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The interaction of dopamine, cocaine, and cocaethylene with ethanol on central nervous system depression in mice. PHARMA-
COL BIOCHEM BEHAYV 57(1/2) 73-80, 1997.—The interactions between dopamine, cocaine, cocaethylene, and ethanol
were studied in Swiss-Webster mice. The loss of the righting reflex (LORR) was used as a measure of CNS depression.
Animals were injected intraperitoneally (IP) with ethanol (4.0 g/kg), which caused a LORR. Immediately upon regaining
of the righting reflex, mice were injected intracerebroventricularly (ICV) with saline, dopamine (0.1, 0.5, or 1.0 wmol/kg),
cocaine (1, 15, or 25 pmol/kg), or cocaethylene (1, 15, or 25 pmol/kg). In the presence of systemic ethanol, all three
compounds produced CNS depression in a dose-dependent manner. The dopamine D,-receptor antagonist sulpiride and the
D,-receptor antagonist fluphenazine were given acutely ICV with dopamine in the presence of systemic ethanol to examine
whether these antagonists could block the return to the LORR produced by dopamine. Sulpiride, however, actually enhanced
the interaction between ethanol and dopamine in a dose-dependent manner as measured by the LORR; fluphenazine neither
blocked nor enhanced the effect of dopamine in the presence of systemic ethanol. In addition, these antagonists had no
effect on cocaine- and cocaethylene-induced CNS depression in the presence of systemic ethanol. The results of this study
showed that the neurotransmitter dopamine and both cocaine and cocaethylene can promote further CNS depression in the
presence of systemic ethanol, and that dopamine was significantly more potent than cocaine and cocaethylene as measured
by the return to the LORR. [ 1997 Elsevier Science Inc.
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PREVIOUS studies have shown that various neurotransmit-
ters and putative neurotransmitters such as GABA (14,15),
glycine (67), glutamate (16), cysteine sulfinic acid (15), and
taurine (17) interact with ethanol to promote CNS depression
as measured by the loss of the righting reflex (LORR) in mice.
Researchers have suggested that ethanol potentiates GABA-
receptor function and that this effect of ethanol on the GABAA
receptor may be responsible for the depressant and anxiolytic
properties of ethanol (1,2,28,38,59). In addition, ethanol can
affect the dopaminergic system in the CNS (8,26,60,66), and
it has been shown that dopamine can stimulate the release
of GABA from GABAergic interneurons (43,52-54). In the
present study, the effect of the neurotransmitter dopamine in

the presence of systemic ethanol was examined in a mouse
model for its effect on CNS depression.

Cocaine was used in this study because its mechanism of
action in the CNS appears to involve predominantly the dopa-
minergic system (7,16,31,55) and because cocaine abuse is
often associated with the use of ethanol (25,37). When cocaine
is combined with ethanol an active product, cocaethylene, is
formed in vivo. Ethanol inhibits the carboxylesterase-cata-
lyzed hydrolysis of cocaine to benzoylecgonine in the liver
and simultaneously induces the ethyl transesterification of co-
caine to cocaethylene (11,27,33). Cocaethylene is as potent as
cocaine in binding to dopamine reuptake sites and in inhibiting
neuronal dopamine reuptake (30). Cocaethylene appears to

tRequests for reprints should be addressed to A. P. Ferko, Department of Pharmacology, Division of Toxicology, School of Medicine,
Allegheny University of the Health Sciences, Broad and Vine Streets, Philadelphia, PA 19102.
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be more euphorigenic and rewarding than cocaine (33), and
the compound may be more addictive (50). Furthermore, it
has been suggested that the blockade of dopamine reuptake
into neurons by cocaethylene may be responsible for the en-
hanced euphoria associated with combined ethanol and co-
caine use (27). Therefore, it was interesting to study the activ-
ity of cocaethylene in this investigation.

Little research has been performed with intracerebroven-
tricular (ICV) injection of dopamine, cocaine, and cocaethy-
lene in the presence of ethanol. The ICV route of drug admin-
istration was selected in this study because it allows the drug
readily to get to its site of action and provides a rapid onset
of action, and this route eliminates the initial peripheral bio-
transformation of the drug (14-16). The hypothesis of this
study is that dopamine, cocaine, and cocaethylene can cause
CNS depression in the presence of systemic ethanol as mea-
sured by the LORR.

