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    Abstract

Lobeline, a nicotinic receptor antagonist and neurotransmitter transporter inhibitor, is a candidate pharmacotherapy for methamphetamine abuse. meso-Transdiene (MTD), a lobeline analog, lacks nicotinic receptor affinity, retains affinity for vesicular monoamine transporter 2 (VMAT2), and, surprisingly, has enhanced affinity for dopamine (DA) and serotonin transporters [DA transporter (DAT) and serotonin transporter (SERT), respectively]. In the current study, MTD was evaluated for its ability to decrease methamphetamine self-administration in rats relative to food-maintained responding. MTD specifically decreased methamphetamine self-administration, extending our previous work. Classical structure-activity relationships revealed that more conformationally restricted MTD analogs enhanced VMAT2 selectivity and drug likeness, whereas affinity at the dihydrotetrabenazine binding and DA uptake sites on VMAT2 was not altered. Generally, MTD analogs exhibited 50- to 1000-fold lower affinity for DAT and were equipotent or had 10-fold higher affinity for SERT, compared with MTD. Representative analogs from the series potently and competitively inhibited [3H]DA uptake at VMAT2. (3Z,5Z)-3,5-bis(2,4-dichlorobenzylidene)-1-methylpiperidine (UKMH-106), the 3Z,5Z-2,4-dichlorophenyl MTD analog, had improved selectivity for VMAT2 over DAT and importantly inhibited methamphetamine-evoked DA release from striatal slices. In contrast, (3Z,5E)-3,5-bis(2,4-dichlorobenzylidene)-1-methylpiperidine (UKMH-105), the 3Z,5E-geometrical isomer, inhibited DA uptake at VMAT2, but did not inhibit methamphetamine-evoked DA release. Taken together, these results suggest that these geometrical isomers interact at alternate sites on VMAT2, which are associated with distinct pharmacophores. Thus, structural modification of the MTD molecule resulted in analogs exhibiting improved drug likeness and improved selectivity for VMAT2, as well as the ability to decrease methamphetamine-evoked DA release, supporting the further evaluation of these analogs as treatments for methamphetamine abuse.

Footnotes
	This work was supported by the National Institutes of Health National Institute on Drug Abuse [Grants DA 13519, DA 016176, DA 021287].

	The University of Kentucky holds patents on the analogs described, and some of the patents have been licensed by Yaupon Therapeutics, Inc. A potential royalty stream to L.P.D. and P.A.C. may occur consistent with University of Kentucky policy. Both L.P.D. and P.A.C. are founders of, and have financial interest in, Yaupon Therapeutics, Inc.

	Article, publication date, and citation information can be found at http://jpet.aspetjournals.org.

doi:10.1124/jpet.110.175117.

	↵[image: Embedded Image]
[image: Embedded Image]
 The online version of this article (available at http://jpet.aspetjournals.org) contains supplemental material.

	
ABBREVIATIONS:

	DA
	dopamine
	DAT
	DA transporter
	5-HT
	5-hydroxytryptamine (serotonin)
	ANOVA
	analysis of variance
	DOPAC
	dihydroxyphenylacetic acid
	DTBZ
	dihydrotetrabenazine
	GBR 12909
	1-(2-(bis-(4-fluorophenyl)methoxy)ethyl)-4-(3-phenylpropyl)-piperazine
	MLA
	methyllycaconitine
	MTD
	meso-transdiene
	nAChR
	nicotinic acetylcholine receptor
	PEI
	polyethyleneimine
	Ro-4-1284
	(2R,3S,11bS)-2-ethyl-3-isobutyl-9,10-dimethoxy-2,2,4,6,7,11b-hexahydro-1H-pyrido[2,1-a]isoquinolin-2-ol
	SAR
	structure-activity relationship
	SERT
	serotonin transporter
	UKMH-101
	(3Z,5E)-3,5-dibenzylidene-1-methylpiperidine
	UKMH-102
	(3Z,5Z)-3,5-dibenzylidene-1-methylpiperidine
	UKMH-103
	(3Z,5E)-1-methyl-3,5-bis((E)-3-phenylallylidene)piperidine
	UKMH-104
	(3Z,5Z)-1-methyl-3,5-bis((E)-3-phenylallylidene)piperidine
	UKMH-105
	(3Z,5E)-3,5-bis(2,4-dichlorobenzylidene)-1-methylpiperidine
	UKMH-106
	(3Z,5Z)-3,5-bis(2,4-dichlorobenzylidene)-1-methylpiperidine
	UKMH-107
	(3Z,5Z)-3,5-bis(4-methoxybenzylidene)-1-methylpiperidine
	UKMH-108
	(3Z,5Z)-1-methyl-3,5-bis(4-methylbenzylidene)-piperidine
	UKMH-109
	(3Z,5Z)-1-methyl-3,5-bis(thiophen-2-ylmethylene)piperidine
	UKMH-110
	(3Z,5Z)-1-methyl-3,5-bis(thiophen-3-ylmethylene)piperidine
	UKMH-111
	(3Z,5Z)-3,5-bis(furan-2-ylmethylene)-1-methylpiperidine
	UKMH-112
	(3Z,5Z)-3,5-bis(furan-3-ylmethylene)-1-methylpiperidine
	VMAT2
	vesicular monoamine transporter
	TLC
	thin layer chromatography
	HPLC
	high-performance liquid chromatography
	EC
	electrochemical detection.
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