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GOUGOS, A,J] M KHANNA, A D LE ANDH KALANT Tolerance to ethanol and cross-tolerance to pentobarbital
and barbital PHARMACOL BIOCHEM BEHAYV 24(4) 801-807, 1986 —A chromc regimen of ethanol by intubation, which
produced clear tolerance to ethanol-induced hypothermia, ataxia and narcosts, produced only a marginal degree of cross-
tolerance to these effects of pentobarbital The lack of appreciable cross-tolerance to pentobarbital-induced hypothermia
and ataxia was also observed over a wide range of test doses However, cross-tolerance to barbital was observed after
chronic treatment with ethanol Increased rate of drug biotransformation did not contnbute significantly to the observed
tolerance and cross-tolerance The difference in the extent of cross-tolerance between ethanol and the two barbiturates 1s
consistent with the hypothesis that there 1s a degree of specificity in the sites of action of ethanol and other sedative-

hypnotic drugs

Ethanol Pentobarbital Barbutal Tolerance

Cross-tolerance

ON the basis of existing theones of tolerance, one would
predict the development of cross-tolerance between ethanol
and barbiturates However, a review of the chnical and ex-
perimental literature on cross-tolerance [12] reveals data
which are not entirely consistent with this prediction Al-
though there is some supporting evidence, various inves-
tigators have reported a lack of cross-tolerance to pentobar-
bital in ethanol-tolerant subjects [5, 18, 24].

The diversity 1n treatment regimen, time of testing, test
system, strain, species and sex, or shortcomings 1n experi-
mental design, do not permit firm conclusions about the
possible existence of cross-tolerance Moreover, in some
studies 1t was difficult to determine or dismiss the contribu-
tion of dispositional changes to the reported cross-tolerance
development [1, 4, 9, 10, 14], and 1n others 1t was not estab-
lished that tolerance to ethanol was present prior to, or con-
comitantly with, cross-tolerance to the barbiturate [19, 22,
23]. In most studies, tests were done at a single ime point,
implying the unproven assumption that tolerance and cross-
tolerance develop at a similar rate and to the same extent
The single test may have been done after a penod of treat-
ment which was not long enough for the full development of
tolerance to occur [5]. Further complicating the literature 1s
the inconsistency of the duration of chronic treatment from
study to study, and the diversity of methods of testing for
cross-tolerance. In all of the work reviewed, there was a
notable absence of appropriate dose-response experiments

The present experiments were designed to address these
various problems. The development of tolerance to, and
cross-tolerance between, ethanol and pentobarbital was
examined by testing repeatedly over an extended penod of
high-dose treatment Cross-tolerance to a second barbitu-
rate, barbital, was also assessed following chronic treatment
with ethanol. Three different tests were used to measure
tolerance and cross-tolerance development, and the concen-
trations of the test drugs in the blood were determined duning
each test session. Furthermore, the effect of varying the test
dose on cross-tolerance development was also assessed.

METHOD
Anmmals

Male Sprague-Dawley rats were obtained from Taconic
Farms at initial body weights of 150-200 g. They were ind1-
vidually housed 1n a colony room maintained at 21+1°C with
a cycle of 12 hr light, 12 hr darkness. Water was available at
all umes Purina Rat Chow was given ad lib until body
weights reached 200-250 g. Thereafter, the daily ration was
restricted and individually adjusted to maintain comparable
body weights 1n the vanous groups.

Drugs
Drugs used were 95% (w/v) ethanol, sodium pentobarbital
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(BDH) and sodium barbital (BDH). All drugs were prepared
in 1sotonic saline on the day they were used

Chronic Ethanol Treatment

An mtial dose of 3 g/kg/day was administered each morn-
ing by intubation and increased by 0 5 g/kg every Sdaystoa
maximmum of 5 g/kg/day At this point an afternoon dose of 2
g/kg was added, and increased by 0.5 g/kg every 8 days untl
the total dose reached a maximum of 8 g/kg The solution
strength was gradually increased from 15% to 25% (w/v) in
order to avoid excessively large volumes at the higher doses
Control amimals received equal volumes of isocalonc su-
crose solutions

Test Procedures

All tests were done 24 hr after the previous treatment
dose n order to prevent overlapping drug effects

Hypothernmia A 4 cm-long thermistor probe was iserted
into the rectum and left until a stable temperature recording
was obtained (approxmmately 30 sec) on a Yellow Springs
Instrument electrical thermometer This was done prior to
and at successtve 30 min intervals after the intrapentoneal
test injection unti} the temperature began to return to nor-
mal This generally occurred about 120 min after injection of
ethanol or barbital and 90 min after injection of pentobarbt-
tal The hypothermic effect was quantified as the maximal
drop n temperature over this time period.

