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Abstract

The most dangerous characteristric of alcohol is
the ease with which it induces dependence in the regular
drinkers. The present study tested the hypothesis that
a continuously sustained elevation of relatively high
blood ethanol concentrations by forced intragastric
administration for only a few days may proove adequate,
and is an essential condition for rapid induction of
physical dependence upon ethanol in rats. It also
describes the signs and reactions of ethanol detoxication
phase and dependence phase of the withdrawal period.
Rats were treated by intragastric intubation of a 20%
ethanol solution in  doses of 9-15 g/kg in 3-
5 fractions - for 16 days . Both tolerance and
physical dependence were demonstrated after this treatment
with the maximum tolerable doses to only a few days.
Tolerance was assessed by signs of severity of
intoxication. During withdrawal, as blood ethanol
concentrations approached 100mg/d1l the ethanol dependence
phase was characterized by the onset of signs and reponses
of progressive severity. A significant degree of
tolerance was demonstrated for all signs of intoxication
after 4 days of treatment. The severity of the withdrawal
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reactions intensified progressively to a maximum intensity
after 4 days of treatment. These different time courses
suggest that tolerance and physical dependence are
mediated through different mechanisms.

Introduction

Alcoholism, acknowledged to be a disease and
recognized as a major public health problem, yields
sufficient signs and symptoms to enable reasonable
diagnostic precision. Several attempts have been made
to assess the burden upon society of the adverse
consequences of alcohol consumption by estimating the

costs of alcoholism and alcohol misuse (Holtermann and
Burchell, 1981).

It may be, however, that the most dangerous cha-
raaeterist.c of alcohol is the ease with which it induces
dependence in the regular drinker. The degree of

dependence is important and clinicians and researchers
pay efforts due to its assessment.

There are also foremnsic implications, with alcoholic
dependence, since the restriction of choice in the
dependent alcoholic may be such that  his legal
responsibility for crimes he may commit, may be called
into question (Shaw, 1982).

As recently as 10 years ago, a model of physical
dependence on ethanol 1in the rat was established
(Majchrowicz, 1975), displaying many of the signs and
responses of the ethanol withdrawal syndrome observed
in man (Freund, 1975).

According to generally held views, physical
dependence upon ethanol and the associated abstinence
syndrome in humans and in experimental animals require
prior consumption of large volumes of alcoholic beverages
for extensive periods of time (Victor and Adams, 1953).
However, clinical observations (Maychrowicz and Mendelson,
1971), suggest that this may not be true. Accordingly,
the present study tested the hypothesis that a
continuously sustained elevation of relatively high
blood ethanol concentrations by forced intragastric
administration for only a few days may prove adequate
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and is an essential condition for rapid induction of
physical dependence upon ethanol in the rat.

Consequently, this paper reports findings relative
to a simple, rapid and reproducible technique for the
induction of physical dependence upon ethanol in the
rat. This technique uses the administration of ethanol
by stomach tube, thus closely resembling the route of
ethanol intake in man. Hunter et al. (1973) explored
the relationship between the onset of the withdrawal
syndrome and the elevation of blood ethanol concentration
which accompanies overt intoxication. The study describes
signs and reactions of the ethanol detoxication phase
and of the ethanol dependence phase, of the withdrawal
period, in the light ot today's 1interest in helping
alcoholics to stop drinking.

Materials and Methods

Male Spargue-Dawley rats weighing between 200-

250g. were obtained from Numro 3 breeding laboratory,
the animals were allowed to acclimate to the animal
house condition for 3 days. The animals were housed

in groups of 10 per cage and had access of food and
water. The animals were treated with a 20% (W/V)aqueous
solution of absolute ethanol A.R. (Prolabo 98%) " by

means of intragastric intubation. Ethanol was admi-
nistered in doses of 9-15 g/kg/day in 3-5 fractions
for 1-6 days. Each experiment was initiated with the

administration of a priming ethanol dose of 5 mg/kg.
Subsequent doses were determined individually for each
animal utilizing the correlation between the blood ethanol
concentration and the severity of intoxication
(Majchrowicz, 1974). Accordingly, rats rated neutral
received & g/kg, ataxia,l -3g/kg, ataxia,2,-2g/kg and
ataxia 3, g/kg. Animals which display loss of righting
reflex or were comatosed received mno ethanol. Since
after a few days of treatment the animals developed
considerable tolerance, the individual doses of ethanol
were somewhat increased (Majchrowicz, 1974). However
the total daily amount of alcohol given to the animals
remained unaffected.

