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Abstract:

The development of tolerance to alcohol with chronic consumption is an important criterion for an animal model of alcoholism and

may be an important component of the genetic predisposition to alcoholism. The aim of this study was to determine whether the se-

lectively bred Warsaw High Preferring (WHP) line of alcohol-preferring rats would develop behavioral and metabolic tolerance

during the free-choice drinking of ethanol. Chronic tolerance to ethanol-induced sedation was tested. The loss of righting reflex

(LRR) paradigm was used to record sleep duration in WHP rats.

Ethanol (EtOH)-naive WHP rats received a single intraperitoneal (ip) injection of 5.0 g ethanol/kg body weight (b.w.), and sleep du-

ration was measured. Subsequently, rats had access to a 10% ethanol solution under a free-choice condition with water and food for

12 weeks. After 12 weeks of the free-choice intake of ethanol, the rats received another single ip injection of 5.0 g ethanol/kg b.w.,

and sleep duration was reassessed.

The blood alcohol content (BAC) for each rat was determined after an ip injection of 5 g/kg of ethanol in naive rats and again after

chronic alcohol drinking at the time of recovery of the righting reflex (RR). The results showed that the mean ethanol intake was

9.14 g/kg/24 h, and both sleep duration and BAC were decreased after chronic ethanol intake.

In conclusion, WHP rats exposed to alcohol by free-choice drinking across 12 weeks exhibited increased alcohol elimination rates.

Studies have demonstrated that WHP rats after chronic free-choice drinking (12 weeks) of alcohol develop metabolic tolerance. Be-

havioral tolerance to ethanol was demonstrated by reduced sleep duration, but this decrease in sleep duration was not significant.
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Introduction

Alcohol dependence can cause various medical and

socio-economic problems. It is defined by compulsive

and excessive use of alcohol despite negative conse-

quences. Alcohol dependence is usually accompanied

by tolerance to the intoxicating effects of alcohol.

Ethanol causes various dose-dependent behavioral

effects in rodents, ranging from the stimulation of lo-

comotor activity after low doses to motor impairment,

hypothermia, sedation and loss of the righting reflex

[21, 27].

Tolerance to ethanol-induced motor incoordination

(ataxia) and hypothermic, sedative, anesthetic and

anxiolytic effects has been shown in experimental

animals exposed repeatedly to ethanol [38].

Development of tolerance to alcohol is considered

to be the adaptation of the central nervous system

(CNS) when ethanol is present in the brain [36].
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Chronic intake of ethanol can cause the development

of tolerance to its acute actions, and withdrawal pro-

duces anxiety, tremors and hyperexcitation [22].

Tolerance to ethanol may be an important predictor

of susceptibility to alcoholism because it may be

a significant factor in the relationship between alcohol

consumption and dependence [44]. A few pair lines of

rats have been genetically selected for high versus low

ethanol EtOH preference in free-choice of ethanol pro-

cedures. These pairs include the alcohol-accepting

(AA) and alcohol non-accepting (ANA) lines [13], the

preferring (P) and non-preferring (NP) lines [24], and

the sardinian preferring (sP) and non-sardinian prefer-

ring (nsP) lines [8].

In the Department of Pharmacology and Physiology,

Institute of Psychiatry and Neurology in Warszawa the

Warsaw High Preferring (WHP) and Warsaw Low Pre-

ferring (WLP) lines of rats were selected. The WHP

and WLP lines of rats have fulfilled several criteria to

be utilized as an animal model of alcoholism [11, 12].

Among the criteria for an animal model of alcoholism is

a requirement that the chronic voluntary intake of ethanol

should produce functional or behavioral tolerance [23].

The development of tolerance with chronic con-

sumption is an important criterion for an animal

model of alcoholism and might constitute the genetic

predisposition to alcoholism. We have therefore at-

tempted to evaluate if the selectively bred WHP line

of alcohol-preferring rats may develop behavioral and

metabolic tolerance during 12 weeks of free-choice

drinking of ethanol.

Both ethanol-naive WHP rats and WHP rats sub-

jected to chronic free-choice drinking were ip injected

with an ethanol dose of 5 g/kg b.w. To study ethanol in-

duced sedation, the loss of the righting reflex (LRR)

paradigm was used to record the sleep duration in rats.

At recovery the righting reflex (RR), the blood

trunk was taken from the tail of every rat to determine

the blood alcohol content (BAC) as a measure of

metabolic tolerance to ethanol.

Materials and Methods

Animals

Adult, alcohol-naive male rats were obtained from the

42nd generation of the alcohol-preferring WHP line. The

rats weighed 330–380 g at the beginning of the study.

Animals were individually housed in a temperature

and humidity controlled environment with water and

standard laboratory food pellets (Labofeed) freely

available. Rats were handled once daily for one week

before the experiment began to reduce stress.

The experimental procedures employed in this

project were approved by the Local Ethical Commit-

tee on animal studies.

Procedure

The LRR, measured and expressed in min, was used.

