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Abstract

Ibogaine is an indolamine found in the West Africa shrub, Tabernanthe iboga, and has been proposed for the treatment of addiction to
Ž .central nervous system CNS stimulants such as cocaine and amphetamine. The mechanism of ibogaine action and its suitability as a

treatment for drug addiction still remains unclear. Since previous studies demonstrated differential effects of stimulants of abuse
Ž .amphetamines on neuropeptide systems such as substance P, we examined the impact of ibogaine and cocaine on extrapyramidal
Ž . Ž .striatum and substantia nigra and limbic nucleus accumbens and frontal cortex substance P-like immunoreactivity. Ibogaine and
cocaine treatments altered substance P systems by increasing striatal and nigral substance P-like immunoreactivity concentration 12 h
after the last drug treatment. However, substance P-like immunoreactivity content was not significantly increased in nucleus accumbens
after treatment with either drug. The ibogaine- and cocaine-induced increases in substance P-like immunoreactivity in striatum and

Ž Ž .substantia nigra were blocked by coadministration of selective dopamine D receptor antagonist SCH 23390; R q -7-Chloro-8-hydroxy-1
. Ž Ž .3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrochloride or dopamine D receptor antagonist eticlopride; S y -3-Chloro-2

wŽ . x .5-ethyl-N- 1-ethyl-2-pyrrolidinyl methyl -6-hydroxy-2-methoxy-benzamide hydrochloride . Most of the responses by substance P sys-
tems to ibogaine administration resembled those caused by cocaine, except in cortical tissue where multiple administration of cocaine, but
not ibogaine increased substance P-like immunoreactivity. These data suggest that substance P systems may contribute to the effects of
ibogaine and cocaine treatment. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The search for new therapeutic agents, which may be
useful in the treatment of drug addiction, has been of high

Ž .priority. Ibogaine Endabusee , the principal alkaloid of
the West African shrub Tabernanthe iboga, has been
studied for the past decade as a potential agent for the
treatment of both opioid and stimulant abuse. Anecdotal
reports in humans suggest that ibogaine treatment inter-
rupts the physiological and psychological aspects of the
withdrawal and dependence phenomena associated with

Žseveral abused substances, Lotsof, 1985, 1986, 1995;
.Sisko 1993 . However, the neurochemical bases of the

pharmacological actions of ibogaine remain unresolved.
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Previous studies demonstrated that in laboratory ani-
mals ibogaine antagonizes cocaine-induced locomotor
stimulation, reduces a preference for cocaine consumption

Žand diminishes cocaine self-administration Sershen et al.,
.1992; Cappendijk and Dzoljic, 1993 . Since the addicting

properties of cocaine are due to the ability of this drug to
increase extracellular dopamine content in extrapyramidal

Žand limbic systems Dworkin and Smith, 1988; Johnson
.and Fischman, 1989 , it is possible that ibogaine also

interacts with the dopaminergic system associated with
these brain structures. Previous studies have suggested that
ibogaine alters dopamine release in the mesolimbic system
ŽMaisonneuve et al., 1991; Maisonneuve and Glick, 1992;

.Glick et al., 1993; Harsing et al., 1994; Reid et al., 1996 .
However, ibogaine has been shown to have weak affinity

Žfor the dopamine receptor sites Deecher et al., 1992;
. ŽSchneider et al., 1996 or dopamine transporter Sershen et

.al., 1992; Broderick et al., 1994 . Thus, ibogaine may
affect dopamine activity indirectly due to its actions on
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other neurotransmitter pathways. In addition to interactions
between ibogaine and dopaminergic pathways, this drug

Žalso affects noradrenergic Gershon and Lang, 1962;
. ŽPalumbo and Winter, 1992 , serotonergic Mash et al.,

. Ž1995a; Sershen et al., 1995 , cholinergic Repke and Artis,
. Ž1994 ; nicotinic Schneider et al., 1996; Badio et al., 1997;

.Maisonneuve et al., 1997; Fryer and Lukas, 1999 , k-opioid
Ž . ŽSershen et al., 1995, 1996a , s-opioid Bowen et al.,

. Ž1995; Sershen et al., 1996b , glutamate Popik et al., 1994;
Mash et al., 1995b; Chen et al., 1996; Layer et al., 1996;

. Ž .Sershen et al., 1996b , neuroendocrine Ali et al., 1996
Ž .and neurotensin systems Alburges and Hanson, 1999a .

