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The Warsaw High Preferring (WHP) and Warsaw Low Preferring (WLP)
lines were bred from Wistar foundation stock to obtain lines of rats that dif-
fer in their preference for ethanol (EtOH) solutions. The WHP line has met
major criteria for an animal model of alcoholism. The WHP rats voluntarily
drink excessive amounts of alcohol while the WLP rats consume negligible
amounts of alcohol. These patterns of EtOH consumption are stable in time
and independent of the manner of access to EtOH solutions. Notably, when
exposed to the increasing EtOH concentrations both WHP and unselected
Wistar rats gradually increased total EtOH intake. In contrast, WLP rats
when exposed to the increasing concentrations of EtOH consumed almost
negligible amounts of EtOH. Furthemore, the WHP rats show an increased
responsiveness to the stimulatory effects of low dose of EtOH.

Key words: alcohol intake, alcohol-preferring rats, alcohol non-
preferring rats, WHP and WLP lines of rats
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INTRODUCTION

To date, several separate lines of alcohol-pre-
ferring and alcohol-nonpreferring rats have been de-
veloped through selective breeding procedure. These
sets of lines include the ALKO alcohol and nonalco-
hol (AA/ANA) lines [14], the alcohol-preferring
and nonpreferring (P/NP) lines [17, 20], the Uni-
versity of Chile A and B (UChA/UChB) lines [19],
the high alcohol (EtOH) drinkig and low alcohol-
drinking (HAD/LAD) lines [18] and Sardinian al-
cohol-preferring and -nonpreferring (sP/sNP) lines [5,
6].

Our selection of rats with respect to phenotypes
of excessive and low EtOH preference started
10 years ago [1]. The Warsaw Alcohol High Prefer-
ring (WHP) and Low Preferring (WLP) lines de-
rived from albino stock of Wistar origin are now in
27th generation. The daily EtOH consumption of
WHP rats is over 4 g/kg, and the preference ratio
for EtOH to water exceeds 80%. These lines were
developed by assessing EtOH preference with the
free-choice testing (see below) between an aqueous
solution (v/v) of 10% EtOH and tap water (food
was provided ad libitum). Male and female rats
with high EtOH preference were mated to initiate
the high preference (i.e. WHP) line while male and
female rats with low EtOH preference were mated
to start the nonpreferring (i.e. WLP) line [1]. Mated
pairs were housed in breeding cages, pups were al-
lowed to nurse for 3 weeks before weaning, pups of
each litter were culled to the same-sex cage and al-
lowed to mature until they were subjected to the se-
lection procedure. To determine the alcohol prefer-
ence, the rats were first forced to drink 10% EtOH
(water was not available, food available ad libitum)
for one week, and then were presented with 10%
v/v EtOH solution and tap water (two-bottle choice
test) for 3 weeks with food ad libitum. At the 4th
week EtOH consumption and preference were
evaluated under the same two-bottle free choice
procedure. In the WHP and WLP lines, divergence
of EtOH intake and preference emerged quickly af-
ter few generations, and similarly to P/NP and
AA/ANA lines, continued to diverge at a relatively
slower pace thereafter. Thus, the voluntary EtOH
intakes (g EtOH/kg/24 h, mean ± SEM) were: 4th
generation: WHP male rats 5.3 ± 0.4, WLP male
rats 2.5 ± 0.4 [1]; 17th generation: WHP male rats
5.27 ± 0.5, WLP male rats: 1.78 ± 0.2 EtOH [13];
25th generation: WHP male rats 7.07 ± 0.59, WHP

female rats 8.80 ± 0.43, WLP male rats 0.62 ± 0.17,

WLP female rats 0.59 ± 0.21 [Dyr and Kostowski,

unpublished data]. Maximal EtOH consumption in

WHP animals occurred during the natural dark

phase (19.00–5.00 h), consistent with the nocturnal

habits of rats [12].
Generally, the rats belonging to WHP line can

satisfy at least some fundamental criteria for an ani-

mal model of alcoholism [3, 4, 18]. They voluntarily

drink high amount of EtOH per day (4–8 g/kg) and

attain blood EtOH concentration of 0.045 g/dl

(17th generation). They also develop subtle but

visible signs of physical dependence such as pilo-

erection, exophthalmus, tremor and muscle rigidity

with chronic (4 weeks) free-choice drinking [10].

