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UROl)tzKICX, P. A., F. T. PHELAN, I:. ENG AND R. T. WECHSLER. Ibogcritre nroduluies cocuinr resyo,,res 
which urc olrrred due to etivirotrtttettlal ltabitrruriotr: In vivo ttricrovoltuttttttelric utld behavioral studies. PHAKMACOL. 
BIOCllEhl BEHAV 49(3) 71 l-728, 199-l. -Ibogaine, a serotonergic (S-HTergic) indolr alkaloid, was studied for cocaine 
modulatory effects on four parameters of behavior by computerized infrared photocell beam detection. The behavioral 
parametyrs were: a) locomotor activity (ambulations), b) rearing, c) stereotypy (fine movements, primarily grooming), and d) 
agoraphobia [(thigmotaxis) a natural tendency to avoid the center of the behavioral chamber]. With each behavioral data 
point, dopaminc (DA) release, and serotonin (5.HT) release were detected within seconds in nucleus accurnbens (NAcc) of the 
same bchn\ itI8 male Sprague-Dawley rats, using in viva electrochemistry (voltammetry). lbogaine was administered (40 mg/ 
kg II’) for 1 consrcutive days. Importantly, the DAcrgic and the 5-IITergic responses to (SC) cocaine and two behavioral 
responbrs, ambulations and central ambulations, were reduced in intensity due to extended time spent in the novel behavioral 
chamber (habituated). Rearing and fine movement patterns were not habituated. The results show that ibogaine downmodu- 
lated the (SC) cocaine-induced increase in NAcc DA release (p < 0.0001) and potentiated the (SC) cocaine-induced decrease 
in NAcc 5-1iT release (p < 0.0001). Concurrently, ibogaine downmodulated cocaine-induced ambulation (y c 0.0001) and 
central ambulation behavior (p < 0.0001). On the other hand, the behavioral parameters that did not exhibit habituation, 
i.e., rearing behavior and fine movement behavior, were not downmodulated by ibogaine (p < 0.1558) (p < 0.3763). 
respectively. Furthermore, ibogaine itself did not significantly alter NAcc DA release over the 2-h period studied (p < 0.9113) 
although individual time points were significantly affected bidirectionally. Concurrently ibogaine significantly increased 5-HT 
release (p < 0.0155). Behaviorally, ibogaine appears to be a weak psychostimulant. The data show a critical modulatory role 
for 5-HT in ibogaine-cocaine interactions. Also elucidated as critical is the efficacy of ibogaine when the response to (SC) 
cocaine is decreased due to the habituation of the animals to their environment. 

lbogaine Cocaine Psychostimulant behavior Nucleus accumbens (NAcc) Dopamine (DA) 
Serotonin (S-HT) In vivo electrochemistry (Voltammetry) Stearate microelectrode 
Freely moving rat paradigm Locomotor activity Central locomotor activity (agoraphobic inhibition) 
Rearing behavior Stereotypy 

IBOGAINE, as a putative treatment for cocaine addiction, chostitnulants, such as cocaine, and for narcotics, such as 
has a rather unique secular and historical perspective. Ibo- heroin; the anecdotal reports have been given substance by the 
gaine has been purported to end the craving process for psy- issuance of a use patent by the U.S. Office of Patents and 
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Trademarks (39). Presently, Phase 1 clinical trials to deter- 
mine the safety and pharmacokinetics of ibogaine (HCI) are 
progressing (44) and the National Institute on Drug Abuse 
(NIDA) is reported to be actively supporting studies to ascer- 
tain the clinical importance of ibogaine (67). 

Ibogaine also has a rather unique scientific and historical 
perspective as well, in its pharmacognosy, chemistry, and in 
its pharmacology. The pharmacognosy of ibogaine describes 
the plant as the yellowish root of the African shrub Tuber- 
rmnfhe ibogo Baillon of the family npocyrlocene. The plant is 
cultivated in Gabon, Africa. Interestingly, either rarely known 
or emphasized, is the fact that the alkaloids of the genera 
&ocynaceoe have found extensive use in modern medicine, 
an example of which is the Rnrr~vol’io alkaloids, from which 
the well-known drug reserpine is derived. The chemistry of 
ibogaine places this compound as an indole alkaloid, similar 
in structure to the neurotransmitter, serotonin (5HT). I.- 
Tryptophan is the precursor for ibogaine, which places ibo- 
gaine in the same biochemical pathway as 5-HT. lbogaine was 
first isolated in 1901 by Dybowski and Landrin [cited in (21)]. 
The chemical structure of ibogaine is known; its molecular 
formula is (C,,H,,N,O) (23). Brain concentrations of ibogaine 
can be determined by thin layer chromatography, and concen- 
trations of ibogaine in blood and urine can be determined 
by ultraviolet spectrophotometric assay (22). The structural 
formula of ibogaine, which was suggested by Taylor in 1957 
(66), has been confirmed by x-ray crystallography (1). The 
structure of many of the other iboga alkaloids have been de- 
duced from that of ibogaine (23). Interestingly, the origin of 
the indole alkaloid structure per se is predicated on yohim- 
bine, a well known a,-adrenoreceptor antagonist, which is 
actually derived from I-tryptophan, phenylalanine, and form- 
aldehyde by two Mannich condensations (65). There are other 
structural types of alkaloids of Apocynaceae, e.g., the iso- 
meric quinindolines and quinindoles, such as quinolinic acid, 
are representative of one of the other basic structural types. 

The studies of the peripheral pharmacology of ibogaine 
to date have been mainly concerned with the cardiovascular 
system. lbogaine was found to decrease blood pressure in an- 
esthetized animals and to increase blood pressure in unanes- 
thetized animals (27). lbogaine was found to produce brady- 
cardia; the bradycardic effect was potentiated by both 
domperidone and sulpiride, D, receptor antagonists and by 
atropine, a muscarinic cholinergic antagonist (35). There have 
been reports that tabernanthine, an ibogaine congener, is a 
calcium entry blocker that also affects cellular calcium metab- 
olism by inhibiting norepinephrine (NE) and calcium (Ca*+)- 
induced vascular contractions (34). III other similar studies, 
tabernanthine was found to have a dose-dependent potentia- 
tion (low dose) and inhibition (high dose) of contractions elic- 
ited by NE in the mesenteric artery so that it has actions 
related to the turnover of intracellular Ca” releasable by NE 
(45). Peripherally, tabernanthine has been observed to poten- 
tiate Ca*+ responses and produce a catecholamine sensitiza- 
tion in isolated rat duodenum (70). Finally, ibogaine itself 
produces hypoglycemia (21). 

Studies on the central nervous system pharmacology of 
ibogaine have shown that ibogaine can produce tremors in 
mice (62,75,76) and in rats (63). The nontremorigenic doses of 
ibogaine have been reported to be 5 and 10 mg/kg IP (61). 
Cappendijk and Dzoljic (15) have reported that the tremori- 
genie dose of ibogaine is 80 mg/kg and a lower dose of 40 
mg/kg produces less prominent and shorter-lasting behavioral 
effects than the higher dose. Although, it has been shown that 
ibogaine itself did not interact at either the benzodiazepine 
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receptor or the closely related GABA, receptor (19), the 
tremor induced by a related compound, tabernanthine, has 
been studied; tabernanthine acted as a benzodiazepine recep- 
tor inverse agonist in vitro in a discriminant binding assay. 
In addition, a tabernanthine-induced tremor was functionally 
inhibited by the benzodiazepine antagonist, RO-15,1788 (69). 

(base) for 12 consecutive days, severe damage to the kidney . 
characteristic of ischemic coaghlation necrosis occurred (21). “I ‘;^ 

Further studies on the central nervous system pharmacol- 
ogy of ibogaine have shown that ibogaine increased arousabil- 
ity (57). These results are consistent with data from sleep stud- 
ies that show that the ibogaine congeners, tabernanthine 
tartrate and tabernanthine parachlorophenoxyacetnte (SAD 
103), provoked an increase in wakefulness level, a reduction 
in the level of slow wave sleep, and a transient blocking of 
paradoxical sleep (17,18). Both ibopnine and its congrncr ta- 
bernanthine produced an increase in the energy of the theta 
band frequency (5-6 Hz) and increased the duration of wake- 
fulness in rats and the level of vigilance in the hr~rnan. Indeed, 
ibogaine was reported to act iike an antidepressant in these 
sleep paradigms (20,33). Studies on the hallucinatory effects 
of ibogaine in humans have been reported [(58) and cited by 
Dhahir, 1971 (21)). According to the latter citation (21). Dr. 
Sigg has described his own experiences with ibogaine a5 the 
following: “visual hallucinations, blue disks appearing only in 
the dark, accompanied by many other symptoms common to 
hallucinogenic intoxication, but no undesirable after effects, 
[such as] exhaustion or depression were noted.” 

Controlled studies on the toxic effects of ibogaine began in 
1971 (21), where tissue distribution and excretion studies were 
done in rats. The findings showed that ibopaine (50 mg/kg IP) 
was located in high concentrations in the liver, kidneys, and 
brain. Concentrations of ibogaine, however, were not cumula- 
tive and ibogaine disappeared at a rate of 49b of the injected 
dose per hour. About 5% of the injected dose of ibogaine was 
excreted unchanged in urine. The tissue : blood ratio was high, 
suggesting that the blood may not be the specimen of choice 
for postmortem toxicological analysis. Further, toxicological 
studies using chronic doses of ibogaine showed that ibogaine 
(10 and 50 mg/kg IP) did not cause any significant pathologic 
changes in the liver, kidney, heart, and brain when ibogaine 
was administered for 30 consecutive days, and no pathologic 
changes were observed in the liver or kidneys after ibogaine 
(40 mg/kg) was administered for 12 consecutive days. Ry com- 
parison, when 5-HT was administered in doses of 10 mg/kg 

More recent findings show &at ibogaine at high doses iI& 
mg/kg IP) and administered chronically, activates glial cells 
in distinct longitudinal zones of the cerebellum, and causes 
degeneration of Purkinje cells, the major neurons of the cere- 
bellar cortex. Interestingly, prior destruction of the inferior 
olive blocked Purkinje cell destruction (47,48). However, in 
many other brain areas, O’Hearn and Molliver found no evi- 
dence of ibogaine toxicity [citation in (67)]. 

Insofar as ibogaine and the pharmacology of addiction is 
concerned, studies on the ability of ibogaine to block cocaine 
self-administration were positive in male rats (15). In addition, 
the ability of ibogaine to block morphine self-administration 
was also positive, but in some cases somewhat discrepant in 
female rats (29,3l). Results show that the ability of ibogaine 
to alleviate opiate withdrawal are equivocal, some are posi- 
tive, some are negative (24,26,30,61). Moreover, ibogaine at a 
very low dose (3.5-7.0 mg/kg) did not significantly affect 
cocaine discrimination (55). 

The ibogaine reports on the neurochemistry of DA and 
locomotor behavior are varied, probably as much as the pa- 
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i. L *+rameterb and paradigms are varied. lbogaine did not affect 

i 
extracellular concentrations of DA in NAcc of male rats as 
monitorsd by the microdialysis technique (41). lmportanrly, 

0: 
p in postmor~cm studies though, ibogaine decreased DA lsvcls 

F 
in female rats (43). Moreover, ibogaine increased cocaine- 

1 
induced and amphetamine-induced extracellular concentra- 
tions of DA in NAcc in female rats (40,42), whereas ibogaine 

I decreased the usually increased extracellular concentrations of 
DA after morphine administration in male rats (41). In mice, 

‘, ibogainr reduced amphetamine (59) and cocaine-induced loco- 
motor stimulations (60). 

h Very few studies have been done on the interaction between 
ibogainr and the neurochemistry of the neurotransmitter sero- 
tonin (5-IiT) except for early studies focussed on hypoxia (46). 
Importantly, ibogaine produces side-to-side head weave (63), 
a classical 5-HTergic syndrome (68). 