On the day of ethanol withdrawal, the animals were
allowed to detoxify and the degree of intoxication
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assessed at hourly intervals. Blood sample for ethanol
determination were drawn immediately after each behavioral
evaluation. The degree of intoxication was assessed
using the signs and responses described by Majchrowicz
(1974) znd stated below,

* Neutrality - no over signs of intoxication.

* Sedation - reduced muscle tone and relaxed slow
locomotor activity, no overt gait impairment or motor
incoordination.

* Ataxia 1l-lowest degree of gait impairment and motor
incoordination, abdomen and pelvis still markedly
elevated.

*

Ataxia 2-responses falling between Ataxia 1 and Ataxia
3, accentuated staggering gait.

* Ataxia 3 - slowed righting reflex, heavily impaired
motor coordination, absence of pelvic and abdominal
elevation.

* Loss of righting reflex - inability of animal to right

himself, other reflexes are still present,little or no
spontaneous motor activity.

Coma - no signs of movements and completely unresponsive
absence of eyeblink reflex.

The severity of the withdrawal syndrome was assessed
on the basis of the appearance of at least three
behavioral signs (Majchrowicz, 1973, 1974). The signs
used in this study are listed as follows:

* General hyperactivity - increased locomotor activity,
accentuated startle response, agitation.
* Tremors - can involve the tail, caudal regiom, trunk,

head or the whole body.

* Rigidity =~ expressed as curling of the tail around
a stiff rod or increased muscle tone in the body.

* Convulsive Seizures - spontaneous and induced tomic-
clonic.

Blood Ethanol Determination

During the detoxication phase of ethanol withdrawal
period when ethanol was still present, the blood samples
were taken from the tail vein and analysed for ethanol

using ultra violet- spectrophotometer and Boehringer
Mannheim Kit catalogue number 125822 for ethanol de-
tection.
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Resﬁlts

Table (1) showed the correlation between the blood
ethanol concentrations and the degrees of severity of
intoxication and the amount of ethanol administered
with each degree of intoxication. The doses of ethanol
administered for the same degree of intoxication were
lower during the first 2 days of the experiment than
during the last &4 days after the animals develop si-
gnificant degree of tolerance to ethanol. The tolerance
can be seen by  the increase in blood ethanol concen-
trations as the duration of treatment increased. Sta-
tistically significant differences wusing student's ¢~
test (P<0.0§) were found for sedation, ataxia 1 and
ataxia 3 after as little as one day of treatment. Tole-

rance for all signs of intoxication occurred after 5
days.

The last dose of ethanol marked the withdrawal
of the animals from ethanol and the initiation of the

withdrawal period. Initially, the animals were usually
intoxicated to a variable degree depending upon
the blood ethanol concentration. Since the animals

which were highly intoxicated at the time of the last
intubation received only a small dose or mno ethanol;
the onset of withdrawal syndrome in these animals evolved
promptly after the initiation of the observatiomns. In
contrast the animals with slight degree of intoxication
received relatively large doses of ethanol.

The severity of withdrawal syndrome intensified
progressively as the period of treatment with ethanol
increased (Table 2). After one day of treatment a major-
ity of the animals (53%) displayed withdrawal signs
(40%) showed mild signs, while (2%) developed convul-
sions. There was a significant increase in withdrawal
scores with each additional day of treatment. After
4 days of treatment maximum intensity of the withdrawal
syndrome was observed in 69% of the rats exhibiting
severe withdrawal reactions including convulsions (Table
2).

