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Intoxicating Effects of Three Aliphatic Alcohols
and Barbital on Two Rat Strains Genetically
Selected for Their Ethanol Intake
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MALILA, A. Intoxicating effects of three aliphatic alcohols and barbital on two rat strains genetically selected for their
ethanol intake. PHARMAC. BIOCHEM. BEHAV. 8(2)197-201, 1978. - Intoxicating effects of ethanol, isopropanol, tert.
butanol and barbital were studied by comparing performances on the tilted plane of ethanol preferring AA (Alko, Alcohol)
and ethanol avoiding ANA (Alko, Non-Alcohol) rat strains raised by genetic selection for their voluntary ethanol intake.
The motor coordination of AA rats was found to be less affected than that of ANA rats by all three alcohols and barbital.
The results indicate a marked genetic difference in neural tolerance to the alcohols and barbital, and suggest that neural
tolerance to alcohols plays a role in determining the ethanol preference of AA rats and ethanol aversion of ANA rats.

Ethanol Isopropanol Tert. butanol Barbital

Genetically selected rat strains

Neural tolerance

IT is well documented that inbred mouse strains differ
significantly in their ethanol preference. The CS7BL strain
has a high preference for ethanol, DBA and BALB strains
display a high ethanol aversion, while other strains show
intermediate degrees of ethanol preference [24]. It has also
been noted that the sleeping time of the ethanol-preferring
CS57BL strain is one third that of the ethanol-avoiding
BALB strain, after administration of an anesthetic ethanol
dose [20]. The fact that no difference was found in ethanol
concentrations in the brain suggests that the strains differ in
their neural tolerance to ethanol. Elsewhere [10], blood
ethanol clearance affected by different enzyme activities of
liver has been cited as the major factor influencing sleeping
time after ethanol. And it has also been suggested that
acetaldehyde, the metabolic product of ethanol, is respon-
sible for the differences in sleeping times of the inbred
mouse strains [6]. However, two mouse strains selectively
bred for differences in sleeping time have been shown to
have identical rates of ethanol and acetaldehyde meta-
bolism {17].

Several authors [27, 28, 29] have now verified that mice
with high preference for ethanol display greater behavioral
and neural tolerance to ethanol than mice with low
preference. From these findings it has been concluded that
neural tolerance may play a role in determining ethanol
intake among inbred mouse strains. However, the inbred
mice tested have been genetically selected for character-
istics other than ethanol intake. The correlations found
with ethanol intake have therefore been produced quite
coincidentally and can be considered questionable.

In the Research Laboratories of Alko two rat strains, an
ethanol-preferring AA (Alko, Alcohol) and an ethanol-
avoiding ANA (Alko, Non-Alcohol) strain, have been raised
by selective outbreeding for their different ethanol pref-
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erences [13,14]. The process of this selection has been
described in detail elsewhere [15]. Recent findings suggest
a difference in ethanol tolerance between these rat strains,
the strain preferring ethanol possessing a greater neural
tolerance than the strain avoiding ethanol [26]. The rat
strains also display differences in ethanol and acetaldehyde
metabolism, which may explain their drinking behavior
[12]. Female AA rats eliminate ethanol faster than female
ANA rats, but no differences were found in males; at the
same time ANA rats of both sexes display a higher
acetaldehyde concentration after ethanol than AA rats.
Differences have also been noted in 5-hydroxytryptamine
(5—HT), S-hydroxyindolyacetic acid (S—HIAA) and dopa-
mine (DA) contents in the brain {1, 2, 3]. The present
study was undertaken to investigate whether the difference
in ethano! tolerance of AA and ANA rats could be
generalized to include other alcohols and general depres-
sants. Of the alcohols used, ethanol is a primary alcohol
which is metabolized to acetaldehyde, isopropanol a secon-
dary alcohol which is converted to acetone, and tert.
butano! a tertiary alcohol, which is a nonmetabolized
alcohol eliminated mainly by excretion [11]. The barbitu-
rate used, barbital (the sodium salt of 5,5-diethylbarbituric
acid) is a long-acting, nonmetabolized drug [30]. An
important advantage of using tert. butanol and barbital is
that the effects of the drugs per se can be separated from
the effects of their metabolites.