We have published a series of articles that show that co- 
caine acts on presynaptic release mechanisms to alter synaptic 
concentrations of DA and 5-HT in a colocalized fashion in 

. . A,, pathways (7-l I, 13). Our light microscopic immunocyto- 
* chemical evidence for 5-tIT in A,, nerve terminals shows that 

the core of NAcc contains a dense terminal field of tyrosine 
hydroxylasi: (Tl1) axons that have an extensive overlap with 
5-HT axons in the periphery within the core (51,52). Impor- 
tantly, we have studied the region of NAcc that is ventral 
and lateral to the anterior commissure. This region has been 
referred to as vcntrolateral NAcc (vlNAcc) by Swanson and 
Cowan (64); it has been suggested by these authors that 
vlNAcc has I-rciprocal connections with ventral tegmental area 
(VTA). Our findings of 5-HT axons in close proximity to DA 
neurons in vlNAcc are consistent with ultrastructural studies 
that show 5-IiT immunoreactive terminals in the core and 
shell of medial NAcc (72) and with very recent studies that 
show a prominrnce of asymmetric junctions fortned by 5-HT- 
labeled terminals on neurons projecting to the NAcc with 
those containing tyrosine hydroxylase in the VTA (71). 

Therefore, the purpose of the present study was to assess 
the effect of ibogaine both alone and on cocaine-induced alter- 
ations in DA and 5-HT release in vlNAcc of freely moving 
and behaving male rats, concurrently with a study of the effect 
of ibogaine on locomotor activity and other parameters of 
cocaine-induced psychostimulant behaviors. Changes in syn- 

) ,., aptic concentrations of DA and 5-HT reflect presynaptic re- 
lease mechanisms because in vivo microvoltammetric studies 
using rBL, have shown that cocaine does not increase DA 
concentrations in the presence of an impulse flow blocker (8). 

i 
The results of the in vivo microvoltammetric studies are con- 
sistent with earlier studies that have described the dopamine 
releasing properties of cocaine (56). The well-known action 

1 of cocaine on reuptake inhibition processes (53,54) are not 
! precluded. 

f 

A paradigm of altered responses to cocaine due to extended 
habituation of the animal in a novel environment was chosen. 
This paradigm more closely mimics clinical conditions. 

i 
METHOD 

Drug Protocol 

Ibogainr (40 mg/kg IP) was administered in suspension, 
each consecutive day for 4 days before the in vivo voltamme- 
tric and behavioral studies were performed. lbogaine (Sigma, 
St. Louis, MO) was suspended in doubly deionized water and 
stirred for at least 40-50 min on a Thermolyne stirring plate. 
On each experimental day (the fourth day of ibogaine injec- 
tion), after stable in vivo electrochemical signals for DA and 
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5-HT were evident, ibogaine (40 mg/kg IP) was administered 
and studied for 2 h after exploratory behavior was completed 
and baseline neurotransmitter release was stabilized. Then, 2 
II al’tcr the administration of ibogaine, cocaine 1 ICI (Sigma) 
(20 mg/kg SC), dissolved in doubly deionized water, was in- 
jected and the effects of cocaine (20 m&kg SC) were studied 
for 4 h. 

In another group of male Sprague-Dawley rats, physiologi- 
cal saline (1 cc/kg IP) was administered instead of ibogaine; 
the (SC) cocaine protocol and the neurochemical and behav- 
ioral protocols remained the same. The results were then com- 
pared with the effect of (SC) cocaine on DA and 5-HT release 
in vlNAcc in freely moving and behaving rats when cocaine 
(SC) injection was not preceded by a 2-h saline study (7). It is 
important to note that in the latter study, animals had com- 
pleted exploratory behavior in their novel environment before 
cocaine injection. 

Extended Habituation Protocol 

In the present studies, animals were allowed a 2-h extended 
time period in the novel behavioral chamber before either 
injection of cocaine (20 mg/kg SC) or injection of saline 
(bodyweight in kg IP) was given. Due to the resulting extended 
habituation of the animal in the novel behavioral chamber, 
the DAergic responses, the 5-HTergic responses, and the be- 
havioral responses to (SC) cocaine of hyperactivity and antiag- 
oraphobia were significantly changed. Therefore, ibogaine 
was studied for its effects on (SC) cocaine responses, which 
were environmentally habituated. Also, results on rearing be- 
havior and stereotypic behavior after cocaine injection that 
were not affected by environmental habituation, are reported. 

Atlitnals 

The studies were done in unrestrained, freely moving, 
male, virus-free Sprague-Dawley rats (Charles River, Kings- 
ton, NY) (weight range 327 to 394 g at the time of the in vivo 
electrochemical and behavioral studies). The animals were fed 
Purina Rat Chow and water ad lib and were group housed 
before surgery and individually housed after surgery. A 12 h 
dark/light cycle was maintained both during the housing of 
the laboratory rats and throughout the experimental studies. 
The rats were tested free from the following viruses: Sendai 
Virus, Kilham Rat Virus, Reo Virus Type 3, Sialodacryoade- 
nitis Virus, Rat Corona Virus, Toolan’s HI Virus, Micro 
Plasma Puhnonis Virus, Lymphocytic Choriomeningitis Vi- 
rus, Hantaan Virus and Encephalitozoon Cuniculi Virus. 

Swgical Protocol 

Male Sprague-Dawley rats were anesthetized with pento- 
barbital (Na) (50 mg/kg IP). Body temperature was continu- 
ously maintained at 37 k 0.5OC with an aquamatic K module 
heating pad (Amer. Hosp. Supply, Edison, NJ). Booster shots 
of pentobarbital (Na) (0.05 cc) were administered to maintain 
adequate anesthesia. Corneal, pinnal, and leg flexion re- 
sponses were absent throughout the surgery. Rats were stereo- 
taxically implanted with stearate working microelectrodes in 
ventrolateral (VI) NAcc (AP = +2.6, ML = +2.5, DV = 
-- 7.3) (50), which is the ventrolateral region of the posterior 
part of NAcc, as has been previously described (Swanson and 
Cowen (64)). Ag/AgCl reference microelectrodes and stainless 
steel auxiliary microelectrodes were placed in contact with cor- 
tex. The working, reference, and auxiliary microelectrode as- 
sembly was held in place with dental acrylic (Kadon Cavity 
Liner, Caulk, Becker Parkin Dental Supply Co. Inc., NY). 
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In Vivo Voltarnmetry: Notes on the Stearate (1.24 cc Nujol) 
Working Microelectrode 

The stearate microelectrode paste mixture consisted of 
U.S.P. ultra superior purity carbon (1.5 g) (Ultra-Carbon 
Corp., Bay City, Ml) extra heavy Nujol (1.24 cc) (Plough, 
Memphis, TN), and 99% stearic acid (100 mg) (Sigma, St. 
Louis, MO). The stearate microelectrode was fabricated by 
pulling the Teflon envelope surrounding the stainless steel wire 
(Medwire Corp., Mt. Vernon, NY) over the edge to form a 
microcavity inside the Teflon well. The length of the resulting 
Teflon well was 500 pm; the diameter of the Teflon well was 
200 pm. The detailed methodology for both the microelec- 
trode assembly and the synthesis of the paste mixture is pub- 
lished by this laboratory (4-6). The microelectrode specifica- 
tions are different from those published by others (2,3). Also 
importantly, electrochemical (EC) macroelectrodes have dif- 
ferent surface EC properties than microelectrodes and, thus, 
such EC phenomenon as catalysis cannot be directly compared 
(73). 

Notes on !he Interpretaiion o$,Sm Vivo Electrochemical 
Volfarnrnetric Signals 

Dopamine and 5-HT were detected with the stearate micro- 
electrode at peak potentials of +O.l4 f 0.015 V and +0.29 
+ 0.015 V, respectively. Dopamine and 5-HT were detected 
within IO-15 s and IO-12 s, respectively, and appear sequen- 
tially in two separate waveforms on both in vivo and in vitro 
voltammograms. Dopamine was the first signal and 5-HT was 
the second signal to be detected in the time course of the 
applied potential (E,,,). Figure I shows a voltammogram of 
sequentially detected DA and 5-HT release in vlNAcc of freely 
moving and behaving Sprague-Dawley rats. Even at high con- 
centrations, the anionic metabolite of DA, i.e., 3,4 dihydroxy- 
phenylacetic acid (DOPAC), cannot be detected. At high con- 
centrations ascorbic acid (AA), the cofactor in the DA 
biosynthetic pathway, can be detected. However, AA can be 
detected at 0.050 V, a different peak potential (E,,) than that 
for DA or 5-IIT. The neurotransmitter, 5-HT was detected 

I 0. I nA sedtR 

DA 

A 
I I I I I 

0.0 +o.lO +O.20 N.30 +0.40 

13a,,(Volts) 

FIG. I. A semiderivative voltammogram showing the in vivo electro- 
chemical detection of DA and S-HT in freely moving and behaving 
male Sprague--Dawley rats. Peak potentials for DA and 5.HT were 
0.140 + 0.015 V and 0.290 + 0.015 V, respectively. Doparnine and 
5-117‘ release were detected with a temporal resolution of IO-15 s and 
IO-12 s, respectively. 
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within a IO-12 s time period, at an E,, of -t-0.290 V + 0.015 
V. The metabolite of 5-HT, that is, 5-hydroxyindoleacetic acid 
(5.HIAA) cannot be detected. Uric acid (UA), ivhich is a con- 
stituent of brain with similar electroactive E,, properties to 
those of 5-HT, can be detected but not at the same peak 
potential as that for 5-HT. Increasing the concentrations of 
DA and 5-HT did not significantly affect either signal. Each 
voltammogram was completed within 60 s. Each voltammo- 
gram, consisting of detection of faradaic in viva electrochemi- 
cal signals for DA and 5-HT, was completed in 25 s. A calibra- 
tion curve for the detection of DA and 5-HT with the stearate 
(I .24 cc Nujol) microelectrode is previously published by this 
laboratory (1 I). 

