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GOAS, J. A. AND A. S. LIPPA. Bimodal distributions of highest ethanol acceptance concentrations in two strains of rats.
PHARMAC. BIOCHEM. BEHAV. 8(6) 695-699, 1978. — Two groups of non-deprived male Wistar rats and one group of
male Sprague-Dawley rats were offered a choice of water and daily-increasing concentrations of ethanol. Each group’s
distribution of highest ethanol acceptance concentrations approximated a bimodal distribution with respect to
concentration. Further, rats in each group which drank ethanol at high concentrations maintained relatively constant
intakes of pure ethanol. These results are discussed in terms of taste and olfaction, central nervous system sensitivity and

emotionality.
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LABORATORY rats typically display individual differences
in their preferences of various ethanol concentrations over
water [3,13]. In light of this variability, the practice of-
using one arbitrary ethanol concentration (e.g., 10%) for all
animals in free-choice studies is questionable. Such vari-
ability is particularly confounding in studies which in-
vestigate techniques for increasing consumption of non-
preferred ethanol solutions, as a single concentration is
rarely equally aversive to all animals.

Thus, a method was proposed {S] for identifying single
equally aversive ethanol concentrations for individual rats
based on each animal’s ethanol selection threshold. Rats
were offered a choice of water or ethanol with ethanol
beginning at 3% (v/v) and increasing by 1% each day. Since
rats typically prefer ethanol over water at low con-
centrations of ethanol ([13], each animal’s test con-
centration was identified as that concentration which was
three percentage points above the upper threshold of
ethanol preference over water. Although this procedure
does yield ethanol rejection concentrations for most rats, it
does not necessarily identify the lowest concentration
which each animal will reject.

A more promising procedure [2] was designed to
identify the lowest ethanol concentration which a rat
would completely reject in favor of water. Rats were given
a choice between water and ethanol which was started at
3% and was increased by 1% each day until a concentration
was reached which the animal rejected. This concentration
was then offered for an additional two days. If the animal

completely rejected this concentration in favor of water for
three successive days, it became that animal’s rejection
concentration.

The present paper, which was to be the first stage of a
larger study, reports the data from an attempt to determine
ethanol rejection concentrations in rats by means of a slight
modification of the latter procedure. As the ethanol
rejection determinations were being made, however, it
became increasingly clear that not all animals would reject
ethanol in the 9-35% concentration range as previously
suggested [2]. These ethanol drinking data are presented
below.

METHOD
Animals

Forty-eight male Wistar rats (Royalhart Farms) and 20
male Sprague-Dawley rats (Holtzmann Co.) were used. All
rats weighed between 240-260 g at the beginning of the
experiment.

Apparatus

All animals were individually housed in galvanized steel
cages, 26 x 33 x 20 cm, with wire mesh floors and fronts.
Each cage was equipped with two, 100 ml glass Kimax
Richter-type drinking tubes, mounted on the front of each
cage. The tubes were 8 cm apart and projected 3 cm into
the cage, 1 cm above the floor.
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Ethanol solutions were prepared from 95% ethanol
(Alcohol, U.S.P., 190 proof) and mixed with tap water to
achieve the desired concentrations (v/v).

Procedure

Upon arrival, the animals were placed in the individual
test cages for approximately one week during which time
the two drinking tubes were always filled with water. This
was done to allow the animals to acclimate to the cages and
to the drinking tubes. Purina Laboratory Chow was
available ad lib for the duration of the experiment.

At the end of the acclimation period, one of the two
drinking tubes for each animal was filled with a 1% ethanol
concentration while the other was filled with tap water.
The ethanol concentration was then increased by 1% each
day until a concentration was reached which an animal
would not drink. If this rejection of an ethanol con-
centration persisted for three successive days, it became
that animal’s rejection concentration, with the preceding
concentration declared as the animal’s highest acceptance
concentration.

Data were collected each morning between 8:00 and
11:00 a.m. Ethanol evaporation control tubes were placed
on empty cages adjacent to those placed on occupied cages
in order to determine daily volume loss due to evaporation
alone and to correct the data for this loss. After the daily
data were collected, the drinking tubes were rinsed, refilled
and replaced on the cages with the left-right positions
reversed from the previous day. The data were collected in
three successive replications consisting of two groups of 28
and 20 Wistar rats, respectively, and one group of 20
Sprague-Dawley rats.

