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Abstract

This study investigated the effects of pretreatment with the putative antiaddictive compound, ibogaine (IBO), and its synthetic derivative,

18-methoxycoronaridine (18-MC), on the changes in behaviour in an elevated plus maze and the changes in corticosterone (CORT) produced

by a low dose of methamphetamine (METH). In the elevated plus maze, the acute administration of METH (0.1 mg/kg ip, � 20 min)

produced an increase in both the number and the duration of open arm entries relative to saline (SAL)-treated controls. No effect of METH

administration was observed on the total number of arm entries. These data indicated that METH alone produced either anxiolysis or

behavioural disinhibition in this paradigm. More consistent with the latter possibility, the open arm behaviour of METH controls was

associated with an increase in plasma levels of CORT, supporting a facilitatory role for CORT in this METH-induced effect. Pretreatment

with both IBO and 18-MC (40 mg/kg ip, 19 h earlier) antagonized the behavioural disinhibiting effects of acute METH without altering

locomotor activity. In addition, both iboga agents antagonized the increase in CORT produced by METH. These data provide insight into yet

another potential mechanism through which iboga compounds may exert their antiaddictive effects, a reversal of the behavioural disinhibiting

properties of stimulant drugs. Furthermore, these data indicate that this reversal is related to effects of iboga compounds on the stimulation of

neuroendocrine systems by stimulant drugs. D 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

The naturally occurring indole alkaloid, ibogaine

(IBO), is claimed to interrupt multiple aspects of addic-

tion to psychomotor stimulant drugs, such as cocaine and

the amphetamines (Lotsof, 1986). In support of this

claim, pretreatment with both IBO and a synthetic

derivative, 18-methoxycoronardine (18-MC), produces a

protracted (up to 24 h) decrease in the self-administration

of cocaine in laboratory rodents (Cappendijk and Dzoljic,

1993; Glick and Maisonneuve, 1998; Glick et al., 1999;

Popik and Skolnick, 1999; Sershen et al., 1994). Recently,

18-MC was found to decrease dose-dependently the self-

administration of methamphetamine (METH) in rats (Glick

et al., 2000a). Currently, the precise mechanism through

which iboga compounds decrease the self-administration

of psychomotor stimulants remains unknown.

The results of studies of the behavioural pharmacolog-

ical interactions between iboga agents and psychomotor

stimulants demonstrate that both IBO and 18-MC (40 mg/

kg, 19 h earlier) increase the intensity of the locomotor and

stereotypic effects of several stimulant drugs, including

cocaine (Maisonneuve and Glick, 1992; Maisonneuve et

al.,1997; Szumlinski et al., 1999a,b,d,e), D-amphetamine

(Blackburn and Szumlinski, 1997; Maisonneuve et al.,

1992), and METH (Szumlinski et al., 2000a,b). To recon-

cile the antiaddictive properties of iboga compounds with

their ability to potentiate the intensity of stimulant-induced
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psychomotor activation, we proposed that one mechanism

through which iboga compounds decrease stimulant self-

administration might involve an increase in the aversive,

anxiogenic properties of stimulant drugs (Maisonneuve and

Glick, 1992; Szumlinski et al., 2000c). This hypothesis

was based upon several lines of evidence. First, the

administration of psychomotor stimulant drugs can induce

anxiety in humans, an effect that is typically considered

aversive (Angrist and Gershon, 1970; Cohen, 1975; Ellin-

wood, 1967; Jaffe, 1990). Second, in laboratory animals,

stimulants can generalize to anxiogenic compounds (e.g.,

pentylenetetrazol; Shearman and Lal, 1981; Wood and Lal,

1987; Wood et al., 1989), an effect that is blocked by

pretreatment with the prototypical anxiolytic, diazepam

(Wood et al., 1989). Third, studies using various animal

models of anxiety, for example, defensive withdrawal

(Wood et al., 1989), elevated plus maze (Pellow et al.,

1985; Yang et al., 1992 but see Olausson et al., 1999,

2000), the mouse defensive battery test (Blanchard and

Blanchard, 1999), black/white two-compartmental shuttle

box (Costall et al., 1989), and drinking conflict tests

(Fontana and Commisaris, 1989), demonstrated that stimu-

lant drugs can produce anxiety-like behaviours. Lastly, a

number of studies demonstrate that the administration of

psychomotor stimulant drugs can activate the hypothal-

amo–pituitary–adrenal (HPA) axis (e.g., Moldow and

Fischman, 1987; Richter and Weiss, 1999; Sarnyai, 1998;

Schmidt et al., 1995) and can augment plasma levels of the

putative physiological index of anxiety, corticosterone

(CORT; e.g., Moldow and Fischman, 1987; Richter and

Weiss, 1999; Schmidt et al.,1999; Shibata et al., 1995;

Yang et al., 1992 but see Mittleman et al., 1991).

