Available online at www.sciencedirect.com

SCIENCE@DIHECT° Neuroscience
Letters

ELSEVIER Neuroscience Letters 378 (2005) 140-144

www.elsevier.com/locate/neulet

Molecular dissection of tropisetron, a7 nicotinic acetylcholine
receptor-selective partial agonist

Roger L. Papk®&*, Hillary C. Schiff, Brian A. JacR, Nicole A. Horensteih

a University of Florida College of Medicine, Department of Pharmacology and Therapeutics, Gainesville, FL 32610-0267, USA
b Department of Chemistry, University of Florida, Gainesville, FL 32611-7200, USA

Received 5 November 2004; received in revised form 8 December 2004; accepted 10 December 2004

Abstract

The a7 nicotinic acetylcholine receptor (nAChR)-selective partial agonist tropisetron is a conjugate of an indole and a tropane group.
We tested compounds structurally related to either the indole or tropane domains of tropisetron on oocytes expressiag. hdanor
«3B4 nAChR or rat 5HEA receptors. The simple compounds tropane and tropinonefiatlective agonist activity comparable to that of
tropisetron. Tropinone was more efficacious than tropisetron but 100-fold less potent. Some tropane compounds had antagonist activity o
a3B4 nAChR but no effect on4p2 nAChR. Some tropanes also affected the responses of SHT3 receptors to serotonin. Tropisetron was more
potent atinhibitingx3p34 receptors (16, = 1.8+ 0.6) than was tropane or tropinone, suggesting that the presence of the indole group has alarge
impact on the potency of tropisetron, both asd@ragonist and as ar834 antagonist. The further reduced structures of dimethyl piperidinium
and 1-methylpyrrolidine also had agonist activity@nreceptors, suggesting that the minimal activating pharmacophore of these compounds,
as with tetramethylammonium, may simply be the charged nitrogen, while additional structure elements impact subtype selectivity, potency
and efficacy. It has previously been reported that 5-hydroxyindole (5HI) can poteritisgeeptor responses to acetylcholine (ACh). However,
the site where 5HI binds to the receptor is not known. We tested the hypothesis that the tropisetron binding site might overlap the 5HI site
and thereby produce a block of 5HI potentiation. Our results indicate that the indole portion of tropisetron is not likely to be binding to the
same site where 5HI binds to potentiaféreceptor responses since 5HI can greatly potentiate responses of tropisetron, tropinone, and other
partial agonists such as 40H-GTS-21.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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The a7-type nicotinic receptors of the brain have been sug- selective agonist anabaseine creates selectivityforFor

gested to be potential therapeutic targets for indications rang-the endogenoua7-selective agonist choline, the apparent
ing from schizophrenia to Alzheimer’s disease. This has led selectivity motif is the exposed hydroxyl, since both smaller
to the identification and development of sever@lselective and larger structurally related compounds (i.e. ethyltrimethyl

agonists. One such selective agonistd@rnicotinic acetyl- ammonium and ACh, respective]ly]) are non-selective ag-
choline receptor (NAChR) is tropisetron, which was origi- onists. Consideration of the growing number of structurally
nally identified as a 5HT3 receptor antagonist. unrelated molecules that have been identified&aselective

For somexa7-selective agonists, a “core agonist” can be agonistg1] suggests that there may be several structural mo-
identified that will activate multiple NAChR subtypes. Amod- tifs which can lead ta7-selectivity. In this work we inves-
ification of that nonselective agonist which makesxit- tigate the basis for tha7-selectivity of the partial agonist
selective may then represent a structural selectivity motif. tropisetron. Our initial hypothesis was that the basic selec-
For example, the addition of a benzylidene group to the non- tivity motif for this large molecule kig. 1A) would be the