Motor impairment The tiling plane test was used as a
measure of motor impairment [2] The apparatus consists of
a plane which can be inclined at a fixed angular velocity
through a range of 55° above the horizontal The amimal 1s
placed on a shghtly roughened surface of the plane, which 1s
then tilted until the animal begins to shide from the starting
position The test measure is the angle at which this occurs
The shding angle was measured prior to and at 30, 60 and 90
min after the injection of the drug The degree of post-drug
ataxia was expressed as the percentage change in the shding
angle, compared to the pre-drug value. Maximum impair-
ment, regardless of the time of its occurrence, was employed
as the measure of the drug’s effect

Sleeping me The sleep onset time was defined as the
time nterval between injection and loss of the nghting re-
flex The sleeping ime was defined as the time elapsed be-
tween loss and recovery of the nghting reflex The cnterion
for recovery of the righting reflex was the ability of the rat to
right itself 3 times within 30 sec

Drug Analysis

Blood ethanol was analyzed by the enzymatic method
described previously [6]. Barbiturates were analyzed by
gas-liquid chromatography, by an on-column methylation
procedure, described recently [11]

EXPERIMENT I' THE EFFECT OF CHRONIC
ETHANOL TREATMENT BY GASTRIC INTUBATION
ON THE DEVELOPMENT OF TOLERANCE TO
ETHANOL AND CROSS-TOLERANCE TO
PENTOBARBITAL AND BARBITAL

In Expentment I, three groups of rats (n=20 each) were
tested for their hypothermic and motor impairment re-
sponses to either ethanol, pentobarbital or barbital Each
group was then subdivided into two subgroups matched with
respect to their maximum hypothermic and motor impair-
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FIG 1 The effect of chronic ethanol treatment by gastric intuba-
tion, on the hypothermic response to ethanol, pentobarbital or barbi-
tal Three groups of rats were tested approximately every 10 days
with either 2 6 g/kg IP of ethanol, 26 mg/kg IP of pentobarbital or 142
mg/kg IP barbital Chronic ethanol (A) versus equicalorc sucrose
(A) Results shown are means+=S E M with n=8-10 ammals per
group

ment responses One subgroup was designated to serve as
the chromcally treated group and the other as the control
Treated ammals received ethanol by gastnc intubation for
approximately 70 days and control ammals recerved
equicaloric doses of sucrose solution At 10-day intervals for
the first 50 days of the treatment period, one ethanol and one
sucrose group were tested for tolerance to the hypothermic
and motor-impatring effects of ethanol, while the remaining
groups were tested for cross-tolerance to these same effects
of either pentobarbital or barbital Equipotent test doses of
ethanol (2 6 g/kg), pentobarbital (26 mg/kg) and barbital (142
mg/kg) had been determined previously for these groups by
the use of dose-response curves Tail blood samples were
taken immediately after the last motor impairment measure-
ment and stored at 4°C until analysis was done The duration
of sleep induced by ethanol (3.5 g/kg) and pentobarbital (40
mg/kg) was measured on day 63 of treatment, while barbital
(200 mg/kg) sleep was measured on day 74 Tail blood sam-
ples were taken upon recovery of the righting reflex
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FIG 2 The effect of chronic ethanol treatment by gastric intuba-
tion, on motor impairment induced by ethanol, pentobarbital or
barbital as measured by the tilting plane test Three groups of rats
were tested approximately every 10 days with either 2 6 g/kg IP of
ethanol, 26 mg/kg [P of pentobarbital or 142 mg/kg IP barbital
Chronic ethanol (A) versus equicalonc sucrose (A) Results shown
are means*S E M with n=8-10 ammals per group

