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Epibatidine and pain 

J. R. TRAYNOR 

In 1992 the chemical epibatidine (fig. 1), isolated 
from the skin of the Equadorian poison-arrow frog 
Epipedobates tricolor, was shown to be 200 times more 
potent than morphine in blocking heat nociception 
in the mouse. The study was carried out using the 
hotplate test, which measures the time taken for a 
mouse to show a behavioural response (jumping or 
paw licking) when stood on a heated plate main- 
tained at 55�C.63 Epibatidine had been described 10 
years earlier by Daly and colleagues at the National 
Institutes of Health, Bethesda, USA, but had been 
isolated in such small amounts that it could not be 
characterized. However, so potent was the antinoci- 
ceptive effect of the compound – less than 5 �g kg�1 
i.p. causes an antinociception response in the mouse 
– that the effect was used as a bioassay during the fur- 
ther isolation and purification of epibatidine. The 
antinociceptive effect of epibatidine was not blocked 
by the opioid antagonist naloxone, suggesting a ther- 
apeutic action different from that of morphine and a 
potentially novel therapeutic mechanism of provid- 
ing pain relief. This was an exciting finding because it 
opened up the possibility of a new therapy, without 
the adverse effects of opiates, for the treatment of 
severe pain. However, epibatidine was extremely 
toxic, causing hypertension, respiratory paralysis and 
seizures, with death occurring at doses not much 
higher than those required for antinociception.11 65 
Extensive modification of the compound would be 
necessary to provide a useful therapeutic agent. Such 
was the interest in epibatidine that by 1993 synthetic 
material was available in larger amounts.14 36 
Synthesis of the optical isomers of epibatidine 
quickly followed,28 potentially offering an important 
advantage in describing the pharmacology of the 
compound. Epibatidine is the exo-isomer of the two 
possible geometric isomers (fig. 1) and can exist as 
two enantiomers (�)- or R-epibatidine and (�)- or 
S-epibatidine. The natural compound is the (�) iso- 
mer,72 although there is little difference in pharmaco- 
logical activity between the (�) and (�) isomers.6 20 72 
The endo-isomer (fig. 1) is inactive.27 58 These 
advances in synthesis of epibatidine’s isomers made 
it possible to discover more about this exceptionally 
potent compound. 

A news article in Science in 199312 stated that the 
“race is on to turn the potential (of epibatidine) into 
reality”. In this review, I shall consider the progress 
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that has been made towards realizing this goal, 
including the development of less toxic analogues, 
such as ABT-594, that retain a wide spectrum of 
antinociceptive actions.9 

Epibatidine and analgesia 

ANTINOCICEPTION 

In spite of the high level of interest in this compound, 
the antinociceptive activity of epibatidine has been 
investigated only in rodents. The effect of epibatidine 
was originally observed in the hotplate assay, where at 
2.5 �g kg�1 i.p. the compound causes significant hot- 
plate “analgesia”.63 This compares with a value of 
approximately 10 mg kg�1 for morphine in the same 
test. Most studies on this compound have used a simi- 
lar hotplate technique6 10 58 65 (fig. 2) but a further heat 
nociceptive test, the tail-flick test, which measures 
latency to removal of the tail from a radiant light 
source, has also been used.6 21 56 Other tests applied 
have been footshock, where the nociceptive stimulus 
is an electric current and the end point is 
vocalization,11 and carrageenan-induced hyperalgesia 
in the rat hindpaw.58 In all these experimental para- 
digms epibatidine is approximately equi-active and 
equi-efficacious with morphine (fig. 2), except in the 
footshock vocalization assay, where it was observed to 
be less efficacious. There have been no reports of the 
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Figure 1 Structure of epibatidine isomers. 
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use of epibatidine as an antinociceptive agent in non- 
human primates or as an analgesic agent in humans, 
presumably because of its low margin of safety. 