To evaluate the possibility that other neuropeptide systems
may be relevant to the action of ibogaine, the responses of
substance P systems to treatment with this drug were
examined and compared to those caused by cocaine.

Substance P is a neuropeptide believed to act by stimu-
lating dopaminergic neurons in the substantia nigra and is
associated with the excitatory striatonigral projection
Ž .Davies and Dray, 1976 . This substance P neuronal sys-
tem has been suggested to have a feedback influence on

Ždopamine nigrostriatal pathways Cheramy et al., 1977;
.Pernow, 1983 . Thus, it is not surprising that drugs that

alter dopamine activity also affect the dynamics of the
striatonigral substance P pathway. For example, previous
studies reported that changes in activity of dopaminergic
pathways induced by amphetamines substantially alter sub-

Žstance P systems Ritter et al., 1984, 1985; Sonsalla et al.,
.1984, 1986; Hanson et al., 1986a,b . Because of the appar-

ent interaction between this neuropeptide and dopaminer-
gic systems, substance P may contribute to the effects of
the stimulants of abuse. In this study, we examined and
compared the response of substance P systems to ibogaine
and cocaine treatment by evaluating substance P-like im-
munoreactivity concentrations in several extrapyramidal
and limbic regions. In addition, selective dopamine recep-
tor antagonists were administered alone and in combina-
tion with ibogaine or cocaine in order to identify if

Ž .dopamine receptor subtype s were involved in the re-
sponse of substance P striatonigral circuitry to administra-
tion of these drugs. The analysis of the substance P-like
immunoreactivity content will provide insight into mecha-

Ž .nism s potentially involved in addiction to stimulants of
abuse such as cocaine and will increase understanding of
the interactions of substance P with the dopamine path-
ways in brain regions commonly affected by drugs of
abuse. Knowledge of the mechanism of action of ibogaine
on substance P systems may also help to identify potential
antiaddictive drugs for the treatment of drug dependence.

2. Materials and methods

2.1. Animals

Ž .Male Sprague–Dawley rats 180 to 230 g , acquired
Ž .from Simonson Laboratories, Gilroy, CA were housed

and cared for according to NIH guidelines. Animals were
kept on a 12-h lightrdark cycle with food and water
available ad libitum in a temperature-controlled room. The
animals were allowed to acclimate for at least 2 weeks
before their use. All experiments were carried out accord-
ing to the guidelines of the University of Utah Institutional
Animal Care and Use Committee.

2.2. Drug treatment

The rats received single or multiple intraperitoneal in-
jections of drugs and were sacrificed 12 h after drug

Ž .treatment. Treatment protocols consisted of: a a single
Ž . Ž .administration of ibogaine 20 or 40 mgrkg, i.p. ; b

Žmultiple daily administrations of ibogaine 40 mgrkgr
. Ž . Ždose , cocaine 30 mgrkgrdose or saline solution 0.9%

. .wrv NaCl, pH 7.4 for four consecutive days; or c four
Ž .daily injections of SCH 23390 0.5 mgrkgrdose , or

Ž .eticlopride 0.5 mgrkgrdose , administered 15 min prior
Ž . Ž .to ibogaine 40 mgrkgrdose , cocaine 30 mgrkgrdose

Ž .or saline 1 mlrkg . Doses were calculated as free base of
the drug and were prepared in saline solution. Following
the last dose of drug treatment, animals were decapitated at
the times indicated and brains were removed rapidly and
placed on ice after the frontal cortices were removed. The
remainder of the brain tissue was frozen immediately on
dry ice and the areas of interest including striatum, nucleus
accumbens and substantia nigra were dissected from 1-mm
thick frozen coronal slices, using a microdissection knife
and subsequently stored at y808C until assayed for sub-
stance P-like immunoreactivity.