To test the hypothesis that iboga pretreatment

increases stimulant-induced anxiety, rats were pretreated

(19 h earlier) with IBO, 18-MC, or vehicle (VEH) and

injected acutely with a low dose of METH. The behav-

iour of the animals was assessed using a traditional

behavioural anxiety paradigm, the elevated plus maze

(Lister, 1987). To relate the behaviour of the animals to

a physiological index of anxiety, plasma CORT levels

were determined.

2. Methods

2.1. Animals

Subjects were female Sprague–Dawley rats (Taconic,

NY) weighing 225–250 g at the beginning of the experi-

ment. Females were selected for this study for two reasons.

First, females tend to show augmented behavioural

responding to psychomotor stimulant drugs, compared to

males, and thus were expected to exhibit a greater degree

of METH-induced open arm behaviour than would male

rats. Second, as the effects of iboga pretreatment on

METH self-administration (Glick et al., 2000a) and

METH-induced motor behaviour (Szumlinski et al.,

2000a,b) have been characterized only in females, consis-

tency in the sex of the subjects was maintained to facilitate

generalization across studies. Animals were housed in

groups of four and allowed food and water ad libitum.

The animals were maintained on a 12-h light cycle (lights

on at 07:00 h) in a room carefully controlled for heat

(25�C) and humidity (57%). Animals were allowed to

acclimatize undisturbed to the colony room for 4–5 days

prior to testing. To control for diurnal variation in plasma

CORT (e.g., Kalsbeek et al., 1996), experiments began

precisely at 09:00 h and blood sampling occurred between

10:30 and 11:30 h.

2.2. Drugs

IBO hydrochloride (40 mg/kg; Sigma) was dissolved in

sterile water and ( ± )-18-MC hydrochloride (40 mg/kg;

Albany Molecular Research, Albany, NY) was dissolved

in a 0.01 M NaPO4 buffer (pH = 6). The buffer served for

pretreatment control injections (VEH). All pretreatment

injections were administered at a volume of 2.0 ml/kg.

METH hydrochloride (0.1 mg/kg; Sigma) was dissolved

in saline (SAL) and injected at a volume of 1.0 ml/kg. SAL

served for METH control injections. All injections were

administered intraperitoneally (ip).

2.3. General design and procedures

Consistent with previous studies of locomotion (e.g.,

Maisonneuve et al., 1992; Szumlinski et al., 2000c), rats

were randomly assigned to receive a pretreatment injection

of IBO, 18-MC (both at 40 mg/kg ip), or VEH. Also

consistent with previous locomotor studies (Szumlinski et

al., 2000c), the pretreatment injections occurred in the

colony room and were staggered such that pretreatment

occurred 19 h prior to the test injection. On the next day

(09:00 h), animals were transported in their home cages to

a darkened, noncolony, experimental room, which was

illuminated by a fluorescent lamp placed in the corner of

the room. Animals were weighed and then allowed to

habituate to the experimental room for 1 h. At this time,

animals received a test injection of either METH (0.1 mg/

kg ip) or SAL, such that four groups were tested in all:

VEH–SAL, VEH–METH, IBO–METH, and 18-MC–

METH (n = 6 per group). IBO–SAL and 18-MC–SAL

animals were not tested in this particular study as their

dose-related effects on elevated plus-maze behaviour had

been characterized prior to this study under virtually

identical conditions (Glick et al., 2000b). Twenty minutes

following SAL/METH administration, animals were tested

in the elevated plus maze (see Behavioural procedures

below). Immediately following this test (approximately 30

min post-test injection), animals were sacrificed and trunk

blood collected for determination of plasma CORT levels

(see Plasma CORT below).
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2.4. Behavioural procedures

The elevated plus maze was a black, Plexiglas, plus-

formed maze, elevated 50 cm from the floor. The arms of

the plus maze were 40 cm long and 10 cm wide. Two

opposing arms were surrounded by 10-cm high black walls

(closed arms), while the other arms were devoid of walls

(open arms). An experimenter who was blind to the

pretreatment of the animals conducted the testing. For

testing, rats were placed in the center of the elevated plus

maze, facing a closed arm (� 20 min post-test injection;

� 19 h and 20-min post-pretreatment injection). Animals

were allowed to explore the elevated plus maze for 5 min,

undisturbed. The behaviour of the animals was videotaped

using a camera located above the center of the maze,

permitting visualization of approximately 10 cm into each

arm. Upon completion of the test, the animal was removed

from the maze, placed in an unfamiliar cage, and removed

from the room. The maze was cleaned with 70% ethanol

between tests. The videotapes were subsequently scored for

the number of open and closed arm entries and the percent

of time the animals spent in the open arms. The total

number of arm entries served as an index of locomotor

hyperactivity. An arm entry was counted only when the

entire length of the rat’s body (from nose to base of tail)

entered into an arm.