Interestingly, WHP rats consume significantly more

sucrose solution than WLP rats, with the highest dif-

ference at high sucrose concentrations (10–30% so-

lution). There is no significant difference in food

intake between both lines [10, 11].
We found also some differences in response to

EtOH between the WHP and WLP lines. In particu-

lar, WHP rats are less sensitive to the sedative/hyp-

notic effects of EtOH than WLP rats. In the 11th

generation of rats, the mean duration of sleep in-

duced by high dose of EtOH (5 g/kg ip) was signifi-

cantly shorter in WHP male animals (approximately

100 min) than in WLP rats (approximately 180 min).

In the same study, we found that blood EtOH con-

centration after ip administration of 2.0 g/kg ip

EtOH was higher (as evaluated 1–4 h after injec-

tion) in the WHP line than in the WLP line [13].
Neurochemical studies conducted on the P/NP

and HAD/LAD rats revealed lower levels of dopa-

mine (DA) and serotonin (5-HT) and its metabo-

lites in some brain structures such as nucleus ac-

cumbens and striatum of EtOH-preferring rats

compared with their EtOH-nonpreferring counter-

parts [18, 22, 23]. In line with this finding, we

found significant differences between the two lines

in the brain concentrations of monoamines and

their metabolites. Namely, in the 11th–12th genera-

tions of male rats, striatal concentrations of 5-HT

and DA as well as their metabolites (5-hydr-

oxyindoleacetic acid and homovanillic acid, re-

spectively) were lower in WHP rats as compared

with their WLP counterparts [13]. Interestingly,

considerable work has implicated altered dopa-

minergic system functioning with high EtOH-

drinking behavior [for review see 23].
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It has also been shown by us that naltrexone, an
antagonist of opioid receptors, was able to reduce
EtOH consumption in WHP rats [11]. This finding is
consistent with results obtained with other EtOH-
preferring lines [see e.g. 15].

The current study was conducted to examine:
(1) EtOH intake in the free choice (10% EtOH so-
lution vs. water) paradigm and (2) EtOH intake in
rats exposed to increasing (2–10%) concentrations
of EtOH solutions.

Stimulation of locomotor activity induced by
EtOH has been suggested to reflect reinforcing
properties of the drug. Therefore, the separate ex-
periment was designed to assess whether low and
moderate doses of EtOH would stimulate locomo-
tion in WHP rats. It has been reported by Colombo
et al. [7] and Paivarinta and Korpi [24] that volun-
tary EtOH drinking increases locomotor activity in
EtOH-preferring lines of rats. Because EtOH-
nonpreferring rats voluntarily drink only very little
EtOH, we decided to compare the locomotor activi-
ties of rats after ip administration of EtOH.

MATERIALS and METHODS

Animals and experimental procedures: general

description

Male WHP and WLP rats from the 22th–23th
generations of our breeding programme (approxi-
mately 4-month old and weighing 250–270 g at the
start of the experiment), were used. Animals were
housed individually in wire cages (40 × 40 × 50 cm)
under standard laboratory conditions (22°C, 60%
humidity, 12 h light/dark cycle with lights on at
7.00) with granulated food and tap water ad libi-
tum. According to our procedure to initiate EtOH
intake [1], the animals have only access to 10%
EtOH available in the two drinking tubes (water
was not available) over the first week, whereas in
the 2nd, 3rd and 4th week, one graduated drinking
tube contained water and the second one contained
10% v/v EtOH solution. At the 4th week EtOH
consumption (g/kg/24 h of pure EtOH) and EtOH
preference (in %) were evaluated.