Medium e.whange technique for stearate microelectrodes. 
A medium exchange technique was performed on cnch micro- 
electrode in vitro before surgical insertion and implantation 
of the microelectrode in vivo. This procedure consisted of 
performing a selective preconcentration of the analytes DA 
and 5-HT onto the microelectrode suiface in saline phosphate 
buffer (0.01 M) pH 7.4 in a closed semidifferential circuit 
scanning from - 0.2 V to + 0.4 V at 2 nA/V for three to five 
exposures with a 2-min cell deposition. This method achieves 
optimum and stable preconcentration of analytes and im- 
proves the selectivity, the efficacy, and the sensitivity of the 
microelectrode for anatytes in an electrolyte environment. 

hi Vivo Voltarnrnetric Protocol 0 ‘, 
In vivo voltammetric (semiderivative) studies on conscious 

rats were begun approximately 9-14 days after the aseptic 
surgical procedures were performed. On each experimental 
day, an animal was placed in a Faradaic and Plexiglas cham- 
ber (dimensions: 24 x I8 x 23.5”). The three microelec- 
trode assembly, enclosed within the animal’s prosthetic acrylic 
cap, was connected to a CV37 detector (BAS, West Lafayette, 
IN) by means of a mercury commutator (Br. Res. Instr., 
Princeton, NJ), a flexible cable, and a mating connector (BJM 
Electronics, Staten Island, NY). The CV37 was electrically 
connected to a Minigard surge suppressor (Jefferson Electric, 
Magnetek, NY), which was then connected to an isolated elec- 
trical ground. Potentials were applied to the working micro- 
electrode with respect to a Ag/AgCI microelectrode (0.16 M 
saline) by a CV37 detector-potentiostat. ‘There was a 6-min 
interval between the completion of one voltammogram and , .‘i 
the 2-min cell activation for the next voltammograrn. Nonfar- 
adaic charging current was eliminated in the first 20 s of each 

‘4 
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scan. Initial applied potential (E,) was -0.200 V. The scan 
rate was 10 mV set -‘. 

i 

Behavioral Assessment t 

Activity pattern analysis simultaneously monitored several :’ 
different responses both as they occurred spatially and tempo- 
rally. The APM measured multiple concurrent measures of 
ambulations (locomotor activity), central ambulations, rear- 
ing behavior, and fine movements (primarily grooming). The 

,,;; 
y 

movement of each male Sprague-Dawley rat was detected by 
a I6 x I6 array of infrared photobeams that surrounded the 
behavioral chamber; the photobeams were held in place by an 
aluminum frame. The aluminum frame was placed 3/4 inch 
above the Plexiglas floor of the behavioral cage (24 x I8 x 
23.5”). The infrared photobeams were sarnpled by an IBM 
computer that defined the x-y position of the animal within a 
1.5 inch resolution. An outer exterior layer of the behavioral 
chamber consisted of copper that provided a fnradaic shield 
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1. for the in vivo monitoring of electrochemical (voltammetric) 
signals. 

The definition of the specific x-y position of the animal 
was important becau~ wlicn iln x-y position was calculalcd, it 
was used to define an animal’s position in one of 16 equally 

‘, sized sector5 and one of 9 unequally sized regions. These re- 
gions were then used for more descriptive measures of, e.g., 
entries spent in the center of the cage. This central entries 
parameter of locomotor behavior becomes a reliable measure 
of thigmotaxia, i.e., the agoraphobic response, which is con- 
sidered to be equivalent to fear (28). Moreover, rearing, 
wherein both forepaws of the animal are away from the floor 
for a period of at least I s, was measured by another series of 
infrared photobeams situated about 6 inches from the floor of 
the behavioral chamber. An IBM computer sampled the status 
of all the beams and the circuits in the behavioral chamber 
every 100 ms. The system is a custom modified version of an 

?.. Activity Pattern Monitor (APM) (San Dierro Instruments. San 

: 

Diego,-CA). Each paramkter of’dehavior kas monitored’con- 
currently with the online detection of DA release and the sepa- 
rate yet concurrent detection of 5-HT release. 

Srarisricol Protocol 

Each component of the behavior monitored online, in ad- 
dition to the DA and 5-HT release detected on line, was tested 
for statistically significant differences between pre- and post- 
ibogaine-cocaine and pre- and postsaline-cocaine, by analysis 
of variance (ANOVA) (Statview, Brain Power Inc., Calaba- 
sas, CA). hlorcover, differences between ibogaine and con- 

trol and saline and control were also determined by ANOVA. 
ANOVAs were followed by post hoc tests, Fisher PLSD (least 
square differenceb), and the Scheffe F-test (Statview, Brain 
Power Inc., Calabasas, CA), to determine hourly statistically 
significant differences. The hourly data was a composite of 
the individual IO-min interval time course data points. Statisti- 
cally signil’icant differences were also calculated on the indi- 
vidual time course data points by 95% confidence limits (95% 
CL), betting the p-value at y < 0.05. Changes in DA and 
5-tlT \‘atucs after drug or saline vis-i-vis nntreated (same ani- 
mal) controls arc presented as percent change, whcrens behav- 
ioral data are presented as frequency or number of behavioral 
events. Control is represented as 100%. 

BccauLe the actual detection time for DA was IO-15 s, the 
percent change in synaptic concentrations of DA at each data 
point represents a IO-15 s current change (PA) from baseline. 
A similar principle of in vivo electrochemical detection applies 
for 5-1iT. Because the actual detection time for 5-HT at each 
data point is 10-12 s, the percent change in synaptic concen- 
trations of 5-HT, at each data point, represents a measure- 
ment of electrical current (in pA) within the same discrete 
synaptic environment as that for DA, within vlNAcc within a 
IO-12 s time period. 

Finally, basal (endogenous) saline and cocaine-altered DA 
and 5-HT release in vlNAcc and concurrent parameters of 
behaviors were studied for statistically significant correlative 
value by the Pearson Product Moment Coefficient of Correla- 
tion (r) (polynomial distribution) (Statview, Brain Power Inc., 
Calabasas, CA). Corresponding z values were derived from 
the table of ; for values of r from 0.0 to I .O. 

Neuroanarotttical Localion of Indicator (Il’orkitrg) 
Microelectrode 

Placement of working microelectrodes in vlNAcc was con- 
firmed by the potassium ferrocyanide blue dot method (10% 

* . 

formalin-transcardial perfusion with 80 ml saline). Current 
was passed at an amperage of 50 PA in a time period of 30 s. 
Examination of the brain revealed that virtually no damage to 
brain tibnus to0k place. 

RESlJLTS 

Figure I shows a semiderivative voltammogram of basal 
DA and 5-HT release, detected concurrently in vlNAcc. The 
peak potential for the in vivo electrochemical signal for DA 
was 0.140 + 0.015V and that for 5-HT was 0.290 f 0.015V. 
I.owest detection limits, currently possible for DA and 5-HT, 
are 5 nmol and 1 nmOl, respectively. 

DA release in vlNAcc: Anitnals Habitualed (Extended) lo 
Novel Environtnen!: Extended Titne Period: 
Saline-Cocaine Group 

Figure 2 shows the effect of saline (1 cc/kg IP) on DA 
release in vlNAcc, in addition to showing the effects of co- 
caine (20 mg/kg SC) on DA release in vlNAcc which follow 
the 2-h saline study. The studies were done in freely moving 
and behaving male Sprague-Dawley rats. 

(a) Phase 1: Effect oJ saline. Injection of saline did not 

FIG. 2. DA release in vlNAcc: Animals habituated (extended) to 
novel environment: extended time period: saline-cocaine group and 
ibogaine-cocaine group. Phase I: the effect of saline (B) on synaptic 
concentrations of dopamine (DA) in vlNAcc of freely moving and 
behaving male Sprague-Dawley rats (N = 4) as compared with the 
effects of ibogaine (0) on synaptic concentrations of DA in vlNAcc 
of a different group of freely moving and behaving male Sprague- 
Dawley rats (N = 5). Phase 2: the effect of cocaine (20 mg/kg SC) on 
synaptic concentrations of DA in vlNAcc of the same freely moving 
and behaving male Sprague-Dawley rats in which saline’s effects on 
vlNAcc DA synaptic concentrations were studied (n = 4) (m), as 
compared with the effect of cocaine (20 mg/kg SC) on synaptic con- 
csnlrationr of DA ill vlNAcc of the same freely moving aud behaving 
male Sprague-Dawlry rats in which ibogaine’s effects on vlNAcc DA 
synaptic concentrations were studied (II = 5) (rl). ‘The saline group 
and the ibogaine group each had irrjeclions of either saline or ibogaine 
respectively for 3 consecutive days before [he day of and 011 the day 
of the study. *p < 0.05; 95% confidence limits (Cl.). See text for 
ANOVA stsliatics. 

. 
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significantly affect DA release for the 2-h time course study 
[ANOVA: i;‘(l, 16) = 0.028, p < 0.87031. The hourly data 
was a composite of the individual lo-minute interval time 
course data points. 

(b) Phase 2: EJJecr of (SC) cocaine with saline prelreal- 
menf. injection of cocaine (20 mg/kg SC) following the 2-h 
saline study cartsed a significant increase in DA release over 
baseline [ANOVA: F(4, 25) = 113.993, p < O.OOOl] over the 
4 h of study. DA release was significantly increased (p < 
0.05, 95% CL) to 106% within 10 min following injection and 
maximally increased to 171% (p < 0.05, 95% CL) 4 h after 
cocaine (SC) injection (baseline = 100%). Post hoc analyses 
show statistically significant differences between basal DA re- 
lease and cocaine-induced DA release for each of the 4 h 
following cocaine injection (Fisher’s PLSD = 7.043 and 
Scheffe’s F = 1.311, 9.018, 41.261, 82.794, first to fourth 
hours, respectively). 

DA Release in vlNAcc: Animals Nabiluafed (Exfended) lo 
Novel Environment: Exfended Time Period: 
Ibogaine-Cocaine Group 

Figure 2 also shows a 2-h time course study on the effect of 
ibogaine (40 mg/kg IP) on DA release in vlNAcc, in addition 
to showing the effect of cocaine (20 mg/kg SC) on DA release 
in vlNAcc for the 4-h period that follows the 2-h ibogaine 
study. The studies were done in a separate group of freely 
moving and behaving male Sprague-Dawley rats. 

(a) Phase I: Effeecr of ibogaine. Injection of ibogaine did 
not significantly affect DA release for the 2-h time course 
study [ANOVA: F(l, 16) = 0.013, p < 0.91121. The hourly 
data was a composite of the individual IO-min interval tin1e 
course data points. There were, however, small but statisti- 
cally significant (p < 0.05 (95% CL)) initial decreases in DA 
release followed by small but statistically significant increases 
in DA release, at specific time intervals during the time course 
studies. DA release at the time points (20, 40, and 50 min) 
following ibogaine injection were significantly decreased be- 
low basal DA release (95% CL) and DA reiease at time points 
(60, 80, 90, and 100 min) following ibogaine injection were 
significantly increased over basal DA release (95% CL). The 
temporal resolution of in vivo electrochemistry allowed the 
selective effects of ibogaine on DA release to be detected. 

(h) Phase 2: Ejyect of (SC) cocaine wifh ibogaine pretreal- 
tnenf. Injection of cocaine (20 mg/kg SC) following the 2-h 
ibogaine study, produced a significant increase in DA release 
in vlNAcc over baseline [ANOVA: F(4, 25) = 41.619, p < 
O.OOOl]. DA release was significantly increased to 106% at 130 
min (p < 0.05, 95010 CL) and maximally increased to 122% 
(p < 0.05, 95% CL) at 320 min (baseline = 100%). Post hoc 
analyses show that the statistically significant differences be- 
tween basal and cocaine-induced DA release were significant 
for each of the 4 h following cocaine injection (Fisher’s PLSD 
= 3.659 and Scheffe’s I; = 3.183, 12.755, 23.225, 31.485, 
first to fourth hours, respectively). It is important to note that 
saline or ibogaine injections were administered chronically for 
4 days. The day of the study was the fourth day of saline or 
ibogaine injection. 