Ž Ž .SCH 23390 hydrochloride R q -7-Chloro-8-hydroxy-
3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine

. Ž Ž .hydrochloride and eticlopride hydrochloride S y -3-
wŽ . xChloro-5-ethyl-N- 1-ethyl-2-pyrrolidinyl methyl -6-hydro-

.xy-2-methoxy-benzamide hydrochloride were acquired
Ž .from Research Biochemicals Natick, MA . Ibogaine hy-

drochloride and cocaine hydrochloride were generously
supplied by the National Institute on Drug Abuse.

2.3. Determination of substance P-like immunoreactiÕity

Tissue samples were homogenized in 0.01 N HCl. The
resulting homogenate was placed in boiling water for 10
min to inactivate peptidases. Homogenates were cen-
trifuged at ;12,000 rpm for 30 min. Following centrifu-
gation, the supernatant was removed. An aliquot of the
supernatant was used to determine the total protein for

Ž .each tissue with the method of Bradford 1976 and the
remainder of the supernatant was lyophilized overnight
and stored at y808C until the radioimmunoassay was
performed. The concentrations of substance P-like
immunoreactivity were determined with a modified solid-
phase radioimmunoassay technique described for neu-

Ž .rotensin analysis Maidment et al, 1991 , which reliably
detected 0.25 pg of SP. Lyophilized samples were reconsti-
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Ž .tuted in a phosphate-buffered saline pH 7.4 containing
Ž . Ž .0.1% wrv of gelatin and 0.1% vrv of Triton X-100.

Ž .Nunc-Immunoplates ISC BioExpress, Kaysville, UT were
incubated overnight at 48C with 50 ml of protein G

Žsolution 50 ngr100 ml in 0.1 M sodium bicarbonate; pH
.9.0 . After washing the wells three times with wash buffer

Ž0.15 M K HPO , 0.02 M NaH PO 0.2 mM ascorbic2 4 2 4,
Ž . Ž .acid, 0.2% vrv Tween 20 and 0.1% wrv sodium
.azide; pH 7.5 , 50 ml of a highly selective antiserum for

substance P, previously diluted to 1:200,000 in assay
Ž Ž .buffer same as wash buffer containing 0.1% wrv
.gelatin , was added to each well and incubated for 4 h at

room temperature, to allow the attachment of the antibody
to the protein G-coated surface. After repeating the wash-
ing procedure, 25 ml of samples and standards were incu-
bated overnight at room temperature. The following day,

Ž125 .25 ml of the labeled peptide I-substance P , diluted
with assay buffer to approximately 5000 cpm per 25 ml,
were added to the wells and incubated for 2 h at room
temperature. After incubation, wells were washed, sepa-
rated, placed in 12=75 mm polypropylene tubes and
counted in a four-channel Micromedic 4r200 plus gamma

Ž .counter Micromedic Systems, Huntsville, AL . The total
and nonspecific binding were defined by adding 25 ml of
the labeled peptide to protein G-untreated and -treated
wells, respectively. Quantities of substance P-like immu-
noreactivity were determined by comparing bound to free
125I-substance P in each sample to a standard curve. The
assay allowed reliable detection of 0.25 pg of substance P.
The substance P antiserum employed in this study is

Ž .described elsewhere Nilsson et al., 1975 . This substance
P antibody displayed less than 2% cross-reactivity with
eledoisin and physalemin and less than 4% cross-reactivity
with neurokinin A. However, substance P fragments greater
than the C-terminal pentapeptide did cross-react with the
antiserum. Thus, it is possible that this analytical technique
detects not only intact substance P neuropeptide but also
some C-terminal substance P metabolites. Consequently,
our measurements are referred to as picograms per mil-
ligram of protein of substance P-like immunoreactivity.

2.4. Statistical analysis

Results were expressed as percentages of their respec-
tive controls in order to facilitate comparisons between

Ž .groups mean values"S.E.M. . Control values for 1, 12
and 24 h sacrifice time-course in Fig. 3, were not statisti-

Žcally different and were pooled. The control values pg of
.substance P-like immunoreactivityrmg of protein for each

experiment are indicated in the corresponding figure leg-
end. Differences between means were analyzed using one-
way analysis of variance with Fisher-Protected Least Sig-

Ž .nificant Difference PLSD . Differences were considered
significant when the probability that they were zero was
less than 5%.