2.5. Plasma CORT

Immediately following elevated plus-maze testing, ani-

mals were sacrificed by decapitation and the trunk blood

was collected into a beaker, which was rinsed with 500 ml of
1000 USP porcine heparin. Blood was then transferred to

chilled centrifuge tubes containing 10 ml of 1000 USP

porcine heparin. Samples were centrifuged at 10000 rpm

in a refrigerated (4�C) table-top centrifuge for 20 min.

Plasma was decanted and stored at � 80�C until analysis.

Plasma CORT levels were determined using an Immuno-

chem double antibody CORT radioimmunoassay (RIA) kit

(ICN Pharmaceuticals, Costa Mesa, CA). Data were

expressed as mg CORT/dl plasma.

2.6. Statistical analysis

The data were examined using a one-way analysis of

variance (ANOVA) followed by Duncan’s multiple range

post hoc tests. All analyses were two-tailed.

3. Results

3.1. Elevated plus maze

Statistical analysis revealed a significant Group effect for

both the percent of time in the open arm [F(3,24) = 4.77,

P < .01] and the number of open arm entries [F(3,24) = 3.33,

P < .04]. As can be observed in Fig. 1, the acute adminis-

tration of METH (0.1 mg/kg) increased both the duration and

number of open arm entries (post hoc tests). Inspection of

Fig. 1 suggested that both IBO and 18-MC pretreatment (40

mg/kg, 19 h earlier) reversed the effect of METH on open

arm behaviour. Post hoc analysis revealed that the effect of

iboga pretreatment was statistically significant for the per-

cent of time in the open arm (for IBO, P < .008; for 18-MC,

P= .05) but was only marginal for the number of open arm

entries (for IBO, P < .09; for 18-MC, P < .07). No difference

in the total number of arm entries was observed between any

of the groups tested [F(3,24) = 1.10, P= .37].

3.2. Plasma CORT

Statistical analysis revealed a significant Group effect

on plasma CORT levels [F(3,24) = 2.8, P < .03]. As can

be observed from Fig. 2, the acute administration of

METH (0.1 mg/kg) to control rats produced a modest

increase in plasma CORT relative to their SAL-treated

counterparts (P= .05, post hoc tests). Pretreatment with

both IBO and 18-MC (40 mg/kg) reversed the effects of

Fig. 1. Effects of pretreatment with IBO, 18-MC (both at 40 mg/kg), or

VEH on the behaviour of rats treated acutely with METH (0.1 mg/kg) or

SAL in the 5-min elevated plus-maze test (n= 6 per group). Iboga

pretreatment injections occurred 19 h prior to METH/SAL injection and

animals were tested 20 min following METH/SAL administration. Acute

METH administration increased significantly both the percent of time in

(top) and the number of entries into (middle) the open arm of the plus maze

( * P < .05 vs. VEH–SAL, post hoc tests). These effects were reversed by

both IBO and 18-MC pretreatment ( +P< .05 vs. VEH–METH, post hoc

tests). No difference in the total number of arm entries was observed

between the test groups (one-way ANOVA, P > .05).
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METH on plasma CORT (for IBO, P= .05; for 18-MC,

P= l.04, post hoc tests).

4. Discussion

The present study aimed to investigate the effects of

pretreatment with the putative antiaddictive drug, IBO, and

its synthetic derivative, 18-MC, on METH-induced anxiety

using a traditional animal model of anxiety, the elevated

plus maze. To probe a potential mechanism mediating any

changes in anxiety-related behaviour, the effects of pretreat-

ment with iboga compounds on the changes in plasma

CORT produced by METH administration were assessed.

Based, in part, upon the results of previous studies of

stimulant-induced motor behaviour (for review, see Szum-

linski et al., 2000c), it was hypothesized that pretreatment

with iboga compounds would increase METH-induced

anxiety and this would be reflected both at the behavioural

and the physiological level.

