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Abstract

The present study examined the effects of buprenorphine (BUP), a mixed opioid agonist—antagonist, on the behaviors accompanying
cocaine (COCA) and combined cocaine—ethanol (EtOH) toxicity in the surviving mice. Using the activity-counting instrument Supermex,
the relationship between the toxic signs and the corresponding behavioral alterations could be assessed. In the COCA-only group, a
prolonged increase in the activity counts was caused by a high dose of COCA (75 mg/kg ip). Furthermore, this COCA-induced hyperactivity
included ataxic behaviors that were accompanied by visible toxic signs, which were not observed in the mice with no drug treatment. A
depressive dose of EtOH (3 g/kg ip) did not significantly modify the mortality rate in the COCA-only group in spite of its anticonvulsant
effects. However, the peak activity counts in the survivors were attenuated in the COCA—EtOH group as compared to the COCA-only group.
BUP attenuated the mortality rate in both COCA and COCA —EtOH groups, even without any anticonvulsant effects, but the most effective
dose differed between the COCA (BUP: 0.25 mg/kg ip) and COCA—-EtOH (BUP: 0.5 mg/kg ip) groups. At these BUP doses, the prolonged
suppression of the morbid hyperactivity in the COCA—BUP group and the restoration of normal behavior in the COCA—-EtOH-BUP group
both seemed to be correlated with a good prognosis in the survivors; there was an early recovery from an increased blood pressure (BP),
increased heart rate (HR) and decreased respiratory rate (RR) in the COCA—BUP group, and an early recovery from a decreased BP,

decreased HR and decreased RR in the COCA—EtOH—-BUP group. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

In estimating the severity of drug-induced toxicity, the
behaviors of intoxicated animals and humans can be used as
an important index (Klaassen, 1996). For example, unusual
depression usually suggests severe toxicity with a poor
prognosis. Increased activity such as violent, panic-like
movements accompanied by convulsions also suggests
severe and fatal toxicity due to psychostimulants like
cocaine (COCA) (Gasior et al., 1999; Klaassen, 1996).
COCA is known to cause abnormal behaviors like hyper-
activity, even at doses which do not cause fatality, and drugs
which can normalize these behavioral alterations have been
reported to be useful in the treatment of COCA abuse and
toxicity (DiGregorio, 1990; O’Brien, 1996).
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The mixed opioid p agonist—k antagonist buprenorphine
(BUP) is one of these therapeutic drugs which can normalize
some of the COCA-induced behavioral alterations (Comer et
al., 1993; Mannelli et al., 1993; Winger et al., 1992). A
relationship between the effects of COCA and opioid p and k
receptors has been suggested in previous studies on opioid
receptor ligands (Kantak et al., 1999; Suzuki et al., 1992).
Furthermore, BUP protected against the fatal toxicities
caused by high doses of COCA (Shukla et al., 1991; Witkin
etal., 1991). However, the effects of BUP on the toxic effects
of high doses of COCA have been evaluated mainly by
visible toxic signs (Hayase et al., 1998; Shukla et al., 1991;
Witkin et al., 1991) and have not been previously inves-
tigated by a quantitative and systematic analysis of both
behavioral and physiological alterations, including altera-
tions during the process of recovery.

In the case of toxicity induced by a single dose of COCA,
the severity of the COCA toxicity and the effectiveness of
BUP can be predicted based on the severity of the abnormally
increased activity. However, judging from the toxic effects of
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combining COCA with ethanol (EtOH), a depressant which
is frequently coabused with COCA, the suppression of these
COCA-enhanced behaviors is not always accompanied by an
attenuation of the net toxic effects (Meehan and Schechter,
1995; Randall, 1992). In fact, EtOH has enhanced the lethal
effects of COCA in some experiments (Hayase et al., 1996b;
Meehan and Schechter, 1995). Interestingly, BUP has been
reported to antagonize some of the effects of EtOH (June et
al., 1998; Martin et al., 1983), and has also protected against
the fatal toxicities caused by the COCA—EtOH combination
in our preliminary study (Hayase et al., 1996b). Although the
effects of EtOH have been reported to be correlated with
opioid p and k receptors (Herz, 1997; Matsuzawa et al.,
1999), the effects of BUP against combined COCA —EtOH
toxicity have not been sufficiently investigated from the
viewpoint of behavioral changes.

