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Abstract:

The results of the present experiment demonstrate that ethanol-preferring line of rats (WHP), and ethanol-nonpreferring line of rats

(WLP) are able to acquire and maintain lever pressing reinforced by EtOH (oral operant EtOH self-administration) under FR-1 and

FR-2 schedule of reinforcement. On the other hand, WHP rats but not WLP rats, displayed the high ability to acquire and maintain

robust lever pressing for EtOH under FR-3 procedure. These data suggest that EtOH possesses stronger reinforcing properties in

WHP rats. Nevertheless, WLP rats are able to acquire operant self-administration of EtOH when response demand of the

reinforcement schedule is lower. Thus, both lines of rats can differ substantially in the amount of EtOH intake when its access is

continuous and freely available, but less fundamentally when they respond for EtOH reward under low-demand schedules of partial

reinforcement.
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Abbreviations: AA – ALKO Alcohol-Accepting rats, ANA –

ALKO Alcohol-Nonaccepting rats, EtOH – ethanol, FR – fixed

ratio schedule of reinforcement, HAD – Indiana High Alcohol-

Preferring rats, LAD – Indiana Low Alcohol-Preferring rats,

NP – Indiana Alcohol-Nonpreferring rats, P – Indiana Alcohol-

Preferring rats, sNP – Sardinian Alcohol-Preferring rats, sNP –

Sardinian Alcohol-Nonpreferring rats, WHP – Warsaw High-

Preferring rats, WLP – Warsaw Low-Preferring rats

Introduction

The operant procedure of oral self-administration of

ethanol (EtOH), i.e. “work for alcohol” [3] has been

commonly considered a reliable measure of the rein-

forcing function of EtOH [6, 10, 11]. In defining an

animal model of alcoholism, work and effort to obtain

alcohol has been proposed as a crucial requirement [3].

The Warsaw High Preferring (WHP) and Warsaw

Low Preferring (WLP) lines of rats were bred from

Wistar foundation stock for opposite EtOH preference

and consumption [2, 4, 5]. The WHP line has met ma-

jor criteria for an animal model of alcoholism. When

given a choice between water and 10% EtOH, WHP

rats voluntary drink excessive amounts of EtOH (ex-

ceeding 5 g/kg per day) that have been found to in-

crease blood EtOH concentrations to 0.03–0.045 g/dl.

They also develop subtle but visible signs of physical

dependence such as exophthalmia, piloerection and

tremor with chronic free-choice drinking [4, 5]. In
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contrast, mean EtOH intake in WLP rat was steadily low

(approximately 0.5 g/kg per day). We have also found

that WHP rats are less sensitive to the sedative and hyp-

notic effects of high doses of EtOH than WLP rats [5].

The present study was designed to further charac-

terize our WHP and WLP lines by utilizing basic op-

erant procedure to assess reinforcing properties of

EtOH for these lines of rats.

Materials and Methods

Animals

Male WHP and WLP rats from the 32/33 generations

of our breeding programme (approximately 4 months

old and weighing 250–280 g at the beginning of the

experiment), were used. The animals were housed

four to a standard plastic cage (25 × 40 × 25 cm, W × L

× H) with controlled environmental conditions: tem-

perature 22 ± 2°C, humidity 60–62% and 12 h:12 h

light-dark cycle (lights on at 07:00 h). Standard lab

chow (Labofeed, Kcynia, Poland) and tap water were

available ad libitum. Treatment of the rats in the pres-

ent study was in accordance with the ethical standards

laid down in the respective European (directive No.

86/609/EEC) and Polish regulations.

Experiment I. Operant self-administration of EtOH

The rats from WHP and WLP lines were tested for op-

erant responding for EtOH (oral self-administration)

in standard operant conditioning chambers (Coul-

bourn Instrument, Alletown, PA, USA). The cham-

bers consisted of test cages enclosed within sound-

attenuating cubicles with fans for ventilation and

background white noise (for details see [1]). The

cages were equipped with two response levers, and

a liquid delivery system (the liquid dipper). Only one

lever (“active”) was able to activate the liquid dipper.

