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PEARL, S. M., L. B. HOUGH, D. L. BOYD AND S. D. GLICK. Sex differences in ibogaine antagonism of motphine-
induced locomotor activity and in ibogaine brain levels and metabolism. PHARMACOL BIOCHEM BEHAYV 57(4) 809-815,
1997.—The present study demonstrates that the putative antiaddictive agent ibogaine produces more robust behavioral
effects in female than in male rats and that these behavioral differences correlate with higher levels of ibogaine in the brain
and plasma of female rats. There were no differences in basal locomotor activity between the sexes, and the response of
rats to ibogaine differed between the sexes even in the absence of morphine. Five h after receiving ibogaine (40 mg/kg, IP),
antagonism of morphine-induced locomotor activity was evident in female but not in male rats. Either 19 h after administration
of ibogaine (10-60 mg/kg, IP), or one h after administration of noribogaine (5-40 mg/kg, IP), a suspected metabolite,
antagonism of morphine was significantly greater in female than in male rats. Brain and plasma levels of ibogaine (1 h) and
noribogaine (5 h), measured by gas chromatography-mass spectrometry, were greater in females as compared with males
receiving the same dose of ibogaine. Levels of both ibogaine and noribogaine were substantially lower at 19 h than at earlier
times after ibogaine administration, contrary to a previous study in humans. For both sexes, subcutaneous administration
of ibogaine (40 mg/kg. IP, 19 h) produced greater antagonism of morphine-induced locomotor activity than did a comparable
intraperitoneal injection, consistent with previous studies from this laboratory demonstrating that the former route of
administration produces higher levels of ibogaine in the brain. These data show that there are sex differences in the effects
of ibogaine and that this may be due to decreased bioavailability of ibogaine in males as compared to females. © 1997

Elsevier Science Inc.
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IBOGAINE, a naturally-occurring indole alkaloid, is cur-
rently being investigated as an antiaddictive agent. Anecdotal
reports in humans suggest that a single dose of ibogaine can
interrupt drug-seeking behavior in addicts for up to 6 months.
In rats, ibogaine has been shown to produce prolonged de-
creases in morphine (5) and cocaine (2,7) self-administration.
Ibogaine has also been reported to antagonize morphine-
induced dopamine release (14) and to antagonize morphine-
induced locomotor activity in rats (15,19).

The mechanism of action of ibogaine has yet to be deter-
mined. Based on studies of ibogaine affinity, ibogaine's mecha-
nism may involve the kappa opioid receptor (3,18,22,24) the
NMDA subtype of glutamate receptor (8,17,19,20,21,24), or
the serotonin transporter (16,24). A metabolite of ibogaine,
noribogaine (16), has also been shown to have affinity for these
receptors (16,17,18). Noribogaine (12 hydroxyibogamine), like

its parent compound, acutely decreases dopamine release in
the nucleus accumbens, antagonizes morphine-induced loco-
motor activity, and decreases morphine and cocaine self-
administration (9). Elevated plasma levels of noribogaine were
reported to persist for up to 24 h in humans after ibogaine
administration in a representative male subject (16). Based
on these results and the in vitro binding activity of noribogaine,
it was speculated that noribogaine is responsible for the long-
lasting effects of ibogaine (16). Recently, this laboratory has
developed sensitive and specific methods utilizing gas chroma-
tography-mass spectrometry (GCMS) for measuring ibogaine
(4) and noribogaine (Hough et al., in preparation). Using the
latter method, we detected noribogaine in rats up to several
h following ibogaine administration (Hough et al, in prepa-
ration).

To date no studies have been performed which examine
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the effects of ibogaine in male versus female rats, despite an
early report that the bioavailability of ibogaine may be higher
in female than in male rats (12). Therefore, in the present
study we wanted to determine if there are sex differences in
the locomotor response of rats to ibogaine and in the ability of
ibogaine to antagonize morphine-induced locomotor activity.
Opioid-induced locomotor activity is thought to be correlated
with changes in nucleus accumbens dopamine (13). Further-
more, using GCMS, we sought to determine if the levels of
ibogaine and/or noribogaine in whole brain and plasma differ
between the sexes in ibogaine-treated rats.