Consistent with the results of the majority of studies

using the elevated plus maze (for reviews, see Pellow,

1986; Pellow et al., 1985), the SAL control rats in the

present study spent approximately 12.5% of their time in

the open arms. These data indicate that the exploratory

behaviour of the control animals in the plus maze was

inhibited (for discussion, see File et al., 1993; Ouagazzal

et al., 1999; Pellow et al., 1985). In contrast, animals

treated acutely with a low dose of METH (0.1 mg/kg ip)

spent a greater amount of time in the open arms (approx-

imately 27%) and entered the open arms approximately

twice as often (6.5 vs. 3.5 entries). These data indicate

that METH disinhibited normal closed arm behaviour, an

effect indicative of anxiolysis, rather than anxiogenesis

(see below for further discussion of this matter). This

observation is, in fact, consistent with several other

reports in which either the acute or the repeated admin-

istration of stimulant drugs increased open arm behaviour

of rats (e.g., Dawson et al., 1995; Olausson et al., 2000;

Weiss et al., 1998).

Interestingly, pretreatment with either IBO or 18-MC (19

h earlier) decreased significantly the amount of time and

decreased marginally the number of entries in the open

arms of the plus maze produced by METH. These findings

are consistent with the results of the factor analysis and

correlational studies of File et al., indicating that percent

time in the open arm is a more sensitive variable to drug

effects than the number of open arm entries (e.g., File et

al.,1993; Ouagazzal et al., 1999; Pellow et al., 1985).

Importantly, these data indicate that pretreatment with

iboga compounds can produce a protracted (19 h) reversal

of the behavioural disinhibiting effects of METH. These

data for METH are particularly interesting in light of recent

observations that, when administered alone, IBO produces

effects on elevated place maze behaviour that are opposite

to those produced by 18-MC. Compared to VEH-treated

animals, IBO dose-dependently decreases, while 18-MC

increases, the open arm behaviour of rats (Glick et al.,

2000b). Based on these previous data, it does not appear

likely that the ability of both IBO and 18-MC to reverse the

effects of METH on elevated plus-maze behaviour can be

attributed to their direct effects on anxiety. As is apparent in

Fig. 1, the open arm behaviour of iboga-pretreated rats was

virtually identical to but not greater or less than that of the

VEH–SAL control.

In contrast to other reports of stimulant-induced behav-

iour in an elevated plus maze (e.g., Dawson et al., 1995;

Olausson et al., 2000; Weiss et al., 1998), the low dose of

METH administered in the present study did not increase

the total locomotor activity of VEH-pretreated rats, as

indexed by the total number of arm entries (see Fig. 1).

Thus, the increase in open arm behaviour of the SAL–

METH controls cannot be attributed to a nonspecific

increase in hyperactivity. This observation is consistent

with the results of File et al., demonstrating that measures

of behavioural inhibition/disinhibition (i.e., percent time

and percent entries in the open arms) and the total number

of arm entries during the first exposure to the elevated plus

maze are independent variables (e.g., File et al., 1993;

Ouagazzal et al., 1999; Pellow et al., 1985). In further

support of this, both IBO and 18-MC decreased the open

arm behaviour of METH-treated rats without affecting the

total number of arm entries. This finding is also consistent

with the results of a recent locomotor activity study, which

demonstrated that 18-MC pretreatment does not alter the

motor behavioural effects of lower ( < 2.0 mg/kg) doses of

METH in acutely treated animals (Szumlinski et al., 2000a).

Thus, these data indicate that at a dose, which is super-

maximal for attenuating METH self-administration (Glick

et al., 2000a), iboga compounds exerted effects on open

arm behaviour.

Compared to all other groups, the plasma levels of

CORT were elevated in METH-injected animals when

sacrificed 5 min following elevated plus-maze testing.

These data are consistent with a large literature indicating

that psychomotor stimulant administration activates the

Fig. 2. Effects of pretreatment with IBO, 18-MC (both at 40 mg/kg), or

VEH on the plasma levels of CORT of rats treated acutely with METH (0.1

mg/kg) or SAL in an elevated plus-maze test (n= 6 per group). Sampling

occurred immediately following the elevated plus-maze test. Acute METH

administration increased plasma levels of CORT ( * P< .05 vs. VEH–SAL,

post hoc tests) and this effect was reversed by both IBO and 18-MC

pretreatment ( +P < .05 vs. VEH–METH, post hoc tests).
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HPA axis (e.g., Moldow and Fischman, 1987; Richter and

Weiss, 1999; Sarnyai, 1998; Schmidt et al., 1995, 1999;