3. Results

3.1. Response of the substance P systems to multiple
administrations of ibogaine or cocaine

To assess the effect of ibogaine or cocaine on substance
P systems, animals were injected as described in Section 2
Ž .treatment protocol, b . This ibogaine dosing regimen was
selected because of previous studies which revealed that it
attenuates cocaine-induced behavioral response and
changes in extracellular content of dopamine and its

Žmetabolites Maisonneuve et al., 1991, 1992; Sershen et
.al., 1992; Broderick et al., 1994 . The selection of the

cocaine dose was also based on previous studies which
indicated that 30 mgrkgrdose, i.p., cause significant
changes in other extrapyramidal and limbic neuropeptide

Žsystems Hanson et al., 1989; Alburges and Hanson, 1998,
.1999a,b . The tissue content of substance P-like immuno-

reactivity was measured at 12 h after the last drug treat-
ment. The data in Fig. 1 demonstrate that in striatal, nigral,
and cortical tissues the concentrations of substance P-like
immunoreactivity were significantly higher than controls

Ž12 h after cocaine treatments 130%, 152% and 213% of

Fig. 1. Effects of multiple administrations of ibogaine or cocaine on
Ž .substance P-like immunoreactivity concentration in striatum A , substan-

Ž . Ž . Ž .tia nigra B , nucleus accumbens C , and frontal cortex D . Treatment
Ž .consisted of one daily injection of ibogaine 40 mgrkgrdose, i.p. ,

Ž .cocaine 30 mgrkgrdose, i.p. , or saline for four consecutive days.
Animals were sacrificed 12 h following the last drug administration. The
results are presented as percent of control and represent mean values"

Ž .S.E.M. ns6 control and 9 drug-treated animals per group . The actual
control"S.E.M. values for substance P-like immunoreactivity contents,
as pgrmg of protein, were: striatum, 1500"221; substantia nigra, 5099
"716; nucleus accumbens, 1228"168; and frontal cortex, 509"136.
U

P -0.05 vs. control group.
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.control, respectively . While the ibogaine treatment in-
duced significant elevation in substance P-like immuno-
reactivity concentrations in striatum and substantia nigra
Ž .139% and 150% of control, respectively , no alterations
of the cortical substance P-like immunoreactivity content

Ž .occurred Fig. 1D . Additionally, the substance P-like im-
munoreactivity content was not altered in nucleus accum-

Ž .bens after either drug treatments Fig. 1C .

3.2. Dose-effect response of substance P systems to multi-
ple administrations of ibogaine

Animals were injected with varying doses of ibogaine
Ž .10, 20 and 40 mgrkgrdoses, i.p. or saline, daily for four
consecutive days. Twelve hours after the drug treatments,
substance P-like immunoreactivity concentration was sig-
nificantly increased in striatum and substantia nigra of

Žanimals that received 40, but not 10, mgrkgrdose Fig.
.2 . Animals which were dosed with 20 mgrkg only had

substantially elevated substance P-like immunoreactivity
Ž .content in the striatum Fig. 2A, 204% of control . The

effects of multiple administrations of different ibogaine
doses on substance P-like immunoreactivity content in the

Ž .limbic system nucleus accumbens and frontal cortex
were also examined. No significant changes in substance
P-like immunoreactivity concentrations of either structure
were observed at any of the ibogaine doses administered
Ž .data not shown .

3.3. RecoÕery of the substance P systems from multiple
doses of ibogaine

The recovery of striatal and nigral substance P systems
Ž .after four daily injections of ibogaine 40 mgrkgrdose

was determined by measuring substance P-like immuno-
reactivity concentrations at 1, 12 and 24 h following the
last administration of drug. The striatal content of sub-

Fig. 2. Effects of multiple administrations of various doses of ibogaine on
Ž .substance P-like immunoreactivity content in striatum A and substantia

Ž . Žnigra B . Animals were given one daily injection of ibogaine 10, 20 or
.40 mgrkgrdose, i.p. or saline for four consecutive days, and sacrificed

12 h after last injection. The results are expressed as percentages of
Žcontrol and represent mean values"S.E.M. ns6 control and 7 drug-

.treated animals per group . The average control"S.E.M. values for
substance P-like immunoreactivity concentrations expressed as pgrmg of
protein were: striatum, 933"159 and substantia nigra, 6479"769. U

P -

0.05 vs. control.