EXPERIMENT II: DOSE-RESPONSE STUDY OF
TOLERANCE TO ETHANOL AND CROSS-
TOLERANCE TO PENTOBARBITAL

Two groups of rats (n=32 each) received either ethanol or
1socaloric sucrose by gastric intubation for approximately 26
days. On day 18, one half of each group was randomly di-
vided into 4 groups (n=4), each one receiving a different test
dose of ethanol (1.9, 2.3, 2.7, 3 1 g/kg). Tolerance to the
hypothermic and motor-impairing effect of ethanol was then
measured On the next day, the other half of each treatment
group was simlarly tested, and the results from both days
were pooled. The same procedure was carried out for pen-
tobarbital (20, 25, 30, 35 mg/kg) on days 25 and 26 of treat-
ment.

Stanstucal Analysis

All time-course data were subjected to analysis of vari-
ance using the statistical package BMDP-2V. Group means
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FIG 3 The concentration of ethanol, pentobarbital or barbital in the
blood of rats treated chronically with ethanol or sucrose by gastrc
intubation Samples were taken at the end of each test session (90
mun after IP mjection of 26 mg/kg pentobarbital and 120 min after
mjection of 2 6 g/kg of ethanol or 142 mg/kg of barbital) Chronic
ethanol (A) versus equicalonc sucrose (A) Results shown are
means*S E M with n=8-10 ammals per group

of treated and untreated groups taken on single test days
were compared using Student’s ¢-test for unpaired data.

RESULTS

Experiment |

The time course of effect of chronic ethanol treatment on
the hypothermic response to ethanol, pentobarbital, and
barbital 1s shown in Fig. 1 An analysis of variance shows
that ethanol treatment sigmficantly attenuated the
hypothermic effect of ethanol, F(1,14)=12.2, p<0.004, and
barbatal, F(1,18)=10.0, p<0.005, indicating the development
of tolerance to ethanol and cross-tolerance to barbital. The
extent of tolerance and cross-tolerance was dependent on
the duration of ethanol treatment as shown by the significant
interaction between treatment and time, F(5,70)=4.4,
p<0.002; F(5,90)=2.6, p<0.03, respectively. Although the
chronic treatment group had a consistently lower mean
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FIG 4 The effect of chromc ethanol treatment by gastric intuba-
tion, on the duration of sleep induced by ethanol, pentobarbital or
barbital Three groups of rats were tested with [P injections of either
3 5 g/kg of ethanol or 40 mg/kg of pentobarbital on day 63 of treat-
ment, or 200 mg/kg of barbital on day 74 Chronic ethanol (l) versus
equicaloric sucrosc (J) Results shown are means*S E M with
n=9-14 animals per group

hypothermic response to pentobarbital than did the control
group, analysis of vanance showed no sigmificant difference
between them, F(1,18)=23, p>02 This indicates that
chronic ethanol treatment failed to produce any sigmficant
cross-tolerance to the hypothermic effect of pentobarbital

The effect of chronic ethanol treatment on ethanol-,
pentobarbital-, and barbital-induced motor impairment 1s
shown 1n Fig 2 Ethanol treatment significantly decreased
the motor impairment induced by ethanol. F(1,15)=68 5.
p<0001, and barbital, F(1,18)=12 0, p<0.003, indicating the
development of tolerance to ethanol and cross-tolerance to
barbital The degree of tolerance or cross-tolerance was de-
pendent on the duration of ethanol treatment since a sigmfi-
cant interaction between treatment and time was observed
for both drugs, F(5,75)=3 6, p <0 006, F(5,90)=2 4, p<0 05,
respectively. In contrast to pentobarbital-induced
hypothermia, chronic ethanol treatment produced a margin-
ally sigmficant decrease in pentobarbital-induced ataxia,
F(1,17)=5 0. p<0 04, indicating the acquisition of cross-
tolerance to pentobarbital However, there was no signmfi-
cant interaction between treatment and time, F(5,85)=0 4,
p>084

Blood ethanol levels taken at the end of each test period are
shown in Fig 3 Analysis of vanance showed this difference
between the treated and control group to be sigmficant,
F(1,15)=16 7. p<0 001, but there was no interaction be-
tween time and treatment, F(5.75)=06, p>0 7 The blood
barbital concentrations of the treated ammals were not sig-
nificantly different from control, F(1,18)=0 8, p>0 4 There
was no difference between treated and control groups with
respect to blood pentobarbital levels, although the means
were consistently shightly higher 1in the ethanol treatment
group, F(1,18)=0 8, p>0.4