Therefore, the present study tried to analyze the behav-
ioral changes accompanying the COCA-induced toxic
symptoms, and compared the effects of EtOH and/or BUP
on these behaviors versus their effects on the toxic physio-
logical symptoms. It may be difficult to examine the behav-
ioral effects of high doses of COCA which can cause fatal
toxicities, and the analysis of behaviors becomes impossible
for dead animals. However, it is possible that different trends
in the behaviors can be observed between the groups of
animals with a high mortality rate and the groups of animals
with a low mortality rate. Furthermore, it is possible that the
behaviors of the survivors during the process of recovery
may be modified depending on the increasing severity of the
toxic effects. Therefore, the present study examined the
tendencies in the survivors’ behaviors that seemed to corre-
late with the prognosis. In order to differentiate these
tendencies, an evaluation of the small behavioral changes
accompanying the toxic symptoms (e.g., cardiovascular and
respiratory symptoms), in addition to gross observable
behaviors like ambulation, seems to be useful. This type of
investigation has become feasible since the development of
the multichannel activity-counting system Supermex
(Masuo et al., 1997; Sugiura et al., 1997), which can count
even small movements in all three planes of motion using a
high sensitivity, multidirectional infrared sensor. By analyz-
ing the data on the net behavioral modifications of the
survivors, the present study tried to differentiate the ““bad”
behavioral patterns in the group with a high mortality rate
from the “good” behavioral patterns in the group with an
attenuated mortality rate. Furthermore, we discussed valid
methods of evaluating treatment efficacy against COCA
toxicity based on the data on the BUP treatment.

2. Materials and methods
2.1. Animals and drug treatments

Male ICR mice (60—90 days old) (Shizuoka Laboratory
Animal Center, Hamamatsu, Japan) were housed in a

forced-air facility maintained at 23°C and 50% relative
humidity, with a 12:12 h light/dark cycle (Boyer and
Petersen, 1992). The mice were kept individually in single
cages (23.5 x 16.5 x 12 cm) with woodchip bedding, and
were allowed water and laboratory chow type MF (Ori-
ental Yeast, Tokyo, Japan) ad libitum. The experiments
described in this report were conducted in accordance with
the “Guidelines for Animal Experiments” of our institu-
tion (Committee on Care and Use of Laboratory Animals
of Kyoto University, 1988), which are based on the
National Institutes of Health Guide for Care and Use of
Laboratory Animals. Following these guidelines, if evident
and continuous symptoms of pain were caused by high
doses of COCA, the experiment was stopped and the
mouse was euthanized.

Cocaine hydrochloride (COCA) (Takeda Chemical
Industries, Osaka, Japan) was dissolved in saline (Otsuka
Pharmaceutical, Tokyo, Japan), and was administered by
an intraperitoneal (ip) injection at 75 mg/kg body weight
in a volume of 5 ml/kg. This dose of COCA was selected
from the doses at which severe toxic signs were observed
(Hayase et al., 1996b). However, high doses of COCA
without any interaction with BUP in preliminary admin-
istration studies were avoided. Interactions between even
low doses of COCA and BUP have been previously
reported (Comer et al., 1993; Mannelli et al., 1993;
Winger et al., 1992). However, the present study focused
on the toxic signs, and from this viewpoint the dose that
provided the most notable interaction with BUP in pre-
liminary trials (75 mg/kg) was selected. The COCA was
injected 15 min after an intraperitoneal injection of saline
(COCA-only group) or 3 g/kg ethanol (EtOH) (Nacalai
Tesque, Kyoto, Japan) (COCA—-EtOH-only group), in a
total volume of 10 mlkg (diluted with saline for the
EtOH solution). This dose of EtOH was selected from the
depressive but nonfatal doses which had displayed some
interactions with COCA, such as enhancing the COCA-
induced physiological effects and suppressing the COCA-
stimulated locomotor activity (Boyer and Petersen, 1992;
Meehan and Schechter, 1995). In the BUP-cotreated
groups, buprenorphine hydrochloride (Otsuka Pharmaceut-
ical), which was diluted with saline to the most effective
dose, was given 15 min before the above saline vehicle
(COCA-BUP group) or EtOH (COCA-EtOH-BUP
group) injection. This dose of BUP was selected from
nontoxic doses based on previous studies (Hayase et al.,
1996b; Shukla et al., 1991; Witkin et al., 1991) and some
preliminary experiments. The most effective dose of BUP
for attenuating the mortality rate was then chosen, even
though that dose was different between the COCA—-BUP
and COCA—-EtOH-BUP groups. The intraperitoneal dose
of BUP used was 0.25 mg/kg in the COCA—BUP group,
and 0.5 mg/kg in the COCA-EtOH-BUP group, in a
volume of 5 ml/kg. In the COCA-only and COCA—-EtOH-
only groups, 5 ml/kg of saline vehicle was injected
instead of BUP.
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2.2. Scoring of the toxic signs

