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ibogaine or its salts in dosages of 6 to 19 m g / k g  is said 
to be effective for about  6 months ;  a series of four 
t r ea tments  is claimed to e l iminate  addictive behavior  
for approximately  3 years. Us ing  an animal  model  of 
drug addict ion,  we have sought to de te rmine  whether  
these claims can be subs tan t ia ted  unde r  control led 
condit ions.  In  our  initial study [12], ibogaine dose-de- 
penden t ly  decreased morph ine  se l f -adminis t ra t ion in 
the hour  after ibogaine  t r ea tmen t  (acute effect) and,  to 
a lesser bu t  significant  extent,  a day later  (aftereffect). 
In  some rats there was a pers is tent  decrease in mor- 
ph ine  in take for several days or weeks after a single 
inject ion of ibogaine whereas  o ther  rats began  to show 
such pers is tent  changes  after two or three weekly injec- 
tions, and a few rats appeared  to be ent i rely resistant  
to pro longed  aftereffects. Similar effects of ibogaine on 
cocaine se l f -adminis t ra t ion  in rats were recent ly re- 
por ted  by Cappendi jk  and Dzoljic [1]. 

In  humans ,  as in rats, ibogaine 's  efficacy as an 
ant i -addict ive therapy appears  to vary substant ial ly 
from one  individual  to another ;  even the most a rdent  
suppor ters  of ibogaine 's  usefulness  would probably 
concede  that  at least 30% of t rea ted  addicts do not  
decrease their  drug intake.  Ibogaine  also exhibits sev- 
eral  side effects that  may limit its therapeut ic  utility. In  
addi t ion  to having s t imulant  and  hal lucinogenic  prop- 
erties, ibogaine induces  tremors.  Very similar t remors  
are induced  by harmal ine ,  ano the r  na tu ra l  alkaloid 
that  is chemically re la ted to ibogaine but  is derived 
from a different  p lan t  (Peganum harmala). Both ibo- 
gaine- and  ha rma l ine - induced  t remors  appear  to be 
due to act ivation of an ol ivo-cerebellar  pathway 
[3,14,20], and  in rats, high doses of both  agents  have 
recent ly been  shown to produce  damage  to the cerebel-  
lar vermis, p resumably  a result  of overs t imula t ion  of 
cerebel lar  Purkinje  cells [19,20]. It has been  suggested 
that  iboga ine- induced  cerebel lar  damage  may media te  
ibogaine 's  ant i -addict ive effects [28]. In the presen t  
study, the effects of several iboga alkaloids as well as 
ha rmal ine  on morph ine  and cocaine self-administra-  
t ion in rats were assessed. The  pr imary objective was to 
de te rmine  if the ant i -addict ive (i.e., decreased drug 
se l f -adminis t ra t ion)  and  temor igenic  activities of ibo- 
gaine-l ike compounds  could be dissociated and, as a 
corollary, to de te rmine  if an iboga alkaloid could be 
ident i f ied that  was less temor igenic  (i.e., probably  safer) 
yet more  effective as an ant i -addict ive agent  than  ibo- 
gaine. 

2. Materials and methods 

2.1. Drugs 

Ibogaine hydrochloride and harmaline hydrochloride were pur- 
chased from the Sigma Chemical Company (St. Louis, MO). The R- 

and S-enantiomers of ibogamine and coronaridine (structures shown 
in [2]) as well as racemic desethylcoronaridine were synthesized by 
M.E. Kuehne, T.E. Wilson and D. Larson at the University of 
Vermont. Tabernanthine was supplied by P. Potier, CNRS, Institute 
of Chemistry of Natural Substances, Gif-sur-Yvette, France. All 
drugs were administered intraperitoneally; doses are expressed as 
the hydrochloride salts. Different drugs and doses (or saline) were 
administered to different groups of rats; rats were injected fifteen 
minutes before a morphine or cocaine self-administration session. 
Drug injections were usually made on Wednesdays and, in some 
cases, repeated injections were made at weekly intervals. 

