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DIBNER, M. D., N. R. ZAHNISER, B. B. WOLFE, R. A. RABIN AND P. B. MOLINOFF. Brain neurotransmitter
receptor systems in mice genetically selected for differences in sensitivity to ethanol. PHARMAC. BIOCHEM. BEHAV.
12(4) 509-513, 1980.—The density of receptors for neurotransmitters and receptor-mediated cellular responsiveness were
determined in tissues from two lines of mice selectively bred for differences in sleep time after ethanol administration. The
studies were undertaken to ascertain if differences in neurotransmitter receptors between the lines might explain any of the
differences seen in initial sensitivity to ethanol. The results were compared with those obtained in studies using the parent
heterogeneous stock (HS). The animals used in the current experiments did not receive ethanol. -Adrenergic receptor
density, as measured by the binding of ('?*I)-iodohydroxybenzylpindolol, was lower in cortices of alcohol-sensitive long-
sleep mice (LS) as compared to the short-sleep (SS) animals or to HS controls. The densities of 8, and B,-adrenergic
receptors were lower by approximately the same amount. The results were tissue specific in that there was no difference in
the density of B-adrenergic receptors in the cerebellum. Cyclic AMP accumulation in response to isoproterenol was not
significantly different in the cortex of LS mice despite the decrease in S-adrenergic receptors. No differences were found in
3H-spiroperidol binding to dopamine receptors in the striatum or in *H-quinuclidinylbenzilate binding to muscarinic
cholinergic receptors in the cortex, striatum or hippocampus. Dopamine-stimulated adenylate cyclase activity was, how-
ever, lower in striata of $S mice. The affinities of the receptors for the various ligands studied were the same in the three

lines of mice.

Genetics Ethanol
Adenylate cyclase

B-Adrenergic receptor

Muscarinic cholinergic receptor

Dopaminergic receptor

TWO lines of mice which differ in their initial response to
alcohol have been derived from a genetically heterogeneous
(HS) stock [5, 11, 15, 16]. The HS line, created by inter-
crossing 8 inbred strains of mice (A, AKR, BALB/c, C3H/2,
CS7/BL, DBA/2, 1s/Bi and RIII), has been subsequently
maintained by a random mating procedure as previously de-
scribed by McClearn et al. [23]. Sleep time was originally
measured in HS animals following injection of 3.4 g of
ethanol/kg body weight. Those animals which exhibited the
shortest sleep times were mated to produce the first genera-
tion of the short sleep (SS) line. Similarly, the first genera-
tion of long sleep (LS) mice was produced by mating those
animals with the longest sleep times. In subsequent genera-
tions selection pressure has been maintained so that the
differences in sensitivity to ethanol have been enhanced.

In addition to an altered sleep time the SS mice have an
increased EDj, for righting response following alcohol ad-
ministration [11]. Alcohol metabolism is, however, similar
in SS and LS mice [15] and sensitivity to other (non-alcohol)
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sedative hypnotics is similar in the two lines of mice [11].
The chronic administration of ethanol has been shown to
alter the properties of several central nervous system neuro-
transmitter receptor/effector systems. Decreases in the den-
sity of B-adrenergic receptors have been observed following
alcohol treatment in rat [1] and mouse cerebral cortex [26].
Alterations in the turnover of brain norepinephrine and in the
sensitivity to norepinephrine have also been reported follow-
ing ethanol administration [13, 18, 36]. Effects of ethanol on
acetylcholine release have also been reported [9]. Several
groups of investigators have presented data which implicates
dopaminergic systems in the central actions of ethanol.
Thus, the administration of I-DOPA augments ethanol in-
duced narcosis in mice [3] and both 1-DOPA and
intracranially injected dopamine results in attenuation of the
convulsions induced following ethanol withdrawal [2].
Carlsson et al. [4] have shown that dopamine receptor
agonists inhibit ethanol induced stimulation of locomotor
activity and dopamine synthesis. Finally, changes in
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TABLE 1

B-ADRENERGIC RECEPTORS IN CORTEX AND CEREBELLUM OF
HS, LS AND SS MICE

HS LS SS
Cortex: (% HS) 100 = 2.4 86 + 2.1* 95 + 3.8
Cerebellum: (% HS) 100 = 3.0 94 + 4.4 94 + 3.6

*Differs from both HS and SS p<0.01.

