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The effect of ibogaine (Endabuse®™, NIH 10567) on serotonin uptake and release, and on seroto-
nergic modulation of dopamine release, was measured in striatal tissue from rats and mice. Two
hours after treatment in vivo with ibogaine (40 mg/kg i.p.), the uptake of labeled [*H]serotonin
and [*H]dopamine uptake in striatal tissue was similar in the ibogaine-treated animal to that in the
control. The SHT,, agonist CGS-12066A (10-* M) had no effect on stimulation-evoked tritium
release from mouse or rat striatal tissue preloaded with [PH]serotonin; however, it elevated tritium
efflux from striatal tissue preloaded with [*H]dopamine. This increase was not seen in mice treated
with ibogaine 2 or 18 hours previously, or in rats treated 2 hours before. Dopamine autoreceptor
responses were not affected by ibogaine prefreatment in either mouse or rat striatal tissue; sulpiride
increased stimulation-evoked release of tritium from tissue preloaded with [H]dopamine. The long-
lasting effect of ibogaine on serotonergic functioning, in particular, its blocking of the SHT,,
agonist-mediated increase in dopamine efflux, may have significance in the mediation of its

anti-addictive properties.
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INTRODUCTION

Ibogaine is an indole alkaloid from the Tabernanthe
iboga plant, whose putative anti-addictive properties
have received much interest. Ibogaine has been shown
to anlagonize cocaine-induced locomotor stimulation
(1), preference for cocaine consumption (2), and cocaine
self-administration (3). Similar antagonism of morphine-
induced behavioral responses has been reported.

Ibogaine has complex effects on neurotransmitter
systems, affecting noradrenergic (4), dopaminergic (1, 5,
6), cholinergic (7), and serotonergic receptors (8). It has
affinity to voltage-dependent sodium channels and the
kappa-opiate receptor (9). We recently found long-last-
ing effects of ibogaine on kappa-opiate agonist-induced
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decrease in stimulation-evoked release of [*H]dopamine
from striatal tissue (10). In addition, SHT; modulation
of dopamine release was altered by ibogaine pretreat-
ment (10), suggesting that multiple effects of ibogaine
including receptor-receptor interactions may underlie its
putative anti-addictive properties.

Many of the initial studies on ibogaine were based
on its similarity to serotonin. The cocaine binding site(s)
in brain have been shown to be associated with both the
dopamine and the serotonin reuptake carriers (11); sites
that are involved in cocaine-induced locomotor activity,
reward, and the reinforcing effects of cocaine. Ibogaine’s
cffect may relate to alteration of the reuptake process,
or alternatively, relate to alteration of stimulant drug-
induced release of transmitter (6). The release of dopa-
mine may be modulated at the site of releasable pools
(6,12) or via interaction at other receptor sites that in-
teract presynaptically on dopamine terminals to modu-
late dopamine release. Recent studies indicate that
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presynaptic serotonin sites can modulate dopamine re-
lcase; for example, serofonin innervation of the anterior
striatum may exert a f{acilitatory influence on dopamine
release (13, 14).

The aim of the present study was to further char-
acterize the site of action of ibogaine, in particular, its
effect on serotonergic-dopaminergic interactions. Both
rats and mice were examined, since their behavioral and
biochemical responses to ibogaine have been reported to
be different.

EXPERIMENTAL PROCEDURE

Animals and Treatment. Adult male C57BL/6By mice (25-30 g),
and Sprague-Dawley rats (200-300 g) were used. In the experimental
group, animals were treated 2 hours in advance with ibogaine HCI (40
mg/kg ip.; Sigma Chemical Co., MO), or were given two injections
of ibogaine (40 mg/kg, spaced 6 hours apart), and were killed 18 hours
after the last injection. The animals were decapitated and striatal tissue
was dissected and incubated for 60 min in 0.5 mi of Krebs-bicarbonate
buffer (in mM: NaCi 113, KCl 4.7, CaCl, 2.5, KH,PO, 1.2, MgSO,
1.2, NaHCO, 2.5, glucose 11.5, Na,EDTA 0.03, ascorbic acid 0.3)
containing 1.25 pCi [*H]dopamine or [*H]serotonin (New England Nu-
clear). The reaction mixture was continuously gassed with an 0,/CO,
mixture (95%/5%).