In all administration groups, the severity of the con-
vulsive seizures and the visible toxic signs (respiratory
distress and locomotive disturbance) were monitored and
scored for the surviving mice. The total number of mice
examined was 15 in the COCA—-EtOH-only group and 10
in the other groups. The data on the severity of the
convulsive seizures and the visible toxic signs were
collected only from the surviving mice (Tables 1 and 2).
For the mortality rate, the percentage of dead mice at 24 h
after the drug administration was recorded; all of the
deaths had occurred by this time point in our previous
studies (Hayase et al., 1996a,b). In the present study, all of
the deaths had occurred by the 5-h time point after the
drug treatment.

The severity of the convulsive seizures was scored
based on the methods described in a previous study
(Przewlocka et al., 1994). The observation period for
the seizures was 24 h, and the most severe episode for
each mouse was evaluated. A score of 0 (absence of
convulsions), a score of 1 (short-lasting episodes [<1
min] of clonic convulsions), a score of 2 (clonic con-
vulsions with a loss of the righting reflex, but less
continuous as compared to the score 3 convulsions), a
score of 3 (episodic convulsions including serial convul-
sions lasting longer than 5 min), and a score of 4 (violent
convulsions similar to those observed in the dead mice)
could be differentiated.

The severity of the visible respiratory distress and loco-
motive disturbances was scored as 0 (none), 1 (moderate) or
2 (severe and similar to the disorders observed in the dead
mice) for the same surviving mice at 1 and 5 h after the drug
treatment. These visible signs were based on the severity of
the visible disorders (irregularity in the breathing move-
ments, unsteady gait, etc.), regardless of any quantitative
alterations (activity counts, etc.).

In order to avoid subjective errors, the behavioral alter-
ations were evaluated independently by three observers. All

Table 1
Mortality rate and seizure score

Mortality

rate (%) Seizure score
COCA-only group (n=10) 60 33£04 (n=4)
COCA—-BUP group (n=10) 20° 3.3+0.7 (n=8)
COCA —EtOH-only group (n=15) 73 0.8+0.4" (n=4)

COCA-EtOH-BUP group (n=10) 40° 0.7+0.5* (n=6)

Mortality rate (%) and seizure score (0—4) in the surviving mice from the
COCA (75 mg/kg ip)-only (total: n=10, survivor: n=4), COCA—-BUP
(0.25 mg/kg ip) (total: n=10, survivor: n=8), COCA—EtOH (3 g/kg ip)-
only (total: n=15, survivor: n=4) and COCA—-EtOH-BUP (0.5 mg/kg ip)
(total: n=10, survivor: n=6) groups. The data on the seizure scores
represent means = S.D.

 Significant ( P <.05) attenuation as compared to the COCA-only group.

b Significant (P<.05) attenuation as compared to the COCA —EtOH-
only group.