METHOD

Intact female (13 AA and 14 ANA) and male (13 AA
and 12 ANA) rats of the F,, generation were used. At the
beginning of the experiments the rats were 3 months old,
weighing 200—250 g. They were housed 6 to 7 per cage at
24-25°C on a day-night schedule of 12:12 hr. Standard
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FIG. 1. Effect of 2.5 g/kg ethanol on motor performances of the
two rat strains on the tilted plane expressed as a decrease in sliding
angle (in degrees) relative to their own control values. Solid circles
(e—e——e——») represent the performance of the AA rats pre-
ferring ethanol and open circles (0—o~——o0—-o) the performance
of the ANA rats avoiding ethanol. Each point in the figure
represents the mean of 26 rats. Vertical bars represent + or — SD.

food (Astra Ewos®, Ab Astra, Sodertdlije, Sweden) and
water were available ad lib.

Since equimolar doses of aliphatic alcohols produce
different degrees of intoxication [22,32], pilot studies were
conducted to determine test doses which would be equally
intoxicating. The test doses were as follows: ethanol,
2.5g/kg b.w. as a 10% (w/v); isopropanol, 1.8 g/kg b.w. as a
10% (w/v); tert. butanol, 0.8 g/kg b.w. as a 5% (w/v); and
barbital (the sodium salt of 5,5-diethylbarbituric acid),
120 mg/kg b.w. as a 2% (w/v) solution. The drugs were
diluted with saline and administered intraperitoneally.

Motor coordination of the animals was measured by the
standardized tilted plane test in a motorized form [5].
During 5 sec the plane was tilted at a constant speed from
horizontal to vertical by a motor. The testing person
stopped movement of the plane when the rat slid off and
recorded the sliding angle. The extent of intoxication was
expressed as the decrease in mean sliding angle (in degrees)
relative to the control value. The alcohol tests were carried
out eight times at 20-min intervals after injection of the
alcohols. The first barbital test was performed 40 min after
the administration of barbital and the next seven at 20-min
intervals. Blood samples were taken from the tip of the rat’s
tail to measure the alcohol concentration after the last
testing on the plane (160 min after the alcohol injections).
All tests were performed in a silent, lighted room between
9:00 a.m. and 3:00 p.m. The time between the different
series of tests was at least seven days in order to prevent
overlapping of the effects.

A blood sample of 0.1 ml was taken from the tip of the
rat’s tail and pipetted into ice-cold perchloric acid (0.6 N)
[12]. The precipitates were centrifuged at 4000 g for 15 min
at 4°C and the supernatants were used for chromato-
graphic analyses of alcohols. Ethanol, tert. butanol,
isopropanol and its metabolite, acetone, were all measured
with a Perkin-Elmer F 40 gas chromatograph with applica-
tion of the head-space technique.

Statistical comparisons were made by means of a
two-way analysis of variance and Student’s ¢-test.
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TABLE 1
ALCOHOL CONCENTRATIONS =+ SD (mM) AFTER THE TILTED
PLANE TEST :
Alcohol or AA rats ANA rats
its metabolite
ethanol 454 £ 29 458 + 2.4
(n = 26) {(n = 25)
tert. butanol 139+ 1.5 142 + 1.0
(n = 26) (n = 25)
isopropanol 197+ 19 18.0 = 1.5*
(n = 26) (n =24)
acetone 9.7+ 1.2 11.6 = 1.0t
(n = 26) (n = 24)
*p<0.005, number of rats in parentheses.
tp<0.001.
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FIG. 2. Effect of 1.8 g/kg isopropanol on motor performance of the
two rat strains on the tilted plane expressed as a decrease in sliding
angle (in degrees) relative to their own control values. Solid circles
(e—e—e—0) represent the performance of the AA rats pre-
ferring ethanol and open circles (0—o——o0—-o) the performance
of the ANA rats avoiding ethanol. Each point in the figure
represents the mean of 26 rats. Vertical bars represent + or — SD.

