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Alcohol Drinking in the Rat as a

Function of Constitution and Experience.

Voluntary alcohol consumption as a joint function of
:xperience with alcohol initiated in infancy and the constitutional
variables of age, sex and strain was systematically investigated

in 189 rats.

A

In Experiment I, the effects of experience initiated at two
different ages in infancy, in free or forced choice presentations
were studied in male and female Hooded rats.. Experiment II was
a control study to show that experience with alcohol initiated
after maturity did not have the same effects as initial experience
in infancy.

In Expefiment III, Wistar rats were used to make a comparison
between strains, and in Expériment IV a selective breeding study
was undertaken with Hooded rats in order to obtain two lines of
subjects that might diverge in their rejection thresholds.

These experiments supported the suggestion that early experience
with alcohol influences adult intake in a way that reflects complex

interactions with age, sex and strain.
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L'influence de facteurs
constitutionnels et expérientiels

sur la consommation d'alcool chez le Rat.

Il s'agit d'une étude systématique de l'effet combiné de
facteurs expérientiels et constitutionnels sur la consommation
d'alcool de 189 Rats. La recherche a surtout porté sur 1'effet
de l'expérience avec l'alcool commengant en bas dge sur la con-
sommation & l'age adulte tout en tenant compte de l'age, du sexe
et de la souche des animaux utilisés.

Une bremiére expérience porta sur l'effet de deux techniques
de présentation de 1l'alcool (consommation libre ou consommation
forcée) et de deux ages au début de la période d'expérience en
bas age. Des Rats males et femelles de souche Hooded furent
utilisés dans cette expérience. La seconde expérience avait
pour but de montrer que l'expérience avec l'alcool‘commengant a
1'age adulte n'avait pas des effets semblables & ceux observés
chez des sujets ayant eu leur expérience préalable en bas age.

Pour la troisiéme expérience, la souche Wistar fut utilisée
pour fins de comparaisons entre deux souches. Enfin, dans la
quatriéme expérience, un programme de sélection artificielle fut
entrepris chez la souche Hooded en vue d'obtenir deux lignées

d'animaux. ayant des niveaux de consommation divergents.



Ph.D. . Psychologie

Ces expériences sont en accord avec l'hypothése voulant
que l'expérience avec l'alcool donnée en bas age a un effet sur

la consommation & l'age adulte qui dépend de fagon complexe de

l'age, du sexe et de la souche des animaux.
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INTRODUCTION

A variety of experiential (Veale and Myers, 1969; Cicero,
Snider, Perez and Swanson, 1971) and constitutional factors, like
age (Paricella and Pritham, 1964), sex (Clay, 1964) and strain
(McEwen, 1965) have been shown to be involved in the determination
of alcohol intake behavior of laboratory rats.

However, in behavior research it generally appears that
whenever either experience (Hymovitch, 1952) or constitution
(Thor.son, 1954) is allowed to vary, while the other factor re-
mains constant, subsequent behavior can be attributed wholly to
the factor that is varied. There isg, therefore, a need for
studies in which constitutional and experientiallfactors are
varied systematically within the same experiment, so that a better
understanding can emerge of the ways in which these complex fac-
tors interact in determining observed behavior. The purpose of
the present thesis is to use this interactionist approach in the
measurement of voluntary alcohol intake.

The following review of the literature will selectively
report on data dealing separately with various factors that are
relevant to the experimentation which follows. This will serve
to illustrate the need for the kind of research design suggested -
above. Also the usefulness of a method which takes account of

individual differences, both during treatment and testing, will



be emphasized.

Review of the Literature

The following sections will review the effects of selected
experimental manipulations on voluntary alcohol intake. Because
most systematic studies of such manipulations have used mice and
rats, only experiments using these species will be described. The
effects of exposure to alcohol on suﬁsequent intake will be dis-
cussed first. Because the present investigation is concerned ex-
clusively with studying the effects on intake of prior exposure
to alcohol, only that experiential variable will be considered in
detail. Age and sex will be dealt with first; ahother section
will describe studies. of relations between individual differences
and constitutional factors underlying alcohol intake. Finally
a review will be made of studies stressing the role of genetic

factors in alcohol consumption.

Effects of Exposure on Voluntary Alcohol Intake.

Since the ultimate objective of experimental stuéies of
alcohol intake is aﬁ understanding of the mechanisms underlying
human alcoholism, many experimenters have assumed that experience
lwith alcohol would enhance alcohol consumption and ultimately re-

sult in addiction. Therefore, long term exposure to alcoholic

beverages has been of particular interest, Secondly, an animal
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analog of human alcohol dependence would require that the experi-
mental animals consume significant quantities of alcohol. Since
many mouse strains and most rat strains have shown a marked aversion
to alcohol, a variety of exposure studies have been designed to
increase alcohol consumption in these animals. The second parf
of this section describes some of these studies.

Long-term exposure studies. A classic study referred to

in the literature of alcohol self-administration in the rat is
that of Richter (1956) who reported on the effects of long-term
restriction to alcohol solutions. After 3-4 months of forced
drinking (20% ethanol), a few wild Norway rats drastically changed
their fluid intake patterns. When a free choice between the alcohol
solution and water was available, the Ss selected the alcohol in
increasing amounts, while pProgressively decreasing their water and
food intake. They finally died after losing a significant pro-
portion of their body weight. The same treatment adnministered to
laboratory rats did not efﬁect a permanent change in their alcohol
intake pattern.

Restricting the fluid intake of mice to a 5% alcohol solution
as the only drinking-fluid available from weaning till adulthood,
Mirone (1952, 1957) found that the animals drank more alcohol than
water-reared controls when given free-choice access to the 5%
ethanol. Using a factorial design and a 10% ethanol solution

Mirone {1958) later compared alcohol-fed and water~fed offspring
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of alcohol~-fed and water-fed pareﬁés for successive generations.
In general, as adults, the alcohol-fed mice drank more alcohol
than water-fed Ss when given free access to both fluids, although,
in a few cases, feeding the parents with alcohol was not followed
by higher intake in the alcohol-fed progeny.

Except for the higher intake of the female Ss in one study
(Mirone, 1952), no sex differences were reported. The variations
in strains (CFj, DBA, C57, Swiss albiho) from study to study, in
the length of exposure, and in concentrations used preclude
reliable comparisons between the studies. However, feeding
weanling mice with alcohol during the growth period appeared to
enhance adult alcohol intake.

Clay (1964) initiated earlier (day 19) and later (day 60)
alcohol experience in male and female rats. She uséd Ss that
had different genetic backgrounds after selective breeding for
éertaid specific behavioral characteristics. The free choice.éx;
posure lasted until day 180 and the alcohol concentrations were
increased from 2% at day 19, to 5% at day 60 to 15% at day 154.
The earlier exposure condition was more effective than the later
exposure one. The general exposure effect, however, was the least
important variable determining alcohol intake. The constitutional
characteristics of the Ss, particularly sex, were more important
than exposure alone.