In addition, in the presence of systemic ethanol the interac-
tions between dopamine, cocaine, and cocaethylene with sulp-
iride (a D,-receptor antagonist) and fluphenazine (a D;-recep-
tor antagonist) were examined.

METHOD

Male Swiss—Webster mice, ranging in weight from 27 to 35 g,
were obtained from Taconic Laboratory (New York, NY).
Mice were housed for 1 week in a standard environment that
consisted of a light cycle from 0600 to 1800 h, a temperature
of 21 = 1°C, and free access to water and Purina Laboratory
Chow (Ralston Purina Co., St. Louis, MO). The ethanol solu-
tion for IP injection was prepared from 95% (v/v) ethanol and
diluted to 20% (w/v) with saline (0.9% NaCl) (14). Cocaine
hydrochloride was obtained from Mallinckrodt Specialty
Chemicals Co. (St. Louis, MO); cocaethylene fumarate was
obtained from NIDA; and dopamine hydrochloride, benzoyle-
cgonine hydrate, fluphenazine dihydrochloride, and racemic
sulpiride were obtained from Sigma Chemical Co. (St. Louis,
MO). All other chemicals used were obtained from commer-
cial sources and were of analytic grade.

Cocaine solutions for injection were adjusted to pH 7.0
with NaOH solution (15,67). Dopamine solution was prepared
with 0.04 mg/ml ascorbic acid to prevent the oxidation of
dopamine, and adjusted to pH 7.0 with NaOH solution. Flu-
phenazine solution for injection was adjusted to pH 6.7 with
NaOH solution. Benzoylecgonine was prepared in saline.
Sulpiride was adjusted to pH 7.0 with HCI solution. These
solutions were prepared immediately before each experiment.

Acute Ethanol Administration and LORR as an Index of
CNS Depression

All experiments were started between 0900 and 1000 h.
External noises were minimized, and the animals were kept
from other animal contact during the LORR stages of the
experiments. LORR was defined as the inability of the mouse
to right itself by rolling onto its feet after being placed on its
back three times in 15 s (15,67). An animal was considered
to have regained the righting reflex when the animal was also
able to right itself on all four legs three times in 15 s after
being placed on its back. The length of time that the animal
experienced the LORR was used as a measure of CNS depres-
sion, as described by Bignall (6) and used previously by Ferko
and colleagues (14-17,67).

After the IP injection of ethanol (4.0 g/kg), all animals
experienced a LORR, referred to as an ethanol-induced
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LORR. The time from the IP injection to the onset of ethanol-
induced LORR was recorded in seconds and termed the onset
of the LORR. The duration of the ethanol-induced LORR
was recorded as well. Following ICV injection of a drug or
saline, some of the animals experienced a second LORR,
which was referred to as the drug-induced return to the LORR,
or simply, drug-induced LORR.

ICV Drug Administration

The ICV injection procedure used was according to Pedigo
et al. (42) and is described briefly. Twenty minutes after the
animal lost the righting reflex following IP ethanol administra-
tion, a sagittal incision was made on the dorsal aspect of the
head, exposing the skull sutures. A preparatory puncture 3 mm
deep from the outer surface of the cranium was made 2 mm
caudal and 2 mm to the right of bregma using a 26-ga needle.
The needle was inserted and immediately removed; no drug
or saline was administered at this time (15,67). This step was
performed on ethanol-anesthetized mice (10,21,32) to gain
access to the lateral ventricle of the brain for later ICV
drug administration.

Immediately after the animals regained the righting reflex
following IP ethanol injection, they were given an ICV injec-
tion of saline or drug solution in a total volume of 5 ul/30 g
body wt. This step was performed on ethanol-analgetic animals
(39,48,70). Upon ICV injection of saline or drug, a return to
LORR was observed and recorded in minutes. Once regaining
the righting reflex after drug-induced LORR (ICV injection),
a 20-pl blood sample was taken from the orbital sinus to
determine the concentration of ethanol circulating in the
blood. The correct placement of the drug solution by ICV
administration was verified at the end of the experimental
procedures by an ICV injection of methylene blue dye and
subsequent dissection (14,17).

