice preparation
confirmed the presenceof a nicotinic responsein cells from the
guinea pig MHb (McCormick and Prince, 1987a).
In the presentstudy, we characterize the electrophysiological
and pharmacological properties of a nicotinic receptor present
on MHb neurons using patch-clamp techniques and a preparation of acutely isolated neurons.
Materials

and

Methods

Isolationof neurons.The procedureis baseduponthe methodof Kay
and Wong(1986).The brainsfrom Sprague-Dawley
ratswererapidly
removedandplacedin cold (e 5°C)PIPESsaline(in mM: 120NaCl, 5
KCl, 1 CaCI,, 1 MgCl,, 25 n-glucose,20 PIPES-NaOH;pH 7.0, preequilibratedwith 100%0,). Both habenularnuclei(consisting
of lateral
plusMHb) were dissected,cut into halves,and incubatedin 10 ml
PIPESsalinecontainingpapain50 units(Sigma).Thetissuewasstirred
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Figure 2. A, Whole-cell recordings from a small neuron freshly dissociated from the habenular nucleus. Al, Voltage-dependent currents
activated by depolarizing steps. A transient outward current, resembling
the type-A K+ current, is activated when the holding potential is held
at -80 mV but not at -60 mV. A2, Inward current activated by ACh
in the same neuron; holding potential: -60 mV, calibration: 500 pA,
20 msec. B, Amplitude of inward currents activated by nicotine increases
with hyperpolarization
with an extrapolated reversal potential around
-20 mV, calibration: 100 pA, 2 sec.

Figure1. Small cells freshly dissociated from the habenular nucleus
of a 1‘I-d-old rat. Pictures were obtained using Nomarski optics. Scale
bar, 8 pm.
gently under pure 0, atmosphere at 37°C for 1 hr. The pieces of tissue
were then rinsed several times in fresh PIPES saline containing 1 mgl
ml BSA, at room temperature. Cells were isolated when needed by
pipette trituration in Dulbecco’s modified Eagle’s medium with 20 mM
HEPES (GIBCO) and transferred to 35 mm petri dishes that had previously been coated with 2 &ml poly-l-omithine
(Sigma). The cells
were allowed to settle for 10 min before beginning electrophysiological
recordings.
Electrophysiofogy.
The experiments were performed at room temperature. The cells were continuously superfused in a solution containing
150 rnM NaCI, 5 mM KCl, 1 mM CaCl,, 10 mM HEPES-NaOH, and 10
mM ~-glucose
(pH 7.2). All drugs, unless stated otherwise, were applied
externally by means of a fast microperfusion system. The perfusion tube
was positioned 100-200 Km from the cell so that ACh-activated currents

could reach a maximum in less than 0.5 sec. This perfusion system
allowed a change in the solution contained in the perfusion pipettes in
less than 5 set, as visualized with dyes. Macroscopic currents were
recorded using the whole-cell variation of the patch-clamp technique
(Hamill et al., 198 1). The solution in the patch pipette contained, unless
stated otherwise, 140 mM KCl, 4 mM NaCl, 2 mM MgCl,, 1 mM CaCl,,
10 mM HEPES-KOH, 11 mM EGTA, and 100 PM leupeptin (Sigma) (a
Ca*+-activated neutral protease inhibitor). Recordings were made from
phase-bright cells that retained visible neuritic processes. Two types of
cells could be distinguished with respect to their size. The large bipolaror multipolar-shaped cells with thick axons likely represented cells from
the lateral habenula or from surrounding brain regions. Response to
ACh or nicotine was never observed in these cells. The small cells
probably belonged to the MHb (see Results).
Preliminary experiments were performed at the adult stage. Large
responses to ACh and nicotine were recorded in only 3 out of 40 small
neurons. The small number was not suitable for an extensive study of
these choline@ responses. Experiments reported in this paper are from
lo- to 20-d-old animals where 70% of the cells were responsive to
nicotine.
As a probable consequence of the type of preparation and/or of the
small size of neurons from the MHb, the duration of the recording
sessions rarely exceeded 10 min. Single-channel recordings were obtained in the outside-out configuration in order to ascertain the nicotinic
nature of the channels we recorded. The currents were monitored with
an Axopatch 1C (Axon Inst., Inc.) filtered at 2 kHz and analyzed on an
IBM AT with the program PClamp of Axon Instruments (Inc.). All
values are given as means * SD.
All compounds, unless mentioned, were obtained from Sigma. Dihydro-b-erythroidine was donated by Merck, Sharp and Dohme. Neuronal
bungarotoxin was purified by A. Menez (CEA, Saclay, France) according
to the method of Loring et al. (1984). We confirmed its ability to block
ACh response on chick ciliary ganglion cells in culture (total block occurs
at 0.2 PM when applied in the bathing medium).