Ciceré, Snider, Perez, and Swanson (1971) maintained 12 rats
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(7 males and 5 females) of the Holtzman strain on forced access

to 7% ethanol from weaning (21 days) to 154 days of age. The

Ss drank large volumes of ethanol throughout the developmental
period. Using a series of specific tests, the authors suggested
that they established alcohol dependence in seven out of their
nine surviving experimental Ss. These animals had also shown a
particular drinking pattern in the last 25 days of the forced
exposure period: they steadily increased their alcoﬁol intake,
whereas there were no parallel fluid intake increases in the

6 male and 6 female control Ss and the two experimental rats
which did not become dependent on alcohol. The "dependent" Ss
also had different patterns of intake in other tests. When

given access to three alcohol solutions (3%, 7% and 14%) as their
only drinking fluids, the dependent Ss drank more alcohol and
distributed their intake over the three concentrations whereas

the other Ss drank mostly from the weakest solution. Similar
differences emerged when the rats were offered free choice between
water and a series of daily increasing concentrations of ethanol
(3% to 30%). Finally the alcohol dependent rats were not affected
by the presence of saccharin as a third choice while other animals
drank virtually no alcohol in the presence of saccharin. No dif-
ferences in the data, attributable té sex of the subjects, were
reported.

In summary, it appears that long-term exposure can affect
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subsequent alcohol drinking. But the results differ from study

to study; and in most successful experiments, not all experimental
Ss change their alcohol intake significantly. Methodological
differences as well as corstitutional factors appear to account
for many of these discrepancies.

Methodological studies of alcohol exposure. Many methods of

alcohol exposure have been used to modify voluntary alcohol intake
in laboratory animals. This section will report some of these
~ studies.

Using four groups of four male Hooded rats, Myers and Carey
(1961) first restricted the Ss to either a 5% or a 20% ethanol
solution for a period of either 30 days or 120 days. The animals
were then tested with free choice access to water and alcohol
solutions that were varied daily in concentration bétween 3% and
15%. An ascending series was offered to half the animals in each
prior exgosure copdition and a descending series was used for the
other haif. The results showed that the concentration used for
prior exposure was of no siénificance, but that the longest prior
exposure condition (120 days) was more effective than the shorter
one (30 days) in énhancing alcohol intake. ‘Also, testing with an
increasingly concentrated series of solutions produced a shift
from alcohol to water preference at a higher éoncentration than
testing with a decreasing series. A'long period of exposure seems

necessary to modify voluntary alcohol intake and mild solutions
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seem to facilitate the further choice of stronger solutions.
The possibility exists that had they used concentrations between
the extremes used for the prior restriction period the experi-
menters might have produced different effects.

Wwithdrawing Hooded rats from alcohol for a week after six
months of free choice access to a 6% ethanol solution resulted in
a significantly higher intake of a 20% solution than in Ss shifted
to the 20% solution without the intervening withdrawal (Senter
and Richman, 1969). But this differential effect was not found
if 6% ethanol was used in the post;Withdrawal period. So long-
term alcohol exposure can be effective under appropriate conditions
and it is clear that the solution used for testing is important.

Rick and Wilson (1966) studied the aléohol intake of groups
of Wistar rats over a six month perioa, Each érOup was maintained
in a forced-exposure situation with access to 2%, 4%, 8% or 16%
concentr?tions rgspectively. From time to time, each group under-
went a free choice for a one-day period. A significant gradual
increase in total fluid coﬁsumption occurre§ over the whole ex-
posure‘period, the effect being greatest for the 8% group. With
the exception of the 16% group, which consumed less alcohol, the
animals consumed approximately the same quantities of absolute
alcohol when tested in a free choice situation. However, when
‘the free choice faollowed a 24-hour fluid deprivation period, the

animals selected more alcohol at all concentrations than when they
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were in the non-deprived condition. So forced choice effective-
ness was related to the concentration used; also free choice
testing depended on the concentration and the method used. Un-
fortunately the'particular experimental design used made it dif-
ficult to partial out the effects of many long prior exposure
periods.

Powell, Kémano, and Martin (1966) compared the intake of
10% ethanol of shocked and unshocked male and female Wistar rats.
Various exposure conditionslwere used over a 52 day period: two
periods of free choice lasting 14 days and 8 days respectively:
an intervening 8 day period of forced access on alternate daYs,
and two more free choice periods of 8 days and 14 days respectively.
Shock was applied to the experimental group during the three 8
day sessions. Because the present review deals mainly with the
effects of exposure to alcohol solutions, the control group (nonf
shocked) is particularly relevant here. 'Despite an absence of
initial(sex differences in alcohol intake, male Ss increased their
alcohol consumption to a greater extent than female Ss during the
five experimental sessions. Interestingly enough, the Ss could
be classified as high and low drinkers depending on their initial
alcohol intake in the first free choice period. In the following
experimental periods, they showed differential drinking patterns:
the high drinkers showed a linear increase throughout the experi-

ment whereas the low drinkefs increased intake only after
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the forced intake session. So effectiveness of exposure seemed
dependent on some individual pgedispositions. And, although
there was a general exposure effect, males responded to a greater
extent than females.

McEwen (1965) studied the drinking patterns of rats given
free access to alcohol and water for 25-day periods. A first
group underwent constant expoéﬁre to 10% alcohol and another group
was given intervening experience with 5% and 15% solutions between
two tests with 10% ethanol;' The author used male and female
Ss from three strains of rats in each condition (Wistar, Sprague-
Dawley and Hooded). Exposure produced overall increases in alcohol
vintake, but the patterns were different in the two situations and
also different depending on the strain and the sex of the Ss. The
exposure conditions could not be evaluated without accounting
systematically for constitut;onal variation (e.g. the Wistar Ss
fesponded to a greater extent to the second condition and the
Hooded Ss, to the first).

Using ethanol and whisky ranging in concentration from 5% to
25%, Mendelson and Mello (1964) compared the drinking patterns
of male Hooded rats as affected by forced and free choice pre-
sentation. They found that forced choice seemed to influence later
free choice intaké. The animals in the 20% ethanol condition even
preferred alcohol over water. These effects cannot be attributed

completely‘to forced exposure since the animals could also have
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been affected by the long free choice periods they underwent.
Blso the utilization of whisky during the forced choice sessions
might have produced some effects.

Veale and Myers (1969) restricted male Sprague-Dawley réts,
housed in small group éages, toAlz% alcohol for 10 days; these
animals drank small amounts of alcohol at all concentrations when
offered forced choice between water and a series of systematically
increasing ethanol concentrations (3% to 30%). But Ss without
the forced pre-exposure had significantly higher intakes than pre-
experienced Ss when tested with the same series. They also pre-
ferred alcohol solutions up to 12% concentration. Using individually
caged Hooded male Ss the authors found that a different intervening
experience between two series of increasing alcohol concentrations
produced different effects. If the identical series was repeated,
very significant increases in alcohol intake were observed whereas
water drinking control Ss increased alcohol intake to a lesser
extent. An intervening forced exposure to 15% ethanol, however,
precluded the appearance of inqreases in alcohol intake. Those
two experiments indicate that forced exposure to alcohol'can de-
crease alcohol intake in subsequent testing.

Finally, in individually caged male Hooded’rats, Veale and
Myers (1969) produced an "acclimation" to alcohol by repeating
free choice testing with a daily gradually increasing series of

concéntrations from 3% to 30% (with between session intervals
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ranging from one day to five months). The concentration at which
the alcohol solution constituted half of the fluid intake increased
from 3% to 30% over the series of presentations. The rats selected
more alcohol from all the concentrations from series to series
despite the fact that total fluid intake remained constant. 1In
view of the long intervals between some of the sessions, the effect
appeared to be permanent. So free choice of many concentrations
appears to be a potent way of inducing significant modifications

in alcohol intake. An important feature of the testing procedure
consisted in the free access to a gradually increasing series of
ethanol concentrations. This ascending property was certainly
relevant in view of the results already reported by Myers and
Carey (196l1), where an ascending presentation of alcohol solutions
was more effective than a.descending one.