The effect of chronic ethanol treatment on the duration of
sleep induced by ethanol, barbital and pentobarbital 1s
shown in Fig 4 Ethanol treatment sigmficantly reduced the
duration of ethanol- and barbital-induced sleep (» <0 001 and
p <0 01 respectively), but not of pentobarbital-induced sleep
This 1s indicative of the development of tolerance to ethanol
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FIG § The concentration of ethanol, pentobarbital or barbital at
awakening 1n the blood of rats treated chromically with ethanol or
sucrose by gastric intubation for 60-70 days The doses administered
were 3 5 g/kg IP of ethanol, 40 mg/kg IP of pentobarbital and 200
mg/kg 1P of barbital Chronic ethanol (stnped area) versus
equicalonc sucrose () Results shown are means+S EM with
n=10-14 ammals per group

and cross-tolerance to barbital but not to pentobarbital Drug
concentrations 1n blood taken at the time of awakening are
shownn Fig 5§ Ethanol and pentobarbital blood levels were
not significantly different in the treated group compared with
control A marginally higher blood barbital level, however,
was observed 1n the treatment group (p<0 05)

Experiment 11

The effect of chronic ethanol treatment on the hypother-
mic and motor-impainng effects of various doses of ethanol
and pentobarbital 1s shown 1n Figs 6 and 7, respectively
Ethanol-treated animals showed sigmficantly dimimshed
hypothermic and ataxic responses to ethanol compared to
controls over the given dose range, F(1,53)=35 5, p<0 0001
for hypothermia. F(1,55)=15 1. p<0 0003 for motor impar-
ment This indicates the development of tolerance to these
effects of ethanol. This treatment, however, did not confer
cross-tolerance to pentobarbital as there were no significant
differences 1n the degree of hypothermta or ataxia produced
by various doses of pentobarbital between the ethanol- or
sucrose-treated groups, F(1,55)=1 0, p>0 34 for hypother-
mia, F(1,55)=1 4, p>0 26 for motor impairment

DISCUSSION

The results of this study indicate that a chronic regimen of
ethanol which conferred clear-cut tolerance to ethanol-
induced hypothermia, ataxia and hypnosis produced only a
mimmal degree of cross-tolerance to these effects of pen-
tobarbital The lack of appreciable cross-tolerance to
pentobarbital-induced hypothermia and ataxia was observed
over a wide range of test doses It 1s worthy of note. how-
ever, that although a statistically sigmficant level of cross-
tolerance to pentobarbital was not always detected. the
trend towards cross-tolerance was present in every case,
especially 1f one takes into consideration the fact that pen-
tobarbital concentration 1n the ethanol treated group was
somewhat higher than in the control group I[n any event, the
fact remains that the extent of cross-tolerance to pentobarbi-
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FIG 6 The hypothermic response to various doses of ethanol and
pentobarbital in rats chronically intubated with ethanol Ethanol
testing was done on day 18 and pentobarbital testing on day 25
Chronic ethanol (A) versus equicalonc sucrose (A) Results shown
are means*S E M with n=8 amimals per group at each dose

tal was smaller than that of tolerance to ethanol itself after a
similar regimen of chronic ethanol treatment

The blood ethanol concentration of the ethanol-treated
group measured 120 min after the test injection was consis-
tently lower than 1n the control over the course of the study.
While this is consistent with reports of a metabolic compo-
nent 1n ethanol tolerance, 1t 1s unlikely that metabolic
changes contributed significantly to the observed tolerance
to ethanol-induced hypothermia and ataxia This is because
the blood ethanol levels in ethanol-treated animals and con-
trols are not significantly different at 60 min, the time of peak
hypothermia and ataxic effect It was also noted that
ethanol-treated amimals did not recover more rapidly from
the hypothermic and ataxic effects of ethanol on successive
test days This suggests that metabolic changes probably did
not play a significant role in the development of tolerance to
these effects of ethanol. Functional tolerance to ethanol-
induced hypothermia has also been shown clearly following
ntracerebroventricular myection of small doses of ethanol
[20]
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Fig. 7 The degree of motor impairment following administration of
various doses of ethanol and pentobarbital in rats receiving ethanol
intubation chronically Ethanol testing was done on day 18 and pen-
tobarbital testing on day 25 of treatment Chronic ethanol (A) versus
equicaloric sucrose (A) Results shown are means+S E M  with
n=8 animals per group at each dose