During this data collection period an attempt was made
to determine whether the concentrations of various ethanol
solutions remained constant in Richter tubes for 24 hr
periods. Ethanol concentrations of 20, 40 and 60% were
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placed on empty cages in Richter tubes for 24 hr after
which they were submitted for gas chromatographic
analysis. None of the samples tested differed significantly
from control samples. These results validate the procedure
of determining pure ethanol intakes by calculation from
intakes of ethanol solutions.

RESULTS

Each animal’s daily ethanol intake (corrected for evap-
oration loss) and water intake were recorded until each rat
rejected an ethanol concentration for three successive days.
As the ethanol concentrations increased above 70%, how-
ever, the evaporation control data became unstable and
erratic thus precluding accurate measurement of the
ethanol intakes of the rats who had not rejected by that
point. Therefore each animal’s highest ethanol acceptance
concentration (that concentration immediately preceding
the concentration rejected for three successive days)
became the primary end-point rather than lowest rejection
concentrations. Rats which had not rejected ethanol by
70% were given a highest concentration score of =70%.
Individual highest acceptance concentrations were then
tallied with respect to rat group and summarized in the
form of histograms which are shown in Fig. 1.

The distributions of highest ethanol acceptance con-
centrations for the two groups of Wistar rats and the one
group of Sprague-Dawley rats approximated bimodal dis-
tributions. The first group of Wistar rats (Wistar Group I;
N =28) had one lower mode in the 10 to 19% con-
centration interval with 28.5% of the animals showing
highest acceptance concentrations in this interval. This
group also had a higher mode in the »70% concentration
interval with 50% of the animals showing highest
acceptance concentrations in this interval. The second
group of Wistar rats (Wistar Group II; N = 20) had one
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FIG. 1. Bimodal distributions of highest ethanol acceptance concentrations for two groups of
Wistar rats and one of Sprague-Dawley rats.
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lower mode in the 10 to 19% concentration interval with
30% of the animals showing highest acceptance con-
centrations in the interval. This group also had a higher
mode in the »70% concentration interval with 55% of the
animals showing highest acceptance concentrations in this
interval. The Sprague-Dawley group (N = 20) had one lower
mode in the 20 to 29% concentration interval with 25% of
the animals showing the highest acceptance concentrations
in the interval. This group also had a higher mode in the
combined 60 to 69% and >70% concentration intervals
with S0% of the animals showing highest acceptance
concentrations in these combined consecutive intervals.

The Kolmogorov-Smirnov test [6] was used to analyze
the raw data from which these three distributions were
derived. There was no statistically significant difference
between the Wistar Group I and the Wistar Group II
bimodal distribution (T = 0.1212, p>0.10). Because of the
lack of a significant difference between the two Wistar
groups, their distributions were combined and tested
against the Sprague-Dawley distribution. Again, no statis-
tically significant difference was found between the Wistar
and Sprague-Dawley rats (T = 0.2708, p>0.10).

Mean intake of pure ethanol (calculated from the intakes
of ethanol solutions) were plotted at each ethanol con-
centration for each mode group within the Wistar Group I,
the Wistar Group II, and the Sprague-Dawley groups of rats
(Fig. 2). This was done in order to examine the patterns of
pure ethanol intake across increasing concentrations for the
various groups of rats. As can be seen in Fig. 2-A, the
largest mean volume of pure ethanol consumed by the
lower mode (low accepting) rats of Wistar Group I(N=11)
was about 1.0 ml/24 hr, consumed as 3 and 4% ethanol. As
the concentrations increased above 4%, the mean daily
intakes of pure ethanol approached zero. The pattern of
mean pure ethanol intakes for the higher mode (high
accepting) animals of Wistar Group I (N = 17) showed that
as the ethanol concentrations increased from about 1% to
about 30%, the mean intakes of pure ethanol increased to
about 3.0 mi/24 hr. As the ethanol concentrations further
increased from 30% to 70%, the mean daily pure ethanol
intakes remained at a fairly constant level of about
3.0 ml/24 hr, dropping off slightly above 65%.