2.2. Subjects and apparatus 

The subjects were naive female Sprague-Dawley (Taconic, Ger- 
mantown, N-Y) rats approximately 3 months old and weighing 230- 
250 g at the beginning of the experiment; female rats were used 
because they grow at a much slower rate than males and are less 
likely than males to outgrow their intravenous cannulas. Rats were 
housed singly in Wahmann hanging cages and maintained on a 
normal light/dark cycle (lights on/off at 7:00 a.m./7:00 p.m.). All 
self-administration testing was conducted in twelve BRS/LVE oper- 
ant test cages, each enclosed in a sound attenuated cubicle. Re- 
sponses on either of two levers (mounted 15 cm apart on the front 
wall of each test cage) were recorded on an IBM compatible 386 
computer with a Med Associates, Inc. interface. The intravenous 
self-administration system consisted of polyethylene-silicone cannu- 
las constructed according to the design of Weeks [30], BRS/LVE 
harnesses and commutators, and Harvard Apparatus infusion pumps 
(no. 55-2222). 

2.3. Self-administration procedures 

Shaping of the bar-press response was initially accomplished by 
training rats to bar-press for water. Cannulas were then implanted in 
the external jugular vein according to procedures described by Weeks 
[30]. Self-administration testing began with a single 24-h session 
followed by daily 1-h sessions, 5 days (Monday-Friday) a week; rats 
were tested about the same time each day, during the middle of the 
light cycle. Depending upon the group, a lever-press response pro- 
duced either a 20 ~1 (morphine) or 50/zl (cocaine) infusion of drug 
solution (0.01 mg of morphine sulfate or 0.1 mg of cocaine hydro- 
chloride) in about 0.2 (morphine) or 0.5 (cocaine) second. Since all 
rats generally weighed 250 +_20 g, each response delivered approxi- 
mately 0.04 mg/kg of morphine or 0.4 mg/kg of cocaine; these doses 
are about two to four times the threshold doses required for main- 
taining self-administration behavior (e.g. [8,10]). One non-contingent 
drug infusion was administered at the beginning of each session. 
Experiments to assess the effects of the iboga and harmala alkaloids 
were begun when baseline self-administration rates stabilized ( _< 10% 
variation from one day to the next across 5 days), usually after 2 
weeks of testing. 

2.4. Microdialysis and HPLC procedures 

Under pentobarbital anesthesia, rats (female Sprague-Dawley) 
were implanted stereotaxically with guide cannulas over the nucleus 
accumbens and striatum so that, when inserted, the tips of the 
dialysis probes would be located in the nucleus accumbens (rostral, 
+ 1.6 mm from bregma; lateral, _+ 1.5 mm; ventral, -8.6 mm from 
the skull surface) and in the striatum (rostral, +0.5 mm; lateral, 
5:2.9 mm; ventral, -7.0 mm) [21]. The two cannulas were fixed 
firmly in the skull with dental cement. One cannula was implanted in 
the left side of the brain, and the other in the right side of the brain; 
the side (left or right) assigned to each region (nucleus accumbens or 
striatum) was alternated from animal to animal. 
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At least 4 days after surgery, a rat was placed in a dialysis 
chamber, a cylindrical (30 cm diameter) Plexiglas cage providing free 
access to food and water. Probes (3 mm; B A S / C M A  MF-5393) were 
then lowered into the guide cannulas. The dialysis probes were 
continuously perfused with a solution containing 146 mM NaCI, 2.7 
mM KCI, 1.2 mM CaC12, 1.0 mM MgCI 2 and 0.05 mM ascorbic acid 
at a flow rate of 1 /~l/min. On the next morning (15-20 h later), the 
dialysis experiment was carried out on a freely moving animal. 
Twenty minute fractions were collected in vials containing 2 /.d of 5 
N perchloric acid solution (containing 5 mg/ I  EDTA and 5 mg/I  
sodium metabisulfite). Upon completion of an experiment, rats were 
killed and histological analysis [26] of each brain was performed to 
verify the locations of the two probes. 