Conclusion. Inigenéral, the studies reviewed above provide
data suggesting that prior exposure to alcohol solutions modifies
subsequent alcohol intake. However, the parameters responsible
for the trends in the data are not always clear because the exposure
conditions vary from study to study and sometimes involve the
utilization of many different methods‘within the same experiment.
Also, the non-systematic variation in the constitutional back-
grounds of thg animals used (strain, age, sex) makes the results
attributable to a variety of possible factors. It is accordingly

difficult in many cases to partial out the sources of variance.
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Individual differences appear to be related to constitutional
predispositions of the animals. Powell et al. (1966) found that
Ss with high or low initial responses to 10% alcohol solutions
showed differential susceptibility to later exposure effects.
Cicero et al. (1971) had deviant animals in their alcohol de-
pendence study which indicates that exposure effects are difficult
to separate from individual constitutional (and genetic) variables.
The next sections will be concerned with studies addressed to

this problem.

Constitutional Variables and Alcohol Intake.

The preceding section on exposure effects revealed that
constituéional factors had an effect on the patterns of results.
The following sections will review relevant literature that
deals systematically with constitutional factors affecting al-
cohol intake. After firstly considering the separate contribu-
tions of sex and agé of subjects to the variance in alcohol intake,
individual differences will be considered as they relate to some
predispositions to consume alcohol. Finally experiments devoted
to the genetic analysis of voluntary alcohoi intake will be re-
viewed.

Age and alcohol intaké. The study of Clay (1964) and that

of Cicero, Snider, Perez and Swanson (1971) showed that the age
at which exposure'to alcohol was initiated could be relevant for
later intake. In a study designed to demonstrate the effect of

age on alcohol intake, Kakihana and McClearn (1963) showed that
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younger BALB male and female mice (between three and nine weeks)
drank more 10% alcohol than adults. Animals older than nine
weeks showed low intake. Exposure during the high acceptance
period did not enhance intake in adulthood.

Parisella and Pritham (1964) compared groups of male
Wistar rats of different ages (1 to 2 months, 3 to 4, 10 to 15,
20 to 24 months). Half the animals in each group were given
forced exposure to alcohol solutions increased weekly by 2% from
a 2% solution to an &% solution over a four week period. Then
all the animals were offered a three-bottle free choice between
8% alcohol, 5% sugar and water. 1In general, prior exposure to
alcohol enhanced intake of the 8% alcohol concentration, although
the animals generally preferred sugar to alcohol. The post-
pubertal Ss (3 months to 4 months), however, preferred the alcohol
over water and sugar. This preference occurred in Ss with or
without prior forced exposure to alcohol. This indicates that
age was a more important factor of variance in determining alcohol
intake than prior exposure to alcohol. Since the phenomenon was
observed in animals around the age of puberty, it suggests a pos-
sible hormonal effect. Unfortunately, no female Ss were used in
the experiment.

Using a free choice situation, Goodrick (1967) tested male
Sprague-Dawley rats of various ages at the initiation of testing

(1 month, 3, 5, 10, 15 and 24 months). The four-week experimental

\
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session consisted in the presentation of four successive sequences
of alcohol solutions increasing during each week from 2% to 8%
in 2% steps' followed by three days of water intake. Alcohol in-
take increased with increasing age (between the groups) up to
5 months and decreased at 10 and 15 months. Two-year old Ss
drank more alcohol than the 15-month old ones. This result was
interpreted as due to sensory deficits in the older animals. The
possibility exists, however, that the result is a function of a
strain difference. Parisella and Pritham (1964) using Wistar
rats did not observe such a phenomenon. Despite differences in
methodology, the two experiments described above both observed
the highest intake in the animals in the post-pubertal period.
Wallgren and Forsander (1963), however, reported that 18-
month old Ss drank more alcohol than 3-month old ones in a free
choice between water and 10% alcohol. This finding is inconsistent
with that of the previously mentioned studies. Unfortunately, the
authors do not mention the strain of rats they used. Also they
found an age by exposure interaction when they compared younger
and older Ss that were exposed to alcohol for long periods. In-
deed, long term exposure to alcohol enhanced later ethanol selec-
tion to a great extent in older than in younger subjects.
In.summary, age of exposure of the subjects is an important
factor in the variance in patterns of alcohol intake. However,

differences in strains from study to' study make any conclusions
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tentative. Also, the existence of age by experience interactions
(e.g. Wallgren and Forsander, 1963) implicates the importance of
the age at which exposure is initiated in studies of the effects
of initial exposure on subsequent intake. Finally, the particular
responses of Ss at about puberty makes hormonal effects plausible
and the absence of female Ss in these experiments deplorable. Ac-
cordingly, it indicates the necessity of looking at sex as a

possibly relevant source of variance in voluntary alcohol intake.

Sex differences. Although sex is commonly cited as a

constitutional factor affecting alcohol intake, all the studies
using male and female Ss do not report sex differences. In inbred
strains of mice some investigators have found that sex accounts
for less than 3% of the variance in alcohol intake (e.g. McClearn
and Rodgers, 1959). 1In rats, because of no apparent sex dif~
ferences, data are frequently pooled together (e.g. Kahn and
Stellar, 1960; Wallgren and Forsander, 1963). But some clear-
cut sex differences have been reported in other studies and Wallgren
(1959) found a greater ethanol tolerance in female than in male
rats.

Eriksson and Pikkarainen (1968) compared males and females
of the C57BL and CBA mouse strains in free choice behavior between
water and 10% ethanol. C57BL females had greater preference
ratios and drank greater amounts of absolute alcohol than males

per unit of body weight; the difference was more clear cut using

:



~16~-

the latter measure. Also a sigﬁificant difference between the
sexes existed in ADH (alcohol-dehydrogenase) activity; it was in
the same direction as the other differences, but smaller. On

the other hand, no significant differences between males and females
appeared in the data for the CBA mice. 1In Wistar rats, Eriksson
and Malmstrdm (1967) also found that females had higher intake

than males in a free choice test between water and 10% ethanol.
Once again, the statistical differénce was greater if the amount

of absolute alcohol per unit of body weight was used in calculation
instead of the preference ratio (p< .00l vs p< .02). The
experimenters also found that alcohol was eliminated at a quicker
rate in female Ss than in male Ss. Moreover, in a selection

study also using Wistar animals, Eriksson (1968) demonstrated a
greater herftability of voluntary alcohol intake proneness in
female Ss than in male Ss and, in both lines, females had higher
free choice intake of the 10% solution.

However, not all studies report higher alcohol intakes for
female than for male Ss. Using a heterogeneous stock of rats,
Clay (1964) found that male Ss generally had higher alcohol
intake than female Ss. Within her complex experimental design,
sex emerged as the most important factor contributing to variance.
However, the excess of intakes in one sex over another can depend
on the strain used (reported above by'Eriksson and Pikkarainen,

1968) . For instance, Russell (1971) compared the alcohol re-
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jection thresholds of males and females of the Sj and S3 lines

of the Tryon bright and dull rats: females of the bright line
had higher rejection levels than the males, whereas the males

of the dull line had higher levels than the females. As cited
above, McEwen (1965) found that her exposure effects were related
to certain constitutional factors of her Ss: with three strains
of rats (Wistar, Sprague-Daney, Hooded) , males responded to a
greater extent to constant exposure to 10% alcohol than did females,
but the effect was significant in the Hooded males only. On

the other hand, intervening experience with other concentrations
produced higher intake levels in males than in females, but
especially in those of the Wistar strain. Interestingly enough,
no consistent sex differences appeared when the same 3 strains
were used for selective breeding for low and high preference
levels.