Comparison Be1 ween rhe Saline and Ibogaine Groups 

A comparison between the effect of saline and the effect of 
ibogaine on DA release in vlNAcc shows that there were no 
significant differences in vlNAcc DA release between saline- 
treated and ibogaine-treated animals for either hour of the 2-h 
study [ANOVA: F(I) 5) = 0.925, p < 0.3803, ANOVA: F(l, 
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5) = I .967, p < 0.2197, first and second hours, respectively]. 
A comparison between the effect of cocaine on DA release 

with saline pretreatment vs. ibogaine pretreatment shows that 
ibogaine significantly downmodulated cocaine-induced DA 
release below saline [ANOVA: ql, 23) = 31.638, p < 
O.OOOl]. Ibogaine significantly reduced cocaine’s effect on 
vlNAcc DA release in the first hour (ANOVA: 91, 5) = 
10.128, p < 0.02451, in the second hour [ANOVA: F(l, 5) = 
19.91, p < 0.0066], in the third hour [ANOVA: 01, 5) 
= 50.795, p < O.OOOS], and in the fourth hour (ANOVA: 
F(l, 5) = 753.705, p < O.OOOl]. The intensity of the reduc- 
tion in cocaine-induced DA release in vlNAcc by ibogaine 
progressed to a maximum decrease of 42% by the fourth hour 
of study. 

5-HT Release in vlNAcc: Animals Ffabifttated (Extrnded) fo 
Novel Ettvirotm~et~f: Extended Titne Period: 
SaliticX?tcaitte Group 

Figure 3 shows the effect of saline (1 ccikg II’) on serotonin 
(5-HT) release in vlNAcc (a 2-h study) followed by a 4-h study 
on the effect of cocaine (20 mg/kg SC) on 5-111‘ release in 
vlNAcc in the same freely moving and behaving male 
Sprague-Dawley rats in which DA release was studied. Dopa- 

FIG. 3. S-HT release in vlNAcc: Animals habituated (extended) to 
novel environment: extended time period: saline-cocaine group and ibo- 
gaine-cocaine group. Phase 1: the effect of saline (W) on synaptic con- 
centrations of S-FIT in vlNAcc of freely moving and behaving male 
Sprague-Dawley rats (n = 4) as compared with the effects of ibogaine 
(Ll) on synaptic concentrations of 5-HT in vlNAcc of freely moving 
and behaving male Sprague-Dawley rats (N = 5). Phase 2: the effect 
of cocaine (20 mg/kg SC) on synaptic concentrations of S-HT in vlNAcc 
of the same freely moving and behaving male Sprague-Dawley rats in 
which saline’s effects on vlNAcc synaptic concentrations of S-HT were 
studied (N = 4) (B) as compared with the effect of cocaine (20 mg/kg 
SC) on synaptic concentrations of S-tlT in vlNAcc of the same freely 
moving and behaving male Sprague-Dawley rats in which ibogaine’s 
effects were studied (rl = 5) (Cl). In vivo electrochemical signals for 
DA and 5-HT were detected concurrently. Both the saline group and 
the ibogaine group each had injections of either saline or ibogaine re- 
spectively for 3 consecutive days before the day of and on the day df 
the study. *p < 0.05; 95% confidence limits (CL). See text for ANOVA 
statistics. 
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mine and 5-HT release were studied concurrently with a tem- 
poral resolution of IO-15 s and IO-12 s, respectively. In vivo 
electrochemical signals for DA and S-HT peaks were separate, 
distinct and all-line. 

(a) Plrose I: &&Y o./ salirre. Injection of saline did not 
significantly affect 5-HT release for the 2-h time course study 
[ANOVA: F(l, 16) = 0.4, p < 0.53591. The hourly data was 
a composite of the individual lo-min interval time course data 
points. 

(b) Phase 2: Effec! of (SC) cocaine with saline pretreat- 
ment. Injection of cocaine (20 mg/kg SC) following the 2-h 
saline study caused a significant decrease in 5-HT release be- 
low baseline (ANOVA: F(4, 25) = 26.544, p < O.OOOl]. 
5-HT release was significantly decreased beginning at 170 min 
to 10% below baseline (p < 0.05, 95% CL) and maximally 
decreased to 300/o below baseline (p < 0.05, 95% CL) at 300 
min (baseline = 100%). Post hoc analyses show that the sta- 
tistically significant differences between basal and cocaine- 
altered release of 5-HT were significant for each of the 4 h 
following cocaine (20 mg/kg SC) injection (Fisher’s PLSD = 
5.85 and Scheffe’s F = 1.236, 9.71, 13.556, 18.71, first to 
fourth hours, respectively). 

5-HT Release in vINAcc: Animals Habituated (Extended) to 
Novel Environment: Extended Time Period: 
Ibogaine-Cocaine Group 

Figure 3 also shows a 2 h time course study on the effect of 
ibogaine (40 mg/L.g II’) on 5-l-IT release followed by a study 
of the effect of cocaine (20 mg/kg SC) 011 5-HT relcase in 
vlNAcc which follows the 2-h ibogaine study. The study was 
done in the same freely moving and behaving male Sprague- 
Pawley rats in which DA release was studied. However, the 
studies were done in a separate group of animals from those 
in which the saline studies were performed. 

(a) Phase 1: Effect of ibogaine. Injection of ibogaine sig- 
nificantly increased 5-HT release for the 2-h time course st11dy 
(ANOVA: F(I, 16) = 6.206, p < 0.0241). The hourly data 
was a composite of the individual IO-min interval time course 
data points. Further analysis showed that ibogaine induced a 
significant increase of 5-HT release in the first hour of the 2 h 
following baseline [ANOVA: F(1, 10) = 8.484, p < O.OlSS]. 
Ibogaine significantly increased S-HT release beginning at the 
20 min mark to 110% (p < 0.05, 95% CL) and maximally 
increased 5-HT release at the 40-min mark to 127% (p < 
0.05, 95% CL) (baseline = 100%). 

(b) Phase 2: Effect of (SC) cocaine with ibogaine pretreat- 
ment, Injection of cocaine (20 mg/kg SC) following the 2-h 
ibogaine study produced a significant decrease in 5-HT release 
below baseline [ANOVA: F(4, 25) = 140.652, p < O.OOOl]. 
5-HT release was significantly decreased beginning at 130 min 
by 9% (p < 0.05, 95% CL) and maximally decreased by 86% 
(p < 0.05, 95% CL), i.e., at 350 min (baseline = 100%). 
Post hoc analyses of the data show that the statistically signifi- 
cant differences were significant for each of the 4 h following 
cocaine injection (Fisher’s PLSD = 8.317 and Scheffe’s F = 
9.287, 48.504, 75.198, 104.385, first to fourth hours, respec- 
tively). 

Compurisorr Between the Suline artd Ibogaine Groups ‘, . 
A comparison between the effect of saline and the effect of 

ibogaine on 5-HT release shows that ibogaine significantly 
increased 5-IJT release over saline in the first hour following 
baseline [ANOVA: F(1, 5) = 7.96, p < 0.0371, ANOVA: 

F(1, 5) = 5.82, p < 0.0607, first and second hours, respec- 
tively, following baseline). 

A comparison between the effect of cocaine on S-HT re- 
lease with saline pretreatment vs. ibogaine pretreatment shows 
that ibogaine significantly potentiated the cocaine-induced de- 
crease in 5-HT release [ANOVA: F(I, 23) = 150.16, p < 
O.OOOl] over the 4 h following cocaine injection. Ibogaine 
significantly potentiated the cocaine-induced decrease in 5-HT 
release by 19% in the first hour [ANOVA: F(l, 5) = 19.921, 
p < 0.00661, by 39% in the second hour [ANOVA: F( 1, 5) = 
499.818, p < O.OOOl], by 50% in the third hour [ANOVA: 
F(1, 5) = 218.567, p < O.OOOl], and by 58% in the fourth 
hour [ANOVA: F( 1, 5) = 606.68 I, p < O.OOOl]. The potenti- 
ation effect progressed over the 4-h study by 39%. 

DA and S-FIT Release in vlNAcc: Effect of (SC) Cocaine 
Without Saline or Ibogaine Pretrealment: 
Animals Not Habituated (Extended) to Novel 
Environment: Time Period Not Extended 

Figure 4 shows the effect of cocaine (20 mg/kg SC) on DA 
and 5-HT release in vlNAcc when cocaine was injected with- 
out an immediately preceding 2-h study of either saline or 
ibogaine, i.e., immediately after a steady-state baseline of en- 
dogenous DA and 5-HT release was achieved. Cocaine signifi- 
cantly increased DA release over baseline [ANOVA: F(4, 25) 
= 77.214, p < O.OOOl]. DA release was significantly in- 
creased beginning at 10 min following baseline to 107% (p < 
0.05, 95% CL) and maximally increased to 176% (p < 0.05, 
95% CL) at I90 min (baseline : 100%). Cocaine concur- 
rently and significantly decreased 5-IlT release below baseline 
[ANOVA: F(4, 25) = 52.23, p < O.OOOl]. 5-HT release was 

FIG. 4. DA and 5-HT release in vlNAcc: Effect of (SC) cocaine 
without saline or ibogaine pretreatment: animals not habituated (not 
extended habituation) to novel environment: time period not ex- 
tended. The effect of cocaine (20 mg/kg SC) on synaptic concentra- 
tions of DA and 5-IIT in vlNAcc when cocaine was injected without 
an immediately preceding 2-h study of either saline or ibogaine. *p < 
0.05; 95% confidence limits (CL). See text for ANOVA statistics (N 
= 5). Modified from Broderick (7). Reprinted with permission of 
Elsevier Science, Ltd. 

. 



. 

718 BRODERICK ET AL. 

significantly decreased beginning at 20 min to 11% below 
baseline (p < 0.05, 95% CL) and maximally decreased to 
37% below baseline (p < 0.05, 95% CL) at 190 min (baseline 
= 100%). 

vlNAcc DA Release: Comparisons Between the Habituated 
and Noni~abitrrated (SC:) Cocaine Responm 

A statistical comparison between the effect of cocaine on 

DA release with repeated environmental stimulation (extended 
time period in novel behavioral chamber) and that effect with- 
out, shows that the repeated stimulation response to (SC) co- 
caine was significantly reduced [ANOVA: F(1, 23) = 9.994, 
p < 0.00441. Therefore, cocaine-induced DA release was sig- 
nificantly habituated and downmodulated by the number of 
hours the animal spent in the behavioral chamber, even in a 
novel behavioral chamber. Importantly, the most prominent 
habituation effects on DA release were seen in the second hour 
[ANOVA: F(t, 5) = 32.185, p < 0.0024) and in the third 
hour [ANOVA: F(l, 5) = 36.127,p < 0.0018]. 

vlNAcc 5-HT Release: Comparisons Between the Habituated 
and Nonhabituated (SC) Cocaine Responses 

A statistical comparison between the effect of cocaine on 
5-HT release in vlNAcc with repeated environmental stimula- 
tion and that without shows that the response to (SC) cocaine 
was significantly reduced in intensity [ANOVA: F(l, 23) = 
35.475, p < O.OOOl]. Thus, the (SC) cocaine-induced decrease 
in 5-HT release in vlNAcc was habituated and upmodulated 
by the extended time spent in the novel behavioral chamber. 
Importantly, the most prominent habituation effects were 
seen in the first hour [ANOVA: Ql, 5) = 12.662, p < 
0.0162], in the second hour [ANOVA: F(l) 5) = 13.435, p < 
0.01451, and in the fourth hour [ANOVA: 91, 5) = 7.924, 
p < 0.03731. 