Table 2
Scores for the visible toxic symptoms

Respiratory distress Locomotive disturbance

1-h point  5-h point 1-h point 5-h point
COCA-only 1.3+£04 05+0.5 1.5+05 0.8+0.4
group (n=4)
COCA-BUP 0.6+0.5* 0.0+0.0 1.0+0.7 0.3+0.4%
group (n=238)
COCA-EtOH-only 1.3+£0.4 0.5+0.5 2.0+0.0 1.0+0.0
group (n=4)
COCA-EtOH-BUP 0.8+£04*® 02£04 13£05°  05+0.5°
group (n=06)

Scores (0—2) for the visible toxic signs (respiratory distress and locomotive
disturbances) at 1 and 5 h after the drug treatment for the same surviving
mice shown in Fig. 1. In order to avoid subjective errors, the behavioral
alterations were independently evaluated by three persons as described in
the text, and compromise scores are shown. The data represent
means £ S.D. In all groups, the score at the 5-h time point was significantly
(P<.05) lower than at the 1-h point (not shown in this table).

 Significant ( P <.05) attenuation as compared to the COCA-only group.

b Significant (P <.05) attenuation as compared to the COCA —EtOH-
only group.

observers had previously evaluated the behaviors of both
normal (no drug treatment) and severely intoxicated mice,
and a compromise score was decided after a discussion on
the behavioral score for each mouse.

2.3. Evaluation of the locomotor activity alterations

At the same time as the observation of the toxic signs, the
locomotor activity was evaluated by the multichannel activ-
ity-counting system Supermex (Muromachi Kikai, Tokyo,
Japan) (Masuo et al., 1997; Sugiura et al., 1997). This
instrument can monitor even minute movements in all three
planes of motion (sagittal, coronal and horizontal) as one
movement, since its infrared sensor with multiple Fresnel
lenses that can be moved close enough to the cage can
capture multidirectional locomotor alterations in a single
mouse. The Supermex instrument was connected to a behav-
ioral analyzing system (CompACT AMS) (Muromachi
Kikai), which can interpret each movement as one count.
Therefore, vertical movements such as jumping, as well as
horizontal movements such as walking and running, could be
counted. Furthermore, small movements of the limbs, head
and tail accompanying the shaking, spasms and twitching,
which become frequent due to the COCA-induced seizures,
could also be recorded as activity counts within the discrim-
ination capacity of the sensor. The number of activity counts
was noted whenever each movement, as an infrared-ray
signal, crossed the multidirectional lens-equipped antennae
of the sensor, which covered all directions in the cage space.
Therefore, the number of activity counts increased propor-
tionally corresponding to the increased temporal and spatial
activity of each mouse. The counting was performed con-
tinuously, and the data were recorded every 20 min. The
locomotor activity was monitored for all mice, but the data
were analyzed only for the surviving mice. The time course
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Fig. 1. Time course of the motor activity counts for the surviving mice in the COCA-only (n=4) (A), COCA-BUP (n=28) (A), COCA—-EtOH-only (n=4) (B)
and COCA—-EtOH—-BUP (n=06) (B) groups. The data from a nontreatment control group of mice (n=>5) are also shown (A). All of the abbreviations and the
drug doses used are explained in Table 1. For each time point, the differences were noted in the same manner as per the tables.

for the surviving mice is shown in Fig. 1. The time course
data for a nontreatment control group of mice (n=5) (Fig.
1A) were also obtained by the Supermex instrument under
the same conditions (e.g., experiment time etc.), and the
effects of factors other than the drugs (e.g., Supermex
environment) were also considered. Each 20-min activity
count value at each time point was compared between the
groups. Furthermore, in order to evaluate and compare the
more continuous stimulatory or depressive effects of each

drug, the mean value of each 1-h serial count was calculated
based on the above time course data (Fig. 1), and then the
largest and the smallest 1-h count values were obtained and
compared between the groups.

