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Alcohol-naive high- (Warsaw High Preferring; WHP) and low- (Warsaw
Low Preferring; WLP) preferring lines of rat were studied to determine the
distribution and density of [3H]muscimol binding sites in the brain using
quantitative autoradiography. The results have shown no difference in the
density of [3H]muscimol binding sites in the cingulate and frontal cortex,
dorsal and ventral striatum, lateral and medial septum, caudate-putamen, nu-
cleus accumbens in the both lines of animals. In the separate experiments,
the levels of neurotransimitters were measured in the frontal cortex, hippo-
campus and striatum of the WHP and WLP rats. The content of dopamine
was significantly lower in the striatum of the WHP rats as compared to the
WLP animals. The levels of serotonin and noradrenaline were without any
important differences in the examined structures of both lines of rats.
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INTRODUCTION

It has long been suggested that GABAA/benzo-
diazepine-Cl– receptor complex plays an important
role in central effects of ethanol (EtOH). In particu-
lar, EtOH has been reported to potentiate GABA-
-mediated inhibition of neuronal activity as well as
GABA-induced chloride flux in many brain struc-
tures [2, 10, 11, 21, 27]. Also, GABAergic mecha-
nisms are involved in certain behavioral effects of
EtOH [17]. Ligand binding studies on postmortem
human brains have shown a decreased number of
GABAA receptors in the frontal cortex and hippo-
campus of alcoholics [12]. However, the exact in-
volvement of GABA in EtOH drinking and mecha-
nism of dependence remains poorly known, and
results from animal studies are inconclusive [4, 12,
22, 25]. One experimental approach to elucidate
this issue is to study the selectively bred animals
that exhibit excessive EtOH-seeking behavior and
EtOH consumption [16, 18, 28]. For example,
autoradiographic study of GABAA receptors using
the benzodiazepine (BZD) site ligand [3H]Ro-
154513 revealed regional differences between the
rats belonging to alcohol high-preferring line (AA,
Alco Alcohol) and non-preferring rats (ANA, Alco
Non-Alcohol) [29]. Furthermore, the EtOH-pre-
ferring Fawn-Hooded (FH) rats have significantly
higher densities of selective BZD-1 receptor ago-
nist [3H]zolpidem binding sites in the several corti-
cal regions, compared to non-preferring Wistar-
Kyoto (WKY) rats [5].

Our selection of albino Wistar rats with respect
to phenotype of excessive EtOH consumption star-
ted 10 years ago [3, 11] and presently, F-19/F-20
generation of EtOH high-preferring line (WHP,
Warsaw High Preferring) and its low-preferring
counterpart (WLP, Warsaw Low Preferring) are
under evaluation. Previous study employing in vi-
tro autoradiography has shown significantly higher
[3H]muscimol, the GABAA receptor ligand, bind-
ing in the cingulate cortex of WHP line of rats as
compared with WLP animals [8]. Interestingly, the
intensity of EtOH intake was positively correlated
with the density of [3H]muscimol binding sites in
this cortical area, thus suggesting that GABAA re-
ceptors are implicated in the EtOH consumption.
However, this study does not allow to conclude that
higher [3H]muscimol binding in the EtOH-high
preferring WHP rats is causally related to their in-
nate higher preference for EtOH, as our previous

study was performed on rats with EtOH-drinking
history but not on EtOH-naive rats. Namely, prior
to the autoradiographic study rats were initially
forced to drink 10% EtOH solution during one
week (as the only fluid available was 10% EtOH
solution), and then tested for EtOH consumption
under the two-bottle free choice regimen between
water and 10% EtOH solution during 4 consecutive
weeks. Thus, one may suppose that it was higher
EtOH consumption that was causally related to dif-
ferences in GABAA ligand binding in the cingulate
cortical area. To further address this issue, the pres-
ent study was designated to investigate [3H]musci-
mol binding in EtOH-naive (i.e. without previous
testing for voluntary EtOH drinking) rats belonging
to WHP and WLP lines. In the separate experi-
ment, the concentrations of monoamine neurotrans-
mitters such as serotonin (5-HT), noradrenaline
(NA) and dopamine (DA) and their metabolites in
several brain areas of EtOH-naive WHP and WLP
rats were estimated. One of the most consistent
neurochemical findings observed in the high alco-
hol-drinking lines of rats such as P (EtOH high-
-preferring) and HAD (high alcohol-drinking) are
abnormalities in the 5-HT and DA neurotransmitter
systems [15, 16, 19, 20].

MATERIALS and METHODS

Animals

The adults rats from F20-21 generation of the
WHP and WLP animal lines, weighting 280–330 g
were used in the study. The animals were housed at
22°C in a temperature controlled room under a 12-h
light/dark cycle with lights on at 8.00. They had
food and water available ad libitum.