RESULTS

The effects of the three aliphatic alcohols and barbital
on the performance of the rats on the tilted plane are
depicted in Figs. 1 -4. The impairment of performance
after drugs is expressed as the decrease in the mean sliding
angle relative to the rats’ own control values, so that higher
points in the figures indicate greater intoxication. The
results are presented in this form because the rat strains
tested differed in their control values on the tilted plane.
The mean sliding angle for the AA rats was 81° ¢ 2° and for
the ANA rats 75° + 4° (r=5.79, df = 50, p<0.001). As
shown in Fig. 1, the ANA rats were more affected by
ethanol than the AA rats. Comparisons by means of the
two-way analysis of variance showed the strain difference in
ethanol intoxication to be highly significant, F(1,50) =
19.73, p<0.001. Blood ethanol concentrations, shown in
Table 1, were equal in the two strains, thus excluding the
effects of different elimination rates of ethanol. The AA
rats also performed significantly better than the ANA rats
in the isopropanol experiment, as seen in Fig. 2,
F(1,50)=7.18, p<0.01. Whereas some differences are seen
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FIG. 3. Effect of 0.8 g/kg tert. butanol on motor performances of
the two rat strains on the tilted plane expressed as a decrease in
sliding angle (in degrees) relative to their own control values. Solid
circles (#—e-—e——e) represent the performance of the AA rats
preferring ethanol and open circles (¢—o—o—-0) the per-
formance of the ANA rats avoiding ethanol. Each point in the figure
represents the mean of 26 rats. Vertical bars represent + or — SD.

(Table 1) in isopropanol metabolism of the rat strains, for
blood isopropanol concentration of the AA rats was higher
than that of the ANA rats (z = 3.44, df = 48, p<0.005) and
the reverse was true for blood concentrations of acetone,
the metabolic product of isopropanol (t = 6.01, df = 48,
p<0.001). Figure 3 shows that tert. butanol inebriated the
ANA rats more than the AA rats, the strain difference being
highly significant, F(1,50) = 35.42, p<0.001. Blood con-
centrations of tert. butanol were identical in the rats after
the tilted plane test. Barbital affected the rats in the same
way as the three alcohols, having a greater intoxicating
effect on the ANA rats than the AA’s, as shown in Fig. 4.
The strain difference was highly significant, F(1,50) =
33.93, p<0.001. Because barbital is a nonmetabolized,
long-acting barbiturate, metabolism can be assumed not to
affect the test results and it was not measured in the
present study.

DISCUSSION

The standardized tilted plane test was used in the
present study. Reliability of the test is indicated by the fact
that the effect of ethanol on performance has been found
proportional to the ethanol dosage [5]. In spite of the
simplicity of the test the performance on the tilted plane
probably is a complicated function composed of vestibular
and grasping reflexes including a strong cortical component
[S]. The AA rats displayed a better motor coordination
than the ANA rats in the control test, indicating perhaps
the greater motor activity of the former. The present
experiments also revealed a marked strain difference in
alcohol intoxication induced by three aliphatic alcohols:
ethanol, isopropanol and tert. butanol. In all cases the
ethano! preferring rats were less intoxicated than the
ethanol avoiding rats by the same alcohol dose. Different
rates of metabolism cannot account for the differences in
intoxication induced by ethanol and tert. butanol, but
rather different neural tolerance probably is involved.
Because no aldehyde develops from tert. butanol, the
results from the tert. butanol test suggest that aldehyde
does not play a major role in alcohol intoxication of these
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FIG. 4. Effect of 120 mg/kg barbital (the sodium salt of 5,5-diethyl-
barbituric acid) on motor performances of the two rat strains on the
tilted plane cxpressed as a decrease in sliding angle (in degrees)
relative to their own control values. Solid circles (¢ —eo——eo—o)
represent the performance of the AA rats preferring ethanol and
open circles (o0——o—o—=) the performance of the ANA rats
avoiding ethanol. Each point in the figure represents the mean of 26
rats. Vertical bars represent + or — SD.