Behavioral Assessment: Arnbtdatory Behavior: Animals 
Habituated (Extended) to Novel Environment: Extended 
Time Period: Saline-Cocaine Group 

Figure 5 shows the effect of saline (1 cc/kg IP) on the 
frequency of ambulatory behavior, in addition to showing the 
effect of cocaine (20 mg/kg SC) on ambulation frequency 
which follows the 2-h saline study. The study was done in the 
same freely moving and behaving male Sprague-Dawley rats 
in which the selective and concurrent neurotransmitter study 
on DA and 5-HT release was done. 

(a) Phase I: Effect of saline. Injection of saline did not 
significantly affect ambulation frequency for the 2-h time 
course study [ANOVA: 91, 16) = 1.021, p < 0.32741. The 
hourly data was a composite of the individual IO-min interval 
time course data points. However, initially a significant in- 
crease did occur due to an initial arousal of the animal when 
exploratory behavior had been completed. 

(1)) Phase 2: Effect of (SC) cocaine with saline pretreat- 
ment. Injection of cocaine (20 mg/kg SC) following the 2-h 
saline study produced a significant increase in ambulation fre- 
quency over baseline [ANOVA: Q4, 25) = 45.03, p < 
O.OOOl]. Ambulation frequency was significantly increased 
from 166 ambulations at baseline to 713 ambulations (p < 
0.05, 95% CL), beginning at 130 min. The maximal increase 
to 1459 ambulations (p < 0.05, 95% CL) occurred at 270 
min. Post hoc analyses show that the statistically significant 
differences between basal and cocaine-induced ambulation 
frequency were significant for each of the 4 Ii following co- 

FIG. 5. Ambulatory behavior: Animals habituated (extended) to 
novel environment: extended time period: saline-cocaine group and 
ibogaine-cocaine group. Phase I: the effect of saline (m) on ambula- 
tory behavior (locomotor behavior) (N = 4) as compared with the 
effects of ibogaine (rJ) (N = 5). The studies were done in the same 
group in which vlNAcc DA and S-HT release were studied in terms of 
saline or ibogaine pretreatment. Ambulations are reported in terms of 
frequency or number of ambulatory events. Phase 2: the effect of 
cocaine (20 mg/kg SC) on ambulatory behavior continued from the 
saline or ibogaine studies. *p < 0.05; 95% confidence limits (CL). 
See text for ANOVA statistics. 

Caine injection (Fisher’s PLSD = 206.639 and Scheffe’s F = 
3.785, 23.613, 34.214, 18.012, first to fourth hours, respec- 
tively). 

Ambrtlatory Behavior: Animals Habituated (Extended) to 
Novel Environment: Extended Time Period: 
Ibogaine-Cocaine Group 

Figure 5 also shows the effect of ibogaine (40 nip/kg IP) 
on ambulation frequency, in addition to showing the effects . 
of cocaine (20 mg/kg SC) on ambulation frequency which 4 
follow the 2-h ibogaine study. The study was done in the same 
freely moving and behaving male Sprague-Dawley rats in 
which the selective and concurrent neurotransmitter study on 
DA and 5-HT release was done. 

(a) Phase I: Effect of ibogaine. Injection of ibogaine sig- 
nificantly increased ambulation frequency for the 2-h time 
course study [ANOVA: F(1, 16) = 10.555, ~7 < 0.005]. The 
hourly data was a composite of the individual If.-rnin interval 
time course data points. Ambulation frequency significantly 
increased for both hours of the 2 h following baseline 
[ANOVA: I;‘(I, 10) = 8.298, I-, < 0.0164). Within the first t0 
min, ambulations increased fourfold, an effect that was seen 
in the saline group as well, due to arorlsal of animals after 
completed exploratory behavior and pursuant rest. 

(0) Phase 2: l?flect of (SC) cocaine with ibogaine pretreat- 
ment. Injection of cocaine (20 mg/kg SC) following the 2-h 
ibogaine study caused a significant increase in cocaine-induced 
ambulation frequency over baseline [ANOVA: Q4, 25) = 
28.812, p < O.OOOl]. Ambulation frequency was significantly 
increased from I1 8 ambulations at baseline IO 583 ambula- 
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tions (p < 0.05, 95% CL), beginning at 130 min. Ambulation 
frequency was maximally increased to 1090 ambulations (p < 
O.OS, 95070 CL) at 300 min. Post hoc analyses show that the 
statistically significant differences between basal and cocaine- 
induced ambulation frequency were significant for each of the 
4 h following cocaine injection (Fisher’s PLSD = 153.305 and 
Scheffe’s F = 5.309, 10.666, 17.35, 23.785, first to fourth 
hours, respectively). 

Cotnparison Between rite Saline and lbogairte Groups 

A comparison be~wern the effect of saline and the effect of 
ibogaine on ambulation frequency shows that ibogaine signifi- 
cantly increahed ambulation frequency in the second hour 
following huselinc [ANOVA: F(1, 5) = 0.084, p < 0.7836, 
ANOVA: F( 1, 5) = -16.82, p < 0.001, first and second hours, 
respectively, following baseline). 

A comparison betwwn the effect of cocaine with saline 
pretreatment vs. the effect of cocaine with ibogaine pretreat- 
ment shows rhal ibogaine significantly reduced cocaine- . induced ambulation frequency [ANOVA: F(I, 23) = 34.054, 
p < O.OOOl]. lboyaine significantly reduced cocaine-induced 
ambulation frr~~uency in the first hour [ANOVA: F(1, 5) = 
9.059, p < 0.02981, in the second hour [ANOVA: F(I, 5) = 
74.105, p < 0.0003], and in [he third hour [ANOVA: F( 1, 5) 
= 26.8-U,/, < 0.0035]. 

Frequency of.~1rttbula~ory Behuvior: EJfecr of (SC) Cocaine 
Wilhour Sulk or Ibogaine Pretrealment: 
Animals Nor Habituated (Extended) lo Novel 
Etrvirotrtttenr: Time Period Not Extended 

Figure 6 shows the effect of cocaine on ambulation behav- 
ior when cocaine (20 mg/kg SC) was injected without an im- 
mediately preceding 2-h study of either saline or ibogaine. 
Cocaine (20 mg/kg SC) significantly increased ambulation fre- 
quency [ANOVA: F(4, 25) = 58.845, p < O.OOOl]. Ambula- 
tion frequency was significantly increased from a baseline of 
253 ambulations to 707.25 ambulations, begimiing at the lo- 
min mark (p < 0.05, 95% CL). Ambulation frequency was 
maximally increased to 1578 ambulations (p < 0.05, 95% 
CL) at the 210~min mark. 

Frequency of Ambulalory Behavior: Comparisons Between 
the Habiruared and Nonhabiruared (SC) Cocaine Responses 

A statistical comparison between the effect of cocaine on 
ambulation frequency with repeated environmental stimula- 
tion and that without shows that the repeated stimulation re- 
sponse IO (SC) cocaine was significantly reduced [ANOVA: 
F(I, 23) = 14.994, p < 0.00081. Therefore, a subsequent ha- 
bituated and downmodulated response to (SC) cocaine was 
seen with the ambulatory behavior parameter, particularly in 
the first [ANOVA: F(1, 5) = 19.873, p < 0.00671, and 
fourth hours [ANOVA: F(l, 5) = 13.972,~ < 0.0135). 

Rearing Behavior: Animals Nor Exhibiting Extended 
Habituation Response in Novel Environtnenl Although 
Time Period U’as Extended: Saline-Cocaine Group 

Figure 7 shows the effect of saline (1 cc/kg IP) on rearing 
behavior, in addition to showing the effect of cocaine (20 mg/ 
kg SC) on rearing behavior which follows the 2-h saline study. 
The study was done in the same freely moving and behaving 
male Sprague-Dawley rats in which vlNAcc DA release and 
5-HT release and ambulatory behavior were studied, i.e., the 

‘I,, saiine-cocaine group. , 

(-] 

FIG. 6. Frequency of ambulatory behavior: effect of (SC) cocaine 
without saline or ibogaine pretreatment: animal group not habituated 
(not extended habituation) to novel enviromnent: time period not 

extended. The effect of cocaine (20 m&kg SC) on ambulatory behav- 
ior when cocaine was administered without a 2-h saline or ibogaine 
study preceding cocaine injection. vlNAcc DA and .5-IIT release was 
studied concurrently (Fig. 4). Ambulatory (locomotor) behavior is 
reported in terms of frequency (number) of events. *‘p < 0.05; 95% 
confidence limits (CL). See text for ANOVA statistics (N = 6). 

(a) Phase I: Effect of saline. Injection of saline had no 
significant effect on rearing frequency for the 2-h time course 
study [ANOVA: F(l, 16) = 0.292, p < 0.59661. The hourly 
data was a composite of the individual IO-min interval time 
course data points. Within the first 10 min, rearing increased 
due to arousal of animals after exploratory behavior was com- 
pleted. 

(b) Phase 2: Effect of (SC) cocaine with saline pretreat- 
tnenl. Injection of cocaine (20 mg/kg SC) following the 2-h 
saline study significantly increased rearing frequency over 
baseline [ANOVA: F(4, 25) = 22.852, p < O.OOOl]. Rearing 
frequency was significantly increased from 2 rears at baseline 
to 12 rears (p < 0.05, 95% CL), beginning at 190 min, and 
was maximally increased to 58 rears (p < 0.05, 95% CL) at 
300 min. Post hoc analyses show that the statistically signifi- 
cant differences between basal and cocaine-induced rearing 
frequency were significant for the second to fourth hours fol- 
lowing cocaine (20 mg/kg SC) injection (Fisher’s PLSD = 
11.63 and Scheffe’s F = 5.557, 12.13, 13.341, second to 
fourth hours, respectively). 

Rearing Behavior: Anittrul Group Not Exhibiting Extended 
Habiluafion Response in Novel Environment Although Titne 
Period Was Extended: Ibogaine-Cocaine Group 

Figure 7 also shows the effect of ibogaine (40 mg/kg IP) 
on rearing behavior, in addition to showing the effect of co- 
caine (20 mg/kg SC) on rearing behavior which follows a 2-h 
ibogaine study. The study was done in the same freely moving 
and behaving male Sprague-Dawley rats in which DA and 
5-HT release and ambulatory behavior were concurrently de- 
tected and monitored, i.e., the ibogaine-cocaine group. 
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FIG. 7. Rearing behavior: Animals not habituated (not extended ha- 
bituation) to novel environment although time period was extended: 
saline-cocaine group and ibogaine-cocaine group. Phase I: the effect 
of saline (W) or ibogaine (0) on rearing behavior. Either saline (I cc/ 
kg IP) or ibogaine (40 mg/kg IP) was injected after exploratory be- 
havior was essentially completed and at the time when a stable base- 
line for DA and 5-IIT release in VINACC had been achieved. Phase 2: 
the effect of cocaine (20 m&kg SC) on rearing behavior in the same 
freely moving and behaving male Sprague-Dawley rats in which the 
2-h saline study had taken place (W) (N = 4). as compared with the 
effects of cocaine (20 mg/kg SC) on rearing behavior in the same 
freely moving and behaving male Sprague-Dawley rat5 that were pre- 
trrntcd with ibogninc 2 h before (r-1) (N r 5). *n < 0.05; 95% confi- 
dencc limits (CL). See text for ANOVA statistics. 