The influence of route of administration on ibogaine activ-
ity has yet to be determined, although it has been demon-
strated previously (11) that ibogaine levels in whole brain
and plasma of ibogaine-treated rats are significantly greater
if ibogaine is administered subcutaneously rather than intra-
peritoneally. Thus, we also wanted to determine the effect of
route of administration on ibogaine antagonism of morphine
in both sexes.

METHOD
Animals

Female (250-275 g) and male (275-300 g) Sprague-Dawley
rats (Taconic, Germantown, NY) were housed in groups of
3-4 and allowed food and water ad lib. The animals were
maintained on a 12 h light cycle (lights on at 0700) in a room
carefully controlled for heat and humidity.

Drug Treatments

For locomotor activity studies rats received ibogaine hydro-
chloride (10-60 mg/kg, IP, or 40 mg/kg, SC, RBI, Natick, MA)
or saline (1 ml/kg, IP or SC) 5 or 19 h before a saline (1 mg/
ml, IP) or morphine challenge (5 mg/kg, IP, morphine sulfate,
Mallinckrodt, St. Louis) or noribogaine hydrochloride (5-40
mg/kg, IP, NIDA) 1 h before a saline or morphine challenge.
Each rat received only 1 dose of ibogaine, noribogaine or
saline and were challenged with either saline or morphine. It
should be noted that ibogaine produces whole body tremors
in both sexes, but which appear to be more severe in females
than in males, lasting 3—4 h after administration, thus making
locomotor activity difficult to monitor until at least 5 h after
administration. Since noribogaine does not produce noticeable
tremors in either sex, activity studies could be performed 1 h
after its administration. Immediately following the morphine
or saline challenge injection locomotor activity was monitored
for 3 h. It should also be noted that ibogaine has previously
been shown to not influence morphine metabolism (6), and
morphine pretreatment has been shown to not influence iboga-
ine metabolism (19).

Activity Measurements

Locomotor studies were performed in cylindrical (60 cm)
photocell activity cages with three intersecting light beams.
Each time a light beam was broken a single activity count was
recorded by a 386 computer with Med Associates software.
Each experiment was begun immediately following the saline
(1 mg/ml, IP) or morphine challenge (5 mg/kg, IP).

Measurement of Ibogaine and Noribogaine

Rats received ibogaine (40 mg/kg, IP) and were sacrificed

by decapitation I, 5 or 19 h later. Trunk blood was collected
into a 10 m! Vacutainer tube (Becton Dickinson, Rutherford,
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NJ) containing heparin (143 units) and centrifuged (1000g,
5 min). Brain tissue was homogenized in 5 volumes of either
0.4 N HCIO, or 10% trichloroacetic acid (TCA) along with
appropriate internal standards to measure ibogaine or noribo-
gaine, respectively. Plasma (0.5 ml) was mixed with an equal
volume of acid. Samples were centrifuged (20,000 g for 20
min), and supernatant fractions were analyzed immediately,
or frozen (—80°C) for subsequent analysis.

GCMS Assay of Ibogaine

The assay has been recently described in detail (4). Briefly,
aliquots (1 ml) of perchloric acid supernatant fractions re-
ceived 250 ng of internal standard (O[Cd;]-ibogaine) and were
made strongly basic with 10 N KOH. Samples were then ex-
tracted into hexane, back-extracted into 0.01 N HCI, and dried
by vacuum evaporation. Residues were derivatized with tri-
fluoroacetic anhydride (TFAA), reevaporated to dryness, re-
suspended in toluene, and analyzed by GCMS. Quantitative
analysis was performed by multIple ion monitoring of m/e 406
(TFA ibogaine) and m/e 409 (TFA O-[Cd;]-ibogaine) at 9.9
min. A second ion for each derivative was also monitored to
confirm identification in all cases (m/e 391 and 394 for TFA
ibogaine and the internal standard, respectively). Standard
curves were constructed by the addition of ibogaine and inter-
nal standard to tissue and plasma samples from ibogaine-
free animals.