Presses on the other lever (“inactive”) were recorded,

but not reinforced. The start of sessions was signaled

by turning the house light on (centered near the top of

the front of the cage). During an experimental session,

the liquid delivery system presented EtOH in 0.1 ml

portion for 5 s. Every session was programmed and

data recording made use of the L2T2 Software pack-

age (Coulbourn) on an IBM-compatible PC.

The WHP and WLP rats were trained to respond

for EtOH according to the sucrose-fading procedure

[10] with some minor modifications (for details see

[1]). The rats were deprived of water for 22 h/day dur-

ing the first 4 days of training and shaped to lever

pressing for 10% sucrose solution on a fixed ratio

(FR-1) schedule of reinforcement. As soon as the

lever pressing was established, water started to be

freely available in their home cages. Starting on day

5, the rats received 2% EtOH plus 10% sucrose, then

over the next 10–14 sessions, EtOH concentrations

were gradually increased (from 2% to 8% v/v) and su-

crose concentrations were gradually decreased (from

10% to 0%). All training sessions were 30 min long

and one session was given every day.

After completion of the FR-1 phase (10 daily ses-

sions), EtOH self-administration was tested at

a higher lever-pressing requirement. Specifically, the

FR was increased to FR-2 for 10 daily sessions and

then, to FR-3 for 11 daily sessions. Higher FR proce-

dures were not investigated in this study due to tech-

nical problems.

Experiment II. Home cage EtOH drinking

After completing the operant self-administration

study, the rats were housed individually in wire cages

(40 × 40 × 50 cm) under standard laboratory condi-

tions (see above, tap water was available as noted be-

low). According to our procedure to initiate EtOH in-

take [2, 5], the animals have only access to 10% EtOH

available in the two drinking tubes over the first

week, whereas in the 2nd, 3rd and 4th week, one

graduated drinking tube contained water and the sec-

ond one contained 10% EtOH solution. At the 4th

week EtOH consumption (g/kg/24 h) and EtOH prefer-

ence (defined as the percentage of 10% EtOH solution

consumed vs. total fluid intake) were evaluated.

Data analysis

Data on the number of instrumental responses were

evaluated by three-factor analysis of variance

(ANOVA) with repeated measures followed by the

Newman-Keuls test. For home-cage ethanol drinking,

the data were analyzed using two-factor ANOVA for

repeated measures followed by the Newman-Keuls

test.
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Results

The result of the experiment indicates that WHP and

WLP rats similarly acquired and maintained lever

pressing for EtOH under the FR1 schedule or inter-

mittent reinforcement. However, when the FR re-

quirement was increased to FR-2 and FR-3, the WLP

rats displayed decreased degree of lever responses. In

contrast, rats of the WHP line maintained constant

levels of lever responses when the fixed ratio was in-

creased from FR-1 to FR-2 and markedly increased

responses when FR was increased to FR-3 schedule of

reinforcement. A three-factor ANOVA (FR × Line

× Session) for repeated measures revealed significant

effects of lines [F(1,50) = 16.00; p < 0.01] and ses-

sions [F(9,450) = 4.65; p < 0.01], a significant FR

× line interaction [F(2,50) = 9.54; p < 0.01]. In addi-

tion, there was a significant session × FR interaction

[F(18,450) = 1.63; p < 0.05], but not session × line in-

teraction [F(9,450) = 0.99; p = 0.44] or session × FR

interaction [F(9,450) = 0.92; p = 0.54]. The post-hoc

Newman-Keuls test revealed a significant difference

(p < 0.01) between number of responses in WHP and

WLP in the most of daily FR-3 sessions (Fig. 1).