Results
Morphology and electrophysiologicalcharacteristicsof MHb
cells
MHb cells were acutely dissociatedfollowing the procedure of
Kay and Wong (1986) and could thus be identified on the basis
of their morphology. Most of them consistedof small(diameter,
< 10 pm) round or slightly elongated neurons (Fig. 1). These
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neurons were in general bipolar and preserved at one end a
thick, often ramified, dendritic shaft (seefor instance Fig. 1A);
at the other end, a thin process,presumably an axon, ran for
several tens of microns without any ramification. In the little
piecesof tissueremaining undissociated(Fig. lB), similar small
perikarya appeareddensely packed. Thesefeaturesare in agreement with former morphological studiesof the MHb (Ramon
y Cajal, 1911; Tokunaga and Otani, 1978).
These cells had a resting potential around -55 mV immediately after breaching the cell and a capacitance ranging between 4 and 6 pF. All cellsdisplayedthe typical transient sodium
current and were thus identified asneurons. Large outward currents werealsoactivated by depolarizing pulses.A characteristic
of thesecellswas the presenceof a K+ current [abolished when
replacing K+ by Cs+in the presenceof 20 mM tetraethylammonium (TEA)] which resembledan A-current (Gustafssonet
al., 1982):this fast-inactivating transient outward current could
be activated by depolarizing pulseswhen the resting membrane
potential was held below -80 mV but not when it was held
above -60 mV (Fig. 2A1).
Electrophysiological characteristicsof the nicotinic response
In 70% (158/227) of such small neurons, ACh and/or nicotine
evoked without any delay (< 100 msec) a rapidly activating
inward current accompanied with an increase in noise (Fig.
2A2). At a holding potential of -60 mV, the amplitude of the
current activated by 10 PM nicotine covered a broad range of
values, ranging from 50 to 900 pA (mean f SD = 243 + 231

1 (PA)

-

Figure 3. Single-channel
currents
evoked by nicotine recorded in the outside-out configuration. A, In control
conditions, nochannel openings are observed. Addition of nicotine results in
the simultaneous opening of up to 6
channels. All channels display the same
unitary current, as indicated by the dottedlines.Membrane potential was held
at - 80 mV, calibration: 2pA, 200 msec.
B: Bl, In another patch, current records
at various potentials in the presence of
10 PM nicotine. Calibration: 2pA, 20
msec. B2, Corresponding current-voltage relationship. Linear regression gives
an elementary slope conductance of 25
pS and a reversal potential of -6 mV.

pA, n = 110). The amplitude of the responsedid not vary with
the ageof the animal, at least between 10 and 20 d.
The amplitude of the responseoften declined in the first minutesof recording with little if any reversibility even whenagonist
applications were short (< 10 set) and sparsed(one pulseevery
2 min). This decline was either due to a slow desensitization
process(which would imply a very slow recovery rate) or to a
wash-out phenomenonsuchasthat describedfor GABA-A currents in hippocampal neurons(Stelzer et al., 1988). The rate of
desensitization was fairly low (with a tllz greater than 10 set)
for 10 PM nicotine, although this concentration gave a robust
response.This concentration of nicotine was thus selected,unlessmentioned, to characterize the relevant receptor.
The inward current activated by nicotine increasedwith voltage (Fig. 2B). Reversing the current at positive potentials was
complicated by the presenceof large K+ currents. Replacing K+
by Cs+did not suffice to eliminate outward currents at positive
potentials. Yet, these currents were totally suppressedby replacing K+ by Cs+and adding TEA (20 mM) in the intracellular
medium. However, under theseconditions, no outward current
wasobserved in responseto nicotine at positive potentials. This
was possibly a consequenceof a responseblock by TEA, which
is known to act, at this concentration, as a rather nonspecific
blocker of nicotinic receptors.Current-voltage relationshipsobtained with whole-cell currents gave an estimate reversal potential ranging between -20 and 0 mV, compatible either with
a nonselective cationic current or with anionic current. Substitution for Cl in the pipette with gluconate did not affect the
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Figure 4. Response
of MHb cellsto variouscholine& agonists,comparedwith the response
to 10PM nicotine.Eachpair of recordingsis from
a differentcell.The membrane
potentialwasheldat -60 mV. Calibration:50 pA, 1 setfor A, C, D, andE; 25 pA, 1 setfor B. In F, dose-response

curve for ACh wasobtainedby comparingthe peakamplitudeof currentsevokedby 10PM nicotineto that evokedby variousconcentrations
of
ACh. Eachpoint represents
the mean(*SD) of at least3 differentmeasurements
in 3 differentcells.