The observed tolerance to ethanol-induced hypnosis may
be metabolic to some extent since there was no difference in
blood ethanol concentration between treated and control
groups at awakening. However, a failure to observe this
difference 1s not conclusive evidence that functional
tolerance does not exist. First, the increased rate of metabo-
lism (approximately 219%) due to chronic ethanol treatment
(data from another study done 1n this laboratory for a differ-
ent purpose) cannot account entirely for the 90 min differ-
ence 1n the duration of ethanol-induced sleep. Secondly,
functional tolerance can occur if the ethanol-treated animals
awakened during the nsing portion of the blood ethanol
curve while the control amimals woke at a similar concentra-
tion during the descending portion. In the case of
pentobarbital-induced hypnosis following chronic ethanol
treatment, however, this explanation cannot apply because
the treated and control groups showed the same blood pen-
tobarbital concentration on awakening at the same time

In contrast to the mimimal cross-tolerance to pentobarbi-
tal, cross-tolerance to barbital was observed after chronic
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intubation with ethanol Since metabolism of barbital 1s neg-
hgible. and changes 1n 1ts distribution and elimination do not
play a significant role in tolerance development. cross-
tolerance to the hypothermic, ataxic and hypnotic effects
must be due to a decrease in CNS sensitivity

The marginal extent of cross-tolerance to pentobarbital
and the differences in the extent of cross-tolerance to pen-
tobarbital and barbital following chrontc ethanol intubation
are consistent with the hypothesis that there 1s some type of
specificity 1n the site and/or mechamsm of CNS action of
sedative-hypnotic drugs, even though they are thought to
exert their effects through non-specific actions on cell mem-
branes In support of this view 1s the observation that some
ammal strains which have been selectively bred for lower
sensitivity to the hypnotic and motor-impairing effects of
ethanol or differ inherently in therr sensitivity to ethanol are
not always less sensitive to other depressants [3, 11-13, 15,
16, 21] In earhier work with the guinea pig ileum longitudinal
muscle/myentenc plexus (LM/MP) preparation, Mayer ¢r al
[17]) also showed that ethanol acts at a different site than
pentobarbital and barbital Other in vivo studies on long-
sleep (LS) and short-sleep (SS) mice have demonstrated that
LS mice are more sensitive to ethanol but less sensitive to
pentobarbital than are SS mice [3, 13. 21] The large vana-
tion 1n hpid solubihty of ethanol and barbiturates may ac-
count for the observed differences This possibility is sup-
ported by the work of Howerton ¢ al/ (7], who showed that
mice of the SS line were more responsive to the lipid-soluble
depressants than were LS mice, while LS mice were more
responsive to water-soluble depressants Increasing the hpid
solubility of alcohols decreased the differences between
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murine lines. with respect to hypothermic and hypnotuc re-
sponses [8]

The demonstration of cross-tolerance to barbital and the
lack of 1t between ethanol and pentobarbital may be ac-
counted for m a stmilar way It 1s not inconcervable that
among drugs which act on membranes in general, this speci-
ficity could involve selective actions on certain parts of the
lipid bilayer depending, for example, on the hipid water par-
tition coefficient of the drug Presumably, if the hipid solubil-
ity of a drug determines its site or mechamsm of action. and
if an hypothesis of tolerance based on the site of action ts
vahd. cross-tolerance could occur between those drugs
which have stmilar hpid solubilittes It would be worthwhile
to test this hypothesis by examining cross-tolerance between
ethanol and different sedative/hypnotics displaying a wide
range of lipid solubilities

It would also be useful to compare cross-tolerance in both
directions (1 e , cross-tolerance to barbiturates following
chronic ethanol treatment and cross-tolerance to ethanol
after chronic barbiturate treatment). using behavioral and
non-behavioral paradigms These studies may help us to
understand the basis for the different extent of cross-
tolerance when sites of action of two drugs overlap. as well
as the role of behavioral factors in the extent of cross-
tolerance
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