LORR Experiments with Ethanol (1P) and Dopamine (ICV)

The purpose of these experiments was to determine
whether a drug-induced return to the LORR could be caused
by the ICV administration of dopamine in the presence of
systemic ethanol. Dopamine concentrations of 0.1, 0.5, or 1.0
pmol/kg were injected ICV in a volume of 5 pl immediately
after the animals regained the righting reflex following the
ethanol-induced LORR. Because the dopamine solutions
were prepared with ascorbic acid to prevent oxidation of dopa-
mine, ascorbic acid controls were run as well. Ascorbic acid
(0.04 mg/ml in saline) was delivered ICV in a volume of 5 pl
immediately after the mice regained the LORR following
ethanol injection.

LORR Experiments with Ethanol (IP) and Cocaine,
Cocaethylene, or Benzoylecgonine (ICV)

The purpose of these experiments was to assess whether
an ICV injection of cocaine, cocaethylene, or benzoylecgonine
could cause CNS depression in the presence of systemic etha-
nol. The previously mentioned procedure was used. The ICV
injections used were either saline (control), or 1, 15, or 25
pmol/kg of cocaethylene, cocaine, or benzoylecgonine follow-
ing the regaining of the ethanol-induced LORR. Benzoylec-
gonine was once considered to be an inactive metabolite of
cocaine; however, benzoylecgonine can enter the brain follow-
ing peripheral administration of the compound (3) and can
cause vasoconstriction of central arteries (11,13).
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Effects of Fluphenazine and Racemic Sulpiride on the
Dopamine-Induced LORR in the Presence of
Systemic Ethanol

These experiments were performed to determine the effect
of two selective dopaminergic antagonists, fluphenazine race-
mic sulpiride, on the dopamine induced-LORR. Although
dopamine receptor blockers can reduce the effect of exoge-
nously administered dopamine, it has been shown that the
acute administration of a dopaminergic antagonist can en-
hance the release of endogenous dopamine (4,35,41,57,69).
These experiments were performed to note whether acute
ICV injection of fluphenazine or sulpiride would reduce or
enhance the effect of dopamine in the presence of systemic
ethanol. A solution of fluphenazine (0.1 or 0.001 wmol/kg) or
sulpiride (1.0, 0.1, or 0.001 wmol/kg) admixed with 0.5 wmol/
kg of dopamine was administered by ICV injection following
regaining of the ethanol-induced LORR.

LORR Experiments with Ethanol and the Dopamine
Antagonists Fluphenazine and Sulpiride

These experiments were conducted to determine whether
the ICV administration of the dopamine receptor antagonists
would cause CNS depression when they were administered
in the presence of systemic ethanol. The concentrations of
fluphenazine and sulpiride used were 0.001 and 0.1 pmol/kg.

Effects of Fluphenazine and Sulpiride on the Cocaine- and
Cocaethylene-Induced LORR

The purpose of these experiments was to note whether
fluphenazine and sulpiride could alter the cocaine- or cocae-
thylene-induced LORR in the presence of systemic ethanol.
Once the animals regained the ethanol-induced LORR, an
ICV injection was immediately given consisting of 0.001 pmol/
kg of either antagonist and 12.5 wmol/kg of cocaine or cocae-
thylene following the regaining of the ethanol-induced LORR.

LORR Experiments in the Absence of Ethanol

All of the previously used compounds (i.e., dopamine, co-
caine, cocaethylene, benzoylecgonine, fluphenazine, and sulp-
iride) were given by ICV injection in the absence of systemic
ethanol to determine whether any of these drugs could in
themselves induce an LORR (14,67). Mice were injected with
saline (0.02 ml/g, IP) to simulate the same volume of ethanol
that would have been administered. Twenty minutes later, the
mice were anesthetized lightly with methoxyflurane so the
preparatory ICV procedure could be performed. The average
time of the ethanol-induced LORR and regaining the righting
reflex was about 50 min. Hence, this was the time used to give
the ICV drug injection, so as to attempt to mimic an ethanol
treatment trial. At this point, the mice were sedated with
methoxyflurane, but not to the point where they lost the
righting reflex. They were then injected with one of the pre-
viously mentioned drugs; the doses used were as follows: dopa-
mine (1 wmol/kg), cocaine (1, 15, and 25 wmol/kg), cocaethy-
lene (25 pmol/kg), benzoylecgonine (25 wmol/kg), sulpiride
(0.1 pmol/kg), and fluphenazine (0.1 wmol/kg). Observations
were made for the next 2 h, except with the dopamine trial
in which observations were made for 1 h, owing to time con-
straints.