reversal potential (n = 3, not illustrated). We also replaced the
standard 150 mM NaCl external medium with 15mM NaCl plus
mannitol270 mM (in order to maintain osmolarity at a normal
level). Under these conditions, the responseto nicotine measuredat -60 mV decreasedby about 80% (n = 3). Theseresults,
together with single-channelmeasurementsof reversalpotential,
suggestthat the current activated by ACh in MHb neurons is
relatively nonselective for cations. It is similar in this respect
to that observed for muscleand ganglionic nicotinic receptors.

Single-channel recordings of nicotinic currents
Outside-out recordings, performed at the somatic level of cells
that displayed a typical inward current in responseto ACh or
nicotine, revealed the presenceof single-channelcurrents activated by nicotine (Fig. 3). In the absenceofagonist, thesepatches
were totally inactive when potential was held below -60 mV.
Interestingly, with all patchesrecorded (n = 14), only a single
classof current amplitude wasdetected, asillustrated in Figure
3A in a patch whereseveralchannelswere simultaneouslyactive.
Figure 3BI shows,for another patch and on a faster time scale,
single channels recorded at different holding potentials. The
correspondingcurrent-voltage relationship for a singlenicotineactivated channel is given in Figure 3B2. The mean reversal
potential was -8.7 + 3.4 mV (n = 11) and the single-channel
conductanceobtained from the slopeof the fitted line was26.2
+ 5 pS (n = 11) at room temperature. Application of ACh (50
PM) insteadof nicotine-activated singlechannelswith the same

elementary conductance (26.3 f 2.1 pS, n = 3). Furthermore,
ACh did not activate any other type of channel at any holding
potential tested.

Pharmacological properties
Agonists. The typical muscarinic agonistmuscarine(10 PM) was
without effect (Fig. 4A), thus confirming the nicotinic nature of
the ACh responsein these cells. 1,l -Dimethyl-4-phenylpiperazinium (DMPP) (10 PM) (Fig. 4B) and @sine, 10 I.LM (Fig.
4C), which activate ganglionic nicotinic receptors also behave
as agonistswith MHb cells. Becauseof the fragility of the dissociatedhabenular neuronsand the short-lasting recording sessions,we obtained a dose-responsecurve for ACh only by comparing the amplitude of the currentsactivated by ACh at various
concentrations to that activated by 10 PM nicotine in the same
cell (Fig. 4, D, E). Each point representsthe mean of at least 3
values obtained in 3 different cells. Dose-responsecurve for
ACh (Fig. 4F) gives an EC,, of about 80 PM without any correction for desensitization. The relative potency of ACh (10
MM) in the absenceand presenceof eserine(10 PM),
an acetylcholinesteraseinhibitor, was unchanged(n = 3). The response
progressively desensitizedduring prolonged application of the
agonist, a processdifferent from the rundown of nicotine-activated currents mentioned above, in that it was both reversible
and dependent upon the concentration of agonist. The extent
of desensitization varied from cell to cell, but its rate increased
with increasing concentration of ACh (Fig. 4, D, E); the half-
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Figure 6. Inability of a-bungarotoxin and neuronal bungarotoxin to
block the nicotinic response recorded in MHb cells. The membrane
potential was held at -60 mV. In A-C, responses are obtained from 3
different representative cells. These cells were either bathed in normal
saline (A) or for more than 10 min in the presence of a-bungarotoxin
(B) or neuronal bungarotoxin (C).