In Vitro Stimulation-Evoked Release. After the prelabeling with
{?H]dopamine or [*H]serotonin, the tissue was transferred to a super-
fusion chamber (0.3-ml reaction chamber, Brandel Superfusion 1200,
MD) and pre-perfused at a rate of 0.4 ml/min for 60 min. Effluent was
discarded during this period and thereafter 4-min fractions were col-
lected for an additional 80 min. Release was induced by electrical ficld
stimulation (supramaximal voltage, 2-}iz frequency, 2-msec impulse,
duration 1 min) applied in the 3rd (1st stimulation, S1) and 13th (2nd
stimufation, S2) colicction periods. Drugs were added starting with the
10th collection period and were maintained for the remainder of the
perfusion. The release of tritium was cxpressed as fractional relcase,
as a percentage of the radioactivity content in the tissue at the time
the release was determined, and the ratio of fractional release S2 over
fractional releasc S1 (FRS2/FRS1) was calculated. CGS-12066A,
MDI1.-7222, and sulpiride were oblained from Rescarch Biochemical
International (Natick, MA), and ibogaine HCI was from Sigma Chem-
ical Co. (St. Louis, MO).

In previous studies (6,12) [*}dopamine was scparated from its
main 3H-labeled metabolites and found that enhanced tritium efflux
evoked by electrical stimulation was mainly due to increase in the
outflow of [*H]dopamine, With [*H]scrotonin, radioactivity relcased
by high-K* was, for the major part, due to unmetabolized [*H]serotonin
(15, 16). Nevertheless, for accuracy, when release is expressed as
[’H]dopamine or [*H]scrotonin, it refers to *I1-labeled outflow.

RESULTS

Uptake and Release of [*H]Dopamine and
[*H]Serotonin. [*H]Dopamine and [*H]serotonin uptake
was similar in control and in ibogaine-treated mice and
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rats (data not shown). In some instances, the fractional
release of transmitter was increased after ibogaine treat-
ment (see Table I; FRS1 and FRS2); however, the data
for an unknown reason were too variable to conclude
whether release of transmitter was increased after ibo-
gaine treatment.

Effect of Agonists and Antagonists on Stimulation-
Evoked [PH]Dopamine and [*H]Serotonin Release. Ta-
ble T shows the effect of a dopamine antagonist and
serotonin agonist and antagonist on tritium release dur-
ing electrical stimulation. The dopamine D2 antagonist
sulpiride increased the evoked-release of tritium in tissue
preloaded with [?H]dopamine, from either rats or mice.
Ibogaine (given 2 hours in advance) did not alter this
D2 autoreceptor response. The SHT,; agonist CGS-
12066A (10-5 M) did not affect [*H]serotonin release
evoked by electrical stimulation in mouse or rat striatal
tissue. It increased stimulation-evoked release of
[*H]}dopamine striatum of both mouse and rat. Pretreat-
ment of the animals with ibogaine prevented with CGS-
12066A effect in mouse and rat. This ibogaine effect
persisted in mice 18 hours after ibogaine; in rats, how-
ever, the response to CGS-12066A recovered after 18
hours.

The SHT, antagonist MDL-7222 (10-% M) did not
affect [*H]dopamine or [*H]serotonin efflux in mouse or
rat striatum from control or ibogaine-treated animals.

DISCUSSION

The study of ncurotransmitter intcractions in the
modulation of transmitter release has important impli-
cations, for example, in the treatment of drug abuse.
Data exist supporting either inhibitory or excitatory in-
fluences of serotonin agonists on the dopamine system.
Scrotonin agonists facilitate dopamine release (13, 1),
and the SHT,, sublype may be involved (17). Release-
regulating serotonin autorcceptors in rat brain belong to
the SHT,, subtype (18, 19). Increasing SHT tone appcars
to reduce the self-administration of a number of drugs
of abuse. Antagonists of SHT, (20, 21) or of other SHT
subtypes (22) attenuate cocaine and amphetaminc rc-
sponses, suggesting that modulation (feedback control)
of these systems can alter dopamine responses, or that
they themselves are directly involved in the action of
drugs of abuse. Studies of cocaine habituation found that
cocaine binding site(s) are associated with dopamine and
serotonin reuptake carriers (11). Presynaptic mecha-
nisms (inhibition of reuptake) may mediate the discrim-
inative stimulus, in addition to the reinforcing effects of
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Table 1. Effect of Wbogaine on [PH]Dopamine or [*H]Serotonin Efflux During Electrically Evoked Release