Ž .Fig. 3. Temporal response of substance P systems in striatum A and
Ž .substantia nigra B to multiple injections of ibogaine. Animals were

Ž .treated with ibogaine 40 mgrkgrdose, i.p., daily for 4 days or saline,
and sacrificed 1, 12 and 24 h following the last treatment. Control values
from 1, 12 and 24 h sacrifice time-course, were not statistically different
and were pooled as the control group. The results are presented as

Žpercentages of control and represent mean values"S.E.M. ns12 con-
.trol and 9 drug-treated animals per group . The average control"S.E.M.

values for substance P-like immunoreactivity contents expressed as
pgrmg of protein were: striatum, 1648"72 and substantia nigra, 6833"

346. U
P -0.05 vs. control.

stance P-like immunoreactivity was significantly increased
Ž .to 143% of the control 12 h after treatment Fig. 3A . The

substance P-like immunoreactivity concentration was no
longer different from control by 24 h following the ibo-

Ž .gaine administration. In the substantia nigra Fig. 3B ,
substance P-like immunoreactivity concentrations were
significantly elevated at both 12 and 24 h after ibogaine

Ž .injection 198% and 274% of control, respectively . Re-
sults from this experiment indicated that substance P-like
immunoreactivity contents in striatum and substantia nigra
were comparably changed 12 h following the administra-
tion of multiple doses of 40 mgrkg of ibogaine; therefore,
this dosing paradigm was used for other experiments in the
study.

3.4. Response of substance P systems to a single dose of
ibogaine

In order to evaluate the acute effects of ibogaine on
substance P systems, rats were injected with a single dose

Ž . Ž .Fig. 4. Effects of a single dose of ibogaine on striatal A and nigral B
substance P-like immunoreactivity content. Animals were administered

Ž .one injection of ibogaine 20 or 40 mgrkg, i.p. or saline and sacrificed
12 h after treatment. Results are presented as mean values"S.E.M.

Žexpressed as percentages of control ns6 control and 8 drug-treated
.animals per group . The control values for substance P-like immuno-

Ž .reactivity concentrations pgrmg of protein were: striatum, 1895"286
and substantia nigra, 6066"1023. U

P -0.05 vs. control.
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of 20 or 40 mgrkg of ibogaine and sacrificed 12 h after
Ž .drug treatment Fig. 4 . The nigral concentration of sub-

stance P-like immunoreactivity was significantly elevated
to 142% of the control in the group of animals which

Ž .received a 40 mgrkg dose Fig. 4B . A single dose of
ibogaine did not cause any significant changes in sub-

Žstance P-like immunoreactivity contents in striatal Fig.
.4A or limbic regions after any of the doses examined

Ž .data not shown .

3.5. Effects of dopamine D and D receptor blockade on1 2

ibogaine- and cocaine-induced changes in substance P
systems

The role of dopamine receptor subtypes in the
ibogaine-induced changes in striatonigral substance P sys-
tems was next evaluated and compared with the response
to a similar cocaine treatment. Rats were treated as de-

Ž .scribed in Materials and Methods treatment protocol, c .
The data in Fig. 5 demonstrate that ibogaine and cocaine
treatment alone significantly elevated the concentrations of
substance P-like immunoreactivity in striatum and in sub-

Fig. 5. Effects of selective dopamine receptor antagonists on ibogaine-
Ž . Ž .and cocaine-induced changes in striatal A and nigral B substance

P-like immunoreactivity content. Animals were given a dose of ibogaine
Ž . Ž .Ibo; 40 mgrkgrdose, i.p. , cocaine Coc; 30 mgrkgrdose, i.p. or

Ž .saline control , daily for four days alone or 15 min after administration
Ž .of SCH 23390 dopamine D receptor antagonist; 0.5 mgrkgrdose, i.p.1
Ž .or eticlopride dopamine D receptor antagonist; 0.5 mgrkgrdose, i.p. .2

Animals were sacrificed 12 h following the last treatment. Values repre-
Žsent the means"S.E.M. expressed as percentages of control ns6

.control and 8 drug-treated animals per group . The control values"S.E.M.
Ž .for substance P-like immunoreactivity concentrations pgrmg of protein

were: striatum, 1485"160 and substantia nigra, 7759"768. U
P -0.05

vs. saline control; †P -0.05 vs. corresponding ibogaine or cocaine group.