HEXAMETHONIUM

either applied at the sametime as nicotine with concentrations
up to 2.5 MM (n = 6) or after preincubation with concentrations
up to 5 PM for more than 5 min (n = 3) did not give significant
inhibition
c

(Fig. 6). Similarly,

neuronal

bungarotoxin

(see Ma-

terials and Methods), which blocks neuronal nicotinic response
in autonomic ganglia(Ravdin and Berg, 1979;Chiappinelli, 1983;
Loring et al., 1984) addedto the bath at concentrationsof 0.22 FM for 10 min or more before recording, did not affect the
amplitude of the nicotine evoked current (A = 280 + 130 pA,
n = 6) (Fig. 6).

D-TUBOCURARINE

Discussion

D

In this study, we present a detailed pharmacologicaland electrophysiological characterization of a neuronal nicotinic receptor using patch-clamp techniquesand a preparation of acutely
isolated neurons from the MHb. Characterization of nicotinic
responsesin the CNS by patch-clamp techniques were previously performed on cultured neurons (Aracava et al., 1987;

DlHYDRO,TERYTHROlDlNE

Lipton

et al., 1987). At variance with the preparation

ofcultured

neurons, the preparation of acutely isolated neuronsas developedby Kay and Wong (1986) offers the opportunity of studying
neurons that have developed in vivo their morphological
and
Figure 5. Effects of various nicotinic antagonists on the response to
10 PM nicotine. The membrane potential was held at - 60 mV. Antagelectrophysiological characteristics.Our experiments were thus
onists were applied through the same perfusion pipette as nicotine.
performed on smallneuronsthat had retained the morphological
Dose-response curves were obtained by comparing the amplitude of
characteristics
of MHb neurons describedin the literature (Rathe current just before the application of antagonist to 5 set after its
man y Cajal, 1911; Tokunaga and Otani 1978).
onset. Each point represents the mean (*SD) of at least 3 different
In the MHb, ACh and nicotine activate channelsthat appear
measurements made in 3 different cells. Calibration: 25 pA, 5 set for
A, B, and D; 50 pA, 5 set for C.
nonselective for cations as for muscle and ganglionic nicotinic
receptors in vertebrates (Adams, 1980; Fenwick et al., 1982).
Single-channel experiments performed on the soma of MHb
decay times (t,,*) were asfollows: 10 set at 1O-6M ACh (n = 6), neuronsrevealed a singleclassof ACh-operated channelswith
6 + 2.8 set at 5 x 1O-5M ACh (n = 3) 3.9 f 1.7 set at 10m4 an elementary conductance of 26 pS at room temperature. This
M ACh (n = 7), and 1.5 f 0.2 set at 1O-3M ACh (n = 3).
value differs from those observed for AChR on rat sympathetic
neurons (35 pS, Mathie et al., 1987), rat retinal ganglion cells
Antagonists. Atropine, at a concentration
(1 PM) that totally
(40 pS, Lipton et al., 1987), bovine chromaffin cells (44 pS,
inhibits muscarinic responsein other systems,waswithout any
effect. The nicotinic responsewasreversibly blocked by d-tuboFenwick et al., 1982), chick ciliary ganglion (40 pS, Margiotta
et al., 1987), and for the 4 different classes of channels found
curarine (Fig. 5c) (IC,, = 6 PM). Dihydro-P-erythroidine, which
on chick sympathetic
ganglionic
neurons (Moss et al., 1988).
acts both at the neuromuscularjunction and at ganglionic synYet a preliminary report on PC 12 cells mentions the existence
apses,abolished the responseto nicotine at somewhat higher
of an infrequent 25 pS ACh-activated
channel besides the major
concentrations (IC,, = 10 PM) (Fig. 5D). Among classicalgan40 pS population (Ifune and Steinbach, 1989).
glionic antagonists,both hexamethomium and mecamylamine
Given that a unique classof single-channelcurrents with a
were found to be potent antagonistswith IC,, values of 0.7 and
1 PM, respectively (Fig. 5, A, B). The effectsof all the antagonists unitary conductance around 26 pS was observed in all patches
tested were reversible.