This technique has been used in prior studies to evalu-

ate changes in the hypnotic sensitivity to ethanol [34].

Evaluation of the LRR

At 9:00 a.m., naive WHP rats (n = 8) were ip injected

with ethanol (5.0 g/kg, 20% v/v), and the duration of

LRR (sleep duration) was recorded. A rat was consid-

ered to have lost its righting reflex if it was no longer

able to right itself three times within 1 min, when

placed on its back. Duration of LRR was recorded in

terms of latency to right, which indicates the time in-

terval between the onset of LRR and the time to re-

gain their righting reflexes. Following the injection,

the rat was left undisturbed on its back until it turned

over, so that its forelegs were under its body and not

visible from directly above.

Tolerance to ethanol-induced sedation

After the initial assessment of LRR in naive rats, each

rat was placed in a single cage, and two bottles were at-

tached to the cage. One bottle contained a 10% ethanol

solution, and the second bottle contained water. In this

way, every rat had a free choice between 10% ethanol

solution and water for 12 weeks. The concentration of

ethanol was measured as ml and was calculated as

g/kg/24 h of pure ethanol. A 10% ethanol solution was

prepared by diluting ethanol with tap water, and the re-

sulting concentration was measured by specific gravity.

After 12 weeks of consumption of 10% ethanol so-

lution under a free-choice condition, the animals were

challenged with ethanol (5 g/kg, 20% v/v, ip) and

were again subjected to an LRR test. The differences

in the LRR tests between ethanol naive and after

chronic ethanol intake were calculated to assess be-

havioral tolerance.
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Metabolic tolerance to ethanol

To assess the development of metabolic tolerance to

ethanol, blood was drawn at the recovery of RR to de-

terminate the BAC. Trunk blood (0.3 ml) was taken

from the tip of the tail of naive rats and again after

chronic ethanol consumption. The BAC of the naive

rats and chronic ethanol intake rats served as an index

of metabolic tolerance.

Blood sampling

Trunk blood (0.3 ml) from the tip of the tail was col-

lected in Eppendorf tubes. The samples were centri-

fuged for 5 min, and the serum (0.1 ml) was pipetted

into 0.2 ml containers. Plasma particular samples

were stored at 20°C for later determination of the

BAC. Blood ethanol levels were determined with the

aid of commercially available REA enzymatic assays

[40, 42] and Abbott TDxR autoanalyzer (Abbott Labo-

ratories, Abbott Park, IL, USA).

Statistical analysis

The results are expressed as the mean values ± SEM,

and a paired t-test was used to compare results for the

same rats in a naive state and after chronic consump-

tion of 10% ethanol solution.

Results

The mean body weight of the naive rats was 357.0

± 7.8 g, and after 12 weeks of alcohol intake, it was

460 ± 15.5 g.

The sleep duration of the WHP rats following IP

administration of 5.0 g ethanol/kg b.w. is illustrated in

Figure 1. These results revealed that the sleep dura-

tion of naive rats and rats subjected to 12 weeks of

chronic 10% ethanol consumption was 203.55 min

and 146.7 min, respectively, and did not show signifi-

cant difference between the two groups of rats. The

BAC of the naive rats was 364.6 mg/dl (n = 8). After

12 weeks of chronic 10% ethanol consumption, the

rats had a BAC of 62.01 mg/dl (n = 8), p = 0.00000

(Fig. 2).

The mean ethanol intake was 9.14 g/kg/24 h (n = 8)

after 12 weeks of chronic consumption of 10% etha-

nol solution in free-choice conditions with water.

Discussion

Repeated exposure to ethanol results in decreased re-

sponsiveness to the effects of ethanol on the CNS.
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Fig. 1. The effect of ip injection of 5.0 g/kg/b.w. ethanol on the devel-
opment of tolerance to ethanol (EtOH)-induced sedation. Data are
expressed as the mean ± SEM sleep time (min) of WHP (n = 8) rats
that were either ethanol-naive or after 12-week chronic consumption
of 10% ethanol solution under a free-choice condition with water
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Fig. 2. The effect of ip injection 5.0 g/kg/b.w. ethanol on the blood al-
cohol concentration (BAC) of rats. Data are expressed as the mean
± SEM BAC (mg/dl) of WHP (n = 8) rats that were either ethanol-naive
or after 12-week chronic consumption of 10% ethanol solution under
a free-choice condition with water. Paired t-test, p = 0.00000



This adaptation, referred to as tolerance, appears in

animals and humans. The development of tolerance

through chronic ethanol intake is one of the require-

ments for the animal model of alcoholism [23].