Perfusate samples were analyzed by HPLC with electrochemical 
detection. The HPLC consisted of a Waters pump (model 510), a 
WISP autosampler (model 712), a Phase Separation Spherisorb 
column ( $ 3 0 D S 2 ;  10 cm×4.6  mm) and a Waters detector (model 
464). The mobile phase consisted of 6.9 g/1 sodium monobasic 
phosphate, 495 m g / l  heptane sulfonic acid, 80 mg/1 disodium EDTA, 
and t00 ml / I  methanol; the solution was adjusted with HCI to pH 
3.7 and was pumped at a rate of 1.2 ml /min .  Chromatograms were 
processed using Maxima 820 software. 

Concentration estimates were expressed as uM or nM concentra- 
tions of the compounds in the dialysate fluid. Previous work has 
demonstrated that dialysate concentrations of dopamine (DA) and 
DOPAC are highly correlated (r  >_ 0.9) with extracellular levels of 
these compounds as determined in 'no net flux' studies [9]. 

Prior to use in vivo, in order to identify 'bad '  probes [9], each 
probe was calibrated in vitro at room temperature in an artificial 
CSF solution gassed with argon and containing DA (15 pm/ml) ,  
DOPAC (1.5 nm /m l )  and HVA (0.75 nm/ml) .  In vitro recoveries 
averaged 30-35% and probes having in vitro recoveries of less than 
20% were not used in vivo. 

2. 5. Tremor testing procedures 

Whole body tremors were assessed in two ways. Direct visual 
observations were made of rats confined in a Plexiglas cylindrical (9 
inches in diameter) enclosure; videotapes were sometimes made so 
that initial observations could be confirmed at a later time. Tremors 
were rated as absent, moderate or intense on a minute to minute 
basis for 30 min, beginning 15 min after drug administration. An 
automated and quantitative technique, based on a method originally 
designed for mice by other investigators [22], was also developed and 
utilized. Briefly, a Plexiglas enclosure was mounted on an audio 
speaker, the output of which was connected to a Hewlett-Packard 
3392A integrator; the sensitivity of the integrator was adjusted such 
that random locomotor activity was generally ignored while large 
peaks representing tremors could be readily identified. Tremors were 
recorded and counted for 30 min, beginning 15 min after drug 
administration. 

3. Results 

3.1. Drug self-administration 

Fig. 1 shows the initial acute effects of all of the 
alkaloids on morphine and cocaine self-administration. 
Each drug produced a dose-related depression of mor- 
phine and cocaine intake (ANOVA, P < 0,001 in every 
case). The potencies of the various alkaloids were very 
similar with the exception that desethylcoronaridine 
was approximately twice as potent as any of the other 
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Fig. 1. Acute effects of ibogaine, harmaline, tabernanthine, desethyl- 
coronaridine, R-coronaridine, S-coronaridine, R-ibogamine and S- 
ibogamine on morphine and cocaine self-administration. Each data 
point is the mean (5: S.E.) from 3-8  rats. Baseline was calculated as 
the average rate for the three sessions preceding drug or saline (0 
mg/kg)  treatment. All doses of all drugs had significant effects 
(ANOVA and t-tests, P < 0.05-0.001); the only drug that differed 
significantly from any other was desethylcoronaridine (dashed line 
with square data points), which was approximately twice as potent as  
all of the other drugs. 