However,

in the case of mecamylamine,

reversal was only obtained when nicotine was removed from
the bath before a subsequenttest application. No attempt was
made to study the mode of action of theseantagonists.
a-Bungarotoxin,

a potent nicotinic

blocker in skeletal muscle,

tested, we have assumed that AChR located on MHb

cell bodies

or nearby dendritesall belongto the samecategory of receptors,
in order to perform our pharmacologicalanalysis.From a pharmacological point of view, this nicotinic responseis characterized by its lack of sensitivity, not only to a-bungarotoxin (which
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clearly distinguishes it from muscle AChR) but also to neuronal
bungarotoxin. This toxin has proved to be a useful probe for
studying ganglionic nicotinic receptors in that it blocks nicotinic
transmission in chick ciliary ganglion and in rat superior cervical
ganglion (see Loring and Zigmond, 1988, for review). It has also
recently been shown to block nicotinic effects in rat prefrontal
cortex (Vidal and Changeux, 1989) and in retinal ganglion cells
(Lipton et al., 1987). The lack of sensitivity of the MHb nicotinic
response to neuronal bungarotoxin confirms the existence of
distinct types of functional nicotinic receptors in the CNS. On
the other hand, the pharmacological profile is unambiguously
of the nicotinic type since muscarine and atropine are without
effect. Moreover, this AChR is activated by low concentrations
of several ganglionic agonists such as DMPP, nicotine, and cytisine, and it is blocked by classical ganglionic nicotinic antagonists such as mecamylamine and hexamethonium, and also by
d-tubocurarine and dihydro-P-erythroidine,
compounds that are
active both in muscle and in ganglions. Finally, our results are
consistent with those of McCormick and Prince (1987a) on
slices of adult guinea pig MHb who observed a block by hexamethonium but not by a-bungarotoxin.
In the MHb are expressed at least 5 different genes from the
rat nicotinic receptor gene family, namely, (r3, (~4, 62, p3, and
/34 (see Lindstrom et al., 1987, for review; Deneris et al., 1988a,
b; Wada et al., 1988). Experiments with RNA injection into
oocytes have provided evidence that rat p2 subunit can, in
concert with either 012, (r3, or a4 subunits from rat, produce
functional nicotinic receptors with pharmacological properties
expected of neuronal nicotinic receptor in that they are all insensitive to a-bungarotoxin. Block with neuronal bungarotoxin
occurs with 013+2 and (r4-@2 (but not with (~2-62). These results
suggest that, in the MHb, the AChR we have characterized do
not consist of (~3~/32 or c&/32 subunits. Yet, one must bear in
mind that the stoichiometry of neuronal nicotinic receptors is
not firmly established (see, however, Whiting et al., 1987) and
that posttranslational modifications of neuronal receptors likely
differ in an oocyte and in a neuron. Besides, neuronal bungarotoxin did not block the response observed with the combination of an (~4 subunit and a non-cy subunit from chick (M.
Ballivet, personal communication) in a powerful expression system (injection into the oocyte nucleus of cDNAs associated with
the promotor of a heat-shock protein). Under these conditions,
the elementary conductance of the AChR channels recorded in
outside-out patches (20 pS at 20°C) differed from all channels
reported up to now (except for one class of events found in chick
sympathetic ganglia; Ballivet et al., 1988; Moss et al., 1988). In
conclusion, at this stage, we are not in a position to relate the
characteristics of the novel type of nicotinic receptor found in
the MHb to a known set of LYand non-cr subunits.
In any case, the nicotinic response we have characterized was
recorded from the soma or proximal neuritic processes of MHb
cells. This study does not exclude the existence of nicotinic
receptors different from those we have characterized that could
be located on distal dendrites or on axon terminals. Presynaptic
nicotinic receptors, located on the nerve endings of MHb cells
at the extremity of the habenulointerpeduncular tract, have been
postulated on the basis of electrophysiological experiments
(Brown et al., 1984), a well as immunocytochemical localization
(Swanson et al., 1987) and nicotine binding studies (Clarke et
al., 1986). Their electrophysiological and pharmacological characteristics are not known, but their existence fits with the fact
that a wealth of genes from the AChR family are expressed in

the MHb. Future work on the MHb will include an analysis and
comparison of the properties of AChRs located near the soma
and those located on the nerve terminals, and their assignment
to given combinations of subunits.
Finally, we have shown that the nicotinic receptor found on
MHb cells shares, with ganglionic and muscle AChRs, as well
as with many different receptor/channel complexes (Adams and
Brown, 1975; Role, 1984; Trussel et al., 1988), the property of
desensitization. Desensitization of the AChR can be modulated
by a variety of effecters, including neuropeptides that coexist
with ACh in nerve endings (Role, 1984; Mulle et al., 1988). It
will thus be important to test, with a nicotinic synapse, whether
desensitization is involved in the regulation of synapse efficacy
(Heidmann and Changeux, 1982) in the CNS.
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