Mode of action 
The original reports on epibatidine showed that the 
antinociceptive action of the compound was not 
reversed by naloxone, although in mice the drug 
elicited a Straub tail response; this response is cus- 
tomarily used as a indicator of morphine-like action, 
that is, activation of �-opioid receptors. However, 
synthetic (�)- and (�)-epibatidine do not produce a 
Straub tail response,11 58 suggesting that the observa- 
tion with the natural material may be a toxic syn- 
drome produced by high doses, or attributable to 
other substance(s) present in the frog skin extracts. 
Furthermore, a Straub tail response is induced in 
mice by several other drugs, including agonists acting 
at nicotinic and 5-hydroxytryptamine (5-HT) recep- 
tors. Thus, there is no pharmacological evidence for 
an opioid mechanism of action for epibatidine and in 
confirmation of this there are numerous reports that 
the compound does not bind to opioid receptors.6 56 58 65 
In fact, the compound shows no affinity for a variety 
of neuronal receptors including benzodiazepine, 
serotonergic, dopaminergic, adrenergic and GABAA 
receptors, and receptors for bradykinin, CCK, exci- 
tatory amino acids, CGRP and neurokinin.6 56 58 65 
Epibatidine does have low affinity for the muscarinic 
acetylcholine receptor but its binding profile suggests 
antagonist action at this site.58 

On the other hand, the similarity of the structure 
of epibatidine (fig. 1) to that of nicotine was soon 

recognized and it was subsequently demonstrated 
that the compound has high affinity for nicotinic 
acetylcholine receptor (nAChR) binding sites 
labelled by [3H]nicotine or its derivatives.6 56 58 65 
Nicotine has long been recognized to be active in 
tests for antinociception,46 although its low activity 
and poor side-effect profile precluded any further 
development. The antinociceptive actions of nicotine 
are prevented by the nicotinic cholinergic receptor 
channel blocker mecamylamine, but not by the gan- 
glion blocker hexamethonium, which does not pass 
into the central nervous system; this suggests a cen- 
tral mechanism of action.1 60 67 In confirmation of this, 
the quaternary methiodide derivative of nicotine is 
inactive after s.c. administration but active after i.c.v. 
administration.1 Direct injection of nicotine into the 
central nervous system enhances potency when com- 
pared with peripheral administration,38 60 and 
antinociception correlates with nicotine concentra- 
tion in mouse brain.67 

The antinociceptive properties of epibatidine are 
remarkably similar to those of nicotine in most 
respects. Antinociception elicited by epibatidine is 
prevented by mecamylamine,8 10 11 20 56–58 65 but not by 
hexamethonium.20 56 There is one report that hexam- 
ethonium partially blocks the action of epibatidine in 
the tail-flick assay in the rat,57 which indicates a possi- 
ble peripheral component in addition to a central 
component; caution should be used in this interpre- 
tation, however, as quaternary compounds like hexa- 
methonium may cross the blood–brain barrier in 
sufficient amounts to act centrally.5 24 

Although epibatidine has qualitatively similar 
antinociceptive properties to those of nicotine, it 
does show some differences. Whereas nicotine 
exhibits tolerance to its antinociceptive action after 
acute or chronic administration, there is no substan- 
tial tolerance developed to epibatidine, at least in 
mice.21 In addition, epibatidine is considerably more 
potent. In the various antinociceptive tests carried 
out in rodents, epibatidine is effective as an antinoci- 
ceptive agent at approximately 5 �g kg�1; nicotine is 
approximately 200–300 times less potent, given by 
various routes,6 20 56–58 and morphine is approximately 
1000 times less potent. The antinociceptive effect of 
both epibatidine and nicotine is rapid in onset (3–5 
min) but whereas the action of nicotine is short-lived 
(10 min) the effect of epibatidine lasts up to 1 h.10 56 
Epibatidine readily enters the brain after tail-vein 
administration in the mouse, with high levels in the 
thalamus and superior colliculus. Maximum concen- 
trations are attained at 30 min and epibatidine is still 
present at 4 h, showing slow clearance from the 
brain.42 This does not appear to relate to the rapid 
onset and relatively short duration of action reported 
by several groups. Indeed, after direct central (i.c.v.) 
administration higher concentrations of epibatidine 
are required than when the compound is given 
peripherally (s.c.).58 On the other hand epibatidine 
also shows an antinociceptive response after intrathe- 
cal administration at the same doses that are active 
after s.c. administration.20 40 This may indicate a 
mechanism of action primarily at the spinal level. 
However, supraspinal activation of descending 
inhibitory pathways is a common mechanism for 
blocking pain transmission at the spinal level and so 
preventing impulses reaching higher centres. The 

 
Figure 2 Antinociceptive effects in the mouse hotplate test, 
measured as time to appearance of the first behavioural response. 
All drugs were administered i.p. Figure drawn from data in 
reference 6. 
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presence of a central nicotinic cholinergic pathway 
that modulates antinociception by activation of 
descending inhibitory pathways has been proposed. 
At the spinal level this seems to involve �-adrenergic 
and serotenergic as well as cholinergic systems.37 The 
potential role of these transmitters is discussed later. 