Blood Ethanol Analysis

Blood drawn from the orbital sinus of each mouse was
assayed for the concentration of ethanol according to Lund-

quist (36). A Milton-Roy Spectronic Model 601 Spectropho-
tometer (Rochester, NY) was used to read the optical densities
at 340 nm (17,67).

Data Analysis

Statistically significant differences were determined by
analysis of variance (ANOVA). All multiple comparisons with
a control set and comparison among experimental sets were
done by ANOVA followed by the posthoc Scheffé’s test. All
data are reported as the mean = standard error.

RESULTS

Acute Ethanol Administration and LORR as an Index of
CNS Depression

An IP injection of 4.0 g/kg of ethanol resulted in an onset
to the ethanol-induced LORR that averaged 83.5 s (range
78.3-97.5); the duration of the LORR averaged 51.5 min
(range 47.0-62.3). In all experiments performed in this investi-
gation, neither the onset nor the duration of the ethanol-
induced LORR were significantly different as presented in
the individual tables. Blood ethanol concentrations following
the ethanol-induced LORR were approximately 3.5 mg/ml in
all experiments.

Effect of Dopamine on LORR in the Presence and Absence
of Systemic Ethanol

After mice regained the ethanol-induced LORR, the ICV
administration of dopamine (at 0.1, 0.5, and 1.0 pmol/kg)
produced a return to LORR (Table 1). The response seemed
to reach a maximum after 1.0 wmol/kg, because 25 wmol/kg
of dopamine (n = 4; data not shown in Table 1) manifested
areturnto LORR with a duration of 31.3 = 2.4 min. Dopamine
itself caused no significant LORR in this animal model; in the
absence of systemic ethanol, ICV injection of dopamine (1.0
pmol/kg) produced an LORR of 0.2 = 0.2 min (n = 5).
Ascorbic acid controls were run because the dopamine solu-
tions were prepared with ascorbic acid to prevent their oxida-
tion. Animals injected ICV with 0.04 mg/ml ascorbic acid in
saline immediately upon regaining the ethanol-induced
LORR showed no significant drug-induced return to LORR
(2.3 = 1.2min) (Table 1) comparable to saline controls without
ascorbic acid (0.3-0.8 min) (Tables 2-4).

Effects of Cocaine and Cocaine Metabolites Cocaethylene
and Benzoylecgonine on LORR in the Presence of
Systemic Ethanol

The ICV injection of either cocaine or cocaethylene (at 1,
15, or 25 umol/kg) enhanced CNS depression in the presence
of systemic ethanol. Both cocaine (Table 2) and cocaethylene
(Table 3) produced a return to LORR in a dose-dependent
manner. In both cases, there was an inverse relationship be-
tween blood ethanol concentrations and duration of the drug-
induced return LORR (Tables 2 and 3). Therefore, higher
micromolar amounts of both cocaine and cocaethylene caused
longer drug-induced return LORRSs, the blood ethanol con-
centrations decreased as the length of drug-induced return to
LORR increased, and these blood ethanol values were lower
compared with the controls.

Benzoylecgonine (at 1, 15, and 25 wmol/kg) produced only
a mild degree of CNS depression in the presence of systemic
ethanol (Table 4). Only the 15-pumol/kg dose caused a signifi-
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TABLE 1

EFFECT OF DOPAMINE ON THE RETURN TO THE LORR WHEN ADMINISTERED IMMEDIATELY AFTER
REGAINING THE ETHANOL (ETOH)-INDUCED LORR*

Drug-Induced

Onset to ETOH Return to LORR Blood ETOH
Group n LORR (s) LORR (min) (min)t (mg/ml)
ETOH%t + saline§ 9 87.8 = 85 47.0 = 3.0 23+ 12 3.56 = 0.06
ETOH + dopamine (0.1 pmol/kg) 8 86.3 + 3.8 519 + 2.8 175 = 4.07 3.16 = 0.101
ETOH + dopamine (0.5 pmol/kg) 8 825 *+ 6.3 49.0 = 35 158 = 3.19 3.33 = 0.06
ETOH + dopamine (1.0 wmol/kg) 8 788 * 25 48.1 * 2.7 29.6 = 3.4#** 3.25 = 0.10

* All values are expressed as the mean = standard error.
t Dopamine (wmol/kg, ICV) was injected immediately after regaining ETOH-induced LORR.
$ETOH (ethanol) was given at 4.0 g/kg, IP. Saline was given ICV.

