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DUDEK, B. C., M. E. ABBOTT, A. GARG AND T. J. PHILLIPS. Apomorphine effects on behavioral response to
ethanol in mice selectively bred for differential sensitivity to ethanol. PHARMACOL BIOCHEM BEHAYV 20(1) 91-94,
1984.—Two lines of mice selectively bred for differences in response to a hypnotic dose of ethanol were administered
apomorphine alone or in combination with ethanol. When administered by itself, apomorphine produced similar dose-
dependent depression of locomotor activity and increases in stereotypy in the two lines. Doses of apomorphine (0.5 uM/kg
and 2 uM/kg) thought to bind only presynaptic dopamine receptors blocked the slight locomotor activation to 1.5 g/kg
ethanol in the ethanol-sensitive Long-Sleep (LS) mice; in the ethanol-insensitive Short-Sleep (SS) mice which show marked
activation to all subhypnotic doses of ethanol, these doses of apomorphine only attenuated the activation. A higher
apomorphine dose (8 uM/kg) antagonized the locomotor depressant effects of 2.0 and 2.5 g/kg of ethanol in LS mice but did
not alter the shape of the SS ethanol dose response curve for locomotor activity. Apomorphine (2 and 8 uM/kg) potentiated
ethanol-induced loss of the righting reflex in LS mice in a dose dependent fashion, but did not alter this soporific effect of
ethanol in SS mice. These findings extend the data base suggesting a role for dopamine both in the mechanism(s) differ-

entiating the LS and SS mice and the stimulant and intoxicating properties of ethanol.
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IT has been argued that the stimulant properties of ethanol
(ETOH), its **euphoric’’ actions, may be a source of its rein-
forcing properties [19,20]. Neuropharmacological work has
implicated the function of dopamine (DA) neurotransmitter
systems in the mechanisms underlying the stimulant effect.
Treatment with alpha-methyl tyrosine antagonizes the loco-
motor stimulation effects of ETOH in mice and rats [4}, and
blocks the euphoric properties of the drug in man {1]. This
antagonism in rodents is partially reversed by treatment with
I-dopa [11]. The stimulant action of ETOH in mice was also
antagonized by treatment with the DA receptor agonist
apomorphine [22]. Other work has shown apomorphine to
antagonize the discoordinating effects of a sub-hypnotic dose
of ETOH in rats [2].

Genetically based variation in the magnitude of the
stimulant ETOH effect has been demonstrated in inbred and
selected lines of mice [16,21]. Long-Sleep (L.S) mice selec-
tively bred for extended soporific response to ETOH [17]
show locomotor depression to most sub-hypnotic doses. The
relatively ETOH-insensitive Short-Sleep (SS) mice show
marked locomotor stimulation in response to sub-hypnotic
doses. Part of the effectiveness of the selection for these
lines may result from differences in DA systems. Biochemi-
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cal studies demonstrated a two-fold greater decrease in
whole brain DA turnover in LS mice than in SS mice follow-
ing a soporific dose of ETOH [6]. DA stimulation of striatal
adenylate cylcase was about 25% greater in LS than in SS
mice [7]. Pharmacological studies have shown the two lines
to respond differently to a variety of agents which act on
central DA systems (e.g., salsolinol, amphetamine, gamma-
butyrolactone, haloperidol; [5,9]).

The present studies examined the effects of apomorphine
on locomotor activity and stereotypy in these mice as well as
its effects on behavioral response to hypnotic and subhyp-
notic doses of ETOH. In order to assess the ability of
apomorphine to modify the locomotor and soporific re-
sponses to ETOH, it was first necessary to study the effects
of apomorphine given by itself to LS and SS mice. Apomor-
phine has previously been shown to shorten the latency to
fluorothyl-induced seizures in LS mice while it had little ef-
fect on SS latencies [12]. The slightly greater effectiveness of
haloperidol to induce catalepsy in SS mice [9] is consistent
with the finding that DA turnover rate is higher in SS mice
[6]. Experiment 1 examined the dose response curve of
apomorphine effects on locomotor activity and stereotyped
behavior in the two lines. Experiment 2 examined the effects
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of several apomorphine doses on stimulant effects assessed
by the shape of the sub-hypnotic ETOH dose response
curve; apomorphine effects on duration of the loss of the
righting reflex following hypnotic doses were also examined.