Mouse Rat

FRS1 FRS2 FRS2/FRS1 FRS1 FRS2 FRS2/FRS1
[ Dopamine
Contiol 203 = 0138 205 = 009 101 = 010 (13) 2.80 % 081 268 = 073 1.00 %= 0.06 (6)
Ihogaine (2 h) 2,74 + 031 324 = 059 114 x 0.12 (5) 1.82 = 039  1.52 + 023 091 %= 009 (6)
Sulpiride (10 M) 224 & 0460 602 £ 172 270 x 0.14 (5)* 1.86 = 029 353 % 0.61 193 & 0.12 (6)*
Ihogaine (2 h) + Sulpiride 1.84 £ 033 422 = 065 240 * 032 (5)* 1.84 = 022 374 + 0.54 2.08 &£ 0.22 (6)*
COS-12000A (1075 M) 2,08 = 024 353 £ 033 132 % 0.06 (9)** 1.97 £ 0.27 268 * 036 135 x 009 (14)**
Ihogaine (2 h)+CGS-12060A 434 = 081 487 £ 097 1.12 x 0.09 (5) 4.07 £ 037 317 £ 038 076 £ 00501
Ibogaine (18 h)+CGS-12006A 205 £ 038 239 % 060 1.13 % 0.13 (5) 1.02 = 011 137 £ 029 133 = 0.20 (4)**
MDL-7222 (107* M) 1.53 £ 020 179 % 027 116 =% 0.06 (6) 1.52 + 022 158 £ 036 104 = 0.25(4)
Ibogaine + MDL-7222 137 028 132 £ 0.17 1.04 %= 0.08 (4) 3.04 = 030 322 x 030 1.11 x 0.11(6)
[ Scrotonin
Control 268 £ 024 214 = 031 078 = 0.08 (6) 260 * 046 203 = 046 0.76 x 0.05 (6)
Ibogaine 445 £ 046 393 £ 050 090 £ 0.10 (6) 273 040  1.60 £ 0.34 0.58 x 0.07 (5)
CGS-12060A (1075 M) 1.54 = 031 1.59 = 026 1.10 %= 0.09 (10) 201 £ 020 136 % 013 071 % 0.06 (12)
Ibogaine (2 h)+CGS-12066A 216 £ 043 277 £ 0.69 125 x 0.12 (4) 595 £ 045 376 x 040 0.66 x 0.10 (6)
tbogaine (18 h)+CGS-12066A 1.53 £ 050 138 £ 033 1.03 % 0.16 (5) 323 + 031 216 £ 029 0.68 % 0.09 (6)
MDL-7222 (107¢ M) 272 % 046 229 * 044 085 * 0.08 (6) 251 = 054  1.86 = 040 0.72 = 0.07 (5)
Ibogaine (2 h)+MDL-7222 263 £ 073 291 = 074 120 = 024 (6) 213 £ 058 134 £ 027 076 £ 0.1 (6)

Striata were incubated with [*H]dopamine or [*H]serotonin and electrically evoked release of tritium was measured as described in Experimental
Procedure. Animals were treated cither with ibogaine HCI (40 mg/kg, i.p.) and killed 2 hours later or with ibogaine (40 mg/kg, 2 times, 6 hours
apart) and killed 18 hours later. The tissue was stimulated clectrically during the 3rd (S1) and 13th (82) collection period. Release was expressed
as the fractional release, for example, as the percentage refease of radioactivity in the tissue at the time the releasc was determined, and the ratio
of fractional rclcase S2 (FRS2) over fractional relcase S1 (FRS2/FRS1) was calculated. Values arc means ® SEM; n is given in parenthesis;
Student ¢ test * p < 0.001; ** p < 0.05 versus control.

cocaine (23). Most studies have focused on the dopa- the dopamine metabolites (1, 29). Serotonin (SHT,,) ag-
mine reuptake site as the site of action for cocaine. Ibo- onists can facilitate dopaminc release (17), in addition
gaine itselt shows a weak affinity to the dopamine 1o their suppression of SHT release via autoreceptor-me-
transporter site in striatal tissue labeled with PHJWIN diated feedback control (18). Feedback inhibition of
35,248 (1) or |PH]GBR-12935 (24) and does not alter [PH]SHT release in vitro by CGS-12066A was not evi-
synaptosomal dopamine uptake (12, 24). In the present dent in rat or mouse striatum. This may relate to an
study we confirm the lack of effect of ibogaine on do- insufficient specificity of CGS-12066A, that it is not
pamine uptake, and the similar lack of effect on sero- functionally selective as an agonist for SHT,;; receptors,
tonin uptake into striata from ibogaine-treated animals. or that it may act with the SHT transporter to diminish
Our previous data indicated an effect of ibogaine on the its autoreceptor effects (30). Nevertheless, direct effects
scrotonin system, with the long-term effect of reducing of CGS-12066A on dopamine release were evident. Ibo-
scrotonin turnover (1) and altering responses to the SHT, gaine eliminated the SHT,,; agonist-mediated increase in
agonist phenylbiguanide (10). It is not known, however, dopamine release, without any effect on SHT autorecep-
whether the altered SHT;-mediated dopamine release is tor function. This effect was seen in mice and rats 2
related 1o an action on serotoninergic transmission, on hours after ibogaine treatment; an effect persisting in
presynaptic modulation of dopamine release, or to mice for 18 hours after the last ibogaine treatment. In
chunges in the releasable pool of dopamine. rats, CGS-12066A-mediated dopamine release was re-