GCMS Assay of Noribogaine

Details of the noribogaine method are described elsewhere
(Hough et al., in preparation). The assay utilizes organic ex-
traction, derivatization with heptafluorobutyrylimidazole
(HFBI), and detection by GCMS,. Supernatant TCA fractions
containing unknowns or noribogaine standards (1 ml) were
aliquotted into 15 ml polypropylene conical tubes (Sarstedt,
Newton, NC) and received 1,000 ng of nortabernanthine (i.e.,
13-hydroxyibogamine, kindly provided by Dr. S. Archer, Rens-
selaer Polytechnic Institute, Troy, NY) as an internal standard.
Samples were titrated to pH 12 with 950 ml of 0.5 M trisodium
phosphate, mixed by vortex, and received a saturating amount
of sodium chloride. Each tube was mixed by vortex, received
6 ml of chloroform, and was extracted by 15 min of rapid
mechanical shaking. Following centrifugation (1,200 X g for
10 min), the upper (aqueous) layer was aspirated to waste
and the lower (organic) layer transferred by pipette to a tube
containing 0.5 ml 0.01 N HCI. The tubes were then shaken
and centrifuged as before. The upper (aqueous) layer was
transferred to a 1 ml Reactivial (Pierce Chemical, Rockford,
IL) and dried by vacuum evaporation. The residues were de-
rivatized at 85°C with HFBI (20 ml, Pierce Chemical, Rock-
ford, IL) for 1 h, with brief vortex mixing every 10 min. After
cooling at room temperature for 30 min, the samples then
received toluene (50 mi) and sodium phosphate buffer (0.1 M,
pH 8, 100 ml). The vials were mixed, centrifuged (5 min), and
the bottom (aqueous) layer was removed with a blunt syringe,
followed by the addition of a second 100 ml portion of buffer.
After repeating the mixing and centrifugation steps, the aque-
ous layer was again removed and a few crystals of granular
anhydrous sodium sulfate were added. After centrifugation,
the toluene phase was analyzed by GC-MS with a combination
Hewlett-Packard 5890 Gas Chromatograph/5970A Mass Selec-
tive Detector equipped with a 7673 Autosampler. Injections
were performed automatically using a 2 L injection volume.

The gas chromatograph was run in splitless mode with a DB-
Sms column (30 m length, 0.25 mm ID, 0.1 mm film thickness,

——-
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FIG. 1. The effects of ibogaine or noribogaine on basal locomotor
activity (mean = SE for each of two h, “1” and “27) in male and
female rats. Ibogaine (40 mg/kg, IP) or saline was administered 5 or
19 h before a saline (1 mg/ml, IP) injection (middle and bottom
panels), whereas noribogaine or saline was administered 1 h before
a saline challenge (top panels). There are at least 4 rats per group and
*denotes significant difference from the saline-saline control group of
the same sex.

from J + W Scientific, Folsom, CA). The GC injector, oven,
and detector temperatures were 210°, 90°, and 335°C, respec-
tively. Separation of the noribogaine and nortabernanthine
derivatives was accomplished by a temperature program start-
ing at 90°C for 1 min (1 min purge delay), increasing by 70°C/
min to a temperature of 230°C, thereafter at 0.5°C/min to a
temperature of 240°C, followed by 70°C/min to a final tempera-
ture of 325°C, which was held for 5 min. Electron impact mass
spectra were obtained (=70 eV); computerized data analysis
was performed with HP ChemStation software. Noribogaine
and nortabernanthine derivatives were detected and quanti-
fied by monitoring the molecular ion (M*) of both derivatives
(HFB-noribogaine and HFB-nortabernanthine, respectively,
both at m/e 492), which eluted at 11.2 and 11.5 min, respec-
tively. Monitoring of m/e 407 (35 * 20% of M*) was also
performed to confirm all peak identities. In the presently de-
scribed experiments, unknown samples were solved from stan-
dard curves which were linear from 50-1000 ng of noribogaine.