The above discussion confirms that the antinoci- 
ceptive action of epibatidine is mediated by activa- 
tion of nAChR. However, nicotinic agonists have a 
multitude of effects through interaction with central 
and peripheral (ganglionic and neuromuscular junc- 
tion) nAChR. Unfortunately, from a drug therapeu- 
tic viewpoint, epibatidine shows a full spectrum of 
nicotinic effects, with changes seen in animal activity, 
body temperature and cardiovascular and respiratory 
systems at doses comparable with those affording 
antinociception. For example, in the hotplate test, 
significant antinociception in mice is associated with 
the same dose range of epibatidine as temperature 
and locomotor effects,10 27 40 65 which are also thought 
to involve central nAChR.40 45 This wide spectrum of 
actions attributable to epibatidine is a problem from 
two viewpoints. First, it makes the compound unac- 
ceptable as an analgesic agent for clinical use and 
second, as measures of antinociception invariably 
involve a behavioural end-point (that is, withdrawal 
of tail or foot) in response to a heat stimulus, then 
effects on several nicotinic systems could cause prob- 
lems in interpretation of data from animal experi- 
ments. In particular, if motor activity is decreased 
then an increased latency to the behavioural response 
after the nociceptive stimulus will be seen and inter- 
preted as an “analgesic” response. Motor defects 
could be contributing to, or even responsible for, the 
observed antinociception. Consequently, there is 
doubt as to whether real analgesia would be seen 
with these compounds in man. 

It is therefore important to be able to separate any 
real antinociceptive action of epibatidine from motor 
and temperature effects in animal experimental mod- 
els. Although effects on rodent activity are seen at 
antinociceptive doses it has been suggested that 
motor impairment may not be evident at these levels 
and therefore may not interfere with the behavioural 
measures.63 In support of this, the reduction in motor 
performance has a slightly different time course from 
antinociception, which may indicate that locomotor 
changes are not entirely responsible for the antinoci- 
ceptive response.10 Furthermore, the antagonist 
mecamylamine blocks the effects of epibatidine on 
activity, temperature and antinociception when given 
before the epibatidine but when given after epibati- 
dine blocks only the latter two effects and may 
enhance the nociceptive response.10 This indicates a 
separation of antinociception from other, interfering, 
nicotinic effects of epibatidine, and perhaps a role for 
different nAChR in the various responses. Indeed, 
there are several lines of pharmacological evidence 
for differential receptor interactions at central 
nAChR. Some nicotinic agonists have antinocicep- 
tive properties in the mouse, whereas other have not 
been reported to show such activity.23 In rats i.t. epi- 
batidine affords a nociceptive response, which may 
be caused by the release of excitatory amino acids, at 
lower doses than its antinociceptive effect.40 Unlike 
nicotine, epibatidine shows no evidence of anxiolytic 
activity, which again indicates different nAChR, 

although it is possible that toxic effects mask any anx- 
iolytic activity.65 However, the best pharmacological 
evidence for the activation of different subtypes of 
nAChR would come from studies with antagonists. 
There are two types of blockers of central nAChR: 
competitive, which act at the acetylcholine binding 
site and may be typified by dihydro-�-erythroidine; 
and non-competitive channel blockers such as 
mecamylamine. Mecamylamine has no selectivity 
but dihydro-�-erythroidine has some differential 
activity across central nAChR.2 33 Both antagonists 
reduced the effect of epibatidine in the mouse hot- 
plate test, though dihydro-�-erythroidine may be less 
effective6 58 and does not appear to inhibit the 
antinociceptive response to i.t. epibatidine.40 

All these differences support the concept that 
action at heterogeneous nicotinic receptor types 
within the central nervous system, either in terms of 
receptor recognition or efficacy of the different lig- 
ands, may mediate different actions and that target- 
ing specific receptor types may provide leads to 
develop selective agents. 