Homogenates were incubated with 40-250 pM IHYP and data
were analyzed by Scatchard analysis. Results are expressed as the
mean percent of HS (Bmax + SEM) for analyses carried out on 7-24
animals. The average mean Bmax for HS animals was approx-
imately 90 fmol/mg protein for cortex and 21 fmol/mg protein for
cerebellum.

dopamine synthesis [33] and in dopamine stimulated adeny-
late cyclase activity have been described [17,34].

The LS and SS lines provide a useful tool with which to
study the regulation of the responsiveness to ethanol [7]. The
present studies were undertaken to determine whether there
are differences in various central neurotransmitter/effector
systems between LS, SS and HS mice.

METHOD

Male LS, SS and HS mice were obtained from the Insti-
tute for Behavioral Genetics (University of Colorado, Boul-
der, CO). Animals weighing from 21-26 g (50-90 days of
age) were housed in plastic cages and given water and Purina
Lab Chow ad lib. The animals used in these studies were
from the 25th generation. The 25th generation is the 17th
generation of selection since selection pressure was not
applied for generations 6, 7 and 19-24.

Animals were killed by cervical dislocation and brains
were removed. The cerebral cortex, caudate, hippocampus
and cerebellum were dissected on ice and homogenized
(Brinkmann Polytron) in cold isotonic saline containing 20
mM Tris, pH 7.5. Homogenates were centrifuged at
20,000xg for 10 min and the pellets were resuspended in
fresh buffer.

To measure the density of B-adrenergic receptors,
aliquots (50-75 ug protein) were incubated with 35-250 pM
1%5]-iodohydroxybenzylpindolol (IHYP) for 30 min at 37°C as
described by Sporn and Molinoff [31]. Specific binding, de-
fined as the amount of IHYP bound in the absence of a
competing ligand minus that bound in the presence of 20 uM
l-isoproterenol, comprised 70% of total binding. The affinity
of IHYP for the receptor (K,)) and receptor density (Bmax)
were calculated by the method of Scatchard [28]. A com-
puter aided graphic analysis of the inhibition of specific
IHYP binding by the 8,-selective agonist zinterol provided a
measure of the densities of 8, and 83, receptors [25]

To assay dopamine receptors homogenates of striatum
(70-150 wpg protein) were incubated with 50-600 pM *H-
spiroperidol [12, 20, 38] for 10 min at 37°C. Specific binding
(80% of total binding) was defined as total binding minus
binding in the presence of 2 uM (+)-butaclamol.

Muscarinic cholinergic receptors were assayed with
100-1000 pM 3H-quinuclidinylbenzilate (QNB) [37]. Sam-
ples of cortex (100 ug protein), striatum (40 pg protein) and
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TABLE 2
B-ADRENERGIC RECEPTOR SUBTYPES IN HS, LS AND SS MICE
% B, % B, Bmax
HS 82.0 = 3.50 18.0 = 3.50 79.8 = 7.03
LS 81.7 = 4.37 18.3 = 4.39 59.9 = 5.07*
SS 79.5 = 3.95 20.5 = 3.95 77.1 = 6.23

*Differs from both HS and SS p<0.05.

The percentage of 8, and B.-adrenergic receptor were calculated
as described in METHOD. The percentage of receptors of either
subtype did not vary between the groups. Data represent mean per-
centage of total = SEM for determinations from 8-10 animals taken
from two separate experiments. The total number of 8 receptors in
cortices from these animals (Bmax) were determined by Scatchard
analysis of IHYP binding. The Bmax data are expressed as fmols/
mg protein.

hippocampus (35 ug protein) were incubated for 20 min at
37°C. Specific binding was defined in the absence and vres-
ence of 0.3 uM atropine (95% of total binding). Data from
assays for dopaminergic and muscarinic cholinergic recep-
tors were also analyzed by the method of Scatchard [28].

To measure S-adrenergic receptor stimulated cyclic AMP
accumulation cerebral cortices were sliced with a Mcllwain
Tissue Chopper (0.26 x0.26x 1.0 mm). Slices were prelabeled
with *H-adenine and reincubated in the presence of a maxi-
mally effective concentration of l-isoproterenol (30 uM). The
percent of *H-ATP converted to *H-cyclic AMP was deter-
mined by a modification [14] of the method of Shimizu et al.
[29].

Adenylate cyclase activity was determined in striatal
homogenates by measuring the conversion of (a-**P)-ATP to
32P-cyclic AMP [27]. Dopamine stimulated adenylate cyclase
activity was determined in the presence of 50 uM dopamine.