METHOD
Experiment |

Mice of the Albany colony of LS and SS mice are de-
scended from breeding stock obtained at generation 18. Male
and female mice of the present study came from generations
27 and 29 and ranged in age from 55 to 100 days.
Apomorphine-HCI (Merck) was prepared each day in 0.9%
NaCl with 0.1% Na metabisulfite, and injected at 3-5°C.
Mice were injected IP in a volume of 10 ml/kg; each mouse
was tested only once.

Locomotor activity testing was done in a circular open
field (LVE model PAC-001, 61 cm diameter, modified to
have a Plexiglas floor which could be cleaned between tests).
No illumination was present. Mice were placed singly in a
holding cage for ten min following injection prior to testing.
Activity was monitored for 15 min.

Stereotypy was assessed in a cage similar to the home
cage, with fresh bedding (hardwood chips) present, by noting
the presence or absence of four behaviors: sniffing/gnawing,
straub tail, stiff gait, exaggerated posture (extended limbs).
Rating was done for 30 sec every five min for 35 min follow-
ing drug administration. The total number of behaviors pres-
ent was summed across the seven observation periods and
analysis of variance was performed on the square root of this
score, taken to diminish proportionality of means and vari-
ances.

Experiment 2

Locomotor activity was assessed in the same manner as
in Experiment 1. A total of 516 mice of both sexes came from
generation 30 and ranged in age from 50 to 118 days. ETOH
was prepared in 0.9% NaCl and injected IP in a 20 ml/kg
volume so that dose was varied by concentration. The range
of ETOH doses was chosen so that apomorphine effects
could be described in terms of the shape of the ETOH dose
response curve. Apomorphine doses were chosen on the
basis of Experiment 1 data to represent (1) the descending
portion of the **presynaptic’’ component—0.5 uM/kg, (2) the
maximal depression of the ‘“‘presynaptic’’ component—?2
uM/kg, and (3) a high dose—8 uM/kg which surely involves
postsynaptic receptor effects. Apomorphine was prepared
and injected as in Experiment 1. Mice were treated with
apomorphine (or saline vehicle) ten min prior to ETOH ad-
ministration of one of three doses of ETOH or its saline
vehicle, and then immediately placed in the circular activity
monitor for fifteen min. Each mouse was tested only once.

Study of the effects of apomorphine on ETOH-induced
loss of the righting reflex (LRR) was made possible by the
choice of two ETOH doses that would produce approx-
imately the same durations. This procedure was indicated
since assessment of effects of pretreatment would be con-
founded by the temporal difference in LRR durations when
the same dose is administered to the two lines. Such an
approach is warranted because the rate of ETOH metabo-
lism is similar in the two lines [13]. The doses were 4.0 (SS)
and 2.4 (LS) g/kg, administered IP in 0.9% saline in a 20
ml/kg volume. Mice were pretreated with 0.0, 2.0 or 8.0
uM/kg apomorphine, prepared as above, and injected IP five
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FIG. 1. Panel A: Dose response curves for apomorphine effects on
locomotor activity counts for the 15 min test session. Each data
point represents 6 or 7 mice of each sex (12-14 total). The vertical
bar represents a generalized standard error of the mean derived from
the analysis of variance error term. Note that 16 uM/kg is equivalent
to 5 mg/kg of apomorphine-HCI. Panel B: Dose response curves for
apomorphine-induced stereotypy. The maximum possible score was
14. Each data point represents 7 or 8 mice.

min prior to ETOH treatment. LRR duration was assessed
by measurement of time from loss of the righting reflex to
spontaneous righting three times within 30 sec.