The drinking patterns of the Wistar Group II rats were
similar to those of the Wistar Group I rats. As can be seen
in Fig. 2-B, the largest mean volume of pure ethanol
consumed by the lower mode (low accepting) rats of Wistar
Group II (N = 8) was about 0.7 ml/24 hr, consumed as 3%
ethanol. As the concentrations increased above 3%, the
mean daily intakes of pure ethanol gradually declined to
zero. The pattern of mean pure ethanol intakes for the
higher mode (high accepting) animals of Wistar Group II
(N =12) showed that as the ethanol concentrations in-
creased from 1% to about 30%, the mean intakes of pure
ethanol increased to about 2.0 ml/24 hr. As the ethanol
concentrations further increased from 30% to 70%, the
mean daily pure ethanol intakes remained at a fairly
constant level of about 2.0 to 2.5 ml/24 hr.

The drinking patterns of the Sprague-Dawley rats were
also similar to those of both Wistar groups. As can be seen
in Fig. 2-C, the largest mean volume of pure ethanol
consumed by the lower mode animals of the Sprague-
Dawley group (N = 10) was about 1.2 ml/24 hr, consumed
as 7% ethanol. As the concentrations increased above 7%,
the mean daily intakes of pure ethanol gradually dropped
to zero. The pattern of mean pure ethanol intakes

697

A WISTAR GROUP |

L] —— HIGH ACCEPTING RATS {N=17)

....LOW ACCEPTING RATS (N=11) M A\ l\//\\/L .
3 ] i :
i K/{1 \YI \ /’“I/\& /]
- N \s )

3 ¢ —_HIGH ACCEPTING RATS (N=12)

1 ....LOW ACCEPTING RATS iN=8}

< 3

-

H

£ 2

g 1

£

-

H
]

¢ n
A 4 _— HIGH ACCEPTING RATS {N=10} C. SPRAGUE-DAWLEY

...LOW ACCEPTING RATS (N=10}

$ 1 1 2™ ® P ®»® & 44 0 % © w 7

% ETHANOL CONCENTRATION (V/V)

FIG. 2. Mean 24 hr consumption of pure ethanol (ml, calculated

from solution intakes) as a function of ethanol concentration (¢ 1

standard error) for the high accepting (high mode) and low
accepting (low mode) rats in the three groups of rats.

consumed by the higher mode rats of the Sprague-Dawley
group (N =10) showed that as the ethanol concentrations
increased from 1% to about 8%, the mean intakes of pure
ethanol increased to about 1.8 ml/24 hr. The daily mean
intakes of pure ethanol then decreased to about
0.4 ml1/24 hr at 13% followed by an increase in mean pure
ethanol consumption to about 2 ml/24 hr as the ethanol
increased to 35%. As the ethanol concentrations further
increased from 35% to 60%, the mean daily pure ethanol
intakes remained at a fairly constant level of about
2.0 m1/24 hr, followed by a gradual decline in pure ethanol
intake above 60%.

DISCUSSION

In contrast to an earlier report [2], the results of the
present study suggest that it is difficult if not impossible to
arrive at valid ethanol rejection concentrations for all
experimental rats using the procedure described here. This
is based on the finding that almost half of all the rats
studied in the present experiment failed to reject ethanol
by the time the concentration reached 70%. Above 70%,
the data was confounded by unstable evaporation control
data. These data lend support rather, to the conclusion
[23] that the determination of preference-aversion
functions for ethanol in the rat might be impossible. In that
study, when Sprague-Dawley rats were given a choice
between increasing concentrations of ethanol and water in a
sequence similar to that used in the present experiment, a
large number of animals continued to drink a significant
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volume of ethanol when the ethanol concentration reached
upwards of 77%. The present study confirms and extends
this finding, circumventing the criticism [1] that the
drinking tubes used by previous investigators [23] had
stainless-steel ballpointed spouts which have a tendency to
leak fluid. The present study used the more reliable glass
Richter tubes.