Protein was determined by the method of Lowry er al.
[21] using fraction V bovine serum albumin as a standard.

Data were subjected to an analysis of variance and Stu-
dent’s t-test for examination of statistical significance. Sta-
tistical computations, quantitation of B-adrenergic receptor
subtypes and Scatchard [28] analyses were performed on a
Wang 2200T computer system.

RESULTS

The possibility that the density of 8-adrenergic receptors
is different in brains of mice with increased or decreased
sensitivity to ethanol was investigated. Homogenates of
cerebral cortex and cerebellum were employed. The density
of receptors was approximately 15% lower in cerebral cor-
tices of LS mice as compared to SS mice or HS controls
(Table 1). In contrast, IHYP binding in cerebellum was simi-
lar in the 3 lines of mice (Table 1). The affinity of the receptor
for IHYP was not significantly different in SS, LS or HS
mice in either brain region.

It has recently been shown that 8, and S, adrenergic re-
ceptor subtypes are regulated independently [24]. It was
therefore of interest to determine whether the difference in
the density of B-adrenergic receptors observed in the cere-
bral cortex of LS animals was specific for either receptor
subtype. The ratio of B8, to 3, receptors was, however, ap-
proximately 4:1 in all 3 lines of mice (Table 2).

The densities and properties of dopaminergic and mus-
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TABLE 3
DOFPAMINE RECEPTOR BINDING IN STRIATUM OF HS, LS AND SS
MICE
HS LS SS
Bmax (pmol/mg) 0.98 x 0.074  0.97 + 0.07  0.98 + 0.081
K, (pM) 825 +80 945 =75 905 *6.5

Homogenates of caudate from HS, LS and SS animals were incu-
bated with 50-600 pM (®H)-spiroperidol and binding data were
analyzed by the method of Scatchard to give the maximal number of
binding sites (Bmax) and the affinity (K;) of the receptor for
spiroperidol. The results are expressed as mean + SEM for groups
of 16 animals and represent pooled data from 2 separate experi-
ments.
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FIG. 1. Catecholamine-stimulated cyclic AMP accumulation in cor-
tices for HS, LS and SS animals. Basal and isoproterenol-
stimulated (30 uM) cyclic AMP accumulation were measured in
slices of cerebral cortex. Values are mean = SEM for determina-
tions from 8 animals. *Differs from basal levels in HS and LS mice
(p<<0.05).

carinic cholinergic receptors were also determined. The
density of striatal binding sites for *H-spiroperidol was the
sarne in the three lines of mice (Table 3). The K, of the receptor
for 3H-spiroperidol was also identical in HS, LS and SS
mice (Table 3). Muscarinic cholinergic receptors were exam-
ined in cerebral cortex, hippocampus and caudate by study-
ing the binding of 3H-QNB. The density of receptors and K,
values in these three brain areas were not different in the
three lines (Table 4).

Cortical tissue was further examined to determine
whether an alteration in B-adrenergic receptor-mediated
cyclic AMP accumulation paralleled the decrease in
B-adrenergic receptor density in LS mice. Basal levels of
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TABLE 4
MUSCARINIC CHOLINERGIC RECEPTORS IN HS, LS AND SS MICE
HS LS SS
Cortex 2.0 = 0.10 2.1 = 0.10 2.1 +0.12
412 = 21) 456 = 27) 421 = 15)
Striatum 4.4 + 0.19 4.2 + 0.20 4.1 = 0.19
(327 = 19) (326 = 13) (315 = 18)
Hippocampus 2.8 + 0.11 2.6 +0.13 2.6 £ 0.10
(250 + 20) (251 = 10) (235 = 14)

Homogenates were incubated with 100-1000 pM 3H-QNB and
binding data were analyzed by the method of Scatchard. The density
of binding sites (pmol/mg) and the K, value (pM, in parentheses) are
shown. The results are expressed as mean + SEM for groups of 12
animals and represent pooled data from 2 separate experiments.
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FIG. 2. Dopamine stimulated adenylate cyclase activity in caudate
of HS, LS and SS mice. Homogenates of caudate were assayed for
basal and dopamine-stimulated (50 uM) adenylate cyclase activity.
Values represent the mean = SEM for groups of 13 animals pooled
from two separate experiments. Average percent stimulation above
basal is in parentheses above each bar. *Significantly less than the %
stimulation in HS and LS mice (p<0.01).

cyclic AMP accumulation were slightly lower in slices of
cortex from SS mice as compared to those in HS and LS
mice (Fig. 1). However, stimulation of cyclic AMP accumu-
lation by a maximally effective concentration of isopro-
terenol resulted in similar levels of cyclic AMP in the three
groups (Fig. 1).