Epibatidine and nicotinic receptors 

NICOTINIC RECEPTORS 

Biochemical and molecular studies of nAChR indi- 
cate a high potential for subtype diversity within this 
class of receptors. Nicotinic receptors for acetyl- 
choline are members of the ligand-gated ion channel 
superfamily. The nAChR is a protein complex com- 
posed of five peptide subunits that provide a ligand 
binding site and which make up an ion channel that 
allows the passage of Na� and Ca2� ions, after agonist 
binding. Each of the five subunits is comprised of an 
extracellular, relatively hydrophilic N-terminal 
domain where acetylcholine binds, three hydropho- 
bic transmembrane domains a larger intracellular 
loop and a fourth hydrophobic transmembrane 
domain.47 Four different types of peptide subunit can 
make up the channel, namely �, �, � and �. The neu- 
romuscular junction nAChR is composed of �, �, � 
and � subunits and is termed the �1�1�� receptor. 
However, � and � subunits are not found in the cen- 
tral nervous system, where only � and � subunits 
have been described, although these have a some- 
what different amino acid composition from the � 
and � subunits that are part of the neuromuscular 
junction receptor. Indeed, in brain tissue from sev- 
eral species, including human, genes coding for 11 
different subunits have been described.41 47 These 11 
genes code for eight �-subunits (�2–9) and three �- 
subunits (�2–4). Consequently receptors could 
exhibit a great deal of molecular diversity, whether 
composed of a selection of these � and � subunits or 
even of �-subunits alone. The subunits that make up 
the receptor govern its functional properties and 
pharmacological properties. The binding site for 
acetylcholine is on an �-subunit, but it is the particu- 
lar combination of subunits, and consequently of 
amino acid residues lining the channel, that controls 
the properties of the channel and of the receptor, 
such as ligand specificity, ion selectivity, open times 
and rate of desensitization. 

In spite of the extensive molecular diversity 
theroetically made possible by combination of the 
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eight �-subunits and three �-subunits, only three dif- 
ferent recognition sites have been described in brain 
homogenates using ligand-binding techniques.44 61 
These are sites with high affinity for (�)[3H]nicotine 
(affinity 0.5–5 nM), sites with high affinity (0.5 nM) 
for �-bungarotoxin and sites with high affinity for 
neuronal bungarotoxin. At these latter two sites (�)- 
nicotine has affinity at the �M level. [3H]epibatidine 
binding to homogenates of brain35 and spinal cord40 
shows further heterogeneity with high-affinity 
(40–70 pM) and low-affinity (230–360 pM) sites. 
Neither of these sites appears to be the �-bungaro- 
toxin binding sites. The high-affinity binding sites for 
[3H]nicotine show a relationship with the distribu- 
tion in brain of an nAChR consisting of the �4�2 
subunit combination. In fact 90% of high affinity 
[3H]nicotinic binding sites in rat brain can be precipi- 
tated by antibodies raised against �4 and �2 subunit 
peptides, suggesting that this is the predominant 
nAChR receptor in brain.29 75 Similar studies indicate 
that the receptors defined as �-bungarotoxin binding 
sites may be composed only of �-7 subunits. These 
sites appear to be highly permeable to Ca2� ions; they 
quickly activate and inactivate and may play an 
important role in synaptic transmission.3 Another 
subunit combination that is of special relevance to 
studies of epibatidine is the �3-containing receptor 
combined with either �2 or �4, which is thought to 
be the ganglionic-type nicotinic receptor.43 

As in many fields of neuroscience, the study of 
nAChR has benefited enormously from the ability to 
express individual receptor subunits in in vitro cell 
systems and in different combinations. Ligand bind- 
ing to specified subunit combinations can then be 
studied in isolation, and the efficacy with which dif- 
ferent ligands activate these different subunit combi- 
nations to alter cellular events can be measured. 
From these studies it has been shown that the num- 
ber of possible receptors is restricted, because not all 
are able to make functional receptors. In fact just 11 
different functional receptors have been identified by 
co-expression methods using cDNAs for different 
subunits. There are several recent comprehensive 
reviews on different nAChR.13 17 41 