RESULTS
Experiment |

The dose response curve for effects of apomorphine on
locomotor activity (Fig. 1, Panel A) was the complex
triphasic curve previously reported in the literature [8,18].
Since no sex differences were apparent, both the figures and
analyses are for the sexes combined. The drug decreased
activity in both lines, F(6,141)=19.46, p<0.001; the interac-
tion of dose and genotype was non-significant; SS mice were
generally more active at all doses including the saline con-
trol, F(1,141)=50.99, p<0.001. The triphasic shape of the
dose response curve, an initial depression followed by rela-
tive activation, and then decreases at high doses due to
stereotypy is statistically verifiable by significance of the
cubic component of trend analysis on the dose variable in
both lines, F(1,141)=29.94 and 16.47 for LS and SS respec-
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tively; p<<0.001. This complex nature of the dose response
curve is consistent with reports in the literature which attri-
bute the depression of locomotor activity in rodents at low
doses to preferential apomorphine binding to presynaptic
DA receptors, and the subsequent activation at higher doses
to postsynaptic receptor binding. The present findings are
consistent with the report that spiroperidol binding is similar
in the LS and SS mice [7].

The dose response curve for apomorphine-induced
stereotypy was also similar for the two lines (Fig. 1, Panel
B). The doses of apomorphine could be divided into two
classes on the basis of the post-hoc comparisons (Duncan’s
test «=0.05). The first class was made up of the three lower
doses that did not differ among themselves or from vehicle
controls. The second class was made up of the three highest
doses which were not different from each other, but were
different from the three lower doses. The intermediate 4
uM/kg dose was not significantly different from the first or
second class. The fact that only higher doses produced sig-
nificant stereotypy permits conclusion that the locomotor
depression induced by low doses is not due to competing
stereotyped behaviors, but the secondary depression at 16
uM/kg probably is. Taken together, these two studies indi-
cate that LS and SS mice respond similarly to apomorphine;
the study of interactions of ethanol, apomorphine, and
genotype in the next experiment could proceed without the
complications of initial sensitivity differences to apomor-
phine in addition to the marked differences in sensitivity to
ETOH.

Experiment 2

Female mice were significantly more active than males
across all treatment conditions, but since sex did not interact
with apomorphine or ETOH dose in the analysis of variance,
both the figure (Fig. 2) and this discussion refer to data of the
sexes combined. Mice not treated with apomorphine showed
the usual genotype difference as a function of ETOH treat-
ment. SS mice were activated at all ETOH doses (ETOH-
linear component: F(1,452)=65.37, p<0.001). LS mice
showed some activation at 1.5 g/kg but depression at the
higher doses (ETOH-quadratic component: F(1,452)=21.98,
p<0.001). LS and SS mice receiving neither drug were not
significantly different (Duncan’s test).

Apomorphine treatment markedly changed the dose re-
sponse curves in both lines, but the specific changes de-
pended on genotype. All doses of apomorphine antagonized
the small activation to 1.5 g/kg ETOH in LS mice. The two
higher apomorphine doses produced a flattened ETOH curve
in LS mice, indicating a partial antagonism of the depressant
effects of larger ETOH doses. In SS mice both 0.5 and 2.0
uM/kg of apomorphine antagonized the stimulant effects of
ETOH, but did not eliminate it as was the case for LS mice.
The linear component of ETOH dose effects was significant
for SS mice at both these apomorphine doses,
F(1,452)=21.49 and 8.89 for 0.5 and 2.0 uM/kg respectively,
p<0.001 and 0.01. The slopes of these curves were clearly
less than for SS mice untreated with apomorphine or mice
treated with the higher dose, 8 uM/kg. Interestingly, no
apomorphine dose was able to produce much antagonism of the
stimulation at 1.5 g/kg ETOH in SS mice. The § uM/kg
apomorphine dose which did not alter the shape of the
ETOH curve in SS mice was the dose with the most dramatic
effects in LS mice, eliminating both stimulant and depressant
effects. ETOH by apomorphine interactions were significant
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FIG. 2. Mean locomotor activity counts of mice treated with various
combinations of doses of ETOH and apomorphine and tested for 15
min. Each point represents 7-10 mice of each sex (1418 total), The
vertical bar represents the generalized standard error of the mean
derived from the error term of the analysis of variance.

in both lines, F(9,452)=2.51 and 4.09, p<0.025, for LS and
SS mice respectively. The genotype-dependent nature of the
apomorphine-ETOH interactions described above is re-
flected in the significance of the three-way interaction of
genotype, ETOH dose and apomorphine dose,
F(9,452)=3.96, p<0.001.