Hormonal influences were suggested above to explain changes
in voluntary alcohol intake with age. Besides these within-
subject differences a comparable role of hormones can be assumed
to account for differences in alcohol intake between subjects of
different sex. '

Female hormones were found to reduce alcohol intake. In
gonadectomized male and female rats, Aschkenasy-Lelu (1960)
reported that injections of oestradiol benzoate decreased al-

cohol intake in a free choice situation between water and 5%
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ethanol. Also, in intact female rats in oestreous(ascertained
by daily vaginal smears) a decrease in alcohol intake was
usually observed.

Clearly, sex dependent processesAcan produce differences in
voluntary alcohol intake. However, the size and direction of |
such differences vary from study to study. A primary source of
variation appears to be the strain of the animals, since some
strains show significant sex differences while under similar
conditions others do not. The experimental procedure can also
be an important source of variation. In one study, selection
was followed by the disappearance of priqr sex differences in
alcohol intake (McEwen, 1965). Moreover testing procedures
vary from study to study; some experiments use long-~term exposure
and others a much shorter testing period. Finally, age may be
a factor since Eriksson and Pikkarainen (1968) found a sex dif-
ference with four-month old C57BL mice and McClearn and Rodgers
(1959) did not report such a différence with Ss of the same
strain, but much older (9% - 12 months).

Individual differences and constitutional background. 1In

animals under constant alcohol exposure conditions, large individual

differences are commonly found. Richter (1956) reported that, in
rats, the variations between animals in alcohol intake were much
greater than for other substances like salt or sugar. Senter,

Eimer, and Rickman (1968) found that 63% of the total variance
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in alcohol intake of Hooded rats exposed to free choice between
6% alcohol and water for 26 weeks, was due to individual dif-
ferences. Eyen.in highly inbred strains of laboratory animals
there were widespread individual differences in alcohol intake
(Rodgers and McClearn, 1962; Reed, 1961). The present section
will review experiments in which factors involved in individual
variability in alcohol intake were studied.

Gustatory and olfactory variables. The sensory properties

of alcohol'solutions (i.e. their olfactory and gustatory qualities)
can be related to the tendency of animals to find them more or
less aversive. For example, Amit and Stern (1969) found that
Hooded rats ingested much more alcohol if the oropharfngeal
sensations generally attributable to the alcohol were -eliminated
by direct infusion. In general, alcohol intake can be enhanced
byvsweetening the solutions (Rodgers and McClearn, 1962). Ol-
factory cues were found to be involved in the alcohol preference
of rats for low coﬁcentrations and in their aversion for high
ones (Kahn and Stellar, 1960). By contrast, anosmic rats did

not prefer low concentrations as intaét rats did and they in-
gested ethanol at much higher concentrations. Similar increases
in alcohol rejection levels were found in anosmic mice by
Mcclearﬁ and Rodgers (1962) and in rats by Richter (1956). There-
fore, variation in aléohol intake might be correlated withldif-

ferences in taste and smell.



-20-

After bulbectomy, BALB micé (alpohol rejecting strain)
drank significantly greater amounts of alcohol, even if they
had rejected it before the intervention (Nachman, Larue and Le
Magnen, 1971). With the same treatment, C57BL mice (high pre-
ferring strain) showed an immediate high preference whereas ih-
tact Ss usually took 3-4 days beforé_reaching their high levels.
Olfaction then has an important function in the particular
drinking pattern usually shown by t#ese different strains.

LeMagnen and Marfaing-Jallat (1961) designated rats as
"drinkers" and "non-drinkersd on the basis of individual free
selection of 6% ethanol. They found that the high drinking
5s rejected quinine solutions at a concentration 2% times
stronger than the one that was aversive to the "non-drinkers".
Similar results were found when a series of concentfations, in=-
creasing from 1% to 31.6% was used instead of the 6% solution.
So the differences in alcohol consumption seemed to be related
to a different sensitivity to bitter substances in general. But
drinker and non-drinker rats also differed in their intake of
alcohol concentrations below the gustaéory threshold (Marfaing-
Jallat and LeMagnen, 1964). Since rats have a very high olfactory
acuity, it appears that the non-drinkers showed a stronger
aversion to éolutions when the discrimination was based not on
taste but on:olfaction. 1In conclusion, gustatory and olfactory

cues appear to be highly relevant to;individual variations in
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in alcohol intake.

Role of behavioral predispostions. BAmong the constitutional

factors underlying individual differences in alcohol intake, some
behavioral tendencies have been found to be particularly relevant.
Tobach (1957) correlated individual differenceé in certain be-
havioral tests with alcohol intake in Sprague-Dawley rats. Al-
cohol drinking was more related to timidity (timid Ss drinking
less) than tbo automonic reactivity. Since concentrations around
3% are often preferxed by a variety of rats, an ethanol con-
centration higher than the 3.4% one used in the experiment might
have yielded clearer results. Clay (1964) found that the factor
that contributed the most important source of variation in her
study was sex of the subjects. Other constitutional factors
aé well, were important contributors. Indeed, Ss bred for a
greater flexibility drank more than fixation prone animals. But
audiogenic seizure proneness had no éorrelation with alcohol i
drinking. Duveau, Dahan and Cosnier (1966) came to a similar |
conclusion for audiogenic seizure susceptibility in mice. ;
Brewster (1969) compafed the voluntary alcohol intake of
Wistar rats bred for reactivity and non-reactivity in the ;;en-
field test (Mausdley rats, MR and MﬁR). Six~month old rats were
offered free choice between water and ethanol inqreasing in con- .

centration daily from .001% to 10%. The reactive line had higher

preference ratios (particularly at 5% and 10%), but there was
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no difference in intake of absolute alcohol per unit of body
.weight (except at 5% and 10%). Four-month old Ss were compared
using only 5% ethanol. . Surprisingly, the non-reactive line had
greater intake using‘both measures.

This second set of results is parﬁicularly interesting. in—
deed, high activity and low emotional reactivity in the open
field were correlated with greater alcohol intake, as was lesser
timidity in Tobach's results. This is consistent with the ob-
servations of Thompson (1953) that C57BL mice (high drinking
strain) show open-field behavior similar to that of the Mausdley
non-reactive rats. But the low drinking BALB mice resemble the
Mausdley reactive line in their open-field responses. The con-
sistent correlatién between the tendency to explore and the
tendency to ingest greater amounts of alcohol strongly suggests
a common constitutional factor.

The‘Roman strains, whiéh were selected on the basis of
high and low avoidance performance, were also tested by Brewster;
- In a free choice test with daily increasing concentrations (.01%
to 10%), the lines differed at 10%; the high évoidance line had
greater intake than the low and the control strains which did not
differ among themselves. Finally, females had higher intake than
males in all Brewster's experiments.: |

Conclusion. When groups of Ss differ in tﬁeir voluntary

alcohol intake, a multiplicity of factors appears tocontribute to
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the variancg in the data. Sex and development have already been
shown to be important factors in the patterns of intake. Experi-
ments summarized above indicated that gustatory and olfactory
variables should notlbe ignored in accounting for at least a

part of the differences. Moreover, behavioral tendencies also
affect alcohol intake. Since all these factors appear to be under
the control of some underlying genetic mechanisms,heredity must

be important in alcohol intake. The next section reports on

genetic studies of alcohol intake in animals.

Genetics and Voiuntary Alcohol Intake.