The most surprising aspect of the present results was
that the distributions of highest ethanol acceptance con-
centrations approximated bimodal distributions for all
three groups of rats. Differential ethanol intakes between
animals of different strains have been reported for selected
strains of mice [16] and rats [17] with the latter reporting
one rat strain whose females freely consumed ethanol up to
a concentration of 85%, when the concentration began at
4% and increased by 2% daily. However, the present
experiment shows that volitional intake of high con-
centrations of ethanol is possible in a significant number of
animals within two commonly used, presumably homo-
geneous strains of albino rats. The nature of the obtained
bimodal distributions suggests the possibility that each
presumed homogeneous strain may actually contain two
relatively distinct populations defined by some parameter
governing ethanol acceptance.

The notion that the Wistar and Sprague-Dawley groups
of rats may each have contained two populations defined
by differential ethanol intake is further supported by the
finding that the high ethanol accepting animals from each
group appeared to maintain fairly constant pure ethanol
intakes across increasing concentrations (Fig. 2). These
stable mean ethanol intake patterns suggest that the high
accepting rats began to regulate their volumes of pure
ethanol intake at a moderate level (2 to 3 ml/24 hr)
regardless of concentration, while the low accepting rats
stopped drinking ethanol completely. These stable patterns
of ethanol intake in the high accepting groups remained
until the concentrations increased above 60%, at which
point the mean pure ethanol intakes for all groups began to
decline.

A number of possible explanations could account for
these findings. One explanation involves a potential dif-
ference in taste and/or olfactory sensitivity to ethanol
between the two modal groups of rats within each group.
Kahn and Stellar (9] studied the effects of olfactory
bulbectomies on rat ethanol intake. The authors reported
that the anosmic rats’ ethanol preference-aversion func-
tion shifted slightly toward the higher concentrations as
compared to preoperative drinking patterns. Support for
the taste sensitivity notion comes from a study [10] in
which rats which were previously selected as either

GOAS AND LIPPA

“drinkers” or “‘non-drinkers” of 6% ethanol were tested for
rejection of various quinine solution concentrations. The
results indicated that the ethanol drinkers had higher
quinine taste thresholds than the non-drinkers. However,
unpublished data from our laboratory suggest that there is
no significant correlation between ethanol rejection and
either quinine or saccharin rejection, using the basic
procedure described here.

An alternative explanation is suggested by studies of
differential ethanol effects in high- and low-drinking strains
of mice. It has recently been reported [12] that C57BL
mice, a high ethanol-preferring strain, have less CNS
sensitivity to ethanol as measured by duration of ethanol-
induced sleep time than the non-preferring BALB strain.
Similar differences were reported in ethanol-induced
deficits of a centrally mediated reflex in CS7BL and
non-preferring DBA mice [19]. Such differences in neural
sensitivity, which cannot be accounted for by proposed
differences in ethanol metabolism rates (in C57BL and
DBA mice) [14,15] or liver alcohol dehydrogenase and
aldehyde dehydrogenase activity (in selectively bred strains
derived in part from C57BL, BALB and DBA mice) (8]
may account for the difference in alcohol intake within the
two rat strains reported here. Such an explanation would
require empirical verification in the rat strains used in the
present study.

A third possible explanation for the bimodal dis-
tributions involves a proposed difference in emotionality
levels between the upper and lower mode rats within the
three groups of rats. Researchers from two laboratories
[4,18] investigated the relationship between volitional
ethanol intake and emotional reactivity in two strains of
rats selectively bred for differential open-field defecation
scores. The results from both studies indicate that the high
reactive rats consumed significantly more 5% and 10%
ethanol solutions than the non-reactive rats, when given a
choice between ethanol and water. These data are con-
sistent with the finding that emotionality, as reflected by
the proneness of rats to audiogenic seizures, seems to be
positively related to the ingestion of 5% ethanol [(7]. Thus,
although differences in emotionality per se between rats
within strains are rarely considered to be important
determinants of behavior, such differences may be cor-
related with animals’ tendencies to show highest ethanol
acceptance concentrations at high or low concentrations, as
in the present experiment. Such within-strain differences in
emotionality might also explain reported findings of ‘‘high”
and “low” ethanol-drinking rats in stress experiments (e.g.,
{11]), in operant experiments (e.g., {21]), and in post-
experimental data (e.g., [20]).
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