Epibatidine actions at nicotinic receptors 
At central nAChR, epibatidine has much higher 
affinity than acetylcholine or nicotine (table 1). At 
the predominant �4�2 receptor32 66 (�)- and (�)-epi- 
batidine have very high affinity, around 20 times 
greater than that of (�)-nicotine. In addition, epibati- 
dine is a potent agonist at the �4�2 receptor, being 
some 200 times more potent than (�)-nicotine, and 
also more efficacious32 (table 2). Like nicotine, epiba- 
tidine has less affinity for the �7 receptor (300-fold 
less than its affinity for the �4�2 subtype), but this is 
still 100 times better than the affinity of nicotine for 
this receptor (table 1) and epibatidine is about 40 
times more potent than nicotine as an agonist at this 
receptor32 (table 2). 

Epibatidine differs from acetylcholine and nicotine 
in possessing high affinity for peripheral nicotinic 
receptors, the �1�1�� neuromuscular receptor and 
the �3 subunit containing receptors that constitute 
the ganglionic-type receptors (table 1). At both of 
these nAChR types, epibatidine is a potent agonist 

(table 2). At the ganglionic-type nAChR endoge- 
nously expressed in the human neuroblastoma cell 
line IMR-32,43 epibatidine is �1000-fold more 
potent than (�)-nicotine and at �3�4 receptor 
injected into oocytes, epibatidine is approximately 
1000 times more potent than nicotine or acetyl- 
choline with an EC50 of around 20–130 nM.31 These 
in vitro data agree with findings that show that epiba- 
tidine behaves as a potent agonist in isolated prepara- 
tions of rat and guinea-pig autonomic ganglia11 and is 
a potent ganglionic agonist in vivo, leading to nico- 
tinic-like cardiovascular effects and respiratory stim- 
ulation in the anaesthetized rat that are reversed by 
the ganglion-blocker trimethaphan.27 At high doses 
the compound produces a depolarizing blockade. In 
contrast, no effect was observed on neuromuscular 
transmission, suggesting the compound has higher 
potency at ganglionic as compared with neuromus- 
cular nicotinic receptors. This agrees with findings in 
vitro, where the potency of epibatidine is at least 10 
times higher at receptors containing �3 subunits 
than at those containing �1 (neuromuscular-type) 
subunits31 (table 2). Even so, epibatidine has high 
affinity in the low nM range for the neuromuscular 
receptor type and has the highest affinity of all nico- 
tinic agonists at the �1�1�� neuromuscular receptor. 

One perhaps surprising difference between nico- 
tine and epibatidine is in the stereochemistry of the 
interaction with neuronal nAChR. In addition to 
labelling more sites in central nervous tissue, epibati- 
dine binds and acts at the nAChR in a non-stereo- 
selective fashion.The (�)- and (�)-isomers have similar 
affinity and similar potency in pharmacological 
assays and as antinociceptive agents.6 20 58 In contrast 
(�)-nicotine binds 20 times more effectively to 
nAChR than the (�)-isomer. However, this appears 

Table 1 Affinity (Ki) of epibatidine isomers for different nicotinic
acetylcholine receptors (nAChR) in vitro 

Ki (nM)  

�4�2 �7 �3�2/4 �1�1�� 

(�)-Epibatidine 0.06 16 0.15 5.7 

(�)-Epibatidine 0.05 22 0.23 2.5 

(�)-Nicotine 1.0 2000 5 10 000 

All receptors are human clones except torpedo �1�1δγ. Data from
reference 66 except �3�2/4 data, which are from references 31 and
43. Values are from receptors in different expression systems, so 
comparisons can be only approximate. 