2.4. Evaluation of physiological function

As physiological parameters, the blood pressure (BP),
heart rate (HR) and respiratory rate (RR) at the 1- and 5-h
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time points were also recorded. The evaluation of these
parameters could not be performed simultaneously with
the activity recording because it disrupted the activity
counting system. Therefore, the examination was per-
formed for the other groups of surviving mice undergoing
the same drug treatment. The data from 4 surviving mice
in each group were collected, but the total number of mice
examined for obtaining the 4 survivors was 10 in the
COCA-only group, 5 in the COCA—BUP group, 15 in the
COCA-EtOH-only group, and 7 in the COCA-EtOH-
BUP group (these total numbers are not shown in Table 4).
The BP of the celiac artery was monitored by an automatic
monitor (type EW280) (Matsushita Electronics, Hikone,
Japan). Both the systolic and diastolic blood pressures
(SBP and DBP) could be monitored with this instrument.
The HR was derived from the pulsatile pressure recorded
as beats per minute (Pitts et al., 1987). The RR (breaths
per minute) was monitored by visual observation of the
diaphragm movement (Pitts et al., 1987). For all of these
parameters, data from nontreatment control mice (n=15)
were also obtained.

2.5. Statistical analysis

The chi-square test was used to compare the mortality
rate (%) (Shukla et al., 1991). For other values, the data in
all groups were subjected to a one-way analysis of variance
(ANOVA), and then two sample ¢ tests with Welch’s
correction were performed for all necessary combinations
of the two groups in order to evaluate the effects of each
drug (Shukla et al., 1991). All of the comparisons were
performed using a statistical software package and its
manual (Shakai Johou Service, 1993). Unless otherwise
noted, P values less than .05 were considered to be statisti-
cally significant.

3. Results
3.1. Mortality rate and toxic signs

The mortality rate (Table 1) exceeded 50% in both the
COCA-only (60%) and the COCA—-EtOH-only (73%)
groups, and was slightly increased in the latter group.
BUP attenuated the mortality rate in both the COCA group
(60 — 20%) and the COCA—EtOH group (73 — 40%). All
of the deaths had occurred by 5 h after the drug admin-
istration, but most of the deaths (10 out of 11 deaths) in the
COCA—-EtOH-only group occurred after the time point of
the peak activity counts.

The seizure scores in the survivors were significantly
attenuated by EtOH, but were not significantly altered by
BUP (Table 1).

With respect to the visible respiratory distress in the
surviving mice (Table 2), the scores at the 1-h time point
were significantly higher in the non-BUP group than in

the BUP-treated groups. At the 5-h time point, a signifi-
cant recovery of these scores was observed in all groups,
but the scores were still slightly higher in the non-BUP
groups as compared to the BUP-treated groups. For the
visible locomotive disturbances (Table 2), the score at the
1-h time point was not significantly different between the
COCA-only and the COCA—-BUP groups. However, the
score in the COCA—EtOH group was significantly higher
than in the COCA—EtOH—BUP group. At the 5-h time
point, despite the recovery of the scores in all groups as
compared to the 1-h time point, a slight but significantly
more severe locomotive disturbance could still be
observed in the non-BUP groups as compared to the
BUP-treated groups.

3.2. Locomotor activity alterations

The time courses of the motor activity counts for the
surviving mice and the control mice are shown in Fig. 1.
The counts for the first 5 h are shown, because no mice died
after that time point in the present experiment. In all groups,
the data for the largest and the smallest 1-h counts are
shown in Table 3. Slightly increased activity was observed
in the control group immediately after they entered the
Supermex instrument. However, even in the EtOH-cotreated
group, the largest 1-h counts were significantly increased as
compared to the control group (Table 3). In contrast, the
smallest 1-h counts were significantly increased in the
COCA-only and the COCA—-EtOH—-BUP groups as com-
pared to the control group. In the COCA—BUP group
(n=38), although some heterogeneity in the values was
observed (Fig. 1A), the largest 1-h counts in the survivors
were not significantly altered by the single BUP cotreat-
ment, even though the mortality rate was attenuated as
compared to the COCA-only group (n=4) (Tables 1
and 3). However, BUP did significantly attenuate the small-
est 1-h counts in the COCA—-BUP group as compared to the
COCA-only group (Table 3). In the COCA—EtOH-only
group (n=4), EtOH significantly attenuated both the largest

Table 3
Largest and smallest 1-h activity counts

Largest 1-h counts Smallest 1-h counts

Control group (n=5) 18214552 21£18

COCA-only group (n=4) 5240+706" 107 +£30%

COCA-BUP group (n=8)  5634+1102" 39+37°

COCA —EtOH-only 3531+£924%° 43+21°
group (n=4)

COCA-EtOH-BUP 5974 +£704*° 356+ 125%4
group (n=06)

Largest and smallest 1-h counts for the same mice from Fig. 1. The data
were obtained from 1-h serial values in Fig. 1, and represent means+S.D.
 Significant (P<.05) increase as compared to the control group.

b Significant ( P <.05)attenuation as compared to the COCA-only group.