Statistical Analysis

Data were examined for main effects by analysis of variance
(ANOVA) for treatment (dose), time and sex. If there were
significant effects, the data were decomposed and Least Sig-
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FIG. 2. The effects of ibogaine (40 mg/kg, IP) on morphine-induced
(5 mg/kg, IP) locomotor activity (mean * SE) in male and female
rats. Ibogaine or saline was administered 5 h before the morphine
challenge. There are at least 8 rats per group and *denotes significant
difference from saline group of the same sex.

nificant Difference (LSD) post hoc tests were performed (Sta-
tistica). GCMS data at 1 and 5 h were analyzed with ANOVA
followed by LSD post hoc tests, GCMS data at 19 h were
analyzed with a Kruskal-Wallis ANOVA by rank because
some samples were not detectable at this time point.

RESULTS

Basal locomotor activity (i.e. following a saline injection)
did not differ between the sexes at any time point (Fig, 1). One
h after noribogaine treatment, in the absence of a morphine
challenge, there was a significant effect of time (F(1, 14) =
17.46, p < 0.000) and a time by noribogaine interaction (F(1,
14) = 37.25, p < 0.000) in females and a significant effect of
time in males (F(1,14) = 54.5, p < 0.000). Five h after ibogaine
treatment, with a saline challenge injection, there were signifi-
cant effects of time in females (F(1, 6) = 19.48, p < 0.004)
and males (F(1, 6) = 46.06, p < 0.001). Nineteen h after
ibogaine treatment there were significant effects of ibogaine
treatment ( F(1, 8) = 17.71, p < 0.002), time ( F(1, 8) = 76.87,
p < 0.00) and a significant time by ibogaine interaction (F(1,
8) = 12.66, p < 0.007) in females. In males, 19 h after ibogaine
and in the absence of a morphine challenge, there was a main
effect of time (F(1, 8) = 87.78, p < 0.00).

Five h after treatment, ibogaine (40 mg/kg, IP) antagonized
morphine-induced locomotor activity in female but not in male
rats (Fig. 2). A 2-way ANOVA with repeated measures re-
vealed significant effects of sex (F(1, 28) = 6.62, (p < 0.02)
and time (F(2, 56) = 2231, (p < 0.000), and significant sex
by time (F(2, 56) = 11.73, (p < 0.000), treatment by time
(F(2, 56) = 7.25, (p < 0.02) and sex by treatment by time
(F(2,56) = 8.92, (p < 0.001) interactions. Subsequent ANOVA
analysis of female data revealed significant effects of ibogaine
treatment (F(1, 14) = 4.23, (p < 0.05) and a treatment by
time interaction (F(2, 28) = 29.75, (p < 0.000).

Nineteen h after ibogaine administration antagonism of
morphine occurred to a greater extent and at lower doses in
females as compared to males (Fig. 3). A 2-way ANOVA with
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FIG. 3. Dose-response effects of ibogaine (1060 mg/kg, IP) or saline
on morphine-induced (5 mg/kg, IP) locomotor activity (mean + SE)
in female (top panel) and male (bottom panel) rats. Ibogaine or saline
was administered 19 h before the morphine challenge. There are at
least 8 rats per group and *denotes groups which are significantly
different from the saline group of the same sex.