As expected, WHP rats displayed excessive daily

EtOH intakes under the two-bottle ethanol-water

choice paradigm. The mean EtOH intake (measured

at the 4th week of EtOH voluntary consumption) in

WHP rats exceeded 6.0 g/kg/day while the mean

EtOH intake in WLP rats was lower than 1.0 g/kg/day.

The EtOH preference was higher than 80% in WHP

rats while in WLP rats was lower than 10%.

A two-factor ANOVA for repeated measures revealed

a significant effect of lines [F(1,18) = 132; p < 0.01] and

days (time) [F(3,54) = 5.41; p < 0.01] but not line
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× day interaction [F(3,54) = 0.47; p = 0.69]. In addi-

tion, post-hoc Newman-Keuls test has shown signifi-

cant differences between WHP and WLP drinking

(p < 0.001, Fig. 2).

Discussion

The results of the present study confirm the differen-

tial EtOH intake previously observed by us in WHP

and WLP lines of rats of earlier generations [4, 5].

Namely, WHP rats exposed to the home-cage two-

bottle EtOH-water choice for 24 h/day had very high

EtOH intake while WHP rats consumed very low

amount of EtOH. Also, EtOH preference significantly

differed between WHP and WLP lines.

The results of the present study show similar abil-

ity of WHP and WLP rats to acquire and maintain oral

self-administration of EtOH under FR-1 and FR-2

schedules of reinforcement (i.e. when response de-

mand of the reinforcement schedule was low). In con-

trast, when response demand was greater (FR-3

schedule of reinforcement), the substantial difference

between both lines became evident since the WHP

rats were able to maintain EtOH-reinforced behavior

when more “work” for EtOH was required. There is,

however, an insufficient amount of information to un-

derstand the basis of this difference, and further study

including the measurements of ethanol consumption

(g/kg per session) and blood ethanol concentrations

are needed. In our opinion, this result suggests that

EtOH acts as a stronger reinforcer in WHP than in

WLP rats. Therefore, it appears that the WHP line of

rats meets the crucial Cicero’s requirement (i.e. “work for

alcohol”) defining an animal model of alcoholism [3].

It is of interest to note that the WHP rats markedly

increased the level of lever responses when FR was

increased from FR-2 to FR-3 schedule of partial rein-

forcement. The mechanism of this phenomenon is dif-

ficult to explain at present, keeping in mind that in-

take of EtOH during lever-pressing sessions was not

monitored in this study. Thus, further studies includ-

ing higher FR procedures are needed to explore this

problem. Nevertheless, our result may suggest that

EtOH has strong incentive motivational capacities in

directing drug-seeking (lever pressing) behavior in

WHP rats.

In general, the results of our study confirm the dif-

ferent response for EtOH self-administration previ-

ously observed between Sardinian Alcohol-Preferring

Rats (sP), Indiana Alcohol-Preferring (P), ALKO

alcohol-accepting (AA) and High Alcohol Drinking

(HAD) lines of rats on the one hand and Sardinian Al-

cohol Nonpreferring (sNP), Low Alcohol Drinking

(LAD), Indiana Alcohol-Nonpreferring (NP) and

ALKO Alcohol Nonaccepting (ANA) lines of rats on

the other, respectively [7, 11]. Nevertheless, the WLP

rats are able to acquire and maintain the operant EtOH

self-administration similarly to the WHP rats when re-

sponse demand for the reinforcement schedule was

low (in particular under FR-1 schedule of reinforce-

ment). This ability seems to differentiate, at least to

the certain extent, our EtOH non-preferring line from

some other non-preferring lines of rats, particularly

the sNP that is unable to acquire and maintain the op-

erant self-administration of EtOH even under FR-1

procedure [11]. It is worth to note that, in contrast to

a previous report [11], our self-administration study

was performed on naive rats (i.e. without previous

history with alcohol consumption).

Generally, our preliminary result is, at least to some

extent, in line with previous reports [8, 9] suggesting

that EtOH drinking in a free-choice paradigm is not al-

ways predictive to what extent EtOH may come to serve

as positive reinforcer in operant paradigms.
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