¢ Significant (P<.05) increase as compared to the COCA—EtOH-
only group.

4 Significant ( P<.05) increase as compared to the COCA-only group.
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and the smallest 1-h counts as compared to the COCA-only
group (Table 3). In the COCA—EtOH—-BUP group (n=06),
apart from the significant alterations due to the shift in the
time course curve (Fig. 1B), BUP significantly increased
both the largest and the smallest 1-h counts in the survivors
as compared to the COCA—-EtOH-only group, correspond-
ing to the attenuation in the mortality rate (Tables 1 and 3).
Therefore, a delayed and prolonged increase in the activity
counts was observed in the COCA—-EtOH-BUP group
during the process of recovery.

3.3. Physiological function

The BP, HR and RR data for the four surviving mice
that were obtained by the above process are shown in
Table 4. At the 1-h time point (Table 4A), the SBP was
significantly increased in the COCA-only group and was
significantly decreased in the COCA—-EtOH-only group,
as compared to the control group. The HR increase in the
COCA-only group, the HR attenuation in the COCA-
EtOH-only group and the RR attenuation in both groups
were also significantly different as compared to the
control group. In the BUP-treated groups, a BUP-induced
amelioration of each parameter was observed, and the
values were not significantly different from those in the

Table 4
Cardiovascular and respiratory parameters

BP

SBP DBP HR RR
(A) 1-h time point
Control group 109.7+10.1 76.2+7.7 533+£32 125£15
COCA-only group  121.5+7.7° 79.6+6.3 583+38% 103+10°
COCA-BUP group 114.5+7.6 76.1£6.8 550+42 11617

COCA-EtOH- 952+10.0°° 68.2+£58° 467+42°° 100+11°
only group

COCA-EtOH- 104.8+£9.4¢ 69.8+7.6° 499+£47° 109+12°
BUP group

(B) 5-h time point

Control group 112.8+10.2  77.2+8.0 523428 120+18

COCA-only group  111.9+8.8 753+£62 533+£38 108+12

COCA-BUP group 118.2+9.5 76.5+7.4 522+35 125+13¢

COCA —-EtOH- 105.7+10.1 732+6.1 485+31° 105+13
only group

COCA-EtOH- 108.4+9.8 73.9+6.7 521+£36 128 +15%¢
BUP group

Alterations in the BP (mm Hg), HR (beats/min) and RR (breaths/min) at the
1- (A) and 5-h (B) time points after drug treatment for the groups of four
surviving mice described in the text. The abbreviations are the same as in
the text. The data from a nontreatment control group of mice (n=5) are also
shown. The data represent means + S.D.

 Significant ( P<.05) increase as compared to the saline control group.

b Significant (P <.05) attenuation as compared to the saline con-
trol group.

¢ Significant ( P<.05) attenuation as compared to the COCA-only group.

4 Significant ( P<.05) increase as compared to the COCA-only group.

¢ Significant (P<.05) increase as compared to the COCA-EtOH-
only group.

control group, except for an attenuated RR value in the
COCA—-EtOH-BUP group. At the 5-h time point (Table
4B) in all administration groups, both the SBP and DBP
had recovered to values which were not significantly
different from the control. However, an attenuation of
the HR (COCA—-EtOH-only group) and RR (COCA-only
and COCA—-EtOH-only groups) could still be observed in
the non-BUP groups, even though they were not statisti-
cally different from the control group. A single dose of
EtOH (3 g/kg) tended to attenuate the BP, HR and RR in
a preliminary experiment, but no significant alterations
were observed (data not shown).