(a) Phase I: Effecf of ibogaine. Injection of ibogaine sig- 
nificantly increased rearing frequency for the first hour of 
the 2 h following baseline [ANOVA: F(1, 10) = 11.001, p < 
0.00781. The second hour, though statistically not significant 
[ANOVA: 91, 10) = 4.085,/> < 0.0708) may well be physio- 
logically significant. Ibogaine significantly increased rearing 
frequency at the 10, 30-120 min marks (p < 0.05, 95% CL). 

(b) Phase 2: Effect of (SC) cocaine with ibogaine pretreat- 
menf. Injection of cocaine (20 m&kg SC) following the 2-h 
ibogaine study significantly increased rearing frequency over 
baseline [ANOVA: F(4, 25) = 31.036, p < O.OOOl]. Rearing 
frequency was significantly increased from I rear at baseline 
to 16 rears (p < 0.05, 95% CL), beginning at 130 min. Rear- 
ing behavior was tnaxirnally increased to 51 rears (p < 0.05, 
95010 CL) at 310 min. Post hoc analyses show that the statisti- 
cally significant differences between basal and cocaine- 
induced rearing frequency were significant for each of the 4 h 
following cocaine injection (Fisher’s PLSD = 8.213 and 
Scheffe’s I; = 2.418, 8.808, 10.198, 27.871, first to fourth 
hours, respectively). 

Comparison Between the Saline and Ibogaine Groups 

A comparison between the effect of saline and the effect of 
ibogaine on reariug behavior shows that there were no signifi- 
taut differences in rearing frequency for either hour of the 2 h 
following baseline [ANOVA: F(l, 5) = 0.179, p < 0.6899, 
ANOVA: 1;‘(1, 5) = 4.533, p < 0.0865, first and second 
hours, respectively, following baseline]. 

A comparison between the rearing effects of cocaine with 
saline pretreatment vs. ibogaine pretreatment shows that there 
was no significant difference between saline and ibogaine on 
cocaine’s effect on rearing frequency (ANOVA: F’(l, 23) = 
2.154, p < 0. I5581 over the 4 h following cocaine injection. 

Rearing Behavior: Effect of (SC) Cocaine Withorrf Saline or 
Ihogaine Pretreatment: Animals Nof Hahitrtaled (E.rtended) 
fo Nol~l bn~~ironrnent: Time Period Not Extended 

Figure 8 shows the effect of cocaine on rearing behavior 
when cocaine (20 mg/kg SC) was injected without the immedi- 
ately preceding studies (2 h) of either saline or ibogaine. Co- 
caine significantly increased rearing frequency over baseline 
[ANOVA: F(4, 25) = 48.371, p < O.OOOl]. Rearing fre- 
quency was significantly increased from a baseline of 4 rears 
to 16 rears beginning at 10 min (p < 0.05, 95”io CL). Rearing 
behavior was maximally increased lo 49 rears (p < 0.05, 95% 
CL) at 100 min. 

Rearing Behavior: Comparison 

A statistical comparison between the rearing effects of co- 
caine when studied with repeated environmental stimulation 
and that without, shows that there was no significant differ- 
ence between the two [ANOVA: F(l, 23) = 0.236, p < 
0.63181. Therefore, the psychostimulant rearing behavior in- 
duced by cocaine did not exhibit the habituated response to 
cocaine that was seen with both neurochetnicnl responses to 
cocaine and the behavioral ambulatory response to (SC) co- 
caine. Therefore, ibogaine did not downmodulate cocaine- 
induced rearing behavior a response that was not habituated. 

I (20 mpkg SC) 
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FIG. 8. Rearing behavior: Effect of (SC) cocaine without saline or 
ibogaine pretreatment: animals not habituated to (not extended habit- 
uation) novel environment: time period not extended. The effect of 
cocaine (20 mg/kg SC) on rearing behavior in freely moving and 
behaving male Sprague-Dawley rats -<hen cocaine was administered 
(SC) without an immediately preceding saline or ibngaine study. 
vlNAcc DA and 5-HT release and ambulatory behavior were studied 
concurrently (Figs. 4 and 6). *p < 0.05: 95% confidence limits (CL). 
See text for ANOVA statistics (N. = 6). “ 
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Fine Movettrettt Behuvior: Anitttals Nol Exhibiting Extended 
Habiluuriotr Response in Novel Etrvironttrenr Although Titne 
Period 1ibs Ek~ettded: Saline-Cocaine Group 

Figure 9 shows the effect of saline (I cc/kg IP) on fre- 
quency of stereotypy (fine movement behavior), in addition to 
showing the effects of cocaine (20 mg/kg SC) on fine move- 
ment behavior which follow a 2-h saline study. The study was 
done in the same freely moving and behaving male Sprague- 
Dawley rats i11 which vlNAcc DA and 5-HT release were con- 
currently detected as well as the same anintals in which tl1e 
psychostimulant cocaine-induced behaviors of ambulations 
and rearing beliavior were concurrently monitored. 

(0) Phose 1: Effect of saline. Injection of saline had no 
significant effect on frequency of fine movement behavior for 
the 2-h time course study [ANOVA: F(1, 16) = 0.867, p < 
0.36571. The hourly data was a composite of the individual 
IO-min interval time course data points. Saline had an effect 
within the I’irst 10 min due to arousal of the animal since 
exploratory behavior was completed and rest had ensued. 

(b) Phase 2: LxfecI of (SC) cocaine with salitte prelreal- 
tttettl. lujectio11 of cocaine (20 mg/kg SC) following the 2-h 
saline study $nificantly increased fine movement frequency 
over baseli11e [ANOVA: F(4, 25) = 27.294, p < O.OOOl]. 
Fine movement frequency was significantly increased from 3 
fine movements at baseline to 26 fine movements (p < 0.05, 
95% CL), beginning at I90 min, and was maximally increased 
to 78 fine movements (p < 0.05, 95% CL) at 240 min follow- 
ing baseline. Post hoc analyses show that the statistically sig- 
nificant difference between fine movement frequency and co- 

CWlh 
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FIG. Y. Fmr movement behavior: Animals not habituated (extended) 
to novel environment although time period was extended: saline- 
cocaine group and ibogaine-cocaine group. Phase I: the effect of 
saline (m) (N = 1) or ibogainr &I) (N = 5) on fine movements (ster- 
eorypic I~OWII~IU~ of grooming behavior). Either saline (1 cc/kg IP) 
or ibogaine (40 mg/kg IP) was injected after exploratory behavior was 
essentially completed and at the time when a stable baseline for DA 
and S-HT release in vlNAcc had been achieved. Phase 2: all parame- 
ters are exactly the same as described in Figs. 2, 3, 5, and 7 because 
vlNAcc DA and 5-I1T release, ambulations, rearing behavior, and 
fine movements were separately and concurrently monitored. ‘p < 
0.05; 95% confidence limits (CL). See text for ANOVA statistics. 
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Caine-induced fine move1nent frequency was significant for 
the second to fourth hours following cocaine injection (Fish- 
er’s PLSD = 15.264 and Scheffe’s F = 11.405, 15.123, 
13.673, second to fourth hours, respectively). 

Fine Movetttettl Behavior: Animals Not Exhibiting Extended 
Habi&alion Response in Novel Environment Allhough Time 
Period Was Extended: Ibogaine-Cocaine Group 

Figure 9 also shows the time course effects of ibogaine (40 
mg/kg IP) on fine movement frequency, in addition to show- 
ing the effect of cocaine (20 mg/kg SC) on fine movemerlt 
frequency which follows the 2-h ibogaine study. The study 
was done in the same freely moving and behaving male 
Sprague-Dawley rats in which vlNAcc DA and 5-HT release, 
ambulatory, and rearing behavior were studied concurrently 
(ibogaine-cocaine group). 

(a) Phase 1: Effect of (SC) ibogaine. lbogaine significantly 
increased fine movement frequency for the first hour of the 2 
h following baseline [ANOVA: F(l, 10) = 5.637, p < 0.0391. 
lbogaine sig11ificantly increased fine movement frequency at 
the IO and 70 min marks (p < 0.05, 95% CL). lbogaine had 
a similar effect to saline within the first 10 min due to arousal 
of the animal since exploratory behavior was completed and 
rest had ensued. 

(b) Phase 2: Effect of (SC) cocaine with ibogaitte pretreat- 
tttettt. Injection of cocaine (20 mg/kg SC) following the 2-h 
ibogaine study produced a significantly increased fine move- 
ment frequency over baseline [ANOVA: F(4, 25) = 25.6762, 
p < O.OOOl]. Fine movement frequency was significantly in- 
creased from 9 fine movements at baseline to 24 fine move- 
ments (p < 0.05, 95% CL), beginning at 130 min. Fine move- 
ments were maximally increased to 80 fine movements (p < 
0.05, 95% CL) at 300 min. Post hoc analyses show that the 
statistically significant differences between basal and cocaine- 
induced fine movement frequency were significant for each of 
the 4 h following cocaine injection (Fisher’s PLSD = 12.425 
and Scheffe’s F = 1.748, 6.19, 9.313, 22.545, first to fourth 
hours, respectively). 

Cotnparison Between the Soline and Ibogaine Groups 

A comparison between the effect of saline and the effect of 
ibogaine on fine movement frequency shows that ibogaine 
significantly increased fine movement frequency over saline 
in the second hour [ANOVA: F(l, 5) = 3.095, y < 0.1389, 
ANOVA: F(l, 5) = 8.004, p < 0.0367, first and second 
hours, respectively). 

However, a comparison between the effect of cocaine with 
saline pretreatment vs. ibogaine pretreatment, shows that 
there was no significant difference between saline and ibo- 
gaine on cocaine-induced fine movement behavior [ANOVA: 
F(1, 23) = 0.814, p < 0.3763) over the 4 h following cocaine 
injection. However, ibogaine significantly increased cocaine’s 
(20 mg/kg SC) effect on fine movement frequency by I2 fine 
movements in the first hour [ANOVA: F(l, 5) = 17.403, 
p < 0.0087]. 

Fine Movettrettt Behavior: Effect of (SC) Cocuitte Wilhotrl 
Salitle or Ibogaine Prelreultttenl: Anittruls Nol tlubiltraled 
(Extended) io Novel Environtttenl: 
Titne Period Nor Extended 

Figure IO shows the effect of cocaine on fine movement 
behavior wl1en cocaine (20 mg/kg SC) was injected without an 
immediately preceding 2 h study of either saline or ibogaine. 

. 
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FIG. IO. Fine movement behavior: effect of (SC) cocaine without 
saline or ibogaine pretreatment: animals not habituated (not extended 
habituation) IO novel environment: time period not extended. The 
effect of cocaine (20 mg/kg SC) on fine movement behavior when 
cocaine was administered witbout an immediately preceding 2-h saline 
or ihogaine study. vlNAcc DA and 5-IiT release and ambulatory 
behavior were studied concurrently (Figs. 4, 6, and R). *p < 0.05: 
958 confidence limits (CL). See text for ANOVA statistics (N = 6). 

Cocaine significantly increased fine movement behavior over 
baseline [ANOVA: r(4, 25) = 38.817, p < O.OOOl]. Fine 
movement frequency was significantly increased from a hase- 
line of 9 fine movements to 27 fine movements, beginning at 
the 10 min mark (17 < 0.05, 95% CL), and fine movements 
were maximally increased to 74 fine movements (p < 0.05, 
95% CL) at 100 min. 