The demonstration of constitutional differences in voluntary
alcohol intake suggests that the behavior may have a genetic
basis. 1In the literature on voluntary alcohol intake, many
experimental reports are concerned Qith genetic variables. 1In
the following review, there will be a section for the two classi-
cal methods used in behavior-genetic analysis, strain comparisons

|

and selective breeding.

Strain comparisons. Many studies have compared alcohol in-

take in animals that are genetically different, but not selected
for any specific traits. '

Reed (1951) compared the alcohol consumption of six strains
of rats with different degrees of inbreeding (from 9 to 101

generations of brother x sister mating). The free choice in-
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take of 10% ethanol (ml/unit of body.weight) varied significantly
from strain to strain over the 30-day testing period. Wide
individual differences were found within each strain and,
curiously, the most inbred strains(i.e. those assumed to be

the most homogeneous genetically) showed more individual variétion

/

than the less inbred ones. This was interpreted by Reed as an
indication that the behavior was under polygenic control. Myers
(1962) compared groups of male rats of tﬁo strains with different
degrees of inbreeding: a Wistar stock (9 generations) and the
G-4 strain (20 generations). The various groups were given free
access to water and one of five alcohol concentrations (1.5% to
20%) . - Two different room temperatures were also used. In all
the experimental conditions, the G-4 Ss showea.greater alcohol
intake than the Wistar Ss. The author suggests that the fact
that the G-4 rats look more emotional than the Wistar Ss could
account for the strain difference in alcohol intake. However,

as seen above (Tobach, 1957; Brewster, 1969) differences in
emotionality and in alcohol intake are not necessarily directly
related. Also the greater alcohol selection of the G-4 strain

is not attribﬁtable to an olfactory deficit since tests showed
that the animals had good olfactory acuity. This does not ex-
lclude the possibility that olfactory differencgs between the
strains are responsible for at least a part of the difference.

Van Steenkiste (1964) compared:Wistar and London Black rats
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in their free choice intake of water and either 10% eth#nol or
white wine. The Wistar Ss drank more ethanol than the Black
strain, but the strains did not differ in their white wine in-
take. The nature of the solution therefore seems important in
the manifestation of strain differences. With a Wistar domestic
stock, Richter (1956) could not produce the apparent addiction
he found in wild Norway rats after restricting their fluid in-
take to alcohol. Moreover, Eimer and Senter (1968) could not
replicate Richter's original finding with domestic (Hooded)
rats nor with wild rats. However, as pointed out by Boice and
Aspey (1968), they used a different genus of wild rats. This
could account for the difference in’ result (Senter and Eimer,
1968) .

Richter (1956) mentioned two important factors that could
explain the failufe of the domestic ' rats in his experiments to
consume significant amounts of alcohol: the greater fluid re-
quirements of the wild rats which made them consume greater
amounts of ethanol during forced exposure; and the constant stress
'they experienced in captivity. Disagreements (Boice and Aspey,
1968, Senter énd Eimer, 1968) about physiological differences
between wild and domestic rats make difficulty for an evaluation
of Richter's explanation in terms of fluid requirements. Also
the failure by Eimer and Senter (1968) to replicate Richter's

original data raises questions about the explanation of the re-
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sults in terms of a stress response. The wild rats used by the
latter authors also experienced severe stress. However, McEwen
(1965) showed some genotype by experience interactions in studies
on the effects of stress on alcohol iintake.

McEwen (1965) compared Hooded, Wistar and Sprague-Dawley
strains in two free choice situations. 1In general, exposure to
alcohol enhanced further intake. But the Hooded strain responded
to a greater extent to a constant exposure situation (10% solution)
whereas the Wistar Ss were more affected by intervening experience
with other solutions (5% and 15%) .

In mice, the main body of research was established by
McClearn, Rbdgers and their associates. They found that, in a
two-week session with free choice access to 1l0% ethanol, strains
of mice differed in their alcohol intake (McClearn and Rodgers,
1959). The C57BL strain showed high alcohol preference levels
whereas A/2, DBA, and BALB mice showed a general aversion to
ethanol. The C3H strain, while generally a low preference strain,
showed more variation in intake than the three other low drinking
étrains. Subsequent experiments indicated that AKR and I/S mice
were low drinkers whereas the RIII strain had intermediate pre-
ference. (McClearn and Rodgers, 1959; McClearn, 1968). Genetic
mechanisms involved in some of these strain differences were
studied in experiments reported in several review papers (Rodgers

and McClearn, 1962; Rodgers, 1966; McClearn, 1968).
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In brief, crosses between strains resulted in intermediate
inheritance when one of the parents was a C57BL mouse. Crosses
between 2 low-preferring strains yielded low preference; so

heterozigozity by itself did not produce intermediate preference.

Double crosses showed that the preference level of the offspring

depended on. the presence or the absence of C57BL genes. Reciprocal

crosses and cross fostering studiesfgxcluded any significant
intervention of maternal effects in,the strain differences.
Analysis of F;, Fp, and backcross generations did not permit any
precise estimation of the various genetic and environmental com-
ponents of variance, but it indicated that a multiple gene system
best accounted for the data. The extensive individual differences
in the various expériments and'the existence of deviant animals
also supported that interpretation.

Instead of the standard 10% solution, McClearn and Rodgers
offered various strains a choice among water and six ethanol
concentrations simultaneously (2.5%Vto 15%) . The peak alcohol
intake was at 12.5% for the C57BL Ss. BALB, A/2 and A/3 animals
did not drink any significant amount at any concentration. How-
ever, the C3H strain (originally a more variable one) drank the
weaker solutions and gradually shifted to higher ones so that,

by the end of the study, alcohol was selected mostly from the

10% ethanol. instead of the 5% solution. That interesting finding

was interpreted by the investigators as a confirmation of the’
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polygenic nature of the control of alcoh&l selection. In order
.to compare A/J, C3H, C57BL, DBA mice and their six hybrids,
Fuller (1964) restricted them to six alcohol solutions. The
concentrations, increasing by a factor of 2 from .5% to 16%,
were offered simultaneously. The author computed as a préference
measure the. ethanol concentration below which the animal obtained
50% of its fluid intake. The DBA and C57BL strains were the most
extreme phenotypes and appeared dominant ovef the more intermediate
C3H and A/J, when the data of the various crosses were compared.
When crossed, however, the DBA and C57BL strains gave offspring
with intake levels ihbermediate between the parent.strains. The
intake measure used by Fuller permitted a genetic analysis of the
data yielded by hybrids which confirmed the more potent effect
of C57BL and DBA strains in increasing or reducing alcohol selec-
tion. The fact that the 6 crosses yielded different modes of
inheritance' suggested the important proposition that the physio-
logical basis for voluntary alcohol intake can vary from strain
to strain.

Thomas (1969) did a systematic comparison of the C57BL and
DBA strains, giving free choice between water and one of 13
ethanol concentrations ranging from 30% to lO'lQ% offered in a
decreasing or increasing series. In both procedures, the C57BL
mice had much higher intake, although, in the descending series,

pre-exposure to 30% ethanol produced a decrease in the usual high
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alcohol intake at 10%. A further comparison of the 2 strains was
. performed using Fl’ F2 crosses and backcrosses of Fl to both
strains;Afree choice between water rand 10 concentrations ranging
from .00001% to 10% was given to the various groups. The greater
alcohol intake of the C57BL over the DBA strain which was ob-
served with 10% ethanol was maintained when concentrations were
lower: DBA rejected ethanol solutions as dilute as .05% and
C57BL appeared indifferent to concentrations of 2% and below.
Analysis of the hybrid data did not permit a precise evaluation
of the genetic variance. However the data of the F; Ss revealed
incomplete 'dominance of the DBA over the C57BL strain (not fbund
by Fuller with a different testing ‘method). The magnitude of the
preference ratios was in direct relation to the proportion of
C57BL geneé for a given cross. According to Thomas, the order

of preference levels of the various hybrid groups can be ex-
plained either by a'single gene model or a polygenic model.