drugs. Figs. 2 and 3 show that ibogaine (40 mg/kg), 
R-ibogamine (40 mg/kg), R-coronaridine (40 mg/kg), 
tabernanthine (40 mg/kg) and desethylcoronaridine 
(20 mg/kg), each administered for the first time, de- 
pressed morphine and cocaine intake for at least a day 
afterwards. In each of these cases, a group × days 
interaction was significant ( P<0 .0 5  in a two-way 
ANOVA), and paired t-tests with basetine values were 
significant (P < 0.05-0.01) for days 1 and 2 in the 
indicated treatment groups. The extent of these after- 
effects (one or more days later) on drug self-adminis- 
tration varied substantially from rat to rat; responses 
beyond a day later (Day 2) ranged from no further 
effect to a prolonged depression of morphine or co- 
caine intake, lasting up to several weeks in a few rats. 
In general, the aftereffects on cocaine intake were 
more variable than those on morphine intake; R-iboga- 
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mine produced the most consistent aftereffects on both 
morphine and cocaine self-administration. 40 

Fig. 4 shows individual examples of the aftereffects 
of several of the iboga alkaloids. When such afteref- 
fects were not apparent  for particular rats, repeated ~ 30 
injections of the same alkaloids were made, usually at z ~ 
weekly intervals. Fig. 5 shows examples of data from ~3 20 
rats that were administered an iboga alkaloid three 
times: on the first two occasions there were no obvious _z ~0 
effects beyond the day of injection whereas, after the 
third injection, morphine or cocaine intake was clearly 

0 depressed for at least several days afterwards. Some 
rats showed prolonged aftereffects following a second 
injection whereas others showed no aftereffects lasting 
more than a day even following three injections. There  
was one exception to the latter generality: prolonged 
aftereffects always appeared to occur by the third 
injection of R-ibogamine. 40 
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Fig. 2. Aftereffects of alkaloids (20 mg/kg for desethylcoronaridine 
and 40 mg/kg for all others) on morphine self-administration. Each 
data point is the mean (+S.E.) from 5-8 rats. 'Base' refers to the 
baseline rate of responding, calculated as the average for the three 
sessions preceding drug or saline treatment. There were significant 
effects on Day 1 for all drugs (see Fig. 1) and on Day 2 for ibogaine, 
tabernanthine, desethylcoronaridine, R-coronaridine and R-iboga- 
mine (ANOVA and t-tests, P < 0.05-0.001). 

baseline rate of responding, calculated as the average for the three 
sessions preceding drug or saline treatment. There were significant 
effects on Day 1 for all drugs (see Fig. 1) and on Day 2 for ibogaine, 
tabernanthine, desethylcoronaridine, R-coronaridine and R-iboga- 
mine (ANOVA and t-tests, P < 0.05-0.001). 

The Med Associates interface and software pro- 
vided cumulative and event records of responding for 
each self-administration test session. For both mor- 
phine and cocaine, normal patterns of responding were 
characterized by an initial burst of drug intake at the 
beginning of each session followed by regularly spaced 
responding thereafter. Two kinds of alkaloid-induced 
effects were clearly apparent. Acutely, on the day of 
administration, the dose-related depressions of mor- 
phine and cocaine intake induced by all of the alka- 
loids were characterized by complete suppression of 
responding early in a session followed by irregularly 
spaced and sporadic responding thereafter; the highest 
dose of each of the alkaloids suppressed responding 
almost entirely in most animals. In contrast, the pro- 
longed aftereffects on morphine and cocaine intake 
induced by some of the alkaloids were characterized by 
quite normal patterns of responding; that is, although 
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Fig. 5. Individual responses to repeated injections (indicated by 
arrows) of iboga alkaloids (40 mg/kg for all drugs); in each case, 
prolonged aftereffects only became apparent after the third injec- 
tion. 

responding was depressed, the effects were distributed 
uniformly throughout a test session such that the initial 
burst in responding was shorter and subsequent re- 
sponses were more widely spaced than during baseline 
conditions. Fig. 6 shows typical cumulative records of 
cocaine self-administration by a rat treated with R- 
ibogamine (single injection of 40 mg/kg); the upper 
panel is a record of baseline responding on the day 
prior to R-ibogamine treatment while the bottom panel 

is the record of responding on the fifth day after 
R-ibogamine treatment. 