4. Discussion

The present study elucidated some of the characteristic
behavioral alterations caused by a toxic COCA dose, with
or without BUP and/or EtOH. Since BUP did not antag-
onize the severe convulsive seizures observed mainly
during the early period after drug treatment, neither the
early largest 1 h counts nor the visible locomotive dis-
turbances, including the convulsive seizures, were signifi-
cantly different between the COCA-only and the COCA—
BUP groups (Tables 1-3). However, in the surviving
mice, the severity of the COCA-induced toxic effects
and the BUP-induced antidotal effects could be estimated
by observing the process of recovery in the activity counts;
this could be accomplished by monitoring all of the
locomotor activity, including the small movements of all
parts of the body, with the Supermex system. Even in the
surviving mice from the COCA-only group, small morbid
behaviors which seemed to be correlated with respiratory
and/or cardiovascular dysfunction (Table 4) could be con-
tinuously monitored throughout the 5-h period (Fig. 1A
and Table 3). BUP suppressed these small behaviors,
which corresponded to the attenuation in the mortality rate
(Table 1) and the improvement in the physiological data
(Table 4) in the COCA—-BUP group as compared to the
COCA-only group.

On the other hand, in the COCA—EtOH-only group, the
early activity counts including the peak counts (Fig. 1B
and Table 3) were still increased as compared to the
control group, but were attenuated as compared to the
COCA-only group. This behavioral suppression included
an attenuation of the normal behaviors that seemed to be
correlated with respiratory and cardiovascular dysfunction
(Table 4). In the COCA-EtOH-BUP group, unlike the
COCA-BUP group, the activity counts were increased
(Table 3). These different effects might be due to the
different doses of BUP (0.5 vs. 0.25 mg/kg) used. How-
ever, the attenuation of the mortality rate (Table 1), the
amelioration of the visible locomotive disturbances (Table
2) and the improvement in the physiological data (Table 4)
were present in both the COCA—BUP and the COCA-
EtOH—-BUP groups. At doses of 0.25 and 0.5 mg/kg, the
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increase in the blood COCA concentration due to BUP and
the related enhancement of the toxic effects have not been
reported to be significant, with or without the EtOH
cotreatment (Hayase et al., 1996b). However, the slightly
prolonged increase in the behavioral counts, which was
observed in the COCA-BUP group (Fig. 1A), might be
due to the BUP-induced small kinetic alterations. In the
COCA-EtOH-BUP group, the effects of BUP against
COCA toxicity seemed to be attenuated due to the BUP—
EtOH interaction, as was suggested in some reports (June
et al., 1998; Martin et al., 1983), and higher doses of BUP
(0.5 mg/kg) seemed to be more effective due to this
attenuated influence of BUP on the COCA effects.
Although the blood COCA concentration had not been
reported to be altered significantly by 0.5 mg/kg BUP in
the COCA—EtOH group (Hayase et al., 1996b), the shift
in the time course curve of the activity counts was
observed in the COCA—-EtOH—-BUP group (Fig. 1B). This
phenomenon seemed to be correlated with the prolonged
but weakened influence of EtOH due to BUP that was not
correlated with the blood COCA levels (Hayase et al.,
1996a, 1998), and the attenuation in the level of the toxic
COCA-EtOH metabolite (Hayase et al., 1996b; Hearn
et al.,, 1991a,b; Randall, 1992).

Judging from the prolonged increase in the activity
counts (Fig. 1B and Table 3) and its previously reported
interaction with EtOH (Hayase et al., 1998; June et al.,
1998; Martin et al., 1983), BUP might have antagonized the
delayed toxic depressive effects of EtOH. Due to this
prolonged increase, the attenuation of the behavioral counts
due to sleep (e.g., the smallest 1-h counts), which was
observed in the control group, was not observed in the
survivors in the COCA-EtOH-BUP group during the 5-h
period. This phenomenon might exert a deleterious effect in
the long term, even though the morbid behaviors were not
increased and the prognosis itself was ameliorated by BUP.
However, from our observation, it can be concluded that
BUP, by causing both stimulatory and inhibitory effects on
the behavioral counts depending on its dosage, antagonized
the toxic behavioral effects in both COCA and combined
COCA-EtOH groups.