The suggestion of a single explanation might be based on the

fact that Thomas utilized the DBA strain which Fuller (1964)
found to be at the extreme oﬁ low-preference strains.

The possible involvement of few genes in the control of
alcohol intake was also supported By Henry and Schlesinger (1967).
They compared normal C57BL mice with single-gene mutants at the
albino locus, and normal DBA mice and mutants at the dilute locus.

The non-pigmented C57BL mutants drank significantly less 10%
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ethanol than the pigmented ones whereas the low preference levels
of the mutant and non-mutant DBA Ss:were not different. However
the C57ﬁL mutants still drank significantly more alcohol than

the DBA micé. While one gene mutation can affect the between-
strain difference in alcohol intake, there are still unexplained
intake differences. Fuller and Collins (1967) found that a two-
unit model could fit the intake data expressed in mean preference
scores or in absolute alcohol when they compared C57BL and DBA
strains as well as their various reciprocal hybrids. The testing
consisted in an ethanol exéosure technique similar to the one
used by Fuller (1964).

These iast few papers support a limited unit model for ex-
plaining the inheritance of voluntary alcohol intake. However
they were bgsed on two inbred straiﬁs, C57BL and DBAT A two-
unit model is attractive since it is consistent with recent
findings in' which two enzymes appeaf related to alcohol con-
sumption (Lindzey, Loehlin, Manosevitz, and Thiessen, 1971),
although as'de Fries (1967) pointed out, such correlations
can be fortuitious and may disappear after appropriage cross-
breeding. it is interesting to Aoté that the biochemical
studies have usually utilized comparisons between DBA and C57BL
mice (Mccleérn, Bennett, Hebert, Kakihana and échlesinger, 1964;
Sheppard, Albersheim, and Mccleérn, 1968) , which strains repres-

ent the extremes of Fuller's comparative study (1964). Moreover
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there is only one mouse strain (C57BL) in which high preference
for alcohol is consistently reported, whereas many strains ex-
hibiting low preference or aversioni have been found. Accordingly
it looks premature to extend the limited-unit model to other
strains. Indeed Fuller (1964) suggested that different physib-
logical mechanisms may control voluntary alcohol intake in
various mouse strains. Moreover, other studies, in which many
strains were compared, ggnerally favored a polygenic interpreta-
tion.

Interestingly enough, deépite the great differences in al-
cohol intake between the same DBA ahd C57BL st;ains, Schlesinger,
Bennett and Hébert, (1967) in their assays of alcohol metabolism
differences between these two strains, found considerable overlap
between them. But when voluntary alcohol intake was measured,
the two strains differed to a greatér extent without any over-
lapping. The autho:s concluded that alcohol intake could not be
controlled by the few genes associated with alcohol metabolism
and they proposed a polygenic interﬁretation.

Even iﬁ rats an interpretation’based on the differences in
alcohol intake limited to the metabolic evidence does not seem
to fit the phenotypic data. Segovia-Riquelme, Vitale, Hegsted
and Mardones (1956) found no differénce in alcohol metabolism
between Ss classified as drinkefs and non-drinkers on the basis

of their abbolute alcohol intake in‘a free choice situation be-
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tween waterfand 10% ethanol.
In summary, differences in voluntary alcohol intake be-

' i
tween strains of rats and mice may he related to genetic mechanisms.

|
In some mouse studies, 97% of the variance in alcohol intake has

! i -
been attributed to genetic factors. However, the mode of in-

i

heritance of voluntary alcohol intake in inbred strains of mice

still remains controversial, althouéh a polygenic explanation

appears plausible. 1In rats, hypotheses about genetic mechanisms
‘.' -
are more difficult to derive. But in view of the numerous factors

that appear'to underlie alcohol intake, a multi-factor model

i
i

looks more promising. ) K
. i

Selective Bfeeding.
A response to selection clearly indicates that a behavior
!
. has a genetic basis (De Fries, 1967). 1In the area of drinking
i '

behavior, rats have been efficiently selected for adipsia and
‘ B

polydipsia (Roubicek and Ray, 1969), for saccharin preference
{ i

(Nachman, 1959), and for morphine addiction (Nichols and Hsiao,
‘ 3

1967) . Nichols and Hsiao repo¥ted that the lines also differed
in alcohol intake in the same direction as that of response to
morphine. éince selection has been effective in other aspects
of drinking:behavior, it is reasonable to expect a similar suc-

cess in voluntary alcohol intake. Studies have shown that
. i f \

selective breeding has also been effective in that area.

{
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Mardonés (1960) found that with a diet deficient in the
factor Nj o% the vitamin B complex, rats would increase their
alcohol consumption; but there was great individual variability.
When extremé animals were seleCtiveiy inbred, there was a
significantipareht/offspring correlétion in alcohol intake for
the 3rd to £he 7th generations of the study. Rodgers and Mc-
Clearn (1962) undertook a selection'ekperiment with high and low
extremes of}a heterogeneous base group resulting from the crosses
of C57BL, BALB, DBA and C3H mouse‘sﬁrains. In the Fl generation,
there was a significant difference between the high drinking and
the low drinking lines. The high line Ss covered a whole range
of low, intérmediate and high prefefers of 10% ethanol, whereas
the 1ow—preference line essentially 'consisted in low preference
Ss. A moreidirect response in the low line is a common finding
in selection research (Falconer, l9éQ). Also the complexity of
the results:(particularly in the hiéh'line) suggested to the
authors tha% several>genes were invélved in the control of the
behavior. The selection study was terminated at that point because
of a lack of fertility (McClearn, 1968). McEwen (1965) got
straightforward results after one generation of selection in two
experiments/where interesting strain differences emerged. She
first bred for high and low baseline ethanol preference (10%).
The Wistar‘and Sprague-Dawley straihs yielded significant dif-

ferences which were greater in ‘the Wistar strain. In the Hooded
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rats, the difference was in the predicted direction, but it
failed to reach significance. Alsoiall the F; data did not
reveal the sex differences which haé been observed in the

parent groups. Finally, breeding fér increased and decreased
ethanol congumption associated withjenvironmental stress resulted
in a significant separation of the El groups only in the Hooded
strain. | )

Using a 10% solution, Eriksson:(1968) initiated a selection
program witb Wistar rats. His purpose was to develop two lines
drinking as much and as little absolute alcohol per unit of body
weight as possible. His breeding sxétem, where inbreeding and
outbreeding were counterbalanced, favored good selection with-
out reducing fertility and variability. By the 8th generation,
marked differences were obtained beﬁWeen the high and low lines.
Moreover, the sexes responded differentially to the selection.
There was a general tendency for female Ss to drink more alcohol
per unit of body weight than male Ss. So the females had the
highest intake levels in the high line and the males, the lowest
levels in the low line. But the sex difference was greater in
the high line. Also the lines differed markedly in body weight,
the low animals being significantly heavier: Eriksson attributed
that to a difference in metabolism resulting from the selection
procedure.