Then, the rats from two lines remained in their
home cages for one month with water and food
avaiable (EtOH was not longer presented) and sub-
sequently tested for EtOH consumption in two dif-
ferent schedules of EtOH availability to evaluate
the stability of EtOH drinking behavior (see below

for details). In particular, we attempted to deter-
mine if access to gradually increased concentra-
tions of EtOH solutions could alter EtOH intake in
rats genetically selected for their low EtOH prefer-
ence. Notably, environmental factors have been re-
ported to dramatically change the pattern of EtOH
consumption in alcohol-nonpreferring (NP) line of
rats [27]. In addition, groups of outbred (unse-
lected) Wistar rats of similar age and weight, with-
out any history of alcohol, were tested in order to
compare the magnitutude of EtOH intake in unse-
lected and selected animals.

Finally, in order to evaluate differences in re-
sponses to EtOH between the EtOH-preferring and
EtOH-nonpreferring rats, the effect of small dose
of EtOH (0.5 g/kg ip) on the locomotor activity in
separate groups of naive rats (i.e. not initially tested
for EtOH intake) from WHP and WLP lines was
tested (see below for details). Animal studies sug-
gest that the stimulation of locomotor activity, seen
in laboratory rodents after administration of low or
moderate EtOH doses, is a measure of the reinforc-
ing activity of EtOH [see e.g. 25].

Experiment I. Access to stabile and gradually in-

creased concentrations of EtOH solutions

Access to 10% EtOH solution. The WHP and
WLP male rats previously tested for EtOH intake
and preference (see above) were individually
housed in wire cages containing two graduated
drinking tubes mounted at the front of the cage.
The drinking tubes were rotated daily to prevent
position preference. The subjects had free access to
standard lab chow during the entire experiment.
EtOH solution was prepared from 95% stock EtOH
and tap water. The animals were presented with
10% EtOH solution and water (two-bottle choice
test). EtOH (absolute ethanol), water and food in-
takes (g/kg/24 h), total fluid (ml/kg/24 h) intake and
EtOH preference (the amount of EtOH consumed/to-
tal fluid x100) were measured during 9 consecutive
weeks. In addition, unselected Wistar male rats
were given EtOH under the same procedure.

Escalating-concentration regimen of EtOH ac-
cess. To determine stability of EtOH drinking be-
havior, the separate groups of WHP and WLP rats
(previously tested for EtOH intake as described
above) were exposed to increasing concentrations
(2–10%) of EtOH solution and water (two-bottle
test). The concentrations of EtOH solution gradu-
ally increased by 1% (starting from 2% solution)
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per week during 9 consecutive weeks and the EtOH
consumption (g/kg/24 h) was calculated. Unse-
lected Wistar rats were given EtOH under the same
procedure.

Experiment II. Locomotor stimulation induced

by moderate dose of EtOH

To investigate the possible association between
behavioral stimulation and EtOH preference, the
effects of low/moderate dose of EtOH on spontane-
ous locomotor activity was studied. Alcohol-naive
rats (WHP, WLP and unselected Wistar) were in-
jected ip with saline or EtOH (0.5 g/kg) 10 min be-
fore the test, and their activity (ambulation) was
measured for 30 min using an activity meter. The
experiment was performed in an air-conditioned
chamber with background white noise (approxi-
mately 50 dB). The apparatus (COTM, Poland)
consisted of four Plexiglas cages (60 × 60 × 40 cm,
W × L × H) with removable smooth black metal
floors. Each cage was dimly lit by a separate source
of light mounted 50 cm above the floor and tran-
sected by two perpendicular coplanar arrays of 16 in-
frared photobeams. Beam interruptions were re-
corded and analyzed by means of IBM-compatibile
PC equipped with software and interface (COTM,
Poland). To attenuate stress associated with the ex-
perimental procedure, the rats were handled several
times during the habituation period. On the test day,
the animals received EtOH and their locomotor ac-
tivities were recorded (see above). The data used for
the analysis were expressed as the mean (± SEM)
distance in inches travelled during the 30-min test
session and the number of crossings of the “central
area” of the cage (30 × 30 cm).