§ Saline was injected ICV with 0.04 g/ml ascorbic acid.

I Significantly different from controls at p < 0.05.
#Significantly different fron controls at p < 0.01.

**Significantly different from dopamine (0.5 wmol/kg) group at p < 0.05.

cant return to the LORR. At 15 and 25 pmol/kg, benzoylec-
gonine caused convulsions after the drug-induced return to
LORR. At 15 pumol/kg, all mice exhibited some degree of
convulsive activity for up to 60 min; at 25 wmol/kg, all mice
convulsed and died. Convulsions were not observed in animals
injected with cocaine or cocaethylene in the presence of sys-
temic ethanol.

Effects of Cocaine, Cocaethylene, and Benzoylecgonine in
the Absence of Ethanol

Cocaine (1, 15, or 25 umol/kg), cocaethylene (25 pwmol/
kg), and benzoylecgonine (25 pmol/kg) were given by ICV
injection in the absence of prior ethanol administration to
assess whether these compounds had depressant effects by
themselves. Cocaine (at 25 pmol/kg) induced an LORR of
12.4 = 1.4 min (n = 5); however, as shown in Table 2, the
cocaine-induced return to LORR was much longer in the
presence of systemic ethanol (i.e., 30.9 = 3.5 min). Unlike its
effect in the presence of systemic ethanol, cocaine caused the
mice to exhibit some convulsive activity for about 9 min at
this dose. Cocaine alone, at 1 and 15 wmol/kg, produced
smaller LORR values of 6.6 = 0.7 (n = 5) and 2.2 + 1.0
(n = 5) min, respectively, in the absence of ethanol. The
15-umol/kg dose caused convulsions for about 3 min in two
animals, and one died from the ICV injection of the drug;

cocaine at the 1-pmol/kg dose caused no convulsant effects.
Saline control values were 0.3 = 0.1 min (n = 8) for the
duration of the LORR.

In the absence of ethanol, cocaethylene (25 wmol/kg) when
injected ICV cause an LORR of 13.1 = 2.9 min (n = 8); this
compound also caused some convulsions in the absence of
systemic ethanol for about 6 min, and these seemed to be
mostly of the tonic variety. When benzoylecgonine was in-
jected ICV at 25 pmol/kg (n = 5) in the absence of systemic
ethanol, it caused no LORR (0.0 = 0.0 min), but it did produce
convulsions for a short time (minutes) ending in the animals’
death. The presence of systemic ethanol in the animals sup-
presses the convulsive activity exhibited by cocaine (15 and
25 nmol/kg) and cocaethylene (25 pmol/kg).

Effects of the Dopamine Receptor Antagonists
Fluphenazine and Sulpiride

The results in Table 5 show that sulpiride antagonist en-
hanced the dopamine-induced return to LORR in a dose-
dependent manner. Fluphenazine had no significant effect on
the dopamine-induced return to LORR.

These two dopamine antagonists were each administered
alone by ICV injection following regaining of ethanol-induced
LORR to examine whether either drug would enhance CNS
depression because they did not attenuate the dopamine-

TABLE 2

EFFECT OF COCAINE ON THE RETURN TO THE LORR WHEN ADMINISTERED IMMEDIATELY
AFTER REGAINING THE ETHANOL (ETOH)-INDUCED LORR*

Onset to ETOH LORR Drug-Induced Blood ETOH
Group n LORR (s) (min) Return to LORR (min)t (mg/ml)
ETOHt + saline 9 833 £ 26 478 £ 3.1 08 =05 3.52 = 0.03
ETOH + cocaine (1 wmol/kg) 10 81.0 = 24 547 = 4.0 11.6 = 1.48 3.36 = 0.04
ETOH + cocaine (15 pmol/kg) 6 90.0 = 6.7 473 £ 6.1 21.3 = 2.198 3.33 £ 0.07
ETOH + cocaine (25 pmol/kg) 8 788 = 25 53.0 = 4.1 30.9 = 3.57#** 3.06 = 0.05#**

*All values are expressed as the mean = standard error.

tCocaine (nmol/kg, ICV) was injected immediately after regaining ETOH-induced LORR.
TETOH (ethanol) was given at 4.0 g/kg, IP. Saline was given ICV.