Ž .stantia nigra to 137% and 135% Fig. 5A , and to 176%
Ž .and 184% Fig. 5B of the control, respectively. Pretreat-

ment with either antagonist completely prevented both the
ibogaine- and cocaine-induced increases in substance P-like
immunoreactivity concentration in striatum and substantia

Ž .nigra Fig. 5A and B . The dopamine receptor antagonists
Ž .SCH 23390 and eticlopride by themselves did not signifi-
cantly affect substance P-like immunoreactivity contents in
any of the tissues analyzed.

4. Discussion

In the present study the effects of ibogaine on substance
P extrapyramidal and limbic systems were examined and
compared to those of cocaine. An important finding of this
study was that multiple administration of ibogaine signifi-
cantly increased the substance P-like immunoreactivity
levels in the striatum and substantia nigra, but did not alter
substance P-like immunoreactivity levels in the nucleus

Ž .accumbens or the frontal cortex Fig. 1 . The effects of
ibogaine on these extrapyramidal substance P systems

Ž .were dose-dependent Fig. 2 . A single injection of ibo-
gaine only altered substance P-like immunoreactivity lev-
els in the substantia nigra with the 40 mgrkg dose, but did
not affect striatal substance P-like immunoreactivity con-
tent even after the high dose. Interestingly, the ibogaine-in-
duced changes in substance P-like immunoreactivity levels
appeared to occur maximally at 12–24 h after drug admin-
istration with recovery of the effect occurring faster in the

Ž .striatum Fig. 3 . At this time it is not apparent why the
patterns of response to ibogaine by the striatal and nigral
substance P systems appear to be somewhat different
relative to their sensitivity and temporal response to ibo-
gaine.

In comparison, cocaine administration also increased
substance P-like immunoreactivity content in the ex-
trapyramidal structures, but unlike ibogaine, cocaine treat-
ment increased substance P-like immunoreactivity levels in

Ž .the frontal cortex but not in the accumbens Fig. 1 . The
fact that ibogaine appears to have little influence on limbic
substance P systems is consistent with our previous obser-
vation with other neuropeptides. For example, ibogaine has
profound effects on extrapyramidal neurotensin systems
without significantly altering limbic neurotensin pathways
Ž .Alburges and Hanson, 1999a . Also like substance P
pathways, both the limbic and extrapyramidal neurotensin
projections are significantly altered by cocaine treatment
Ž .Alburges and Hanson, 1999a . Because limbic systems
are believed to be critical to the addicting properties of

Ždrugs of abuse like cocaine Wise and Bozarth, 1982;
.Goeders and Smith, 1983 , it may be that ibogaine’s

apparent preferential actions on extrapyramidal systems
and its lack of effect on limbic pathways contribute to its
value as a treatment of drugs of abuse such as cocaine.
This possibility requires further investigation.
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In order to identify the mechanism responsible for the
ibogaine-induced changes in the extrapyramidal substance
P systems, the effects of blocking dopamine D and D1 2

receptors were examined. The rationale for selecting this
strategy to study the ibogaine effect was based on the close
association between the nigral–striatal dopamine projec-
tion and the substance P-containing striatal–nigral pathway
ŽDavies and Dray, 1976; Cheramy et al., 1977; Waldmeier

.et al., 1978; James and Starr, 1979 . Previous reports have
demonstrated that interruption of the nigral–striatal dopa-
mine pathway causes a decrease in substance P-like im-
munoreactivity content associated with these extrapyrami-