Autoradiography

The quantitative autoradiographic procedure
was based on the procedure described by Kuhar
and Unnerstall [13] and used in our previous study
[8]. Rats were sacrificed by decapitation with
a guillotine and their brains were rapidly removed
and frozen in isopentane and cooled with dry ice
(–30 to –40°C). The whole brains of WHP and
WLP rats were then stored at –70°C. The coronal
sections (12 �m) were cut on a cryostat at –20°C
according to the atlas of the rat brain [23] and
thaw-mounted onto gelatin-coated glass slides.
Sections were stored at (–20°C) until assay (1 to 2
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days). Slides were preincubated in 50 mM TRIS-
citrate buffer (pH = 7.1) for 20 min at 4°C to re-
move endogenous competitors. After having been
dried, they were incubated in the same buffer as
used for preincubation, but supplemented with
5 nM [3M]muscimol (19.1 Ci/mmol, Amersham)
for 40 min at 4°C. Non-specific binding was deter-
mined in the presence of 0.2 mM GABA. The sec-
tions were then washed in the cold buffer for 1 min
and quickly in-out dipped in distilled water. The
slides were dried under a cold stream of air, placed
in X-ray cassettes and exposed to tritium-sensitive
film ([3H]Hyperfilm, Amersham) at 4°C together
with standards ([3H]Microscale, Amersham). After
6 weeks of exposure, the films were developed
with a Kodak LX-24 developer for 5–7 min, fixed,
washed and dried. The autoradiogram was placed
in a white light transilluminator (Sigma, St. Louis,
USA) and optical density was measured. Quantita-
tive analysis of the autoradiogram was performed
by an image analysis system (Analytical Imaging
Station, Imaging Research INC., St. Catharines,
Canada). For each film the best fit of the film den-
sities produced by radioactive Amersham standard
to a 4th degree polynominal was generated by the
computer as a standard curve. Subsequently, this
standard curve was used to convert optical densi-
ties produced by selected brain regions into amount
of radioligand bound (nCi/mg of tissue). Non-
specific binding of [3H]muscimol was negligible.

Biochemical analysis

The rats were killed by decapitation, the brain
was rapidly removed and the frontal cortex hippo-
campus and striatum were dissected out on ice and
immediately frozen on solid CO2, then stored at
–70°C until processed. Frozen tissues were ho-
mogenized in 15 vol. of ice-cold 0.05 M perchloric
acid with an internal standard added. Homogenates

were centrifuged at 15,000 × g and filtered through
0.22 �m membranes (Millipore, Milford, USA).

The HPLC system consisted of a Shimadzu
LC-9A pump, with programmable flow rate, equip-
ped with a 20 �l injection loop (Rheodyne, CA).
Separation of monoamines and their metabolites
was obtained on a Nucleosil 100-5C18AB column,
250 × 4 mm (Macherey-Nagel, Germany) thermo-
stated at 32°C in Shimadzu CTO-6A column oven.
An electrochemical detector (Shimadzu L-ECD-6A)
was set at +0.8 V potential versus calomel refer-
ence electrode. The mobile phase was: citric acid
(5.5 g/l); Na2HPO4 × 2H2O (8 g/l); EDTA 2H2O
(10 mg/l) octanesulfonic acid (200 mg/l); methanol
(10% v/v). The flow was programmed at from 1.0
to 1.2 ml/min over 18 min for each analytical run.
The mobile phase was continuously gassed with he-
lium. Integration of the chromatograms was per-
formed with Shimadzu C-R4AX Chromatopac-com-
puting integrator. Dihydroxybenzylamine (DHBA)
was used as an internal standard.

Statistics

To assess statistical significance of the data
from autoradiography and biochemical studies,
Student’s t-test for independent measurements was
used.

RESULTS

The binding of [3H]muscimol to GABA recog-
nition sites was determined in the medial septum,
lateral septum, caudate putamen, nucleus accum-
bens, frontal and cingulate cortex of WHP and
WLP rats using quantitative autoradiography. There
were no significant differences between [3H]musci-
mol binding in all tested brain areas in both lines
(Tab. 1).

Table 2 shows the concentrations of DA, DOPAC,
HVA, NA, 5-HT and 5-HIAA in the striatum, hip-
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Table 1. Specific [3H]muscimol binding in the brains of WHP and WLP rats

Group Frontal cortex Cingulate cortex Caudate-putamen NACC Lateral septum Medial septum

WHP 1.93 ± 0.36 2.51 ± 0.51 0.56 ± 0.16 0.92 ± 0.25 1.09 ± 0.28 0.93 ± 0.34

WLP 1.80 ± 0.4 2.43 ± 0.54 0.55 ± 0.20 0.85 ± 0.28 1.11 ± 0.32 0.86 ± 0.39

The data are shown as means ± SD in nCi/mg of tissue. The number of rats in each experimental group was 7–8. NACC = nucleus
accumbens



pocampus and frontal cortex of WHP and WLP
rats. In WHP rats compared with WLP rats, there
was an almost 25% decrease in DA concentration
in the striatum (p < 0.01). The striatal DOPAC and
HVA concentrations were slightly decreased in
WHP rats while NA concentration was increased in
WHP rats as compared with WLP rats, but the dif-
ferences were not significant. On the other hand,
the hippocampal DOPAC concentrations were sig-
nificantly higher (p < 0.05) in WHP rats as com-
pared with WLP line. The striatal HVA/DA ratio
was similar in WHP and WLP rats (0.31 ± 0.07 and
0.28 ± 0.035, respectively). Also, no difference in
striatal 5HIAA/5-HT ratio between WHP and WLP
rate (1.45 ± 0.17 and 1.57 ± 0.16, respectively) and
hippocampal 5-HIAA/5-HT ratio between WHP
and WLP rats (1.79 ± 0.1 and 1.70 ± 0.9, respecti-
vely) have been noted.