§ Significantly different from controls at p < 0.01.

TSignificantly different from cocaine (1 pmol/kg) group at p < 0.05.

#Significantly different fron cocaine (1 pmol/kg) group at p < 0.01.

**Significantly different from cocaine (15 pmol/kg) group at p < 0.05.
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TABLE 3

EFFECT OF COCAETHYLENE (CE) ON THE RETURN TO THE LORR WHEN ADMINISTERED IMMEDIATELY
AFTER REGAINING THE ETHANOL (ETOH)-INDUCED LORR*

Onset to ETOH LORR Drug-Induced Blood ETOH
Group n LORR (s) (min) Return to LORR (min)t (mg/ml)
ETOHZt + saline 9 85.0 = 2.5 48.7 £ 2.7 0.8 =05 3.53 = 0.04
ETOH + CE (1 pmol/kg) 8 825+ 2.8 59.1 = 3.9 18,5 = 3.88 3.27 = 0.06
ETOH + CE (15 pmol/kg) 9 833 + 2.6 49.0 = 43 33.8 £ 2.9# 3.25 = 0.059
ETOH + CE (25 pmol/kg) 6 825 + 34 521+ 26 49.0 = 6.89** 3.15 = 0.069

*All values are expressed as the mean * standard error.

T Cocaethylene (wmol/kg, ICV) was injected immediately after regaining ETOH-induced LORR.
TETOH (ethanol) was given at 4.0 g/kg, IP. Saline was given ICV.

§Significantly different from controls at p < 0.05.

9 Significantly different from cocaethylene (1 wmol/kg) group at p < 0.05.

#Significantly different fron controls at p < 0.01.

**Significantly different from cocaethylene (1 pmol/kg) group at p < 0.01.

induced return to LORR. Fluphenazine alone (at 0.001 and
0.1 wmol/kg) induced areturnto LORR. The lower concentra-
tion of fluphenazine produced a statistically significant return
to LORR (n = 8; LORR = 15.1 * 3.8 min), which was similar
to the return to LORR values of fluphenazine (0.001 pwmol/
kg) in combination with dopamine (Table 5). Fluphenazine
(0.1 wmol/kg) in the presence of systemic ethanol produced
areturn to the LORR of 11.6 = 1.9 min. As was observed with
fluphenazine, sulpiride (at 0.001 and 0.1 wmol/kg) significantly
produced CNS depression in the presence of systemic ethanol.
Sulpiride (at 0.1 pmol/kg) produced a return to LORR for
28.8 £ 5.4 min (n = 8) and the 0.001-pumol/kg dose caused a
return to LORR for 21.4 = 3.0 min. Finally, when used alone
(i.e., in the absence of systemic ethanol) neither fluphenazine
nor sulpiride had any effect in inducing an LORR.

Effects of Fluphenazine and Sulpiride on the Cocaine- and
Cocaethylene-Induced Return to LORR

Sulpiride and fluphenazine (at 0.001 pmol/kg) were in-
jected ICV in combination with either cocaine or cocaethylene
(at 12.5 wmol/kg) after mice regained of the ethanol-induced
LORR, in an attempt to block the return to LORR induced
by these compounds. The low dose of dopamine antagonists
was used because it seemed to cause little if any additive effects
on the dopamine-induced return to LORR in the presence of
systemic ethanol. Neither sulpiride nor fluphenazine signifi-

cantly antagonized the cocaine- or cocaethylene-induced re-
turn to LORR (data not shown).