ibogaine blocks the increase in striatal dopamine — stored 18 hours later. Such differences may account for
induced by morphine (25, 26), but cnhances the rise in some of the variability in the observed effects of ibo-
eviracclnlar dopamine induced by amphetamine (27) gaine on drug-induced behaviors between mice and rats.
and cocaine (28). FPhe prolonged effects of ibogaine that A difference in amphetamine-induced dopamine release

have been shown are (0 decrease extracelfular levels of and behavioral response was seen in mice and rats after
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ibogaine (6, 28). Similarly, ibogaine had no effect on
dopamine D2 (sulpiride) autoreceptor function. In some
studies, ibogaine potentiated the motor effects induced
by cocaine in rats (28) or inhibited motor activity in
mice (1, 2).

The present data add additional support for the
long-lasting effect of ibogaine on neurotransmitter re-
iease. The results extend beyond reduction of stimulant
drug-induced transmitter release and show that the mod-
ulation of dopamine release by the kappa-opioid receptor
(10) and now the SHT g-agonist is affected by ibogaine
treatment. The reduction of the behavioral effects of
stimulant drugs by ibogaine may be mediated by the
blockage of the kappa-opioid and/or SHT receptor pre-
synaptic modulation of dopamine release. Additionally,
the dopamine D2 autoreceptors themselves are not af-
fected, further indicating an effect of ibogaine on the
releasable pools of neurotransmitter subsequent to pre-
synpatic receptor stimulation.

REFERENCES

1. Sershen, H., Hashim, A., Harsing, Jr., L. G., and Lajtha, A. 1992.
Ibogaine antagonizes cocaine-induced locomotor stimulation in
mice. Life Sci. 50:1079-1086.

2. Sershen, H., Hashim, A, and Lajtha, A. 1993. Ibogaine reduces
preference for cocaine consumption in C57BL/6By mice. Phar-
macol. Biochem. Behav, 47:13-19,

3. Cappendijk, S. 1. T., and Dzolic, E. D. 1992. Effects of ibogaine
on cocaine self-administration in rats. Eur. J. Pharmacol. 241:261—
265.

4. Gershon, 8., and Lang, W. J. 1962. A psych-pharmacological
study of some indoles alkaloids. Asch. Int. Pharmacodyn. 135:31—
56. :

S. Maisonncuve, 1. M., Keller, R. W, Jr., and Glick, S. D. 1990,
Blockade of morphine induced stimulation of mesolimbic and
striatal dopamine release by ibogaine. Soc. Neurosci. Abstr, 382:
15.

6. Sershen, H., Harsing, Jr., L. G., Hashim, A., and Lajtha, A. 1992a.
Ibogaine reduces amphetamine-induced locomotor stimulation in
CS7BL/6By mice, but stimulates locomotor activity in rats. Life
Sci. 51:1003-1011.

7. Raymond-Hamet 1940. Pharmacodynamics. Difference between
the pharmacological action of ibogaine and that of cocainc. C. R.
Acad. Sci, (Paris) 211:285-288.

8. Sloviter, R. S., Drust, E. G., Damino, B. P., and Connor, J. D.
1980. A common mechanism for lysergic acid, indolealkylamine
and phencthylamine halfucinogens: serotonergic mediation of be-
havioral effects in rats. J. Pharmacol. Exp. Ther. 214:231-238.

9, Deecher, D. C,, Teitler, M., Soderland, D. M., Bornmann, W. G.,
Kuchne, M. E., and Glick, S. D. 1992. Mechanisms of action of
ibogaine and harmaline congeners based on radioligand binding
studies. Brain Res. 571:242-247.

10. Sershen, 11, Hashim, A, and Lajtha, A. 1994, The effect of ibo-
gaine on kappa-opioid- and 5-HT,-induced changes in stimulation-
evoked dopamine refease in vitro from striatum of CS7BL/6By
mice. Brain Res. Bull. (In press).

11. Reith, M. E. A, Meisler, B. E,, Sershen, H., and Lajtha, A, 1986.
Structural requirements for cocaine congenets to interact with do-

12,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Sershen, Hashim, and Lajtha

pamine and serotonin uptake sites in mouse brain and to induce
stercotyped behavior. Biochem, Pharmacol. 35:1123-1129.
Harsing, L. G., Jr,, Sershen, H., and Lajtha, A. 1994. Evidence
that ibogaine releases dopamine from the cytoplasmic pool in iso-
lated mouse striatum. J. Neural Transm. (In press).