Table 2 Agonist potency of epibatidine at different nicotinic 
acetylcholine receptors (nAChR) in vitro 

EC50 (nM)  

�4�2 �7 �3�4 �1�1δγ 

(±)-epibatidine 17 1100 19 1600* 

(−)-nicotine 4000 (PA) 40 000 14 000 250 000 

Data are from references 32, 55 and 31, and are for human 
receptors except �1�1�γ (torpedo). Values are from receptors in 
different expression systems and using different measures and so 
should be compared approximately. PA�partial agonist. *Data for 
(�)-epibatidine. 
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to be a property specific to N-methyl substituted 
compounds, like nicotine, because (�)- and (�)- 
nornicotine are not differentiated in binding to 
nAChR.77 

Visualization of central nicotinic receptors 
with epibatidine 
While nicotine and related compounds label only 
subsets of nicotinic receptors, epibatidine labels a 
much wider range of nAChR. This ability of [3H]epi- 
batidine to label nicotinic receptors has been used to 
map nicotinic receptor sites in brain.53 The distribu- 
tion of nicotinic binding sites in the central nervous 
system, labelled by [3H]nicotine, shows sites in layers 
III and IV of the cerebral cortex, the thalamus, 
interpeduncular nucleus and superior colliculus, 
with lower levels in the hippocampus and hypothala- 
mus and layers I and IV of the cerebral cortex.16 This 
probably reflects the distribution of the predominant 
�4�2 receptor. The binding of [3H]epibatidine 
closely follows this pattern but in addition [3H]epiba- 
tidine labels areas in the visual system (optic nerve, 
optic chiasm, optic tract, pretectal nuclei, superficial 
grey of the superior colliculus), and areas that are 
thought to be involved in the integration of olfactory 
and sensory signals (medial habenula, fasciculus 
retroflexus). It is possible that this represents binding 
to receptors containing the �3 subunit.53 In fact 
[125I]epibatidine labels nicotinic receptors in superior 
cervical ganglia that do not express mRNA coding 
for �2 or �4 subtypes and are likely to contain the �3 
subunit. The distribution of sites labelled by neu- 
ronal bungarotoxin and �-bungarotoxin are very 
different, suggesting these are not labelled by 
[3H]epibatidine. 

Derivatives of epibatidine such as [125I]IPH22 52 and 
[18F]FPH,34 in which the C1 substituent is replaced by 
[125I] or [18F] respectively, match the distribution of 
[3H]epibatidine. These and [11C]-N-methylepibati- 
dine73 may be useful for in vivo imaging of brain nico- 
tinic receptors. [3H]epibatidine itself has been used 
to show selective losses of receptors in brains from 
patients with Alzheimer’s disease, suggesting that the 
�4�2 subtype might be the most vulnerable in this 
disease.71 

Mechanism of antinociceptive action of 
epibatidine 

NEUROTRANSMITTER RELEASE 

Evidence has been provided to show that epibatidine 
acts as an antinociceptive agent through central 
nAChR, and that such receptors also mediate many 
other actions of nicotinic agonists. As discussed 
above, the antinociceptive properties may not be real 
because behavioural end-points are used in the ani- 
mal tests, Nevertheless, it is important to understand 
what effects different central nAChR mediate, and 
how this could explain the observed antinociceptive 
response. In particular, activation of nicotinic recep- 
tors has been shown to cause the release of neuro- 
transmitters. Epibatidine and other nicotinic 
agonists have been reported to release catecholamines 
by a Ca2� dependent mechanism,4 59 excitatory amino 
acids40 and 5-HT.74 As pathways involving these 

transmitters have been implicated in nociceptiye 
processing,26 such effects may contribute to the 
antinociceptive actions of nicotinic agents. 

Epibatidine produces a concentration-dependent 
increase in [3H]dopamine release from rat striatal 
slices and [3H]norepinephrine release from slices of 
hippocampus and thalamus.59 The release profile is 
similar to that of (�)-nicotine with similar maximal 
effects, although epibatidine is 50–4000 times more 
potent, depending on the response measured. This 
difference is caused by the differential activity of 
nicotine across the different measures, because epi- 
batidine is equally potent for each effect. The release 
of neurotransmitters in these experiments was 
blocked by mecamylamine and the release of norepi- 
nephrine, but not dopamine, was blocked by tubocu- 
rare. A similar profile is seen with nicotine-evoked 
release of norepinephrine.76 Dihydro-�-erythroidine 
has the opposite profile. These antagonist studies 
indicate that different nAChR subtypes may be 
involved. 