conjugation of the large hydrophobic indole group to a small

* Corresponding author. Tel.: +1 352 392 4712; fax: +1 352 302 9696,  COT€ agonistrepresented by the tropane portion of tropisetron.
E-mail addressripapke@ufl.edu (R.L. Papke). This motif would be analogous to the benzylidene conjuga-
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Fig. 1. (A) Structure of tropisetron and its subdomain analogs are shown along with the abbreviations used in th&abie @) Concentration—response
curves for tropisetron, tropane, and tropinone on humareceptor expressed in oocytes. Data are calculated as net charge and normalized to ACh maximum
responses. Each point represents the avets§&.M. of at least four oocytes. The tropisetron data was taken from Papke et al. (2003). (C) The inhibition
of ACh-evoked responses with the co-application of tropisetron, tropane, or tropinone at increasing concentrations. Data were calculatedaddtire ra
peak response to the co-application of ACh and antagonist to the peak response of ACh alone in the same cell. Each point represents-tBeEaverage

of at least four oocytes. The tropisetron data was taken from Papke et al. (2003). (D) 5-Hydroxy-indole (5HI) potentiatioespbnses to full and partial
agonists. Control responses te.¥ tropisetron, 31M 40H-GTS-21, 3uwM ACh, or 100M tropinone were obtained in the absence of 5HI. The running
buffer was then switched to one containing 1 mM 5HI and the drugs were re-applied with 5HI. The net charge of the responses obtained in the presence of
5HI are plotted relative to the net charge responses obtained in the absence of 5HI. Each point represents theSaekbhgef at least four oocytes. (E)

The graph illustrates the inverse relationship between agonist efficacy and the magnitude of 5HI potentiation (taken from panel D). The efficagsof ACh
defined as 1, the efficacies of tropisetron and tropinone arg,thealues fromTable 2and the efficacy of 4OH-GTS-21 is as reported in Papke and Hé@pke
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tion of anabaseine, which is the basis for th&selectivity other experiments (not shown) these concentrations were de-
of 40H-GTS-21 and related benzylidene anabasdBletn termined to be the E{g and EG», respectively. The control
order to test this hypothesis we tested a selection of indoles,concentration of the 5Hi receptors was gM, which was
tropanes and two cyclic amineBig. 1A) on humana?7 re- the EGg. Responses to experimental drug applications were
ceptors and two other model neuronal AChRs expressed incalculated relative to the preceding ACh (or 5HT) control re-
Xenopusoocytes, thex3B4 subunit combination, which is  sponses in order to normalize the data and compensating for

often used to model ganglionic nAChR, and ti42 sub- the varying levels of channel expression among the oocytes.
unit combination, representative of the high affinity nicotine Means and standard errors were calculated from the normal-
receptor of the braifiL2]. ized responses of at least four oocytes for each experimen-

The source of the 40H-GTS-21 was Taiho Pharmaceuti- tal concentration. For concentration—response relations, data
cals (Tokyo, Japan), and tropisetron was supplied by Mem- derived from net charge analyses were plotted using Kalei-
ory Pharmaceuticals. All other chemicals were obtained from dagraph 3.0.2 (Abelbeck Software; Reading, PA), and curves
Sigma Chemical Co. (St. Louis, MO). were generated from the Hill equation,

Mature (>9cm) femaleXenopus laevisAfrican frogs
(Nasco, Ft. Atkinson, WI) were used as a source of oocytes. Response= : -
Prior to surgery, the toads were anesthetized by placing the [agonist] + (ECso)
animal in a 1.5 g/l solution of MS222 (3-aminobenzoic acid where|Imax denotes the maximal response for a particular
ethyl ester) for 30 min. Oocytes were removed from an inci- agonist/subunit combination, amdepresents the Hill coef-
sion made in the abdomen. ficient. Imax N, and the EGy were all unconstrained for the

In order to remove the follicular cell layer, harvested fitting procedures. For 1§ calculations the Hill slope was
oocytes were treated with 1.25 mg/ml collagenase from Wor- constrained to equat1.
thington Biochemical Corporation (Freehold, NJ) for 2h at  We investigated the functionality of tropane and indole
room temperature in calcium-free Barth’s solution (88mM components of tropisetron by testing the reduced structures
NaCl, 1mM KCI, 2.38mM NaHC@, 0.82mM MgSO4,  shown inFig. 1A. We hypothesized that agonist functional-
15mM HEPES (pH 7.6), 0.1 mg/ml gentamicin sulfate). ity would be restricted to just one of these domains and that
Subsequently, stage 5 oocytes were isolated and injectecthe other domain would not be necessary for agonist activ-
with 50 nl (5-20 ng) each of the appropriate subunit cRNAs. ity but might perhaps provide the basis for thie-selectivity
Recordings were made 5-15 days after injection. of the conjugated indole-tropone. The probe compounds, re-