3.2. In vivo microdialysis 

Figs. 7 and 8 show the acute effects of R- and 
S-ibogamine and R- and S-coronaridine, respectively, 
on extracellular levels of dopamine (DA) in the nu- 
cleus accumbens (NAC) and striatum (STR). The R- 
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Fig. 6. Cumulative response records (ordinate, responses; abscissa, minutes) of intravenous cocaine self-administration (each response delivered 
0.4 mg/kg cocaine) illustrating prolonged aftereffect of R=ibogamine. The upper panel is a record of baseline responding on the day prior to 
R-ibogamine (40 mg/kg, i.p.) treatment while the bottom panel is the record of responding on the fifth day after R-ibogamine treatment. 
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enantiomers of ibogamine and coronaridine signifi- 
cantly decreased DA levels (ANOVA, P < 0.05-0.01) 
while the S-enantiomers had no significant effects. 
There were no significant changes in DOPAC or HVA. 

3.3. Trernorigenic effects 

Ibogaine (20-40 mg/kg), harmaline (10-40 mg/kg) 
and desethylcoronaridine (10-40 mg/kg) were obvi- 
ously tremorigenic for 3-4 h and no attempt was made 
to compare these drugs quantitatively. However, visual 
observations and videotape recordings of both R- and 
S-enantiomers of both ibogamine (40 mg/kg) and coro- 
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Samples were collected at 20 minute intervals. Data are expressed as 
a pe r cen t  ( +  S.E.) of baseline dialysate values. 

4. Discussion 

All of the iboga alkaloids as well as harmaline 
produced acute reductions in both morphine and co- 
caine self-administration. These effects may have oc- 
curred for a variety of reasons; while specific increases 
or decreases in the reinforcing efficacies of morphine 
and cocaine may have occurred, the alkaloids may also 
have induced non-specific malaise and/or motor 
deficits incompatible with performance of the operant 
response. In particular, it would appear that the whole 
body tremors induced by ibogaine and some of the 
other alkaloids may have made it difficult or impossible 
to execute coordinated motor responses. It should be 
noted, however, that aside from tremors, no other signs 
of overt toxicity were observed, and that with the 
ibogamine and coronaridine enantiomers, even tremors 
were hardly evident. 
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The aftereffects of the alkaloids on drug self-admin- 
istration were clearly dissociated from their tremori- 
genic effects. Alkaloid-induced tremors generally dis- 
appeared within 4 h after administration while, for 
several of the alkaloids, rates of morphine and cocaine 
self-administration were significantly decreased for one 
or more days afterwards. Moreover, the efficacies of 
the alkaloids to induce tremors were unrelated to their 
efficacies to induce aftereffects on drug self-adminis- 
tration. Thus harmaline, which produces tremors that 
are very comparable to those produced by ibogaine 
[20,33], had no significant aftereffects on drug self-ad- 
ministration; and whereas the R-enantiomers of both 
ibogamine and coronaridine had significant aftereffects 
on drug self-administration, neither the R- nor the 
S-enantiomers of these agents produced any significant 
tremorigenic activity. 

Although the acute rate-depressant effects of the 
alkaloids may have been non-specific, there are several 
indications that the aftereffects resulted from persis- 
tent modulatory actions of the alkaloids on the rein- 
forcing efficaeies of morphine a n d / o r  cocaine. The 
same dose of ibogaine that had persistent effects on 
morphine and cocaine self-administration was shown, 
in a previous study [12], to have no effect beyond the 
day of administration in rats bar-pressing for water. In 
the present study, the aftereffects of the 'active' alka- 
loids differed depending upon whether the reinforcer 
was morphine or cocaine. When percent changes on 
'Day 2' data (cf. Figures 2 and 3) were compared, both 
ibogaine and tabernanthine were more effective (t-tests, 
P < 0.05) on morphine self-administration than on co- 
caine self-administration, R-coronaridine was more ef- 
fective (P  < 0.05) on cocaine self-administration than 
on morphine self-administration whereas R-ibogamine 
and desethylcoronaridine appeared to be equally effec- 
tive on morphine and cocaine self-administration. 