DISCUSSION

The present study showed that the neurotransmitter dopa-
mine can cause acute depressant effects on the CNS in the
presence of systemic ethanol. Fowler et al. (18,19) cited the
ability of cocaine and ethanol to increase synaptic concentra-
tions of dopamine as a reason for the behavioral enhancement
involved with their concomitant use. A dose-response rela-
tionship occurred between cocaine or cocaethylene and the
drug-induced return to an LORR in the presence of systemic
ethanol. There was an inverse relationship between blood
ethanol concentrations and the length of cocaine- or cocaethyl-
ene- induced return to LORR, suggesting that these drugs did
not inhibit the biotransformation of ethanol to obtain the
observed central depressant effects. Cocaethylene induced a
longer drug-induced return to LORR (Table 3) than cocaine
(Table 2) at equivalent doses. This may be explained by two
factors: (a) cocaethylene does not leave the CNS as readily as
does cocaine (18,19), allowing cocaethylene to block reuptake
sites for a longer period of time; and (b) cocaethylene is more
resistant to biotransformation by plasma cholinesterase than
cocaine (18,19,34,50), and hence can be expected to accumu-
late, resulting in a longer return to LORR as compared to
equimolar amounts of cocaine.

TABLE 4
EFFECT OF BENZOYLECGONINE (BE) ON THE RETURN TO THE LORR WHEN ADMINISTERED

IMMEDIATELY AFTER REGAINING THE ETHANOL (ETOH)-INDUCED LORR*

Onset to ETOH LORR Drug-Induced Blood ETOH
Group n LORR (s) (min) Return to LORR (min)t (mg/ml)
ETOH%t + saline 8 814 £ 2.7 490 £ 3.2 03 +0.2 3.51 = 0.03
ETOH + BE (1 pmol/kg) 5 79.0 = 4.0 62.2 = 9.5 33+ 13 3.15 = 0.08
ETOH + BE (15 nmol/kg) 7 83.9 * 3.3 514 = 3.3 12.7 = 3.681 3.00 = 0.078
ETOH + BE (25 wmol/kg) 8 89.9 + 3.8 52.6 = 34 6.4 = 0.5 3.00 = 0.088

* All values are expressed as the mean =+ standard error.

t Benzoylecgonine (nmol/kg, ICV) was injected immediately after regaining ETOH-induced LORR.
1 ETOH (ethanol) was given at 4.0 g/kg, IP. Saline was given ICV.

§ Significantly different from controls at p < 0.05.

9 Significantly different from benzoylecgonine (1 pmol/kg) group at p < 0.05.
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TABLES
EFFECT OF DOPAMINE ANTAGONISTS SULPIRIDE AND FLUPHENAZINE ON THE DOPAMINE-INDUCED RETURN TO THE
LORR WHEN ADMINISTERED IMMEDIATELY AFTER REGAINING THE ETHANOL (ETOH)-INDUCED LORR*
Onset to ETOH LORR Drug-Induced Blood ETOH

Group n LORR (s) (min) Return to LORR (min)t (mg/ml)
Control

ETOH$ + dopaminet 8 975+ 13.0 525+ 4.0 226 = 1.7 3.19 + 0.09
With sulpiride

ETOH + dopamine + sulpiride (0.001 pmol/kg) 9 788 + 3.2 472 + 2.2 14.0 = 1.998 3.25 £ 0.12

ETOH + dopamine + sulpiride (0.1 wmol/kg) 5 810+ 37 62.3 = 6.1 40.0 = 9.58 2.98 + 0.18

ETOH + dopamine + sulpiride (1.0 pmol/kg) 4 788 * 3.8 59.5 + 6.2 70.0 = 6.5# 3.02 £0.18
With fluphenazine

ETOH + dopamine + fluphenazine (0.001 wmol/kg) 5 79.0 %29 59.4 + 6.8 178 = 53 3.17 £ 0.05

ETOH + dopamine + fluphenazine (0.1 wmol/kg) 6 78340 51.3 £ 5.3 26.3 £ 5.0 333 £0.11

* All values are expressed as the mean =+ standard error.

Tt Dopamine (0.5 pmol/kg, ICV) was injected ICV alone or with antagonist (nmol/kg) immediately after regaining ETOH-induced LORR.

T ETOH (ethanol) was given at 4.0 g/kg, IP.

§ Significantly different from dopamine (0.5 wmol/kg) + sulpiride (1.0 wmol/kg) group at p < 0.01.
91 Significantly different from dopamine (0.5 wmol/kg) + sulpiride (0.1 wmol/kg) group at p < 0.05.