Shibata et al., 1995; Yang et al., 1992), an action presumed

to mediate their anxiogenic properties. Consistent with the

results of preliminary work in our laboratory (Szumlinski et

al., 2000b), iboga pretreatment reversed the changes in

CORT produced by METH. However, in contrast to

previous observations that increased plasma levels of

CORT are associated typically with a decrease in open

arm behaviour in the plus maze (Yang et al., 1992),

increased plasma levels of CORT were associated with an

increase in open arm behaviour (VEH–METH group). One

interpretation of this data is that the behavioural disinhibit-

ing effects of low doses of METH, and perhaps other

stimulant drugs, masks or overrides their anxiogenic prop-

erties. Evidence in support of this interpretation can be

derived from studies of addicted humans where it is clear

that despite an increase in anxiety, be it drug-induced (e.g.,

Gawin and Kleber, 1985) or circumstance-related (i.e., fear

of the financial, legal, or social repercussions resulting

from their addiction; e.g., Falk et al., 1987), addicted

individuals still display a loss of inhibitory control of their

drug-taking behaviour (e.g., Goeders et al., 1998; Robbins

and Everitt, 1999).

Alternatively, CORT may act as the substrate mediating

the behavioural disinhibitory effects of METH administra-

tion. Despite evidence that the intracerebral administration

of corticotrophin-releasing factor (CRF) can induce anxiety-

like behaviours in defensive withdrawal paradigms (e.g.,

Butler et al., 1990), many reports have demonstrated that the

administration of either CRF or CORT can increase explor-

atory behaviours in the center of an open field (e.g., Butler

et al., 1990; Oitzl et al., 1994; Song et al., 1995, 1997).

These data indicate that, in certain circumstances, activation

of the HPA axis can induce a disinhibition of normal

behaviour. Relating CORT and behavioural disinhibition

to drug-addicted behaviours, a series of studies conducted

by Piazza et al. demonstrated a positive relationship

between behavioural disinhibition in locomotor activity

paradigms, plasma CORT, and the propensity of rats to

self-administer drugs of abuse (for reviews, see Piazza and

Le Moal, 1996, 1998). Consistent with this relationship,

manipulations that increase basal levels of CORT increase

the tendency of laboratory animals to engage in drug-

seeking behaviours (e.g., Deroche et al., 1997; Piazza et

al., 1991); conversely, manipulations that decrease basal

levels of CORT decrease drug-seeking behaviours (e.g.,

Goeders and Guerin, 2000; Goeders et al., 2000; Piazza

and Le Moal, 1996; Piazza et al., 1994). Also consistent

with these findings, a study of cocaine self-administration

demonstrated that, compared to unstressed controls, stressed

rats maintain higher levels of bar-pressing behaviour during

time-out periods (i.e., times when responding on the lever

does not produce a drug infusion; Miczek and Mutschler,

1996). From these data, it has been suggested that stress

(and presumably the elevation in CORT associated with

stress) can increase the behavioural disinhibition or ‘‘impul-

sivity’’ (Miczek and Mutschler, 1996) of animals in a drug

self-administration setting. The present data are consistent

with these findings in that two ‘‘antiaddictive’’ compounds,

IBO and 18-MC, reversed the behavioural disinhibiting and

CORT effects of METH. Thus, the possibility exists that the

ability of iboga compounds to reverse the behavioural

disinhibiting effects of METH are related to a suppression

of HPA activation.

Lastly, in addition to its facilitation of drug self-

administration behaviour, CORT itself can serve as a

positive reinforcer in self-administration paradigms

(Deroche et al., 1993; Piazza et al., 1993). In light of

such findings, the present data raise the possibility of yet

another mechanism through which iboga compounds

decrease the self-administration of stimulant drugs, namely

an attenuation of the reinforcing properties of stimulants

via a suppression of CORT secretion.

The data in the present study provide the first evidence

that iboga pretreatment can alter drug-induced changes in

behaviour in the elevated plus maze, an effect associated

with circulating plasma levels of CORT. Despite the debates

surrounding interpretation of elevated plus-maze behaviour,

these data provide evidence that iboga pretreatment alters

the psychological consequences of drug administration (be

it anxiety and/or a reduction in inhibitory control), effects

that may prove to contribute to their unique ability to reduce

the self-administration of a wide variety of drugs of abuse.

Furthermore, these data raise the possibility that the effects

of iboga compounds on stimulant-induced behavioural dis-

inhibition, and perhaps also reinforcement, might be related

to their ability to reverse the neuroendocrine response to

stimulant drugs.