Experiments were conducted using OpusXpress 6000A |ated structurally to either the indole or tropane domains of
(Axon Instruments/Molecular Devices, Union City, CA, tropisetron, were tested for basic functionality on oocytes
USA). OpusXpress is an integrated system that provides au-expressing humaa7, a4p2, or 384 nAChR, or rat 5HT3
tomated impalement and voltage-clamp of up to eight oocytesreceptors. We tested for agonist activity by applying the drugs
in parallel. Both the voltage and current electrodes were filled alone at relatively high concentrations (4081 and 1 mM)
with 3 M KCI. Cells were voltage-clamped at a holding po- and compared the data to the responses to either ACh or SHT
tential of —60 mV. Data were collected at 50 Hz and filtered at  at saturating concentrations. To evaluate potential antagonist
20 Hz fora7 responses and 5 Hz for other subtypes. Drug ap- activity, the probe compounds were co-applied at LBD
plications alternated between ACh controls and experimentaland 1 mM with the control agonist (ACh or 5HT) and those
agonists. Applications were 12 s in duration followed by 181- responses were compared to the responses obtained when
s washout periods. the control agonist was applied alone. The results of these

Responses at7 receptors were calculated as net charge experiments are summarized Table 1 The tropane com-

[9]. Each oocyte received two initial control applications of pounds which showed activity at high concentrations were
300uM ACh, then an experimental drug application, and also investigated with full CRC studieBi¢. 1B and C).

then a follow-up control application of 3QM ACh, a con- Interestingly, we found that the simple compounds tropane
centration which is sufficient to evoke a maximal net charge and tropinone had7-selective agonist activity comparable
responsefd]. The control ACh concentrations faBg4 and to that of tropisetron. Tropinone was even more efficacious
a4B2 receptors were 100M and 10uM, respectively. In than tropisetron, although both tropinone and tropane were

Imaxagonist]

Table 1

Qualitative screening of tropisetron and sub-structural analogg-(ge#A for drug abbreviations)

Receptor IND IAA ICA TRP TPA TPI TPO DMP MP

4 N N N 30% PA 25% PA N 64% PA >60% PA >10% PA
a3p4 N N N An An An An An An

adp2 N N N An An An N N >10% PR
5HT3A >20% PA N >20% PAR An N An N An An

PA: partial agonist (percent values refer to %ACh or BiJ; An: antagonist; N: neither agonist nor antagonist.
2 Percent maximum ACh (or 5HT) response obtained when the experimental drug was applied at 1 mM.
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Table 2 - the absence of 5HI and then re-applied each of the agonists in

Values from the curve fits iftig. 1 the presence of 1 mM 5HI. As shownfiig. 1D, responses to
Activation of a7 Inhibition of «3p4 each of these drugs were significantly increased in the pres-
EC (uM | (ICs0, nM) ence of 5HI. These results indicate that the indole portion of

Cso (uM) N max ; ] ) . ;

Tropisetron 06t 01 27505 025:001 18+ 06 tropls.etron is not Illfely to be binding to the same site where

Tropane 103t 3 32403 028:0.01 18+ 09 5HI binds to p(_)tentlata_7 receptor responses, since 5HI_ can

Tropinone 230+t 4 1.9+0.1 0.64:0.01 350+ 96 greatly potentiate tropisetron responses. It is interesting to

note that responses to the partial agonists were potentiated
more than the response to the reference “full” agonist ACh.