repeated measures of all data demonstrated significant effects
of sex (F(1, 111) = 23.21, (p < 0.000), ibogaine dose (F(4,
111) = 6.72, (p < 0.000) and time (F(2, 222) = 86.78,
(p < 0.000) as well as significant interactions between sex and
ibogaine dose (F(4, 111) = 4.67, (p < 0.002), dose and time
(F(8,222) = 5.06, (p < 0.000) and sex by dose by time (F(8,
222) = 2.39, (p < 0.02). ANOVA of female data indicated
significant effects of ibogaine dose (F(4, 69) = 527, (p <
0.001) and time ( F(2, 138) = 36.80, (p < 0.000), and a signifi-
cant dose by time interaction ( F(8, 138) = 6.02, (p < 0.000).
For male data, a ANOVA analysis revealed a main effect of
ibogaine dose ( F(4, 44) = 6.58, (p < 0.001). Interestingly, in
males, a potentiation of morphine-induced locomotor activity
was observed in the second h following the morphine challenge
after ibogaine doses of 10 and 20 mg/kg.

One h after noribogaine administration, a clear sex differ-
ence existed in the ability of noribogaine to antagonize mor-
phine-induced locomotor activity (Fig. 4). For all the data
there exist main treatment (F(2, 42) = 7.70, (p < 0.001) and
time (F(2, 84) = 8.66, (p < 0.003) effects as well as the
following interactions: sex by treatment (F(2, 42) = 6.38,
(p < 0.004), sex by time (F(2, 84) = 8.53, (p < 0.001), treat-
ment by time (F(4, 84) = 12.76, (p < 0.000) and sex by
treatment by time ( F(4, 84) = 15.01, (p < 0.000). For female
data there were significant effects of treatment (F(3, 28) =
11.59, (p < 0.000) and time ( F(2, 56) = 4.73, (p < 0.01) as
well as a treatment by time interaction (F(6, 56) = 11.61,
(p < 0.000). For males there was a significant effect of time
(F(2,42) = 1541, (p < 0.000) and a treatment by time interac-
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FIG. 4. The effects of noribogaine (5-40 mg/kg, IP) or saline on
morphine-induced (5 mg/kg, IP) locomotor activity (mean * SE) in
female (top panel) and male (bottom panel) rats. Noribogaine or
saline was administered one h before the morphine challenge. There
are at least 8 rats per group and *denotes groups statistically different
from the saline group of the same sex.

tion ( F(4, 42) = 12.91, (p < 0.000). In males, similar to the
data with ibogaine, there was a significant potentiation of
morphine-induced locomotor activity following a low dose of
noribogaine (10 mg/kg, 1P).

The levels of ibogaine in whole brain and in plasma of
ibogaine-treated rats were greater in female than in male rats
1 h after ibogaine administration (LSD test (p < 0.05, Figs.
5 and 6). The whole brain ibogaine levels illustrated in Figure
5 correspond approximately to 10, 1 and 0.7 uM in females
and 6, 0.9 and 0.2 uM in males at 1, 5 and 19 h, respectively.
Plasma ibogaine levels (Fig. 6) correspond to approximately
0.5 and 0.3 uM in females and males, respectively, at 1 h
following ibogaine administration. Female brain and plasma
levels of ibogaine at 1 h agree with previously published data
(10). Plasma levels of ibogaine at 5 and 19 h were below the
limit of detection (data not shown).

Brain and plasma levels of noribogaine were greater in
female than in male rats 5 h after ibogaine administration
(LSD test, (p < 0.04, Figs. 5 and 6). Brain levels of noribogaine
in females correspond to approximately 20, 10 and 0.8 pM at
1, 5 and 19 h respectively, and in males to approximately 13,
7, and 0.1 uM, respectively . Plasma levels of noribogaine
(Fig. 6) indicate levels which are approximately 0.7, 0.8 and
0.03 uM in females and 0.6, 0.5 and 0.01 uM in males at 1, 5
and 19 h, respectively. Noribogaine brain levels at 19 h were
detected in 3/5 females and 4/5 males, and ibogaine brain
levels at this time were detected in 5/8 females and 1/8 males.
Plasma noribogaine levels at 19 h were detected in 3/5 females
and 5/5 males.