Acknowledgments

The authors would like to thank Dr. Lauren Jacobson and

Mr. Brain Moody for their generous donation of time and

space and for their technical advice during the cortico-

sterone assay. Funding was provided by NIDA grant DA

03817 to S.D. Glick.

References

Angrist BM, Gershon S. The phenomenology of experimentally induced

amphetamine psychosis — preliminary observations. Biol Psychiatry

1970;2:95–107.

Blackburn JR, Szumlinski KK. Ibogaine effects on sweet preference and

amphetamine-induced locomotion: implications for drug addiction. Be-

hav Brain Res 1997;89:99–106.

Blanchard DC, Blanchard RJ. Cocaine potentiates defensive behaviors re-

lated to fear and anxiety. Neurosci Biobehav Rev 1999;23:981–91.

Butler PD, Weiss JM, Stout JC, Nemeroff CB. Corticotrophin-releasing

factor produces fear-enhancing and behavioral activating effects

following infusion into the locus coeruleus. J Neurosci 1990;10:

176–83.

K.K. Szumlinski et al. / Pharmacology, Biochemistry and Behavior 69 (2001) 485–491 489



Cappendijk SLT, Dzoljic MR. Inhibitory effects of ibogaine on cocaine self-

administration in rats. Eur J Pharmacol 1993;241:261–5.

Cohen S. Cocaine. JAMA, J Am Med Assoc 1975;231:74–5.

Costall B, Kelly ME, Naylor RJ, Onaivi ES. The actions of nicotine and

cocaine in a mouse model of anxiety. Pharmacol Biochem Behav

1989;33:197–203.

Dawson GR, Crawford SP, Collinson N, Iversen SD, Tricklebank MD.

Evidence that the anxiolytic-like effects of chlordiazepoxide on the

elevated plus maze are confounded by increases in locomotor activity.

Psychopharmacology 1995;118:316–23.

Deroche V, Piazza PV, Deminiere JM, Le Moal M, Simon H. Rats orally

self-administer corticosterone. Brain Res 1993;622:315–20.

Deroche V, Marinelli M, Le Moal M, Piazza PV. Glucocorticoids and

behavioral effects of psychostimulants: II. Cocaine intravenous self-

administration and reinstatement depend on glucocorticoid levels. J

Pharmacol Exp Ther 1997;281:1401–7.

Ellinwood EH. Amphetamine psychosis: I. Description of the individuals

and process. J Nerv Ment Dis 1967;144:273–83.

Falk JL, Dews PB, Schuster CR. Environmental and cultural factors in the

behavioral action of drugs. In: Meltzer HY, editor. Psychopharmacol-

ogy: the third generation of progress. New York: Raven Press, 1987. pp.

1503–10.

File SE, Zangrossi HJ, Viana M, Graeff FG. Trial 2 in the elevated plus-

maze. Psychopharmacology 1993;111:491–4.

Fontana DJ, Commisaris RL. Effects of cocaine on conflict behavior in the

rats. Life Sci 1989;45:819–27.

Gawin FH, Kleber HD. Neuroendocrine findings in chronic cocaine abus-

ers: a preliminary report. Br J Psychiatry 1985;147:569–73.

Glick SD, Maisonneuve IM. Mechanisms of anti-addictive actions of ibo-

gaine. Ann NY Acad Sci 1998;844:214–26.

Glick SD, Maisonneuve IM, Hough LB, Kuehne ME, Bandarage UK. ( ± )-

18-methoxycoronaridine: a novel iboga alkaloid congener having po-

tential anti-addictive efficacy. CNS Drug Rev 1999;5:27–42.

Glick SD, Maisonneuve IM, Dickinson HA. 18-MC reduces methamphet-

amine and nicotine self-administration in rats. NeuroReport 2000a;

11:2013–5.

Glick SD, Maisonneuve IM, Szumlinski KK. Mechanisms of action of 18-

methoxycoraridine and ibogaine. Drug Alcohol Depend 2000b;60:S72.

Goeders NE, Guerin GF. Effects of the CRH receptor antagonist CP-

154,526 on intravenous cocaine self-administration in rats. Neuropsy-

chopharmacology 2000;23:577–86.

Goeders NE, Peltier RL, Guerin GF. Ketoconazole reduces low dose co-

caine self-administration in rats. Drug Alcohol Depend 1998;53:67–77.

Jaffe JH. Drug addiction and drug abuse. In: Filman AG, Rall TW, Nies AS,

Taylor P, editors. The pharmacological basis of therapeutics. New York:

Pergamon, 1990. pp. 522–73.