Fine Movement Behavior: Comparison 
A statistical comparison between the stereotypic effects of 

cocaine when studied with repeated environmental stimulation 
and that without, show that there were no significant differ- 
ences [ANOVA: F( I, 23) = 1.791, p < 0.19391 over the 4 h 
following cocaine injection. Therefore, the cocaine-induced 
fine movement response does not exhibit habituation. The 
effect is similar to rearing. Thus, ibogaine did not downmodu- 
late the cocaine-induced stereotypic behavioral response, a re- 
sponse that was not habituated. 

Central Atnbtrlctfory Behavior: Anitttak ffabifuated 
(Extended) to Novel Environment: Extended Time Period: 
Saline-Cocaine Grorrp 

Figure I I shows the effect of saline (I cc/kg IP) on central 
ambulation frequency, in addition to showing the effect of 
cocaine (20 mg/kg SC) on central ambulation frequency which 
follows the 2-h saline study. The study was done in the same 
freely moving and behaving male Sprague-Dawley rats in 
which vlNAcc DA and 5-IIT release, ambulatory, rearing, and 
fine movement behaviors wcrc studied concurrently. 

(a) Phase I: Effect of saline. lnjeclion of saline had no 
significant effect on central ambulation frequency for the 2-h 
time ccmrse study following baseline [ANOVA: F(1, 16) = 

0.225, p < 0.6418). The hourly data was a composite of the 
individual IO- min interval time course data points. Saline had 
an effect within the first 10 min due to arousal of the animal 
since exploratory behavior was completed and rest had en- 
sued. 

(0) Phase 2: Elfecf of (SC) cocaitre with solitte pretreat- 
ment. Injection of cocaine (20 mg/kg SC) following the 2-h 
saline study significantly increased central ambulation fre- 
quency over baseline (ANOVA: F(4, 25) = 38.867, p < 
O.OOOl]. Central ambulation frequency was significantly in- 
creased from 0 central ambulations at baseline to 7 (p < 0.05, 
95% CL), beginning at 170 min. Central ambulatory activity 
was maximally increased to 28 central ambulations (p < 0.05, 
95% CL) at 330 min. Post hoc analyses show that the statisti- 
cally significant differences between basal and cocaine- 
induced central ambulation frequency were significant for the 
second to fourth hours following cocaine (20 mg/kg SC) injec- 
tion (Fisher’s PLSD = 4.618 and Scheffe’s F = 12.844, 
22.079, 19.373, second to fourth hours, respectively). 

Central Attlbrrlatory Behavior: Animals Habituated 
(Errended) to Novel Environttient: Extended 
Tittte Period: Ibognine-Cocaine Group 

Figure 1 I also shows the effects of ibogaine (40 mg/kg IP) 
on central ambulation frequency, in addition to showing the 
effect of cocaine (20 mg/kg SC) on central ambulation fre- 
quency which follows the 2-h ibogaine study. The study was 
done in the same freely moving and behaving male Sprague- 
Dawley rats in which v!NAcc DA and 5-11T release, ambula- 

so E 
CWd”t 

(20 m&e SC) 

ITlO. 1 I. (‘cnlral ambulatory behavior: Animalr h:~hitrl:~letl (cx- 
tended) to novel environment: extended time period: saline-cocaine 
group and ibogaine-cocaine group. Phase I: the effect of saline (M) 
or ibogaine (l-1) on central ambulations (agoraphobia inhibitions) (N 
= 4, 5, respectively). vlNAcc DA and 5-HT release. ambulations, 
rearing behavior, fine movements, and central amhulations were con- 
cur~cnlly monitored (Figs. 2. 3, 5, 7. and 9). I%ISC 2: all parameters 
are exactly the same as dcscribetl in Figs. 2, 3, 5, 7. and 9 brcause 
cocaine-in&Iced effects on DA and 5-HT release and all parameters 
were concurrently monitored. *p < 0.05: 9Srn confidence limits 
(CL). See text for ANOVA statistics. 

‘I 
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tory, rearing, and tine movement behaviors were studied toll- 
currently. 

((1) P/IIIW I: ,K/:fi’cI oJ‘ ibogairre. injection of lbogaine sip- 
nificantly incrcaacd central ambulation frequency for the 2-h 
time course study (ANOVA: F(1, 16) = 6.144, p < 0.02473. 
The hourly data was a composite of the individual IO-tnin 
interval time comse data points. lbogaine significantly in- 
creased central ambulation frequency primarily for the first 
hour of the 2 II following baseline [ANOVA: F( I, 10) = 
21.355, p < 0.0009]. 

(b) Phuse 2.’ EJfecl of (SC) cocaine with iboguine prelreal- 
tnenl. Injection of cocaine (20 mg/kg SC) following the 2-h 
ibogaine study, significantly increased central ambulation fre- 
quency over baseline [ANOVA: F(4, 25) = 34.319, p < 
O.OOOl]. Central ambulation frequency was significantly in- 
creased from 0 central ambulations at baseline to 4 central 
ambulations (p < 0.05, 95% CL), beginning at 130 min and 
was maximally increased to 10 central ambulations (p < 0.05, 
95% CL) at 310 min. Post hoc analyses show that the statisti- 
cally significant differences between basal and cocaine- 
induced central ambulation frequency were significant for 
each of the 4 h following cocaine injection (Fisher’s PLSD = 
1.625 and Scheffe’s F = 1.206, 3.776, 10.581, 28.785, first to 
fourth hours, respectively). 

Comparison Belween Ihe Saline and Ibogaine Grolrps 

A comparison between the effect of saline and the effect of 
ibogaine on central ambulation frequency shows that there 
were no significant differences in central ambulation fre- 
quency for either hour of the 2 h following baseline [ANOVA: 
F(1, 5) = 5.076, p < 0.074, ANOVA: F(1, 5) = 1.601,~ < 
0.2615, first and second hours, respectively, following base- 
line]. 

However, a comparison between the effect of cocaine with 
saline pretreatment vs. ibogaine pretreatment shows that ibo- 
gaine significantly reduced cocaine induced central ambula- 
tion frequency [ANOVA: F(1, 23) = 52.155, p < O.OOOl]. 
Ibogaine significantly reduced cocaine’s effect on central am- 
bulation frequency in the second hour [ANOVA: F(1, 5) = 
74.18, p < 0.0003], in the third hour (ANOVA: F(1, 5) = 
194.786, p < O.OOOl], and in the fourth hour [ANOVA: F(:(I, 
5) = 23.917,p < 0.0045]. 

Central A nJbu/ulory Behavior: Effecr of (SC) Cocaine 
Withour Saline or Ibogaine Prelreaftnenk 
Anitnals Nor Habirtrated (Extended) lo Novel 
Environment: Titne Period Nor Extended 

Figure 12 shows the effect oFcocaine on central ambulation 
behavior when cocaine (20 mg/kg SC) was injected without an 
immediately preceding study (2 h) of either saline or ibogaine. 
Cocaine significantly increased central ambulation frequency 
over baseline [ANOVA: F(4, 25) = 28.804, p < O.OOOl]. 
Central ambulation frequency was significantly increased 
from a baseline of two central ambulations to four central 
ambulations begimiing at the 10 min mark (p < 0.05, 95’JIo 
CL). Central ambulations were maximally increased to 51 cen- 
tral ambulations (p < 0.05, 95% CL) at 220 min. 

Cotnpwisons berwern the Habilualed and Nonhabitlrared 
(SC) Cocaine Responses: Centraltltnblrlarory Behuvior. 

A statistical comparison between the effects of cocaine on 
central ambulatory behavior when studied with repeated envi- 
ronmental stimulation and that effect without, shows that the 

4-H ~-~~- ~-~. ä 

Pre-Drug Post-Cocaine 
Time in Minules 

FlG. 12. Central ambulatory behavior: Effect of (SC) cocaine with- 
out saline and ibogaine pretreatment: animals not habituated (not 
extended habituation) to novel environment: time period not ex- 
tended. The effect of cocaine (20 rng/kg SC) on central ambulatory 
behavior when cocaine was administered (SC) without the immedi- 
ately preceding 2-h saline or ibogaine study. vlNacc DA and S-IlT 
r&arc and psychostimulant behaviors wrrr monitored concurrently 
(Figs. 4, 6, 8, and IO). *p < 0.05; 95% conlidsnce limits (CL). See 
text for ANOVA statistics (N = 6). 

repeated stimulation central ambulatory response was signifi- 
cantly reduced in intensity [ANOVA: F(1, 23) = 128.936, 
p < O.OOOl]. Thus, cocaine-induced central ambulatory or 
antiagoraphobic behavior undergoes an habituation response. 
The habituated response was prominent in all 4 h [ANOVA: 
F(l, 5) = 15.664,~ < O.OlOS] [ANOVA: F(l,S) = 25.091,p 
< 0.0041] (ANOVA: F(1, 5) = 40.28, p < 0.0014] [ANOVA: 
F(1, 5) = 118.848, p < O.OOOl], first to fourth hours, respec- 
tively. Therefore, antiagoraphobic or antithigmotactic behav- 
ior, which is thought to represent or reflect an anxiolytic (anxi- 
ety-reducing) behavior, undergoes habituation such as that 
which was seen with the DA and S-HT response and with the 
ambulatory response. 

Importantly, ibogaine downmodutated the habituated be- 
havioral responses to (SC) cocaine, whereas the behavioral 
responses that were not diminished by habituation were not 
significantly affected by ibogaine. 

Figure 13 shows activity patterns for the habituated saline- 
cocaine paradigm described in Figs. 5 and 11, i.e., when co- 
caine was administered after a 2-h saline study. Ambulatory 
and central ambulatory moments are shown. The initial stimu- 
lation caused by saline injection due to arousal is shown in 
the first hour postsaline pattern. The habituation response to 
cocaine is clear as compared with Fig. 14 which describes the 
nonhabituated response to (SC) cocaine, i.e., when no addi- 
tional time is spent by the animal in the novel behavioral 
chamber. 

Figure 15 shows activity patterns for the habituated ibo- 
gaine-cocaine paradigm, i.e., when cocaine is administered 
after a 2-h ibogaine study. Ambulatory and central ambula- 
tory moments are shown. Ibogaine itself appears to be a weak 
psychostimulant; the effects are ongoing in the second hour. 
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FIG. 13. Representative activity pattern plots showing the effects of 
saline (I cc/kg IP) followed by cocaine (20 m&kg SC) on the spatial and 
temporal movement patterns of the same male Spragne-Dawley rats in 
which neurotransmitter release was studied. Each square shaped sche- 
matic diagram reflects the floor of the behavioral chamber. The activity 
markings (plots) within the chamber are integrated ambulatory and cen- 
tral ambulatory behaviors. Rearings are marked with an r. Behavioral 
data are presented in frequency or number of events. 

A comparison of Figs. 13 and 15 shows that although cocaine- 
induced ambutations are reduced after ibogaine pretreatment, 
some activity rernains which is clearly greater than that seen in 
the saline-cocaine group. 

Tables t and 2 show the highly significant correlative val- 
ues between cocaine-induced 5-HT release in vtNAcc and co- 
caine-induced psychostimulant behaviors as welt as the highly 
correlative values between cocaine-induced DA release and 
psychostimulant behaviors, both in the ibogaine-cocaine 
group (Table I) and in the saline-cocaine group (Table 2). 