It should be noted that, in addition to the present 
and previous [12] results from this laboratory, other 
investigators have reported comparable aftereffects of 
ibogaine on intravenous cocaine self-administration in 
rats [1] as well as on oral cocaine self-administration in 
mice [25]; however, a lack of any aftereffects on either 
heroin or cocaine self-administration in rats has also 
been observed [5]. There were many procedural differ- 
ences among these studies, including sex and strain of 
rats, schedule of reinforcement, and day-night cycle. 
The importance of each of these variables should be 
systematically assessed. 

In a previous study [16], acute administration of 
ibogaine decreased extraeellular levels of DA in the 
NAC and STR; however, the relevance of such changes 
to persistent effects of ibogaine on drug self-adminis- 
tration was unclear. In the present study, this issue was 
addressed by comparing the effects of the R- and 
S-enantiomers of ibogamine and coronaridine on NAC 

and STR DA. Since only the R-enamiomers of 
ibogamine and coronaridine had significant aftereffects 
on drug self-administration, it was of interesl to deter- 
mine if the neurochemical effects of the R- and S-cn- 
antiomers would differ as well. And, indeed, they did 
differ: R-ibogamine and R-coronaridine significantly 
decreased DA in the NAC and STR whereas S-iboga- 
mine and S-coronaridine had no significant effects. 
Although it remains unclear how an acute change in 
extracellular DA levels can be associated with or re- 
sponsible for a persistent behavioral effect, the data 
suggest that further investigation of such a relationship 
is warranted. It is conceivable, for example, thai: a 
decrease in DA release is the first step in a sequence 
of neurochemical changes that directly mediates a pro- 
longed change in drug self-administration behavior. 

Long-term decreases in morphine or cocaine intake 
lasting for several days and in some cases for several 
weeks after an iboga alkaloid treatment occurred in 
some rats. It was not possible to predict which rats 
would respond in this way, although, as noted in a 
previous report [12], there were again non-significant 
trends for rats having low baseline rates of drug intake 
to be less likely to exhibit such effects. When iboga 
alkaloid treatments were repeated at weekly or bi- 
weekly intervals, some rats that were initially resistant 
began to show long-term aftereffects; this suggests that 
there is a continuum of individual differences in sensi- 
tivity to these agents and that, with some dosage regi- 
men of some of these agents, most or all rats would 
show long-term depressions of morphine or cocaine 
intake. It should be noted that persistent aftereffects 
after repeated treatment only occurred with those alka- 
loids producing significant 'day-after' effects and that, 
of all the alkaloids tested, R-ibogamine produced the 
most consistent prolonged aftereffects. 

The mechanisms underlying the aftereffects of the 
iboga alkaloids are unknown although several possibili- 
ties have been suggested regarding ibogaine. One pos- 
sibility is that the iboga alkaloids may persist in the 
body for long periods of time. In an early study using 
spectrofluorometry [4], the half-life o f  ibogaine in ro- 
dents was reported to be about one hour, and ibogaine 
levels in the body were undetectable a day after its 
administration. However, more recently, using gas 
chromatography mass spectrometry (GCMS), ibogaine 
has been detected a day after its administration in rat 
plasma and brain [7]; and other data indicate that the 
latter concentrations may be pharmacologically active 
[13]. Very little is known about the metabolism of 
ibogaine or other iboga alkaloids, and as suggested 
previously [12,16], it is possible that there are one or 
more active metabolites having long half-lives. 