N

A constant solution technique, where absolute alcohol per
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unit of body weight was measured, should be related to metabolic
vafiables. . Despite the fact that the significant difference be-
tween the two lines explained 65% of the variance, there remained
wide individual variations and the coefficient of heritability
was low. This supports the idea that metabolism does not accbunt
for the whole phenotype variance in alcohol intake. Accordingly,
selection focusing on metabolic differences might not partial

out all the variance.

Conclusion. Selective breeding of extreme phenotypes in
rats and mice can produce divergent: groups of.§s with high and
low alcohol' intake. This is a most clear demonstration that
the behavior has some genetic basis. The testing and breeding
procedures have been varied from experiment to experiment, and
the fact that some studies had more. immediate results may be due
to these methodological differences. Strain differences in one
study and heterogeneity in the majority of the data of the
experiments' favor a multiple unit ihterpretation of the results.
Eriksson's selection study appeared' particularly related to
metabolic processes and the clear separation of the lines was
achieved after a long breeding program. A significant proportion
of the variance remains unexplained. The constitutional factor
of sex was important in the results and heritabiliéy was found
to be low. 1In sum, these observations are indicativé that a
polyfactorial interpretation remains most appropriate.

' " }
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General Sum@ary.

A review of the relevant literature shows that giving labora-
tory animal$ exposure to alcohol solutions can either enhance or
reduce their subsequent intake. The experiential effects on al-
cohol intake however, cannot be evaluated easily because of the
existence of many extraneous factors. First, testing procedufes,
periods of exposure, alcohol solutions used have all served as
important methodological difference§ in the various exposure
experiments. Moreover the sex, the;strain and the age of the
animals have not been systematicallf controlled. Fiq;lly
individual differences in voluntarygalcohol intake have emerged
as an uncomﬁonly common finding.

Studies of the effects‘of sex and age on'voluntary alcohol
intake were'reviewed. They showed that constitution was an im-
portant factor of variance and, conéequently, that it should be
taken account of where possible. The intervention of strain dif-
ferences in:the manifestation of constitutional factors and the
importance of individual differences indicated the existence of
genetic conﬁribution. An overview of the research done on the
genetic mechanisms affecting alcohol intake suggests that a per-
tinent approach to these variables should be in terms of a mul-
tiple-unit system. This belief was strengthened by the constant
observation!of individual differences in most of the feports.

In view of the complexity and the variability of the factors
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affecting vpluntary alcohol intake,\it would be most relevant
to investigate alcohol selection with an experimental design that
takes account of the multiplicity of these important components.
Accordingly: tﬁe following investigation will consist of experi-
ments in whijch age, sex, strain and method of presentation will
be varied systematically. 'The possibility that the effects of
infantile exposure to alcohol are different than those after
adult experience will be explored. .

Finally, the method of measuring the phenotypical expression
.of voluntary alcohol intake should be sensitive to various pro-
perties of that behavior, i.e. a technique that takes account of
the multiple factors controlling alcohol selection and the crucial
role played}by individual differences. In coﬁsequence, it seems
that a single solution more or less 'arbitrarily selected would
be limited in its possibilities to reflect all these relevant
variables. ?So, it appears appropriate to let an animal seléct
its own rejeétion concentration by presenting an ascending series
of increasing concentrations of ethdnol and using a constant re-
jection criterion. That threshold screening technique would per-
mit the manifestation of individuélfdifferences, since different
concentrations do not have the same ‘gustatory and olfactory
qualities. 'A change in threshold following prior scfeening would
reflect a modification of an animal's response to alcohol. Ac-

cordingly in the following experimerits a modification of the pro-

3
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cedure used'by Cicero and Myers (1968) will be utilized to ob-

tain, for each animal, a particular rejection concentration.
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The Present Investigation

The following experiments were .carried out to study systema-
tically the 'relations between certain experiential and constitu-
tional varidbles that may affect alcohol aversion thresholds of
laboratory rats. The basic ekperimental procedure consisted
first in ascertaining the concentration of alcohol solution an
individual rat would reject and then repeating the procedure a
few weeks later. The purpose was to see if the earlier exposure
would influence a later threshold. Two methods of presentation
of alcohol were compared. To evaluate the relevance of consti-
tutional factors in the manifestation of an alcohol exposure
effect, the‘groups of rats differed in sex, strain and in the
age of first exposure. The method of determiniﬁé rejection
thresholds was designed to account for individual differences
in initial and final self-selection response. Finally an attempt
was made to‘explgre an effect of selective breeding among ani-
mals with high and low rejection thresholds, after infantile

exposure to ‘alcohol.

Experiment I

In order to explore ways in which early experience para-
meters and constitution might interact in determining intake
thresholds, 'the effect of infantile exposure on adult threshold

levels was studied in the Hooded strain of)laboratory rats. Two
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methods of exposure to alcohol were' used: - a forced choice and

a free choice technique. Also the effects of the age of first
exposure was studied by initiating the early exposure at two
different ages, at day 21 and at day 35. Male and female animals
were compared in all experimental conditions.

Subijects. Egi\this experiment, the Ss were 48 Hooded
rats, bred in our own laboratory to' multiparous females from
the Québec Breeding Farm. They were distributed from six lit-
ters to four experimental groups so' as to distribute both male
and female Ss from all litters throughout the groups. Deaths
of Ss resulted in the following distribution by treatment:
forced-choice earlier - 12 Ss; forced-choice later - 9 Ss;
free-choice earlier - 10 Ss; free-choice later - 1l Ss, or a
total of 42 Ss.

Procedure. All Ss were weaned at day 18 and placed by
litter in gioup cages for three days after which they were housed
individually for the balance of the experiment with ad libitum
access to food. The cages were Plekiglas with covers of stain-
less steel fubing through which drihking tubes could be inserted.
The two éroﬁps undergoing earlier ekposure were offered alcohol,
starting at day 21 and the two:undefgoing later exposure at day
35. Adult Eesting began for all animals on day 9l.

Solutions. Alcohol solutions were mixed volume by volume

(v/v) by adding tap water to 95% ethanol. For instance, 100 ml
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of a 10% alcohol solution contains 10.56 ml of 95% ethanol and

89.44 ml of water. Other alcohol concentrations were prepared

t

in the same way.

Determination of intake thresholds. A modification of the

procedure used by Cicero and Myers (1968) was utilized. That
multiple-solution technique had the animal select for itself |
its particular rejection concentration, thus allowing for
individual differences and the multiple factors affecting volun-
tary alcohol intake within the same animal.v

Method. For all the Ss during treatment and testing,
liquids were offered in graduated polyethylene tubes with long
drinking spouts, the distance of which from the floor of the
cage was adjusted systematically to keep pace with the growth
of the animals. The general procedure was to offer the Ss
alcohol solutions in gradually increasing concentrations until
an individual rejection level was reached by each animal.

Forced vs free-choice conditions. In the forced-choice

condition, the rats had access to one water tube, alternated
every other day with an alcohol solution tube. For the free-
choice procedure, the animals were offered two tubes daily,
one containing water and the other alcohol. The position of
the tubes was alternated daily. Since the techniques of free
choice and forced choice have different effects on intake

(Vveale and Myers, 1968), the method of determining the rejection
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threshold differed for the two conditions. So with forced
choice, the rejection level was defined as that concentration
of alcohol for which the individuallanimal's intake was equal
to or less than one-half the water intake of the preceding day,
over‘a four-day period. 1In the free-choice condit;on, the re;
jection level was defined. as the cogcentration at which the |
preference ;evel was .15 or less over a four-day period. Pre-

’

ference level here refers to the ratio: alcohol intake .
total fluid intake

The defined rejection levels were the same for infant and for

i

adult testing.