A role for adrenergic systems in the antinocicep- 
tive action of epibatidine has to be confirmed. 
However, antinociceptive responses to epibatidine 
and nicotine in the tail-flick test are significantly 
attenuated by pretreatment with phenoxybenzamine 
to remove adrenergic receptors and by N-(2- 
Chloroethyl)-N-ethyl-2-bromobenzylamine (DSP- 
4), a neurotoxic agent leading to a reduction in 
norepinephrine concentrations, some reduction in 5- 
HT concentrations but no reductions in dopamine 
concentrations.57 This implicates noradrenergic sys- 
tems in the antinociceptive actions of epibatidine and 
nicotine. In a similar tail-flick procedure yohimbine, 
a non-selective adrenergic antagonist, is reported not 
to block epibatidine-induced antinociception in mice 
or rats,56 although others have shown an inhibition of 
nicotine-induced antinociception by yohimbine.15 67 
Thus the actual role of adrenergic receptors remains 
unclear. 

The pharmacology of dopamine release from stri- 
atal slices suggests a role for nAChR different from 
norepinephrine release. However dopamine is 
unlikely to be involved in the antinociceptive 
response to epibatidine because nicotine-induced 
antinociception is not blocked by the dopamine 
DA1-receptor antagonist SCH23390 or the DA2- 
receptor antagonist sulpiride.19 Rather, dopamine is 
important in other aspects of epibatidine’s nicotinic 
pharmacology. In vivo epibatidine induces turning 
behaviour and an increase in locomotor activity, at 
least in some models, which are blocked by D1 and 
D2 antagonists.59 The time course of these responses 
is relatively slow, occurring 15 min after injection and 
lasting for 60 min. Moreover, the doses of epibatidine 
needed are large compared with those that give an 
antinociceptive response. In addition, animals 
trained to discriminate nicotine recognize epibati- 
dine as a full agonist 190 times more potent than 
nicotine itself. This nicotine cue probably involves 
dopamine release. 

Opioids are well known to mediate their effects 
partly by inhibiting the release of nociceptive neuro- 
transmitters, in particular substance P [see reference 
62 for review] from primary sensory afferent neurons 
in the dorsal horn of the spinal cord. Nicotinic recep- 
tors are well represented in this area39 78 and it is 
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conceivable that a similar mechanism could exist for 
these compounds. However, in peptidergic cells 
expressing ganglionic-type receptors, epibatidine 
enhances the release of substance P in a mecamy- 
lamine-sensitive manner.55 This could be the mecha- 
nism behind the pain response seen after i.t. 
epibatidine,40 and may conceivably be responsible for 
the antinociceptive action by depleting stores of noci- 
ceptive neurotransmitters. In addition, these recep- 
tors desensitize very rapidly and thus desensitization 
of neurons to noxious stimuli may be a potential 
antinociceptive mechanism. 

ROLE OF CALCIUM 

Although the role of Ca2�-dependent neurotransmit- 
ter release in the antinociceptive action of epibatidine 
is not proven, there is direct evidence of a role for 
Ca2� ions in the antinociceptive response to nicotinic 
agonists. Agents that raise intracellular calcium, 
namely the calcium channel agonist (�)BAY K 8644 
(voltage-dependent channels), glyburide (ATP-gated 
K� channels), thapsigargin (intracellular stores) and 
A23187 (extracellular stores), when given intrathe- 
cally, all significantly potentiate antinociception 
afforded by nicotine given s.c. in the mouse tail-flick 
test, without causing an antinociceptive action them- 
selves at the doses and times used.18 Nicotine 
antinociception is also blocked by nifedepine, again 
indicating involvement of L-type Ca2� channels, 
although the interaction is probably indirect.18 
Similarly the Ca2� channel activator (�)BAY K 8644 
enhances epibatidine antinociception, and its isomer 
(�)BAY K 8644, an L-type Ca2� channel blocker, 
inhibits the response.8 The antinociceptive actions of 
epibatidine are not blocked by the �-bungarotoxin- 
sensitive antagonist methyllycaconitine, suggesting 
that these receptors are not involved in the antinoci- 
ceptive action of epibatidine.57 As discussed earlier, 
these are likely to be �7-type receptors that are highly 
permeable to Ca2� ions. Neuronal nAChR are known 
to be highly permeable to Ca2� ions, although less 
than �7-type receptors.50 68 69 Moreover, external Ca2� 
potentiates agonist action at neuronal nAChR by 
enhancing ionic current amplitudes and agonist 
affinity, probably by binding to an allosteric site on 
the receptor.30 51 In addition to neurotransmitter 
release these Ca2� fluxes may also be involved in 
longer-term plasticity changes.50 69 