Kalsbeek A, van Heerikhuize JJ, Wortel J, Buijs RM. A diurnal rhythm of

stimulatory input to the hypothalamo–pituitary–adrenal system as re-

vealed by timed intrahypothalamic administration of the vasopressin V1

antagonist. J Neurosci 1996;16:5555–65.

Lister RG. The use of a plus maze to measure anxiety in mouse. Psycho-

pharmacology 1987;92:180–5.

Lotsof, H. Rapid method for interrupting the cocaine and amphetamine

abuse syndrome. United States of America Patent Number 4,587,

243, 1986.

Maisonneuve IM, Glick SD. Interactions between ibogaine and cocaine in

rats: in vivo microdialysis and motor behavior. Eur J Pharmacol

1992;212:263–6.

Maisonneuve IM, Keller RW, Glick SD. Interactions of ibogaine and D-

amphetamine: in vivo microdialysis and motor behaviour in rats. Brain

Res 1992;579:87–92.

Maisonneuve IM, Visker KE, Mann GL, Bandarage UK, Kuehne ME,

Glick SD. Time-dependent interactions between iboga agents and co-

caine. Eur J Pharmacol 1997;336:123–6.

Miczek KA, Mutschler NH. Activational effects of social stress on iv

cocaine self-administration in rats. Psychopharmacology 1996;128:

256–64.

Mittleman G, Jones GH, Robbins TW. Sensitization of amphetamine-

stereotypy reduces plasma corticosterone: implications for stereotypy

as a coping response. Behav Neural Biol 1991;56:170–82.

Moldow RL, Fischman AJ. Cocaine induced secretion of ACTH, beta-

endorphin, and corticosterone. Peptides 1987;8:819–22.

Oitzl MS, Fluttert M, de Kloet ER. The effect of corticosterone on reactivity

to spatial novelty is mediated by central mineralocorticosteroid recep-

tors. Eur J Neurosci 1994;6:1072–9.

Olausson P, Engel JA, Soderpalm B. Behavioral sensitization to nicotine is

associated with behavioral disinhibition: counteraction by citalopram.

Psychopharmacology 1999;142:111–9.

Olausson P, Engel JA, Soderpalm B. Effects of serotonergic manipulations

on the behavioral sensitization and disinhibition associated with repeated

amphetamine treatment. Pharmacol Biochem Behav 2000;66:211–20.

Ouagazzal AM, Kenny PJ, File SE. Modulation of behavior: trials 1 and 2

in the elevated plus-maze test of anxiety after systemic and hippocam-

pal administration of nicotine. Psychopharmacology 1999;144:54–60.

Pellow S. Anxiolytic and anxiogenic drug effects in a novel test of anxiety:

are exploratory models valid? Methods Find Exp Clin Pharmacol

1986;8:557–65.

Pellow S, Chopin P, File SE, Briley M. Validation of open:closed arm

entries in an elevated plus-maze as a measure of anxiety in the rat. J

Neurosci Methods 1985;14:149–67.

Piazza PV, Le Moal M. Pathophysiological basis of vulnerability to drug

abuse: role of an interaction between stress, glucocorticoids, and dop-

aminergic neurons. Annu Rev Neurosci 1996;36:359–78.

Piazza PV, Le Moal M. The role of stress in drug self-administration. TIPS

1998;18:67–73.

Piazza PV, Maccari S, Deminiere JM, Le Moal M, Mormede P, Simon H.

Corticosterone levels determine individual vulnerability to amphet-

amine self-administration. Proc Natl Acad Sci USA 1991;88:2088–92.

Piazza PV, Deroche V, Deminiere JM, Maccari S, Le Moal M, Simon H.

Corticosterone in the range of stress-induced levels possesses reinforc-

ing properties: implications for sensation-seeking behaviors. Proc Natl

Acad Sci USA 1993;90:11738–42.

Piazza PV, Marinelli M, Jodogne C, Deroche V, Rouge-Pont F. Inhibition of

corticosterone synthesis by metyrapone decreases cocaine-induced lo-

comotion and relapse of cocaine self-administration. Brain Res

1994;658:259–64.

Popik P, Skolnick P. Pharmacology of ibogaine and ibogaine-related alka-

loids. The alkaloids. Academic Press: New York, 1999. pp. 197–231.

Richter RM, Weiss F. In vivo CRF release in rat amygdala is increased

during cocaine withdrawal in self-administering rats. Synapse 1999;32:

254–61.

Robbins TW, Everitt BJ. Drug addiction: bad habits add up. Nature

1999;398:567–70.