# Significantly different from controls at p < 0.05.

Another metabolite of cocaine, benzoylecgonine, produced
a small but significant drug-induced return to LORR, but
only at the 15-pumol/kg concentration. The 15- and 25-umol/
kg concentrations caused extensive convulsions in an apparent
dose-dependent fashion; the convulsions caused by the 25-
pmol/kg dose resulted in death of the animals. Benzoylecgon-
ine isa noted vasoconstrictor of cerebral arteries (11,13); thus,
it is possible that ischemia caused the convulsant activity. This
may also be why cocaine and cocaethylene at higher doses
caused some convulsions in the absence of systemic ethanol.
Cocaine has a local anesthetic effect on neuronal conduction,
which may be the factor causing cocaine’s convulsions in the
absence of systemic ethanol. If cocaethylene and benzoylec-
gonine have some local anesthetic properties, then this may
be the cause of the convulsions; however, the exact mechanism
is not known. The convulsive activity of cocaine, cocaethylene,
and benzoylecgonine, especially at higher doses, may make
the interpretation of the interaction between ethanol and these
drugs more complex.

Dopamine may play a role in the effects observed with
cocaine and cocaethylene. In addition, dopamine also pro-
duced a drug-induced return to LORR. Although it is possible
that the observed central depressant effects of cocaine and
cocaethylene may be due to local anesthetic activity, as similar
results were observed with dopamine (which has no local
anesthetic activity), it is reasonable to assume that alterations
in neurotransmitter activity were responsible for the observed
effects of cocaine and cocaethylene, especially at low doses.

There are complex interactions between neurotransmitters
inthe CNS that regulate motor and behavioral activity, such as
between the dopaminergic and GABAergic neurotransmitter
systems (49). Studies have shown that dopamine receptors
are involved in the regulation of the activity of GABAergic
neurons (9,46,49). The major inhibitory neurotransmitter in
the CNS, y-aminobutyric acid (GABA), has been shown to
be involved in the central depressant effects of ethanol as
measured by the LORR (15,16). Dopamine may cause LORR
by stimulating the release of GABA. It is known that dopa-
mine stimulates the release of GABA from GABAergic in-
terneurons in the prefrontal cortex (43,52-54). There is some
controversy as to which subtypes of dopamine receptors are
activated in causing the release of GABA. The prevailing

belief seems to be that D, activation causes the release of
GABA in the prefrontal cortex (43,47,53). The striatum dem-
onstrates a D;-receptor-mediated increase in GABA release
(5,23,43,51). Activation of the D, receptor has even been pos-
tulated to enhance D,-receptor—stimulated release of GABA
(52). A similar mechanism may be operating to induce an
LORR with the administration of dopamine, cocaine, and co-
caethylene.

The dopaminergic receptor antagonists sulpiride and flu-
phenazine did not antagonize the drug-induced LORR by
dopamine, cocaine, or cocaethylene; however, sulpiride en-
hanced the CNS depression produced by dopamine. More-
over, both sulpiride and fluphenazine in the presence of sys-
temic ethanol produced significant drug-induced LORR
similar to the effects of dopamine, cocaine, and cocaethylene.
A possible explanation for the effects of these drugs is that
they released dopamine when administered acutely. It has
been shown that sulpiride, when given acutely, can block a
D, autoreceptor (4,57,69) and thereby can increase dopamine
release into the synaptic cleft. Also, fluphenazine at high doses
has been shown to increase dopamine in the synaptic cleft
(4,41). The dopaminergic blocker haloperidol, when adminis-
tered acutely, also has been shown to block mainly D, autore-
ceptors and can increase the synaptic release of dopamine
(35). The effect of cocaine and haloperidol, when administered
together acutely, produced an additive effect by increasing
synaptic concentrations of dopamine; when haloperidol is used
for its antipsychotic effect, chronic administration is necessary
to establish dopaminergic blockade (35).

It is known that ethanol can interact with a number of
neurotransmitter systems in the CNS. Although the exact
mechanism of action is not known for the enhanced CNS
depression caused by dopamine, cocaine, and cocaethylene in
the presence of systemic ethanol, it may be related to dopa-
mine’s ability to release GABA. In addition, the CNS depres-
sion produced by the dopamine blockers sulpiride and flu-
phenazine, as measured by LORR, may be due to the release
of dopamine, which then promotes enhanced GABAergic ac-
tivity as stated previously. As interesting as this explanation
may be, more work is necessary to fully understand the nature
of these drug interactions between ethanol, dopamine, co-
caine, and cocaethylene.
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