Ibogaine and related drugs (e.g., tabernanthine) have 
been suggested to have several neuropharmacological 
actions, including interactions with serotonergic [27], 
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muscarinic [4], and benzodiazepine receptors [29]); 
however, in radioligand binding studies [2], ibogaine 
and other iboga alkaloids were found to have no ap- 
preciable affinities for these receptors, although an 
affinity for kappa opioid receptors was demonstrated 
for ibogaine, tabernanthine and the racemic forms of 
coronardine and ibogamine. Ibogaine has been re- 
ported to potentiate the analgesic action of morphine 
[24], and perhaps this effect is attributable to a kappa- 
mu (ibogaine-morphine) opioid interaction [e.g., 6]. 
None of the receptor mechanisms have been shown or 
have even been proposed to be operative for more than 
a few hours after iboga alkaloid administration. In 
contrast, as reported previously ibogaine induces pro- 
longed (at least 19 h) decreases in the extracellular [16] 
and tissue [17] levels of dopamine metabolites (DOPAC 
and HVA) in the NAC and STR; although the cellular 
basis for these effects are also not understood, the data 
are certainly consistent with the present self-adminis- 
tration data in terms of the well documented role of 
dopaminergic systems in morphine and cocaine rein- 
forcement (e.g. 31,32]). 

As noted earlier (see Introduction), Molliver [28] 
has proposed a novel theory that ibogaine-induced 
cerebellar damage may be responsible for its putative 
anti-addictive effects. Inasmuch as harmaline has been 
shown to produce comparable cerebellar damage [20], 
the lack of persistent effects of harmaline on drug 
self-administration, as observed in the present study, 
would appear to disprove Molliver's theory. Ibogaine- 
induced cerebellar damage has been most closely linked 
to its tremorigenic activity (cf. [20]). In the present 
study, the clear dissociation between the tremorigenic 
efficacies of other iboga alkaloids and their persistent 
effects on drug self-administration is a further indica- 
tion that the cerebellum is unlikely to underlie or 
modulate a mechanism of addiction. Furthermore, in a 
recent histological study [18],we have found that ibo- 
gaine-induced cerebellar damage occurs after a high 
dose (100 mg/kg, i.p.), as reported by O'Hearn and 
Molliver [18], but not after a lower dose (40 mg/kg, 
i.p.) used in this and other self-administration studies 
[1,12]. 

Assuming that treatment with the 'active' iboga al- 
kaloids alters the reinforcing efficacies of morphine 
and cocaine, the treatment-induced decreases in mor- 
phine and cocaine intake could result from either 
antagonism or enhancement of morphine's and co- 
caine's actions (e.g. [11]). That is, if an iboga alkaloid 
antagonized a self-administered drug's actions, it would 
be expected that rats might transiently self-administer 
more drug in an attempt to compensate for the re- 
duced effect but then self-administer less drug as ex- 
tinction occurred (i.e., analogous to decreasing the 
drug infusion dose to below threshold); if an iboga 
alkaloid enhanced a self-administered drug's actions, it 

would be expected that rats would also self-administer 
less drug but, in this case, as a way of compensating for 
the increased effect (i.e., analogous to increasing the 
drug infusion dose). Although the observed response 
patterns underlying the alkaloid-induced aftereffects 
(e.g., Fig. 6) favor the latter interpretation, and there 
was no evidence of a biphasic extinction pattern of 
responding that would support the 'antagonist' inter- 
pretation, other treatments (e.g., lesions) that disrupt 
drug self-administration by reducing reinforcing effi- 
cacy frequently do so by just decreasing response rates 
and without producing an extinction pattern of re- 
sponding [23]. It is therefore not possible to discrimi- 
nate between these two interpretations on the basis of 
the present data alone. Furthermore, in other studies 
involving measurement of locomotor activity, ibogaine 
pretreatment inhibited morphine-induced stimulation 
[17] and enhanced cocaine-induced stimulation [15]. 
Thus the effects of the iboga alkaloids on morphine 
and cocaine self-administration could even represent 
different kinds of drug interactions that are mediated 
by different mechanisms. 
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