Sarnyai Z. Neurobiology of stress and cocaine addiction. Studies on corti-

cotrophin-releasing factor in rats, monkeys, and humans. Ann NYAcad

Sci 1998;851:371–87.

Schmidt ED, Tilders FJH, Janszen AWJW, Binnekade R, De Vries TJ,

Schoffelmeer ANM. Intermittent cocaine exposure causes delayed and

long-lasting sensitization of cocaine-induced ACTH secretion in rats.

Eur J Pharmacol 1995;285:317–21.

Schmidt ED, Tilders FJH, Binnekade R, Schoffelmeer ANM, De Vries TJ.

Stressor- or drug-induced sensitization of the corticosterone response is

not critically involved in the long-term expression of behavioural sensi-

tization to amphetamine. Neuroscience 1999;92:343–52.

Sershen H, Hashim A, Lajtha A. Ibogaine reduces preference for cocaine

consumption in C57BL/6By mice. Pharmacol Biochem Behav

1994;47:13–9.

Shearman GT, Lal H. Discriminative stimulus properties of cocaine related

to an anxiogenic action. Prog Neuro-Psychopharmacol Biol Psychiatry

1981;5:57–63.

Shibata S, Ono M, Fukuhara N, Watanabe S. Involvement of dopamine, N-

methyl-D-aspartate and sigma receptor mechanisms in methamphet-

amine-induced anticipatory activity rhythm in rats. J Pharmacol Exp

Ther 1995;274:688–94.

K.K. Szumlinski et al. / Pharmacology, Biochemistry and Behavior 69 (2001) 485–491490



Song C, Earley B, Leonard BE. Behavioral, neurochemical, and immuno-

logical responses to CRF administration. Is CRF a mediator of stress?

Ann NY Acad Sci 1995;771:55–72.

Song C, Earley B, Leonard BE. Effect of chronic pretreatment with the

sigma ligand JO 1784 on CRF-induced changes in behaviour, neuro-

transmitter and immunological function in the rat. Neuropsychobiology

1997;35:200–4.

Szumlinski KK, Maisonneuve IM, Glick SD. Ibogaine enhances the ex-

pression of cocaine-induced locomotor sensitization in chronic cocaine-

treated animals. Pharmacol Biochem Behav 1999a;63:457–64.

Szumlinski KK, Maisonneuve IM, Glick SD. Pretreatment with the putative

anti-addictive drug, ibogaine, increases the potency of cocaine to elicit

locomotor responding: a study with acute and chronic cocaine-treated

rats. Psychopharmacology 1999b;145:227–33.

Szumlinski KK, Balogun MY, Maisonneuve IM, Glick SD. Interactions be-

tween iboga agents and methamphetamine-sensitization: studies of loco-

motion and stereotypy in rats. Psychopharmacology 2000a;151:234–41.

Szumlinski KK, Balogun MY, Maisonneuve IM, Glick SD. The potential

anti-addictive drug, 18-methoxycoronaridine (18-MC), dissociates the

locomotor and corticosterone responses of methamphetamine-sensed

rats. Trab Inst Cajal 2000b;LXXVII:378–80.

Szumlinski KK, Maisonneuve IM, Glick SD. The interactions between ibo-

ga agents and psychomotor stimulants: paradox or panacea? Toxicon

2000c;39:75–86.

Szumlinski KK, Maisonneuve IM, Glick SD. Differential effects of ibo-

gaine on behavioural and dopamine sensitization to cocaine. Eur J

Pharmacol 2000d;398:259–62.

Szumlinski KK, McCafferty C, Maisonneuve IM, Glick SD. Interactions

between 18-methoxycoronaridine (18-MC) and cocaine: dissociation

between behavioural and neurochemical sensitization. Brain Res

2000e;871:245–58.

Weiss SM, Wadsworth G, Fletcher A, Dourish CT. Utility of ethological

analysis to overcome locomotor confounds in elevated maze models of

anxiety. Neurosci Biobehav Rev 1998;23:265–71.

Wood DM, Lal H. Anxigoenic properties of cocaine withdrawal. Life Sci

1987;41:1431–6.

Wood DM, Laraby PR, Lal H. A pentylenetetrazol-like stimulus during

cocaine withdrawal: blockade by diazepam but not haloperidol. Drug

Dev Res 1989;16:269–76.

Yang X-M, Gorman AL, Dunn AJ, Goeders NE. Anxiogenic effects of

acute and chronic cocaine administration: neurochemical and behavioral

studies. Pharmacol Biochem Behav 1992;41:643–50.

K.K. Szumlinski et al. / Pharmacology, Biochemistry and Behavior 69 (2001) 485–491 491