I)ISCCISSION 

New findings show that ibogaine significantly downmodu- 
tales the cocaine-induced increase in DA release in vtNAcc in 

BKODERICK ET AL. 

the freely moving and behaving ertvironrtler~talty habituated 
rat model. The important distinction between the prcsertl stud- 
ies and previous studies is that the present data are derived 
from a freely moving and behaving rat paradigm in which 
DA responses to (SC) cocaine have been diminished due to 
environmental habituation, i.e., each animal had a reduced 
responsiveness to DA release after (SC) cocaine, presumably 
due lo the repeated environmental stimulation in the novel 
behavioral chamber. Moreover, this effect of (SC) cocaine on 
DA release on vlNAcc in an extended habituated environment 
was compared with previous studies in which the paradigm 
was comptetety the same with the one exception, that the pro- 
tocol did not have an extended habituation component (7). 
The response to cocaine in the habituated environment fits the 
classical definition of neurochemicat habituation, i.e., that 
repeated action potentials in nerve terminals can accompany 
behavioral habituation by decreasing the number of open 
CA’+ channels and inactivating synapses (36). 

These findings of the habituation aspects of ibogaine- 
cocaine interactions point to the necessity of a crucial assess- 
ment of the previous ibogaine-cocaine literature within the 
context of the varied experimental paradigms. Although there 
has been a recent surge of interest in preclinicat research on 
the mechanism of action of ibbgaine, there are only two previ- 
ous papers specifically on ibogaine-cocaine DAergic interac- 
tions. One article is from the laboratory of Click in the U.S. 
(40), and the other is from the laboratory of Dzotjic in The 
Netherlands (15). There are relevant differences in paradigms, 
i.e., a) Gtick’s laboratory utilized female rats and Dzotjic’s 

1 nr Yost-Locame 4th hr Post-Cocaine 

q N 
Pre-Cocaine 

1 I 

1 1 - - t hr Post-Cocaine 2nd hr Post-Cocaine 

FIG. I4. Reprcscntntivc activity patteln plots when (SC‘) cocaine was 
administered withnut an immediately preceding 2-h saline and ibo- 
gaine stndy. Reprinted from Broderick (7), with permirtion of Elsev- 
ier Science, Ltd. ” ‘.,. 
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El I 
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FIG. IS. Rcprcacntalivc activity pattern plots showing the effecls of 
cocaine (20 mgiL.g SC) on lhe spatial and lcmporal movement pal- 
terns wbr~i a 2-h ibogaine study preceded the (SC) injection of co- 
caine. All parameters are the same as in Fig. 13. 

TABLE I 
(IBOGAINE-COCAINE GROUP) 5-HT RELEASE: 

PEARSON’S PRODUCT MOMENT OF CORREL.ATION 
COEFFICIENT VtS-&VlS COCAINE-ALTERED DA 

AND PSYCHOSTIMULANT BEHAVIOR 

5.HT 

(4 (z,) 

Dopamine 
Ambulation 
Rearing 
Fine movement 
Central ambulation 

l p < 0.001. 

0.9360 I .7047* 
0.8490 1.2562’ 
0.8800 I .3758* 
0.8570 1.2933’ 
0.8520 I .2562’ 
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TABLE 2 
(SALJNE-COCAINE GROUP) 5.HT RELEASE: 

PEARSON’S PRODUCX MOMENT OF CORRELATION 
COEFFICIENT VIS-dr-VIS COCAINE-ALTERED DA 

AND PSYCHOSTIMULANT BEHAVIOR 

S-HT 

(0 (2,) 

Dopaniine 
Ambulation 
Rearing 
Fine movement 
Central ambulaGon 

0.8310 1.1881’ 
0.8190 1.156X’ 
0.8780 1.375fS* 
0.8020 I .0986’ 
0.8080 1.1270’ 

l p < 0.001. 

laboratory utilized male rats. b) Glick’s paradigm consisted of 
administering a single dose of ibogaine (40 mg/kg IP), 19 h 
before the administration of cocaine, and Dzoljic’s laboratory 
utilized both single doses of ibogaine (IO-40 mg/kg IP) and 
repetitive doses of ibogaine (40 mg/kg IP), and c) Click’s 
laboratory studied cocaine-induced extracellular concentra- 
tions of DA and locomotor behavior, whereas Dzoljic’s labo- 
ratory studied the ability of ibogaine to affect the self- 
administration of cocaine. The conclusions were consistent in 
that a potentiation of the cocaine-induced increase in extracel- 
lular concentrations of DA by ibogaine occurred (the ibogaine 
was administrated 19 h earlier) (40), and there was a long- 
lasting effect of ibogaine in its reported inhibition of cocaine 
self-administration (15). Because DA antagonists classically 
increase the rate of cocaine self-administration (74), yet, given 
certain caveats, e.g., various rates of responding measures, 
the previous data may suggest that ibogaine does not act on 
cocaine self-administration through a direct DA receptor 
blockade. 

Consistent with the present findings is a previous study that 
reported that ibogaine per se did not significantly affect DA 
release in NAcc (41). That ibogaine had no effects on extracel- 
lular concentrations of DA, as studied by dialysis, was again 
reported in 1992 by Maisonneuve and Glick (40). It is impor- 
tant to note that postmortem HPLC-EC assays of ibogaine’s 
effects on DA levels later showed that ibogaine decreased DA 
levels by 50% 1 h after ibogaine injection in NAcc, but 1 
month later, DA was entirely unaffected by ibogaine (43). 
Expectedly, the postmortem assay may have had additional 
variables as compared with results derived from in vivo micro- 
voltammelry or dialysis studies. Nonetheless, the empirical 
data, lo date, show that the general overall effects of ibogaine 
per se on NAcc DA release over time are not prominent. 

Further support for ibogaine’s inability to affect DA pre- 
synaptically in central nervous system is gleaned from reup- 
take studies, i.e., a) ibogaine at concentrations as high as 100 
PM did not significantly inhibit [3H] GBR-12935 binding to 
the DA transporter protein and 1 PM of ibogaine had no 
effect on in vitro striatal DA reuptake by a P, membrane 
fraction (14), b) in vivo treatment with ibogaine did not affect 
the binding of [3H] WIN 35,248 to the cocaine binding site in 
striatal tissue measured in vitro (60), and (c) ibogaine added, 
in vitro, had a weak affinity for the WIN 35,248 binding site 
(60). Too, although the data, based on the action of ibogaine 
on DA receptors are incomplete, neither the D, or the D, 
receptors in rat striatum and calf caudate, as studied by radio- 
ligands SCH 23390 and N-methyl spiperone respectively, were 
affected by ibogaine (19). Thus, ibogaine may not act through 
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DA receptors to downmodulate the cocaine indnced increase 
in DA release in vlNAcc at the synapse. lbogaine may act to 
downmodulate DA release at the synapse only under condi- 
tions of iucreased DA release and/or reuptake inhibition. Un- 
der the usual hypoxic conditions of increased DA release (12). 
studies of ibogaine and DA function further support the latter 
hypothesis (16). Thus, ibogaine’s action on cocaine-induced 
I>A release may well depend on the availability of DA at the 
synapse at least in an animal model of environmental habitua- 
tion. Preliminary data from our laboratory show that ibogaine 
may not downmodulate DA release in vlNAcc after cocaine 
administration, when the animal has not undergone an ex- 
tended habituation to its environment. An habituated environ- 
ment may be a key to the underlying mechanism of action of 
cocaine on DA function. 

New findings on the interaction of ibogaine and cocaine on 
5-HT release in vlNAcc are reported here. Changes in 5-IIT 
release in vlNAcc after cocaine were detected on line and con- 
currently with the action of cocaine on in vivo detection of 
DA release. Importantly, the (SC) cocaine response to 5-HT 
was also habituated; S-HT release in vlNAcc was reduced by 
more than 35%. The administration of ibogaine subsequently 
potentiated the habituated, reduced 5-HT response in vlNAcc 
seen after (SC) cocaine administration. This is an unexpected 
finding because ibogaine per se significantly increased 5-HT 
release in vlNAcc, as shown in Fig. 3. Interestingly, in the 
presence of (SC) cocaine, it appears that ibogaine acts at the 
synapse to further decrease 5-HT when 5-HT is less available 
a priori. 

The effects of cocaine on 5-HT release when administered 
(SC) vs. (IP) in vlNAcc are different. Whereas (SC) cocaine 
decreases 5-HT release in vlNAcc of freely moving and behav- 
ing rats (7), (IF’) cocaine increases 5-HT release in vlNAcc 
of freely moving and behaving rats (13). Whereas ibogaine 
potentiated the decreased 5-HT release induced by (SC) co- 
caine, ibogaine also appears to potentiate the (IP) cocaine 
increase in 5-HT release in vlNAcc as well (preliminary data 
from this laboratory). Thus, ibogaine seems also to act on 
5-IlT release, dependent on the availability of S-HT in the 
synapse. The mechanism, unlike DA though, is bidirectional. 

As far as direct receptor subtype for 5-HT is concerned, it 
is presently unclear which specific 5-HT receptor subtype is 
involved in the action of ibogaine. Recent behavioral studies 
suggest the functional involvement of the 5-HT, receptor and 
the possible functional involvement of the 5-HT,, receptor 
in the stimulus properties of ibogaine (49). Ilowever, direct 
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radioligand binding studies, using DPAT for 5-HT,.,, 5-HT 
for S-HT,,, mesulergine for 5-HT,,-, 5-HT for 5-HT,,,, ketan- 
serin for 5-HT, and GR65630 for 5-HT! show that ibogaine 
did not bind to any of these receptor subtypes (19). Future 
studies of ibogaine’s interaction with subclassifications of the 
5-IIT,,, 6 and 7 receptors may clarify the 5-HT receptor bindi& 
properties of ibogaine. Studies of ibogaine’s interaction with 
subclassifications of the 5-HT2 receptor are currently under- 
way in this laboratory. 

A great deai of discussion has evolved about the possibility 
of ibogaine exerting a neurophysiological influence through a 
metabolite. Metabolites of iboga have already been studied; 
antileukemic activity (37) and antitumoral activity have been 
reported (38). Although, the present studies do not directly 
address the metabolic aspect of ibogaine, we found that ibo- 
gaine’s effects on cocaine mechanisms were more dramatic in 
the later hours. Too, the studies by Dzoljic, Glick, and Ser- 
shen point to a study of the possible metabolites of ibogaine, 
as deserving. Along these lines, it is interesting that the dimeric 
Vinca alkaloid vinblastine, the well-known antineoplastic 
agent, undergoes metabolic transformation to iboga by the 
human serum copper oxidase ceruloplasmin, using chlorpro- 
mazine as the shuttle oxidant (25). On the other hand, the 
dirneric Vinca alkaloid, leurosine, consists of an Iboga sub- 
structure which oxidizes to t 5-hydroxycnthnrine (32). Thus, 
further study on the active nietabolitcs of ibognine is impor- 
tantly underway (44). 

Summarily, the present data, show that ibogaine per se 
releases 5-HT in vlNAcc, potentiates the 5-HTergic actions 
of cocaine, and exhibits highly correlative values with both 
cocaine-induced DA release and psychostimulant behavior. 
Therefore, the data suggest that ibogaine acts to regulate co- 
caine through 5-HTergic neuronal activity in the A,, DA cir- 
cuit. Critical though to ibogaine’s manipulation of cocaine 
effects on biogenic amines and behavior is that the cocaine 
response had to be habituated for ibogaine lo be effective. 
A role for the habituated response to cocaine, presumably 
environmental, then, is emphasized, for ibogaine-cocaine in- 
teractions. 
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