As established by the recovery of RR after 12 weeks

of chronic ethanol intake, the sleep duration was

much shorter than in the naive rats; however, the dif-

ference is not statistically significant (Fig. 1). This

finding indicates that WHP rats may develop behav-

ioral tolerance to ethanol due to chronic ethanol con-

sumption in a free-choice condition, but the effect

is minimal. In a study of P line alcohol-preferring rats,

free-choice consumption of 10% ethanol within

14 days was sufficient to produce behavioral toler-

ance established by a shock-motivated jumping task

[16]. Comparison of both WHP and P rats may sug-

gest that the stock of rats may be important in the de-

velopment of behavioral tolerance. The study of P rats

has shown that exposure to alcohol by either free-

choice drinking or forced-feeding exhibited increases

alcohol elimination rates (AERs) after 6–7 weeks.

Studies have demonstrated that P rats that were ex-

posed to chronic free-choice drinking (7–8 weeks) of

alcohol developed metabolic tolerance to the same de-

gree as animals fed ethanol-containing liquid diets

[26]. In the present studies, WHP rats showed signifi-

cantly decreased BAC at the time of recovering RR

after chronic 12-weeks consumption of ethanol (Fig. 2).

Metabolic tolerance was seen by a decrease in BAC

after chronic ethanol intake in adult rats, whereas func-

tional tolerance was only evident in adolescent rats [46].

Prolonged ethanol consumption generates tolerance

to its sedative effect [10]. Ethanol-induced sedation has

been studied in different strains of rodents [41], includ-

ing ethanol-preferring or non-preferring [18] and mu-

tant or knock-out mice [15, 37]. These studies impli-

cated a range of endogenous factors in the develop-

ment of tolerance. Neurotransmitters and receptor

system like GABAA [9], NMDA [20, 45], serotonin

[14], dopamine [47], cannabinoid CB1 [7], and cortico-

tropin releasing factor (CRF) [43] have been reported

to be involved in the development of tolerance to etha-

nol. Higher GABAergic activity in medial septal or

dorsal striatum has also been reported [17, 19].

Chronic ethanol administration differentially alters

the expression of various GABA-receptor subunits,

suggesting that alterations in the subunit expression of

GABAA receptors may account for the change in

GABAA receptor function [31, 33]. Acute ethanol ad-

ministration potentiates GABAA receptor function

[30] and inhibits NMDA receptor function [25]. These

results are consistent with the hypothesis that

ethanol-induced potentiation of GABAA receptors and

ethanol-induced inhibition of glutamate at NMDA re-

ceptors contribute to ethanol-induced learning and

memory impairments. Acute ethanol administration

impaired spatial memory in control rats, and this im-

pairment was reversed in chronic ethanol-consuming

animals. This suggested that chronic ethanol con-

sumption induced tolerance to the spatial memory

deficits caused by acute ethanol injection, although

plasma ethanol levels did not differ between the two

groups. The observed behavioral tolerance could be

partially due to adaptations of the glutamatergic and

GABAergic transmission. In contrast, chronic ethanol

consumption did not induce tolerance to the acute

ethanol-induced stimulatory locomotor activity in the

same animals (male Sprague-Dawley rats) [6]. These

results indicated that chronic ethanol consumption in-

duced tolerance to the cognitive impairing effects but

not to the locomotor stimulatory effects of acute etha-

nol administration in rats, suggesting that these two

behavioral effects of ethanol do not share a common

mechanism in the CNS.

Some neurosteroids, such as progesterone, allopreg-

nanolone, pregnenolone and epipregnenolone, act as

positive allosteric modulators of the GABAA receptor [4,

28, 35, 39], whereas pregnenolone sulfate and dehy-

droepiandrosterone sulfate act as negative allosteric

modulators of this receptor [29, 32]. Neurosteroids can

either stimulate or block the development of chronic tol-

erance to the incoordination effect of ethanol. A positive

GABAA receptor modulator epipregnenolone inhibited

the development of tolerance to ethanol in mice,

whereas the negative GABAA receptor and positive

NMDA receptor modulator pregnenolone sulfate facili-

tated tolerance development [1]. Rapid tolerance,

which is usually detected between 8 and 24 h after the

first injection of ethanol [3], has been considered as

a reliable predictor of chronic tolerance. Pretreatment

with pregnenolone sulfate or dehydroepiandrosterone

sulfate may stimulate the development of rapid toler-

ance, suggesting that GABAA and NMDA receptor

systems may be involved in these actions [2].

Neuropeptide Y (NPY) is widely distributed across

the brain and has been implicated in some of the ac-

tions of ethanol. Chronic concomitant treatments of

NPY to ethanol-fed groups prevented the develop-

ment of tolerance and attenuated withdrawal hyper-

excitability [5].
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The mechanism of the development of tolerance to

ethanol is still unknown.

In the future, studies of WHP rats should be ex-

tended to WLP (non-preferring) rats and non-selected

Wistar rats to compare effects of exposure to chronic

ethanol intake under free choice with the results ob-

served in the present studies.

Conclusion

Our results showed that chronic consumption of etha-

nol resulted in the development of metabolic toler-

ance in WHP alcohol-preferring rats. We observed

a tendency toward behavioral tolerance, but the ob-

tained result was not statistically significant.
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