Since the largest dose of apomorphine appeared to antag-
onize the depressant effects of ETOH in LS mice, we at-
tempted to directly assess this possibility by examination of
apomorphine effects on ETOH-induced narcosis, the origi-
nal selection phenotype. While apomorphine antagonism of
ETOH-induced impairment of coordination has been re-
ported [2], we thought it possible that in the locomotor ac-
tivity study reported here, the apparent antagonism of de-
pression could be due to a *‘floor” effect since LS mice
treated with both drugs were generally very inactive. LS and
SS mice untreated with apomorphine lost the righting reflex
for 33.14+6.51 and 36.73+4.69 min respectively, indicating
that the dose adjustment procedure was successful. LS mice
treated with apomorphine lost the righting reflex for
73.22+6.74 (Mean+=S.E.M.) and 90.12+9.52 min at 2 and 8
uM/kg respectively. This potentiation of ETOH-induced
narcosis was not seen for SS mice where the apomorphine
pretreated animals lost the righting reflex for 36.16+3.84 and
37.32+4.80 min at 2 and 8 «M/kg. This qualitatively different
effect of apomorphine in the two lines was reflected in a
genotype by apomorphine dose interaction, F(2,52)=10.64,
p<<0.001. Therefore, it seems unlikely that the antagonism of
ETOH-induced depression of locomotor ambulation seen
above actually reflects an antagonism of intoxication.
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DISCUSSION

The fact that no differential response of the LS and SS
mice occurred when apomorphine was administered alone is
somewhat surprising given earlier reports of differences in
response to other agents with DA actions, including the DA
receptor antagonist haloperidol [9]. These data are consis-
tent with the report of no LS/SS differences in DA receptors
as measured by spiroperidol binding [7]; this occurs even
though DA stimulated increases in adenyl cyclase are greater
in LS mice [7].

In the study of ETOH effects on activity in Experiment 2,
it is ‘possible to interpret the change in the ETOH dose re-
sponse curve for SS mice treated with the two lower doses of
apomorphine as a simple shift of the curve to the right. This
type of interpretation was not possible in earlier literature of
apomorphine effects on ETOH-induced stimulation [4,22]
since ETOH dose response curves were not examined. Our
data from the Short-Sleep mice, which are a good model for
the stimulant effects of ETOH, clearly indicate that complete
antagonism of ETOH-induced stimulation by apomorphine
does not occur. The facts that no dose of apomorphine com-
pletely antagonized the stimulant effects in SS mice and the
highest dose of apomorphine (which should have both pre-
and postsynaptic receptor activity) had no effect imply that
neural systems other than DA are involved in the stimula-
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tion. Recent work suggests that cholinergic systems may be
important for genotype-dependent ETOH effects [10]. Since
cholinergic function may differ between the lines [15], an
hypothesis of joint cholinergic/DA involvement is reason-
able.

While definitive evidence of presynaptic DA receptor in-
volvement in ETOH-induced stimulation awaits biochemical
study, the present study supports this conclusion as drawn
from previous work [4, 11, 22]. As is often seen in phar-
macology work though, the nature and magnitude of drug
effects depended on a genetic variable [14,16]. The genetic
tool provided by the LS and SS mice has repeatedly pointed
to DA systems involvement in the effects of hypnotic doses
of ETOH (3, 6,7, 9, 12]. The potentiation of ETOH-induced
narcosis by apomorphine in LS mice but not in SS mice as
reported in Experiment 2 reemphasizes this point. The data
from apomorphine effects on locomotor response to ETOH
suggest a similar conclusion about effects of sub-hypnotic
doses of ETOH.
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