approximately 100-fold less potent than tropisetrieig (1B, In fact, to a large degree, the weaker the partial agonist, the
Table 9. The simple tropane compounds had antagonist ac- greater the potentiation (s&&g. 1E).
tivity on 384 nAChR but relatively little effect o4p2 Tropisetron was initially developed as an antagonist of

or 5HT3 receptors. Notably, tropisetron was more potent at 5HT3 receptorg[11], which are members of the same su-
inhibiting a3pB4 receptors than were tropinone and tropane perfamily of ligand-gated ion channels @& nAChR. More
(Fig. 1C andTable 2, suggesting that the presence of the in- recently, tropisetron was identified as a selective agonist of
dole group has a large impact on the potency of tropisetron, o7 nAChR[4], and we have shown that it is also an antag-
both as a7 agonist and as am3B4 antagonist. onist of none7 NAChR[10]. This activity profile is similar
The simpler structures of dimethyl piperidinium io- to that of benzylidene anabaseia@-selective partial ago-
dide (DMP) and 1-methylpyrrolidine (MP) also had ago- nists such as 40H-GTS-23,10]. In the case of the benzyli-
nist activity, suggesting that the minimal activating phar- dene anabaseines, the anabaseine portion of the molecule is
macophore of these compounds, as with TMA may sim- a “core agonist”, sufficient to activate/ nAChR as well as
ply be the charged nitrogen with at least three attachedother nAChR subtypes and the addition of the benzylidene
carbons, while the additional structure impacts subtype se-group is responsible for loss of agonist activity at subtypes
lectivity, potency, and efficacy. Interestingly, amongst the other thanx7 [8]. Our initial hypothesis was that the selec-
nAChR subtypes tested, DMP but not MP wé&selective. tivity of tropisetron for activating«7 receptors would have a
A number of additional small amines were tested. The com- similar structural basis, that is that tropanes might have non-
pounds, 1-methylpiperidine, 1-(2-hydroxyethyl) pyrrolidine, selective agonist activity and that conjugation of the indole
1-(2-hydroxyethyl) piperidine, and 1-methyl-3-piperidinol group would preclude activation of subtypes other than
had no detectable activity on the nAChR tested (data not However, our data indicate that simple tropanes are them-
shown). Trimethylammonium had agonist activity at 1 mM selvesa7-selective agonists, so the basis for tropiseti@n
for «4B2 anda7 receptors, but nak3B4 receptors. How-  selectivity must lie within the tropane structure and not in the
ever, the efficacy of trimethylammonium was only about a indole conjugation. A bridged ring structure is common to
third of that of tetramethylammonium a2 anda7 re- tropanes and othes7-selective agonists such as AR-R17779
ceptors, indicating the crucial importance of the quaternary [6] and TC-16985], suggesting that the bridged ring may be
nitrogen for the activity of these reduced structures. The pref- a structural motif which can generat@-selectivity. Our data
erence for quaternization may reflect a combination of pro- suggest thatif a “core agonist” can in fact be identified in the
viding a fixed positive charge with additional hydrophobic tropisetron structure, it may be as rudimentary as a simple
interactions between alkyl groups and the binding site, since charged nitrogen with a suitable surrounding framework of
trialkylamines which are not quaternary are fully protonated alkyl groups.
under the experimental conditions employed. Although simple tropanes and tropisetron do not activate
It has previously been reported that 5HI can potentidte  nonw7 nAChR, they apparently bind to nat¥ AChR, since
receptor responses to AGB,13]. However, the site where  they can function as competitive antagonists. It is interesting
5HI binds to the receptor is not known. Since the indole- that the potency of tropane compounds, botlk@dsgonists
containing agonist tropisetron is 100-fold more potent as an and antagonists of other NnAChR, is enhanced by indole conju-
agonist than the simple tropane compounds, it seems likelygation. Our data show that the effect of indole conjugation on
that there may be a specific site where the indole subdomaintropisetron potency is not due to an effect of the indole group
of tropisetron binds. This site would necessarily be close to at the site where 5HI can bind to potentiaté responses.
the agonist binding site where binding of the tropane nitro- Our data also suggest that as a potentiator, 5HI can obviate
gen produces channel activation. Is the tropisetron-indole sitesome factors limiting the efficacy of partial agonists since the
also the 5HI binding site? If so, then channel activation by potentiated responses to partial agonists are equivalent to the
tropisetron might produce a block of 5HI potentiation. We potentiated responses of full agonists.
tested this hypothesis by measuring the ability of 5HI to po-  Studies ofa7 NAChR pharmacology have identified sev-
tentiate activation of humaw receptors by ACh, 40H-GTS-  eral classes of structurally diverse selective agonists. Vari-
21, tropisetron, and tropinone. We first appliedu3d ACh, ously large or small structural modifications have been iden-
3 M 40H-GTS-21, uM tropisetron, or 10@.M tropinone tified which can convert a relatively nonselective (“core”) ag-
(roughly the EGp concentrations for each of these drugs) in onist into one which selectively activateg receptors. Such
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modifications to the agonist may be associated with “selec- [2] D. Gurley, EW. Harris, C. Li, E.C. Johnson, T. Lanthorn, 5-
tivity motifs” that are effective in thex7 binding site but Hydroxyindole potentiates the nicotinic acetylcholine receptor alpha7
exclude either binding and/or activation of other NAChR sub- ___ Subtype, Soc. Neurosci. Abstr. 716.15 (2000).