Route of administration plays a significant role in determin-
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FIG. 5. Whole brain levels of ibogaine (top panel) and noribogaine
(bottom panel) in female and male rats 1, 5 and 19 h following ibogaine
(40 mg/kg, IP) administration. Levels of ibogaine and noribogaine at

1 and 5 h reflect mean = SEM values, whereas at 19 h they reflect
median +75%. N = 35 per group. *Denotes significant difference
(p < 0.05) from the opposite sex at the same time point.

ing the efficacy of ibogaine antagonism of morphine-induced
locomotor activity (Fig. 7), with SC administration of ibogaine
producing greater antagonism of morphine-induced activity
than a comparable IP dose. For all data there exist significant
effects of route of administration (F(1, 69) = 14.28, (p <
0.001) and ibogaine treatment (F(1, 69) = 71.68, (p < 0.000).
Significant interactions occur between sex and route of admin-
istration (F(1,69) = 6.87, (p < 0.01), sex and ibogaine treatment
(F(1,69) = 22.05, (p < 0.000), sex and time (F(1,69) = 7.79,
(p < 0.007), ibogaine treatment and time (F(1, 69) = 5.69),
(p < 0.02) and sex by ibogaine treatment by route of adminis-
tration (F(1, 69) = 11.58, (p < 0.001). ANOVA of female
data revealed significant effects of route of administration
(F(1,73) = 750, (p < 0.008) and ibogaine treatment (F(1,
73) = 33.27, (p < 0.000), and an interaction between ibogaine
treatment and time (F(1, 73) = 5.67, (p < 0.02). ANOVA
of male data revealed significant effects of ibogaine treatment
(F(1, 42) = 922, (p < 0.004) and time (F(1, 42) = 8.12,
(p < 0.007), as well as significant interactions between route
of administration and time (F(1, 42) = 4.86, (p < 0.03) and
route of administration and ibogaine treatment (F(1, 42) =
841, (p < 0.006).

DISCUSSION

The present study shows that ibogaine influences locomo-
tor activity differently in female and male rats, and that these
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FIG. 6. Plasma levels (mean * SE) of noribogaine and ibogaine
(inset) in female and male rats 1, 5 and 19 h after ibogaine (40 mg/
kg, IP) administration. Levels of ibogaine and noribogaine at 1 and
5 h reflect mean = SEM values, whereas at 19 h they reflect median
+75%. There are 8 rats per ibogaine group and 5 rats pernoribogaine
group. *Denotes significant difference from female group (p < 0.03)
at comparable time point.

effects are not due to changes in basal levels of activity between
the sexes. In addition, ibogaine antagonism of morphine-
induced locomotor activity occurs to a greater extent in female
than in male rats (1, 5 and 19 h) and whole brain and plasma
levels of ibogaine (1 h) and noribogaine (5 h) are greater in
female than in male rats. Since there are such high levels of
noribogaine as compared to ibogaine in the brain (Fig. 5),
this finding also suggests that noribogaine is, in fact, a major
metabolite of ibogaine in rats and may contribute significantly
to ibogaine’s effects.

The differences in ibogaine levels seen 1 h after administra-
tion suggest that the amount of ibogaine reaching the plasma
and brain compartments is greater in female than in male
rats. This likely reflects a greater biocavailability of ibogaine
in females as compared to males, as has been previously re-
ported (12).

Our studies also show that there is a sex difference (fe-
males > males) in noribogaine 5 h after ibogaine administra-
tion. This difference in noribogaine levels could account for
the antagonism of morphine-induced locomotor activity seen
in Fig. 1. These elevated noribogaine levels seen in females
at 5 h is likely a reflection of the higher level of parent com-
pound seen at earlier time points.

Nineteen h after ibogaine administration there were no
differences in ibogaine or noribogaine levels between the
sexes, despite robust differences in antagonism of morphine
hyperactivity. These data seem to exclude both ibogaine and
noribogaine as the agent that persists in the body and is respon-
sible for the long-lasting effects of ibogaine. We cannot com-
pletely disregard the possibility that there are sex differences
in ibogaine or noribogaine levels at 19 h, however, because
the levels are very low and near the limits of detection of the
assays, making it difficult to establish possible sex differences
at this time. It is also possible that another, as yet undiscovered,
metabolite of ibogaine could be responsible for these long-
lasting effects. Furthermore, possibly the active agent does
not need to persist in the body to cause a long-lasting effect;
the active moiety may induce a post-receptor change at an
early time point (before 19 h) which influences the subsequent
ability of morphine to activate dopaminergic systems.