Ždal structures Hong et al., 1978; Hanson et al., 1981a,b;
.Ritter et al., 1984; Sonsalla et al., 1984 . Of particular

relevance to the present study was the observation by
Ž .Sonsalla et al. 1986 that blockade of dopamine receptors

prevented the increases in striatal and nigral substance
P-like immunoreactivity caused by methamphetamine
treatment. Interestingly, we observed that pretreatment with
selective dopamine D and D receptor antagonists simi-1 2

larly prevented the ibogaine-induced increases in striatal
and nigral substance P-like immunoreactivity levels. These
findings suggest that by some mechanism ibogaine causes
the release of dopamine which in turn alters the activity of
the extrapyramidal substance P systems. Consistent with
this observation are previous reports that associated ibo-
gaine treatment with changes in dopamine activity. For

Ž . Ž .example: 1 Reid et al. 1996 demonstrated that ibogaine
administration induces a biphasic, dose-dependent effect
on dopaminergic activity with lower doses inhibiting and

Ž .higher doses stimulating dopamine release; 2 when di-
rectly perfused into the striatum, ibogaine augments

Ždopamine efflux from the mouse striatum Harsing et al.,
. Ž .1994; Sershen et al., 1996a, 1997 ; 3 ibogaine blocks

morphine-induced increases in striatal dopamine, but aug-
ments cocaine- and amphetamine-induced increases in ex-

Žtracellular dopamine Maisonneuve et al., 1991, 1992;
. Ž .Maisonneuve and Glick, 1992 ; 4 ibogaine modulates

dopamine release mediated by k-opioid and 5-HT recep-
Ž .tors Sershen et al., 1995, 1996a, 1997; Reid et al., 1996 .

Although as cited, many studies have associated ibogaine
treatment with changes in dopamine activity, the mecha-
nism for this effect is not clear. Some possible targets for
ibogaine, which may account for the dopamine impact of

Ž .this drug, include interaction with: 1 s-opioid receptors
Ž . Ž .Bowen et al., 1995; Sershen et al., 1996b ; 2 nicotinic

Ž .receptors Badio et al., 1997; Maisonneuve et al., 1997 ;
Ž . Žand 3 NMDA receptors Popik et al., 1994; Mash et al.,

.1995a,b; Layer et al., 1996; Sershen et al., 1996b . Regard-
less of the direct site of action of ibogaine, it is clear from
the present study that its actions eventually activate both
dopamine D and D receptors, which, in turn, alter the1 2

activity of extrapyramidal, but not limbic, substance P
systems.

We also tested the possibility that cocaine-induced
changes in the extrapyramidal substance P systems were

similarly mediated by dopamine receptors. Although this is
the first report that cocaine treatment alters the striatal and
nigral levels of the substance P peptide, previous studies
demonstrated that methamphetamine, another potent stimu-
lant of abuse, also causes increases in extrapyramidal
substance P-like immunoreactivity levels by dopamine

Ž .mechanisms Ritter et al., 1984 . Based on these earlier
observations, we anticipated that selective dopamine D1

and D receptor blockers would alter the substance P2

response to cocaine. Like with ibogaine, both SCH 23390
and eticlopride completely prevented the striatal and nigral
substance P-like immunoreactivity increases induced by
cocaine administration suggesting a similar mechanism of
action for both drugs on the extrapyramidal substance P
systems.

In summary, these studies demonstrated that multiple
daily administration of ibogaine produced time- and dose-
dependent increases in substance P-like immunoreactivity
concentration in extrapyramidal structures. Similar alter-
ations in substance P-like immunoreactivity content also
occurred following multiple injections of cocaine. In addi-
tion, cocaine treatment increased substance P-like
immunoreactivity levels in the frontal cortex, an effect not
observed with ibogaine administration. Both drugs ap-
peared to alter striatal and nigral substance P pathways by
activating dopamine D and D receptors. These findings1 2

suggest that ibogaine and cocaine have similar impact on
extrapyramidal systems, but differ considerably in their
ability to influence limbic systems. Perhaps the ability of
ibogaine to alter substance P systems in this unique man-
ner influences the rewarding properties of cocaine. This
possibility is supported by reports that centrally adminis-
tered substance P can influence reinforcement related be-

Ž .havior Huston and Oitzl, 1989; Huston et al., 1993
suggesting substance P is associated with reward systems.
This possibility deserves further study and may explain
some of the anti-abuse properties of ibogaine.
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