S . . [3] D.A. Gurley, T.H. Lanthorn, Nicotinic agonists competitively an-
types. The structural elements of @ blndlng site which tagonize serotonin at mouse 5-HT3 receptors expresse@mopus

match these motifs may be considered “selectivity filters”. oocytes, Neurosci. Lett. 247 (1998) 107-110.
The structural diversity at 7-selective agonists suggests that  [4] J.E. Macor, D. Gurley, T. Lanthorn, J. Loch, R.A. Mack, G. Mullen,
there are multiple selectivity motifs and, correspondingly, O. Tran, N. Wright, J.C. Gordon, The 5-HT3 antagonist tropisetron

multiple selectivity filters. However, there is more to a good (ICS 205-930) is a potent and selective alpha7 nicotinic receptor
’ partial agonist, Bioorg. Med. Chem. Lett. 11 (2001) 319-321.

therapeutic candidate than just subtype selectivity; issues of [5] M.B. Marrero, R.L. Papke, B.S. Bhatti, S. Shaw, M. Bencherif, The

potency, efficacy, and blood-brain permeation are also im- neuroprotective effect of TC-1698, a novel alpha7 selective ligand, is
portant. We show that even though the indole portion of prevented through angiotensin Il activation of a tyrosine phosphatase,
tropisetron is not important fax7 selectivity, it does greatly J.P.E.T. 309 (2003) 16-27.

impact the potency of the drug. Likewise in the family of [6] G. Mullen, J. Napier, M. Balestra, T. DeCory, G. Hale, J. Macor,
R. Mack, J. Loch lll, E. Wu, A. Kover, P. Verhoest, A. Sampog-

benzyl!dene ana}baselne agonists, specific side groups on the naro, E. Phillps, Y. Zhu, R. Murray, R. Griffith, J. Blosser, D.
benzylidene moiety account for a large range of differences Gurley, A. Machulskis, J. Zongrone, A. Rosen, J. Gordor)-(

in potency and efficad8]. Through modeling tha7 agonist Spiro[1-azabicyclo[2.2.2]octane-3;6xazolidin-2-one], a conforma-
binding site it should be possible to advance future develop-  tionally restricted analogue of acetylcholine, is a highly selective
ment of NAChR-based therapeutics by matching the selectiv- full agonist at the alpha 7 nicotinic acetylcholine receptor, J. Med.

it tifs of selecti ists to the structural feat f Chem. 43 (2000) 4045-4050.
Ity motiis of selective agonists to the structural features o [7] R.L. Papke, M. Bencherif, P. Lippiello, An evaluation of neuronal

the receptor. nicotinic acetylcholine receptor activation by quaternary nitrogen
compounds indicates that choline is selective for the a7 subtype,
Neurosci. Lett. 213 (1996) 201-204.
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