It has been reported that, in humans, noribogaine persisted
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FIG. 7. The effect of route of administration on ibogaine antagonism
of morphine-induced locomotor activity (mean * SE). Rats were
administered ibogaine (40 mg/kg) either intraperitoneally (IP) or sub-
cutaneously (SC) 19 h before receiving a morphine challenge (5 mg/
kg, IP). The control group is a combination of rats which received
saline either SC or IP; there was no difference between the groups.

There are at least 8 rats per group and *denotes significant difference
from the saline group of the same sex.

at high levels in the plasma of ibogaine-treated humans for
at least 24 h (16). In the present study, neither ibogaine nor
noribogaine persisted at high levels in either plasma or brain
of rats 19 h following the administration of ibogaine. The
amount of ibogaine and noribogaine remaining 19 h after
ibogaine administration, however, may still produce pharma-
cological actions at the kappa and NMDA receptors, or at
the serotonin transporter, putative sites of ibogaine action.
The reason that we find substantially diminished noribogaine
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levels at 19 h but others (16) report persisting high levels of
noribogaine at 24 h may be due to differences in species,
GCMS methods or doses and routes of administration. As we
have demonstrated here (Fig. 6) and as has been previously
shown (11), route of administration plays an important role
in determining both the ability of ibogaine to antagonize mor-
phine and the level of ibogaine in tissues and in plasma. Our
data showing that subcutaneous administration of ibogaine
produces a greater antagonism of morphine is likely the result
of higher levels of ibogaine in the brain and plasma following
subcutaneous administration as compared to the intraperito-
neal route (11).

Why ibogaine levels differ between the sexes is not known
at this time. However, the differences could be due to sex
hormones and their interactions with enzymes involved with
ibogaine metabolism. The O-demethylation of ibogaine to
noribogaine in the body presumably involves a P450 cyto-
chrome. P450 cytochromes have been demonstrated to pro-
duce sex-dependent effects. For example, it has been pre-
viously reported that mouse renal P450 levels are regulated
by androgens (10) and that expression of rat hepatic P450
cytochromes are regulated by sex hormones (1,23). It thus
seems possible that the P450 enzyme involved in ibogaine’s
metabolism could be one which is influenced by sex hormones
and may contribute to the difference in drug levels re-
ported presently.

In this study, it was interesting to note that low doses of
both ibogaine and noribogaine produced a potentiation of
morphine-induced locomotor activity in males (Figs. 2 and 3).
It appears that this potentiation does not occur in females,
even at very low doses, as we have subsequently tested a very
low dose of ibogaine (2.5 mg/kg, IP) and found that it had
no effect on morphine-induced locomotor activity (data not
shown). This suggests that in male rats ibogaine produces
biphasic effects on morphine, with potentiation of morphine
actions occurring at low doses and antagonism occurring at
higher doses of ibogaine. Of course, it is possible that ibogaine
also produces biphasic effects on morphine responses in fe-
male rats, but that the stimulatory effect may be masked by
a more predominant antagonistic effect in females.

The present data are consistent with a previous study (12)
which reported that “peak plasma levels” of ibogaine, follow-
ing oral [*Hlibogaine administration, were approximately
three- fold higher in females than in males, and that the bio-
availability of ibogaine was approximately two-fold higher in
female than in male CD rats.

The present study shows that there are substantial sex
differences in both ibogaine levels in the brain and plasma
and in the ability of ibogaine to antagonize morphine. The
importance of this finding in terms of the clinical use of iboga-
ine as an antiaddictive agent warrants further study.
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