. Benlouif, S., and Galloway, M. P. 1991. Facilitation of dopamine

release in vivo by serotonin agonists: studies with microdialysis.
Eur. J. Pharmacol. 200:1-8.

Benloucif, S., Keegan, M. J,, and Galloway, M. P. 1993, Scroto-
nin-facilitated dopamine release in vivo: Pharmacological char-
acterization. J. Pharmacol. Exp. Ther. 265:373-377.

Raiteri, M., Maura, G., Folghera, S., Cavazzani, P., Andrioli, G.
C., Schlicker, E., Schalnus, R., and Gothert, M. 1990. Modulation
of S-hydroxytryptamine relcasc by presynaptic inbibitory a-adren-
oceptors in the human cerebral cortex. Naunyn Schmicdebergs
Arch. Pharmacol, 342:508-512.

Schlicker, E., Brandt, F., Classen, K., and Gothert, M. 1985, Se-
rotonin release in human cerebral cortex and its modulation via
scrotonin receptors. Brain Res. 331:337-341.

Galloway, M. P, Suchowski, C. S., Keegan, M. J., and Hjorth, S.
1993. Local infusion of the selective 5-HT1b agonist CP-93, 129
facilitates striatal dopamine release in vivo. Synapse 15:90-92,
Maura, G., Roccatagliata, E., and Raiteri, M. 1986. Serotonin au-
toreceptor in rat hippocampus: Pharmacological characterization
as a subtype of the 5-HT, receptor. Naunyn-Schmiedeberg’s Arch.
Pharmacol. 334:323-326.

Maura, G., Thellung, S., Andrioli, G. C., Ruelle, A,, and Raiteri,
M. 1993. I. Neurochem. 60:1179-1182.

Reith, M. E. A. 1990. 5-HT3 receptor antagonists attenuate co-
caine-induced locomotion in mice. Eur. ). Pharmacol. 186:327-
330.

Svingos, A, L., and Hitzemann, R. 1992. 5-HT, receptor antago-
nists block cocaine-induced locomotion via a PCPA-sensitive
mechanism. Pharmacol. Biochem. Behav. 43:871-879.

Peltier, R., and Schenk, S. 1991. GR38032F, a serotonin 5-HT3
antagonist, fails to alter cocaine self-administration in rats. Phar-
macol. Biochem. Bchav. 39:133-136.

Kleven, M. S., Anthony, E. W., and Wollverton, W. L. 1990.
Pharmacological characterization of the discriminative stimulus
effects of cocaine in Rhesus monkeys. J. Pharmacol. Exp. Ther.
254:312-317.

Broderick, P. A, Phelan, F. T., and Berger, S. P. 1991. Ibogaine
alters cocaine-induced biogenic amine and psychostimulant dys-
function but not [*'H}GBR-12935 binding to the dopamine trans-
porter protein. NIDA Rescarch Monograph Serics.

Maisonneuve, 1. M., Keller, R. W., Jr,, and Glick, S. D. 1990.
Blockade of morphine induced stimulation of mesolimbic and
striatal dopamine release by ibogaine. Soc. Neurosci. Abstr, 382:
15.

Maisonneuve, 1. M., Keller, R. W, Jr., and Glick, S. D. 1991.
Interactions between ibogaine, a potential anti-addictive agent, and
morphine: an in vivo microdialysis study. Eur. J. Pharmacol. 199:
35-42.

Maisonneuve, I. M., Keller, R. W., Jr,, and Glick, S. D. 1992.
Interactions of ibogaine and D-amphetamine: in vivo microdi-
alysis and motor behavior in rats. Brain Res. 579:87-92.
Maisonneuve, I. M. and Glick, S. D. 1992, Interactions between
ibogaine and cocaine in rats: in vivo microdialysis and motor be-
havior. Eur. J. Pharmacol. 212:263-266.

Maisonneuve, I. M., Rossman, K. L., Keller, R, W, Ir, and Glick,
S. D. 1992, Acute and prolonged cffects of ibogaine on brain
dopamine mctabolism and morphinc-induced locomotor activity
in rats. Brain Res. 575:69-73.

Hjorth, S., and Tao, R. 1991. The putative 5-HT,, receptor agonist
CP-93, 129 suppresses rat hippocampal 5-HT release in vivo:
comparison with RU 24969, Eur. J. Pharmacol. 209:249-252.