Statistics

The data from the EtOH drinking experiments
were analyzed by two-way ANOVA with repeated-
measures followed with the post-hoc Newman-
Keuls test. The data from the open field test were
evaluated using the two-tailed Student’s t-test.

RESULTS

Daily EtOH intakes during final 4th week of
testing phase (10% EtOH solution and water pre-
sented under two-bottle free-choice regimen with
unlimited access for 24 h per day) significantly dif-
fer between high- and low-preferring lines. The
mean EtOH intake (g/kg /24 h) was 9.15 ± 0.5 and

0.56 ± 0.2 for WHP and WLP animals, respec-
tively. A two-factor ANOWA for repeated meas-
ures revealed significant effects of the group [F(1,18)
= 313.32, p < 0.001]. Post-hoc Newman�-Keuls test
has shown significant differences between WHP and
WLP drinking p < 0.001 (Tab. 1). The EtOH prefer-
ence in WHP rats was almost 90% while in WLP
rats was less than 10%. Two-way ANOWA for re-
peated measures revealed significant effects of the
group [F(1,18) = 1595.38, p < 0.001]. Post-hoc New-
man-Keuls test has shown significant differences be-
tween WHP and WLP preference p < 0.001 (Tab.1).
The total fluid intake in WHP rats was slightly but
significantly higher as compared with WLP line.
Two-way ANOVA has shown significant effects
[F(1,18) = 5.06, p < 0.05]. The food intake was
slightly but significantly higher in WLP animals
[F(1,18) = 5.92, p < 0.05] for the groups.
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Fig. 1. Daily EtOH intake in WHP, WLP and unselected (UNS)
rats exposed for 9 weeks to 10% EtOH solution and water
(WHP and WLP rats, after one initiation and drinking assess-
ment, were re-exposed for EtOH after one month of abstinence,
see text). * p < 0.001 vs. WLP, # p < 0.01 vs. UNS and & p < 0.05
vs. UNS (mean data ± SEM from 10–12 animals)



When re-exposed (after one month of abstinence)

to two different procedures of 9-week EtOH access,

rats belonging to WHP and WLP lines maintained, in

principle, their characteristic pattern of EtOH con-

sumption. Thus, WHP rats re-exposed to 10% EtOH

solution and water immediately consumed high

amounts of EtOH (in the range of 5–7 g/kg/24 h)

while WLP rats consumed constantly low amounts

of EtOH (not exceeding 2 g/kg/24 h). The unse-

lected Wistar rats gradually increased their EtOH in-

take and finally consumed intermediate amounts of

EtOH (Fig. 1). The values of EtOH intake were sig-

nificantly different between three rat groups tested

[factor group F(2, 25) = 31.09, p < 0.001]. Post-

hoc comparison revealed a significant difference

(p < 0.01) for every week of the test (Fig. 1).
Exposure to a nine-week escalating-concen-

tration regimen of EtOH access produced gradual

increase in EtOH intake in WHP and also, to the

certain extent, in unselected Wistar rats. On the

other hand, WLP rats displayed rather stabile mini-

mal or low degrees of EtOH intake (Fig. 2). The

values of EtOH consumption significantly differ

between groups. Two-way ANOVA for repeated

measures revealed significant group effect [F(2,21)

= 15.80, p < 0.001] and significant interaction be-

tween total EtOH intake and concentration

[F(8,168) = 29.75, p < 0.001]. Post-hoc comparison

revealed a significant difference between WHP and

WLP rats (Fig. 2).
Single ip injection of 0.5 g/kg of EtOH pro-

duced different behavioral effects in three groups

of tested rats. Thus, WHP rats showed marked in-

crease in locomotor activity and increase in the

number of visits in the central area of the open

field. The WLP rats showed similar but very mod-

est behavioral response. In contrast, the activities

of unselected (outbred) rats were attenuated by the

same dose of EtOH (Tab. 2). Two-way ANOVA re-

vealed significant effect of group × treatment interac-

tion for locomotor activity study [F(4,54) = 4.4736,
p < 0,003] and central area crossing study [F(4,54)
= 6.82, p < 0.01]. Post-hoc comparison showed sig-
nificant difference between WHP and WLP groups
(Tab. 2).