rat strains. Therefore the difference reported in blood
acetaldehyde amounts of the AA and ANA rats [12]
cannot explain the differences in ethanol intoxication of
the rats either. The results of the isopropanol test, on the
other hand, reflect isopropanol-acetone intoxication, be-
cause isopropanol causes acetonemia [32]. The difference
in intoxication may thus be due in part to different
metabolic rates of isopropanol and acetone in the AA and
ANA rats.

Recently two rat strains comparable to the AA and ANA
rats have been developed by selective inbreeding for their
different ethanol preferences [21,23]. No data yet exist
regarding their tolerance to ethanol, but no differences in
the ethanol and acetaldehyde metabolisms of the strains
were observed.

The different neural tolerance to alcohols observed in
the present study is in agreement with the results obtained
with some inbred mouse strains. The mouse strain pre-
ferring ethanol was noted to have a much higher neural and
behavioral tolerance to ethanol than the strains avoiding
ethanol. Neural tolerance was determined in those experi-
ments by measuring ethanol-induced sleeping time {20,27],
ethanol-induced depression of the jaw-jerk reflex [28,29]
and nest-building behavior [28]. Besides this, the selection
and tolerance of a three-carbon alcohol, 1,2-propanediol
(propylene glycol), by these mouse strains was reported to
be in the same direction and order of magnitude as their
selection and tolerance of ethanol [18]. Moreover, geneti-
cally raised mouse strains, short- and long-sleeping, differed
in their sleeping times induced by methanol, butanol and
tert. butanol [16].

Barbital like alcohols had a greater inebriating effect on
the ANA rats than on the AA’s. Although structurally
dissimilar, both alcohols and barbiturates are classified as
general depressants and their major action is believed to be
exerted on the same nervous system structure, the reticular
activating system [30,33]. The findings concerning the
action of alcohols on the squid axon membrane [4,25] and
of barbiturates on the lobster axon membrane [8] suggest a
similar mechanism of action. However, the actual mech-
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anism of action, both of alcohols and barbiturates, is still
unexplained. Several contradictory findings with regard to
the actions of barbiturates on inbred mouse strains have
been reported. The C57BL mice were found to sleep less
than the DBA and BALB mice after injection of hexo-
barbital [9,19]. A greater sensitivity to pentobarbital was
reported for the C57BL mice than for the BALB and DBA
mice [27,31]. On the other hand, the DBA mice were more
susceptible to intoxication by phenobarbital than the
C57BL mice in an experiment for inducing phenobarbital
dependence [7]). No differences in sleeping times induced
by pentobarbital were found between short- and long-
sleeping mice [16,31]. Genetic differences in responses to
barbiturates seem to be evident both among inbred mouse
strains and outbred rat strains. However, further studies are
needed before the effects of barbital on the two rat strains
can be generalized to include all barbiturates.

The present resuits comparing the two rat strains have
revealed a marked genetic strain difference in intoxication
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induced by the three aliphatic alcohols and one barbiturate.
In all cases except partly in the isopropanol experiment the
AA rats displayed a greater neural tolerance than the ANA
rats. Further, from the tert. butanol test it can be concluded
that aldehyde does not play a significant role in alcohol
intoxication of these rats. The findings also suggest that the
different drinking behaviors of the rat strains can be
explained on the basis of a different neural tolerance to
alcohol. Possibly these two rat strains, with their different
ethanol preference and different neural tolerance to alco-
hols and barbital, will prove useful tools for elucidating the
mechanisms of action of alcohols and other general
depressants such as barbiturates.
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