The toxic respiratory and cardiovascular effects of high
dose COCA include an attenuated RR, increased BP and an
increased HR (O’Brien, 1996; Tseng et al., 1991). EtOH has
been reported to enhance these COCA-induced effects
(Henning et al., 1994; Uszenski et al., 1992), and the fatal
toxic symptoms have also been suggested to be exacerbated
by EtOH due to the synthesis of toxic metabolites (Hearn et
al., 1991a,b; Randall, 1992) and/or a prolongation of the
half-life of COCA (Hedaya and Pan, 1996, 1997). In the
present experiment, no significant increase in the mortality
rate was observed in the COCA—EtOH group as compared
to the COCA-only group (Table 1). However, the toxic
cardiovascular depression due to the combined high-dose
EtOH (3 g/kg) seemed to cause symptoms that were differ-
ent from those caused by the COCA-only treatment. Cor-

responding to the attenuated behavioral counts (Fig. 1B and
Table 3) and increased locomotive disturbances (Table 2),
an attenuation of the BP, HR and RR could be observed in
the EtOH groups as compared to the control group (Table 4).
The effects of BUP in the COCA—-EtOH—-BUP group were
not limited to a simple delay of the process of COCA-
induced stimulation and EtOH-induced depression, as might
be predicted from the graph in Fig. 1. Corresponding to the
delayed increase in the activity counts (Fig. 1B), a recovery
from the locomotive disturbances (Table 2) could be
observed, and the physiological parameters had returned
to normal earlier than in the non-BUP group (Table 4).
Therefore, the recovery from the toxic symptoms seemed to
coincide with the behavioral effects (an increase in normal
behavior, etc.) in the EtOH groups, as well as in the non-
EtOH groups.

The problem with BUP as an antidote against COCA
toxicity is the absence of any anticonvulsant activity.
Severe, convulsive seizures accompanied the COCA-
induced toxicity regardless of BUP cotreatment. However,
the behavioral analysis performed at the present doses
could distinguish one advantage for BUP that may com-
pensate for its lack of anticonvulsant activity: there were
no depressive side effects on the respiratory and cardio-
vascular systems caused by BUP that were observed in the
COCA-EtOH group. Furthermore, any unfavorable side
effects accompanying the COCA-induced seizures were
not observed in the respiratory and cardiovascular systems
in the COCA—-BUP group (Table 4), despite the presence
of severe convulsive seizures (Table 1). Many anticonvul-
sants, including EtOH, have strong depressive effects on
the respiratory and cardiovascular systems (Hobbs et al.,
1996; McNamara, 1996). Even far less toxic anticonvul-
sant drugs with EtOH-like GABA receptor-related effects
have been reported to cause such toxic effects (Hobbs et
al., 1996; McNamara, 1996). Since BUP is known to
function as a mixed p agonist—k antagonist, its protective
effects may be correlated with opioid receptor-mediated
neuroprotective effects, which could influence the respira-
tory and cardiovascular systems (Faden, 1996; Jones and
Ross, 1995). Therefore, this drug could provide useful
antidotal effects in a clinical setting (Mello et al., 1993;
Rothman et al.,, 1995). BUP has been reported to either
attenuate (Comer et al., 1993; Mannelli et al.,1993; Winger
et al., 1992) or increase (Brown et al., 1991; Kuribara and
Tadokoro, 1991) the behavioral effects of COCA. Similar
dual interactions have been observed for the BUP—EtOH
combination (June et al., 1998; Kuribara et al., 1991,
Martin et al., 1983). These dual effects may be caused
due to the mixed functions of BUP and may be closely
correlated with the neuroprotective effects, but the precise
roles of p and K actions have not been elucidated. Never-
theless, judging from the present results, it can be con-
cluded that the mixed opioid drugs like BUP, with their
balanced activity, consistently increased the normal behav-
iors and suppressed the morbid behaviors, and could also
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normalize the respiratory and cardiovascular systems, even
in the combined COCA—-EtOH group with complicated
mechanisms underlying its toxic effects. This supports the
usefulness of these drugs in the treatment of both COCA
and combined COCA—-EtOH toxicity.
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