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Nicotinic acetylcholine receptors (nAChRs)
are a family of ligand-gated cation chan-
nels classified on the basis of their
activation by the alkaloid, nicotine, with
acetylcholine (ACh) being the endogenous
ligand. These pentameric conductance
channels for calcium, potassium and
sodium are formed from subunits; ten α
(α1 - α10) and four β (β1 - β4) cloned
from mammalian and avian sources. α1,
β1, γ, δand ε subunits are associated with
the neuromuscular junction nAChR.
Combinations of these various subunits
offer a considerable potential for diversity
in both structure and associated function.
Each subunit has four transmembrane
spanning domains, M1 - M4, of which M2
lines the channel. The ACh binding site is
formed between α and adjoining subunits;
thus, nAChR homomers have five putative
binding sites while heteromers may typical-
ly have only two. The predominant CNS
forms of nAChR, also known as neuronal
nicotinic receptors (NNRs), are the α4β2
and α7. The latter is presumed to form a
functional pentameric homomer. The possi-
ble presence of additional unidentified sub-
units may be denoted by an asterisk (e.g.
α4β2*). There is also evidence for an
α3β2* combination. In the autonomic
ganglia in the peripheral nervous system,
α3α5β4, α3αβ2β4, α3β2β4α5 and α3β2*
combinations may exist as well as α7 and
α9 homomers. The α9 and α10 subunits
have a restricted distribution to sensory
tissues (ear, tongue and skin). The α10
subunit is only functional as a heteromer
with α9.

The frog alkaloid, epibatidine, is a potent
agonist at the α4β2 site labeled by [3H]-
cytisine (Ki 37-100 pM) and at other NNRs.
This compound is 100-200-fold more
potent than morphine as an analgesic, but

its interactions with the ganglionic and
neuromuscular nAChRs make it toxic at
doses close to its efficacious range. Anti-
sense and mouse nAChR subunit knock-
outs have provided definitive evidence for
a role of α4 and β2 subunit containing
receptors in nociception, particularly at the
level of the raphe nucleus.

Synthetic chemistry efforts have focused
on ligands selectively acting at the α4β2
and also at α7 NNRs. Newer ligands for
the α4β2 NNR, while having similar affinity
for this receptor, have distinct pharmaco-
logical activities in animals, suggesting that
the α4β2 nAChR is a surrogate for a
number of NNRs. ABT-418, an isoxazole
isostere of nicotine, exhibits cognition
enhancing activities and shows activity in
adults with attention deficit hyperactivity
disorder. ABT-594, an azetidine analog of
epibatidine, is a potent analgesic with
substantially reduced side effects in animal
models as compared with epibatidine,
while SIB-1508Y is a nicotine analog that
shows activity in animal models of
Parkinson’s disease. All three compounds
have potent interactions with α4β2
nAChRs, but have very distinct functional
profiles. At the α7 NNR, GTS-21 is a partial
agonist that has cognition enhancing activ-
ity, while AR-R 17779 is a full agonist and
the α-conotoxin IM1 is an antagonist. SIB-
1553A is selective for the α3β4 subunit
combination. The α-conotoxins, AuIB and
MII, are antagonists for the α3β4 and
α3β2/α3β3* NRRs, respectively, although
their effects are somewhat species specific.

In addition to the ACh binding site,
nAChRs have associated modulatory sites,
including those for neurosteroids and some
acetylcholinesterase inhibitors (e.g.
physostigmine and galanthamine). Other

sites are located in the channel, for exam-
ple, those activated by anesthetics such as
lidocaine, phencyclidine and MK-801. The
anthelmintic, ivermectin, potently
modulates the α7 nAChR. The neurotoxic
peptide, Aβ1-42, is a picomolar non-
competitive, use-dependent blocker. An
association of α-synuclein with α7 subunits
has been proposed. α7 NNR modulators
may thus be novel targets for Alzheimer’s
and Parkinson’s disease therapy. The α7
NNR has also been implicated in the
pathophysiology of schizophrenia.
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CURRENTLY USED NAME Neuronal (CNS) Neuronal (CNS) Neuronal (autonomic ganglia) Muscular
(α-Bungarotoxin insensitive) (α-Bungarotoxin sensitive)

SUBUNITS (ARRANGED AS PENTAMERS) α4β2 (major) α7 homomers α7 homomers α1β1δγ(ε)
α3β4 α8 ? α3α5β4
α2?α3 ? α9 ? α3α5β2β4

α9/α10

RECEPTOR SELECTIVE AGONISTS Cytisine a (C 2899) Anatoxin-a (A-224) Epibatidine (E 1145) Epibatidine (E 1145)
RJR-2403 (R-130) DMAC SIB-1553A Anatoxin-a (A-224)
Epibatidine (E 1145) GTS-21 a DMPP (D 5891) TMA (T 3411)
Anatoxin-a (A-224) AR-R 17779
ABT-418
A-85380 (A-251)
DBO-83 (D 7938)

RECEPTOR SELECTIVE ANTAGONISTS Mecamylamine (M 9020) Methyllycaconitine (M-168) Hexamethonium (H 0879) α-Bungarotoxin (T 3019)
Dihydro-β-erythroidine (D-149) α-Bungarotoxin (T 3019) Chlorisondamine ?
Erysodine α-Conotoxin IMI (C 2461) Mecamylamine ? (M 9020)
α-Conotoxin AuIB (α3β4) κ-Bungarotoxin
α-Conotoxin MII (α3β2)

SIGNAL TRANSDUCTION MECHANISMS Modulation of cation channel 
conductance/permeability
properties

RADIOLIGANDS OF CHOICE [3H]-Nicotine [125I]-α-Bungarotoxin [3H]-Epibatidine [125I]-α-Bungarotoxin
[3H]-Epibatidine [3H]-Methyllycaconitine [125I]-α-Bungarotoxin
[3H]-Cytisine [3H]-Methyllycaconitine

ABBREVIATIONS
A-85380: 3-(2[S]-Azetidinylmethoxy)pyridine
ABT-418: (S)-3-Methyl-5-(1-methyl-2-pyrrolidinyl)isoxazole
AR-R 17779: (–)-spiro[1-Azabicyclo[2.2.2]octane-3,5’-oxazolidin-2’-one (4a)
DBO-83: 3-(6-Cl-3-yl)-Diazabicyclo(3.2.1)octane
DMAC: 3-(4)-Dimethylaminocinnamylidine anabaseine
DMPP: N,N-Dimethyl-N’-phenyl-piperazinium iodide
GTS-21: [3-(2,4-Dimethoxybenzylidene)-anabaseine
RJR-2403: N-Methyl-4-(3-pyridinyl]-3-buten-1-amine
SIB-1553A: 4-[[2-(1-Methyl-2-pyrrolidinyl)ethyl]thio]phenyl hydrochloride
TMA: Tetramethylammonium

F O O T N O T E S a Partial agonists.
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