Discussion

The results of this study demonstrate that when
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rats are treated with the maximum tolerable doses of
ethanol, tolerance and physical dependence can be induced

only in few days. In fact it 1is possible to observe
significant signs of both phenomena after as 1little
as one day of treatment. This is in contrast to the

generally held view that physical dependence in alcoholic
persons can be induced only after prolonged consumptions
of large doses of ethanol (Jellinek, 1960). However,
with the use of animal models, physical dependence can
be induced” in a matter of days (Mello, 1973).

In the light of our work, it appears as suggested
earlier by Goldstein, (1974) and later by Tarter (1980),
that the length of time necessary for physical dependence
to be expressed as a withdrawal syndrome depends on the
total amount of ethancl consumed per day, specially
when the dose is distributed over the 24 hours. In alco-
holic men under laboratory conditions a withdrawal syn-
drome has been demonstrated after a week of continuous
drinking (Majchrowicz and Mendelson, 1971).

One reason why it might take longer for alcoholic
people in society to induce a state of physical dependence
is their inability to sustain severe degrees of intox-
ication for prolonger periods of time without rendering
themselves unconsious. In our experiment the rats
were severely intoxicated and were still given ethanol
doses at a time when alcoholic subjects might not be
able to drink. The conclusion to be drawn is that in
order to attain a certain level of physical dependence,
a given blood concentration of ethanol must be maintained
throughout the 24 hour period and for a requisite number
of days (Seevers and Deneau, 1963).

The biochemical basis underlying the altered funct-
ioning of the central nervous system in dependence is
not yet established and probably more than one mechanism
are involved. Alcohol interferes with the function of
the nerve-cell membrane by increasing the "fluidiey"
or disorder of the lipoprotein membrane, thus altering
neurotransmitter release, the function of membrane-bound
enzyme, ion conductance channels and Ca't binding sites.
Animal studies showed that, in a matter of minutes or
hours, nerve cells adapt to the presence of alcohol
by reducing the proportion of polyunsaturated fatty
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acids in the membrane phospholipids and iucreasing the
cholesterol content of the membrane. In this way the
membrane becomes less fluids and less prone to
perturbation by alcohol (Littleton, 1980). Initially
this adaptive state 1is readily reversible but, with
chronic exposure to alcohol, reversibility becomes less

rapid and is accompanied by withdrawal symptoms (Shaw,
1982).

Our data suggested that maximal physical dependence,
in our studied animals, was observed after 3-4 days
of intragastric administration of ethanol, and appears
to be responsible for the maintenance of uninterrupted
elevation of blood ethanol concentrations above the
threshold value. Therefore, the role of other variables,
such as individual susceptibility, genetic predisposition,
and previous induction of tolerance to ethanol under
these conditions had little effect on the development
of dependence.
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ABSTRAIT

LA PRODUCTION DE LA DéPENDENCE PHYSIQUE PAR L'INTOXICATION
DE L'ETHANOL CHEZ LES RATS

La facilité avec laquelle 1'alcool produit la
dépendence, chez ceux qui le boivent réguliérement, est
son caractéristique le plus dangereux. L'étude examine
1'hypothése qu'une élévation, continuellement prolongée,
des concentrations relativement hautes de 1'éthanol dans
le sang, par une administration intragastrique forcée,
pour quelques jours, peut etre suffisante pour le
dévéloppement rapide d'une dépendence physique sur
1'échanol chez les rats. L'Etude décrit aussi les signes
et les réactions de la phase de d&toxication de 1'é&thanol
et la phase de dépendence dans la période de sevrage.
Les rats sont traités par une intubation intragastrique
avec une solution de 20% &thanol dans des doses de 9
da 15 g/kg pour 1 3 6 jours. La tolérance et la dépendence
physique ont &té montrées avec les maximales doses
tolérables par ce traitement. La tolérance a ete estimee
par les signes de sevéricté de 1'intoxication. Durant
le sevrage, quand les concentrations de 1'&thanol dans
le sang aboutissent 4 100 mg/dl, la période de dépendence
de 1'éthanol est characterizée par le commencement des
signes et des réponses d'une sévérité progressive. Dans
4 jours du traitement un degreé de tolérance significatif
a été démontré par tous les signes de l'intoxication.
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