The future for epibatidine and nicotinic 
analgesics 
Because of the undesirable pharmacological proper- 
ties of opioids and public debate about their use, 
inadequate doses of these drugs are often prescribed 
and given.64 There is no doubt that there is consider- 
able interest in nicotinic agonists as analgesic agents 
that would present a clinical profile very different 
from that of the morphine-like analgesics. The wide 
diversity of nAChR suggests that the many nicotinic 
actions are mediated by different receptors. An 
understanding of these receptors and the roles they 
play should allow specific agonists and antagonists to 
be designed. For example, the isoxazole analogue of 
epibatidine, named epiboxidine (fig.3), has approxi- 
mately 10-fold lower affinity than epibatidine for 

[3H]nicotinic binding in rat cortical membranes.7 In 
the hotplate assay the compound is about 10-fold 
less potent than epibatidine and at a maximal 
antinociceptive dose is considerably less lethal. In 
contrast, at the ganglion-type receptor in PC12 cells, 
epiboxidine has similar potency to epibatidine. Thus 
binding to central sites recognized by [�H]nicotine, 
which represents the predominant �4�2 type, 
appears to be related to antinociception. Therefore 
one way to obtain an improved side-effect profile is to 
reduce the potency of epibatidine for receptors other 
than the �4�2 subtype. Considerable strides towards 
this aim have been made. Two compounds, A- 
8538066 and ABT-5949 (fig. 3) have the same affinity 
as epibatidine for the �4�2 subtype but have, respec- 
tively, �3000 or �100 000 lower affinity for the �7 
and neuromuscular receptor subtypes. With A- 
85380, the functional activity seen at the ganglion- 
type receptor expressed in IMR cells is at a similar 
level to activity at the �4�2 receptor expressed in 
HEK cells,66 although ABT-594 is reported to show 
reduced cardiovascular effects.9 In rats, ABT-594 is 
approximately equi-efficacious with morphine in 
three different models of pain, in a mecamylamine- 
reversible manner. The compound is effective in a 
heat nociception assay, in blocking the second phase 
of the pain response after injection of formalin into 
the hind paw, a model for persistent pain, and in an 
allodynia model of neuropathic pain. Surprisingly, in 
view of the findings with epibatidine in peptidergic 
cells,55 ABT-584 does inhibit capsaicin-induced 
release of substance P from spinal cord slices, and in 
dorsal horn neurons selectively inhibits activity in 
neurons activated by thermal and mechanical stim- 
uli, but not by non-noxious stimuli. In addition the 
compound may activate descending pathways after 
injection into the brain stem. 

Compounds like ABT-594 represent a major 
advance in the potential of nicotinic ligands to be 
developed as analgesic agents. It must be borne in 
mind that, although selectivity for central nAChR of 
the �4�2 type confirms that antinociception occurs 
via a centrally mediated mechanism, many of the 
other effects of nicotinic agonists are also centrally 
mediated. In addition, it is difficult to separate 
antinociceptive effects of nicotinic agonists from 
behavioural effects and antinociception with these 
compounds has been measured only in rodents. 
Therefore it is an open question whether analgesia 
without adverse nicotinic effects will be seen in 
humans with this class of drugs. In man, studies have 
suggested that tobacco smoking may invoke an anal- 
gesic effect,25 54 although others show that smoking 

Figure 3 Epibatidine analogues. 
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has no analgesic effect70 and may heighten sensitivity 
to pain.48 49 ABT-594 will soon be undergoing safety 
trials in humans and may then undergo efficacy tri- 
als. The outcome of such studies with a highly effica- 
cious (and, it is hoped, safe) nicotinic agonist will tell 
us whether such agents will be added to the arma- 
mentarium of the pain clinic. If they are, then the 
frog from Equador has done mankind a great service. 
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