DISCUSSION

The WHP and WLP rats constitute a pair of
lines of rats selectively bred for opposite EtOH in-
take and preference. After initiation procedure, the
WHP animals when given a choice between 10%
EtOH and water display high preference for EtOH
solution and consume high amounts of EtOH. Con-
versely, under the same conditions, the WLP rats
consume very low amounts of EtOH. Total daily
fluid intake was slightly higher in WHP rats while
WLP rats consumed slightly more food. The cur-
rent data show that once established, the amount of
EtOH intake in WHP and WLP lines of rats is
a rather stable and invariable behavioral pattern
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Fig. 2. Daily EtOH intake in WHP, WLP and unselected (UNS)
rats exposed for 9 weeks to increasing concentrations of EtOH
and water (WHP and WLP rats were exposed to EtOH after
one-month abstinence, as explained in Figure 1). * p < 0.001 vs.

WLP, # p < 0.005 vs. UNS and & p < 0.05 vs. UNS (means
± SEM from 10–12 animals)
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which cannot be manipulated by different proce-

dures of access to EtOH. When exposed to the in-

creasing EtOH concentrations WHP rats gradually

increased total EtOH intake (although they were

unable to attain EtOH intake as large as during the

initiation phase). The unselected Wistar rats were

also able to increase total EtOH intake when ex-

posed to an escalating-concentration regimen of

EtOH access while the WLP rats retained low level

of EtOH consumption and clearly preferred water

over EtOH solutions. Thus, the WLP rats were un-

able to attain EtOH intakes as large as those ob-

served in the unselected rats, thus indicating the

stable very low EtOH consumption behavior in

WLP line.
Explanation of the difference between WHP,

WLP and unselected rats may reside in likely dif-

ferences in the genetic beckground of these animal

groups. In particular, a manipulation consisting in

an exposure to increasing EtOH concentrations

failed to counter the genetic predisposition of WLP

rats to avoid EtOH. Our result is generally in line

with those reported by Brunetti et al. [2] with Sar-

dinian alcohol nonpreferring (sNP) rats. The authors

showed that an environmental manipulation, such

as long-term exposure to a sucrose-fading proce-

dure [26], did not overcome the genetically deter-

mined predisposition to avoid EtOH in this line of

rats.
Our study also shows that WHP, WLP and un-

selected rats differentially respond to administra-

tion of low dose of EtOH. While WHP rats were

especially sensitive to the stimulatory action of

EtOH, the WLP rats responded only with very

slight behavioral stimulation. In contrast, the activ-

ity of unselected rats was diminished by the same

dose of EtOH. Behavioral stimulation by low and

moderate doses of EtOH occurs in different (al-

though not all) strains of mice [8, 16, 24]. On the

other hand, EtOH fails to induce locomotor stimu-

lation or produces inconsistent effects in rats [9, 21,

28]. However, the Indiana University alcohol-

preferring P rats have been reported to respond

with behavioral stimulation after ip administration

of low doses of EtOH [28]. Further, voluntary

EtOH intake produces locomotor stimulation in

alcohol-preferring sP rats [7]. As mentioned previ-

ously (see Introduction), animal studies suggest

that there is an association between a stimulatory

effects of EtOH and the reinforcing properties of

EtOH. On the other hand, excessive EtOH intake
presumably involves multiple genetic determinants
leading to multifaceted phenotypic substrates. It re-
mains, therefore, uncertain if stimulatory effects of
EtOH observed in certain selected rat lines could
contribute substantially to a predisposition for ex-
cessive EtOH consumption.

The increased number of entries into the central
area of the open field may indicate the anti-anxiety
effect of EtOH in WHP rats but also may result, at
least to the certain extent, from general locomotor
activation. This finding is in line with the study by
Colombo [5] demonstrating the anxiolytic effect of
EtOH in sP line of rats.
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