DISCUSSION

The present autoradiographic study showed that
there were no differences in the binding of GABAA
receptor ligand, [3H]muscimol in the examined brain
structures between WHP and WLP rats. These re-
sults differ from our earlier studies where in the
cingulate cortex the binding of [3H]muscimol was
higher by almost 49% in the WHP line of rats,
comparing to WLP animals. Furthermore, the pre-
vious studies in the rats of WHP line showed a sig-
nificant correlation between the amount of EtOH
drinking and the magnitude of binding of [3H]mus-
cimol in the cingulate cortex [8]. However, it was
difficult to definitely conclude that higher [3H]mus-

cimol binding in the WHP line was related to their
innate higher consumption of EtOH, because the
autoradiographic study was not performed on
EtOH-naive animals but in animals with long
EtOH-drinking history. In the present studies, the
WHP and WLP rats, derived from 20th generation,
were never subjected to the action of EtOH. So, the
present result has shown that there is no any inher-
ent difference between both lines in the binding of
[3H]muscimol, at least in some brain structures. In-
terestingly, Thielen et al. [26] reported that GABA
significantly stimulated [3H]flunitrazepam binding
in many (50!) brain regions examined in both the
P and NP rats. Likewise, the density of [3H]zolpi-
dem binding was similar in both alcohol-preferring
FH rat and non-alcohol preferring WKY rats in the
cerebellum, globus pallidus and the nucleus of the
solitary tract. However, the [3H]zolpidem binding
was higher in the cortex, substantia nigra and ven-
tral pallidum in FW rats in comparison to WKY
rats [5]. Few human studies have shown changes in
zolpidem-binding sites in GABAA receptor in the
brains from human alcoholics [14].

The lines of P, HAD and sP (Sardinian-Pre-
ferring) rats were selected for the same phenotype
(preferring EtOH over water and with high EtOH
intake), and these rat lines were differentiated for
a number of a genetically controlled neurochemical
and behavioral traits [1, 24] that may be associated
with the development of alcohol preference. These
data may suggest that different genotypes partici-
pate in the development of EtOH preference and
the contribution of each genotype may be different
among these rat lines.
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Table 2. The level of neurotransmitters and their metabolites (ng/g of tissue) in the brains of WHP and WLP rat lines

Compound Frontal cortex Hippocampus Striatum

WHP WLP WHP WLP WHP WLP

DA N.D N.D. 8.35 ± 5.4 8.72 ± 5.8 6798.5 ± 574.9 9014.1 ± 317.5*

DOPAC 78.52 ± 7.5 51.94 ± 21.6 149.4 ± 43.6 63.1± 11.5* 1012.38 ± 116.63 1203 ± 67.5

HVA N.D. N.D. N.D. N.D. 2199.5 ± 365.5 2558.6 ± 11.49

NA 165.9 ± 28.5 167.63 ± 8.7 277.19 ± 25.3 325.5 ± 15.8 75.07 ± 25.7 37.8 ± 15.7

5-HT 315.5 ± 12.6 225.16 ± 48.5 223.4 ± 20.5 246.5 ± 22.3 417.7 ± 47.8 380.26 ± 12.6

5-HIAA 363.24 ± 15.6 320.4 ± 56.64 394.63 ± 25.7 355.37 ± 61.9 587.65 ± 87.7 597.0 ± 28.7

Values are means ± SEM (n = 7) of the concentrations of neurotransmitters and metabolites in different brain structures. * p < 0.01 vs
WHP. N.D. = not detectable



The level of DA in the striatum was almost 25%
lower in the WHP vs WLP rats. In addition, slightly
(insignificantly) decreased contents of DOPAC and
HVA were also observed. The lower DA contents
could result from the changes in the monoamine
metabolism (lower synthesis and/or higher metabo-
lism, as shown from slightly higher HVA/DA ra-
tio). This result is in agreement with our previous
biochemical study which demonstrated that the
concentrations of DA, DOPAC and HVA in the
striatum were markedly lower in the WHP rat as
compared with WLP rats [6, 7]. Our finding is also
in line with the results showing reduced brain DA
concentrations in the lines of rats (e.g. HAD vs
LAD) selectively bred for high EtOH intake [9].
Since the rats in the present study were EtOH-
-naive, the observed difference in the contents of
brain monoamines are not simply a consequence of
EtOH exposure, but rather due to the selective
breeding for alcohol preference and non-preference.
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