Homogenates of caudate nucleus were assayed for basal
and dopamine-stimulated adenylate cyclase activity. Basal
levels were similar in the three groups (Fig. 2). In contrast,
adenylate cyclase activity stimulated by 50 uM dopamine
was diminished in SS mice (Fig. 2) as compared to the LS
and SS animals.
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DISCUSSION

The lines of mice used in this study provide important
evidence that the initial sensitivity to ethanol is under ge-
netic control [22]. Previous investigations of the action of
ethanol in the mammalian central nervous system have
suggested that specific neurotransmitter/effector systems
may be affected [1, 26, 35]. Thus, alterations observed in the
HS, LS and SS lines could provide useful information with
regard to the effects of chronic ethanol ingestion. It is impor-
tant to note that the selection pressure is applied only for the
single behavioral trait of ethanol induced *‘sleep/time."’ Since
the animals are outbred they should be heterogenous for
characteristics that do not influence initial sensitivity to
ethanol. The use of the HS line of animals as a comparison
group, in which no selection pressure has been applied, pro-
vides a positive control for environmental effects as well as
nonspecific genetic effects.

The density of B-adrenergic receptors was 15-209% lower
in the cerebral cortex of the alcohol-sensitive LS mice as
compared to the SS animals or to the HS controls (Tables
1-2). Alterations in adrenergic receptors have been reported
in the central nervous system of mice given ethanol. Chronic
administration of ethanol to mice for 60 days resulted in a
decreased density of 8-adrenergic receptors as measured by
the binding of *H-dihydroalprenolol [1] and THYP [26].
Withdrawal for 48-72 hr following chronic ethanol adminis-
tration led to an increased density of 8-adrenergic receptors
{1]. The alcohol insensitive (SS) mice might correspond to
chronically treated animals with a high tolerance for alcohol.
This does not appear to be the case as far as B-adrenergic
receptors are concerned. Thus, the density of S-adrenergic
receptors was lower in LS mice than in the less sensitive SS
mice.

Chronic ethanol intake has been reported to affect the
ability of norepinephrine to increase cyclic AMP accumula-
tion in rat cerebral cortex [13, 19, 30, 36] and to cause
changes in norepinephrine turnover in the brain [18]. Basal
and B-adrenergic receptor mediated cyclic AMP accumula-
tion was measured in slices of cerebral cortex from HS, LS
and SS mice. Except for a slightly lower basal activity in SS
mice, the results were comparable in the three lines of mice
(Fig. 1).
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Cortical acetylcholine release is depressed in rabbits and
rats by ethanol infusion [9]. A cholinergic mechanism has
also been implicated in the reduction of ethanol-induced sleep
time by thyrotropin-releasing hormone [6]. Additionally,
cholinergic neurons may be involved in the regulation of the
effects of ethanol on rat brain wave synchrony [10].
Nonetheless, there was no difference in the density of mus-
carinic cholinergic receptors in the cortex, striatum or hip-
pocampus of HS, LS or SS mice (Table 4).

The dopaminergic system has been widely studied in re-
lation to central effects of ethanol. Tabakoff and coworkers
[17,34] have reported a decrease in dopamine-sensitive
adenylate cyclase activity in striatal tissue of mice with-
drawn from ethanol. However, attempts to reproduce this
finding in our laboratory have thus far been unsuccessful
[26]. Other investigators have reported an increased
dopamine sensitivity in rat nucleus accumbens following
chronic ethanol treatment [8]. In the present experiments
dopamine-stimulated adenylate cyclase activity was lower in
the SS mice as compared to the HS controls (Fig. 2). This
change was not associated with a change in the density of
dopamine receptors (Table 3).

The changes observed in the current study are different
from those observed in animals with decreased alcohol sen-
sitivity due to chronic ethanol administration [32]. It should
be noted that changes in ethanol sensitivity following chronic
ethanol administration may involve different molecular
mechanisms than are responsible for the differences between
SS and LS mice which have an altered initial sensitivity to
ethanol. It is interesting that these genetically selected ani-
mals do not exhibit an altered metabolism of ethanol [16] as
is seen following chronic ethanol administration. Thus, the
mechanisms underlying differing sensitivity to alcohol re-
main to be elucidated.
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