Concen?rations series. During'ihfantile experience, start-
ing with a 3% solution, the daily increase'in concentration was
1% until a goncentration of 10% was'reached, after which in-
creases wer? 2% daily, until the reﬁection level was reached.
The same précedure was used for these animals tested at maturity
except that the initial concentration was 4% in all cases, and
daily increases in concentration were 2%.

Results. The data of this éxperiment represent the end
results of the two testing sessions for the Ss of each early
experience condition: the first initiated at either day 21 or
day 35, and the second initiated at day 91. They are expressed
as means anq ranges of rejection 1e§el concentrations and are
shown in Table 1, for the free choice situation, and in Table

2 for the forced choice situation. 'Overall inspection of these



Table 1

Means and Ranges of Rejection Concentrations (% volume/volume)
Attained by Male and Female Rats after the First Session
Initiated either at Day 21 or Day 35, and the Second Session:

Initiated at Day 91, for the Free Choice Situation in Experiment I.

Means
First Session Second Session
Initiated Initiated 5
Day 21 Males 13.60 Day 91 , 28.40 k
Day 21 Females - 13.20 Day 91 19.20
Day 35 Males - 20.66 Day 91 22.33
Day 35 Females 16.40 Day 91 32.40
Ranges
First Session. | Second Session
Initiated Initiated
Day 21 Males | 6-24 Day 91 14-42 .
Day 21 Females 8-18 Day 91 . 16-~26
Day 35 Males 14-32 | Day 91 12-46

Day 35 Females 10-20 ‘ Day 91 16-56



Table 2

Means and Ranges of Rejection Concentrations (% volume/volume)
Attained by Male and Female Rats after the First Session
Initiated either at Day 21 or Day 35, and the Second Session

Tnitiated at Day 91, for the Forced choice Situation in Experi-

ment I.
Means

First Session Second Session
Initiated . Initiatea
Day 21 Males . 18.33 Day 91 18.66
Day 21 Females 13.66 Day 91 16.66
Day 35 Males 18.00 Day 91- 16.80
Day 35 Females 14.00 Day 91 ' 14.50

5 Ranges

First Session : Second Session
Initiated | Initiated
Day 21 Males 12-26 Day 91l 12-28
Day 21 Females 10-16 Day 91 14-22
Day 35 Males 14-26 Day 91 10-24

Day 35 Females 10-16 : Day 91 8-20
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data reveals a wide range of individual differences in the re-
jection levels. It also reveals that, on the whole, the sub-
jects of this experiment rejected alcohol in concentrations
much higher  than those usually reported in the literature. As
the ranges of rejection levels show, a significant proportion'
of Ss rejected alcohol solutions only after they were increased
well beyond the 10% that has cléssically been used as a test
solution. In fact, a few of the animals in the free choice
situation, established their rejection 1evelstat concentrations
above 42%.

In the free choice situation, a comparison of day 21 and
day 35 conditions shows that, in infancy, mean thresholds in-
creased with increasing age. On the other hahd} the resultant
adult rejection thresholds were higher than the infant ones for
the same Ss, suggesting either an age effect or a treatment
effect. It appears too that the results are not simple func-
tions of thé individual variables, (age and sex), but complex
functions of the interactions between these variables. Indeed,
age and sex revéal their importance by their interaction: on
the average, at maturity, males with exposure initiated at day
21 had higher rejection levels than' those given exposure initiated
at day 35, whereas, at maturity, females with exposufe initiated
at day 35 had the higher rejection threholds. Inspection of

the forced choice data shows that uhlike the free choice situation



44—

data a difference between adult and infant thresholds did not
emerge. However, male Ss overall had higher rejection levels
than the female Ss. Finally, the data for the forced choice

condition did not suggest complex interactions among the variables.

Analyses of the data. To evaluate the relevance of the

factors mentioned in the description of the data of the free
choice situation, a Three-way Analysis of Variance (age X sex X
session) with repeated measures on one variable (session) was
applied to the data of the free choice condition; another similar
analysis was performed for the forced choice data, (Winer, 1962).%*
In the latter (Appendix 1) there were no significant differences
between infant and adult rejection levels, supporting the sug-
gestion of the absence of a treatment or an age effect. The
significant’sek effect (pL .01) was due to the consistency in
males' highér rejection levels. 1In the free choice situation
(Appendix 25, the age effect (p< .0l) reflected the increases
with increaging age that were observed in the infant data when
day 21 and day 35 conditions were compared. Also the overall
increases in adult over infant rejection levels just reached
significance at the .05 level. Thislﬁupports the existence of

an age or treatment effect suggested from the inspection of the
data. The analysis also confirms the complex age by sex inter-
action pointed out above (p-< .01): male Ss showed higher re-

Jection levels when first exposed to alcohol at day 21, whereas

* see Appendix 17-1.
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females showed higher levels when f%rst exposure was at day 35.
So, for the Hooded animals in thefrge choice alcohol drinking
condition, there is a good indicatign of an interaction with
experience of two constitutional varxiables, age and sex, in
influencing, adult rejection thresholds.

Comparisons between various groups. Because of the absence

of session effects and of the much smaller contribution of
constitutional variables to the forced choice data, in the
remainder of the analysis of Experiment I, only the free choice
condition will be considered. The conditions for the two
groups for which first experience was initiated at day 21 and
day 35 respectively will be referred to as Day 21 and Day 35
conditions and the sets of threshoids that were obtained from
their second testing initiated at day 91, will be labelled Day
91 data. ‘

In ordér to have a stronger confirmation of the session
effect revealed in the overall analysis of variance further
analyses were performéd on the data 'of infant and adult final
rejection levels separately for the Day 21 and Day 35 conditions.
First, two-way analyses of variance '(sex X session) with repeated
measures on session (Appendices 3 and 4) revealed a session ef-
fect significant at the .05 level for both conditions; no sex
effect and no interaction emerged from the two analyses.

Wilcoxon related samples tests also 'compared the data of the
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two session§ separately for the two conditions. * For Déy 21
condition, the test revealed a significant difference in the
final rejection levels of the two sessions at the .0l level;

but for Day, 35 condition, the difference was significant only

at the .05 level: the higher infant thresholds of Day 35 con;
dition presumably contributed in lessening the difference be-
tween infant and adult thresholds in that experimental condition
(this is also reflected by the smaller F ratio for session
yielded in the analysis of variance of Day 35 conditioﬁ).

The influence_of a developmental factor was tesged by
comparing infant rejection levels in Day 21 and Day 35 conditions,
using the Mann-Whitney U test. Infant rejection levels were
significantly higher in the Day 35 condition than in the Day 21
condition (U=30, p €.05). This confirms the suggestion that
in infancy rejection levels increaséd with increasing age.

To investigate further the sex’X age interaction revealed
by the analysis of variance, Day 91 rejection levels of females
of the Dayi21 conditionlwere comparéd with Day 91 data of fe-
males of the Day 35 condition: the’ latter levels were signifi-
cantly higHer than the former (U=4,'p <f;05). But there was no
significant: difference between the Day 91 data of males of the
Day 21 condition and those of males! of the Day 35 condition
(u=11, p> .05). However, the Day 81 data of males of the Day 21

condition pooled with those of females of the Day 35 condition

see Appendix 17-2.



-47-

were signifieantly higher (U=31, p <£.05) than the pool of Day

91 data of males of the Day 35 condition and of the females of
the Day 21 condition. So the sex by age interaction is con-
firmed and it appears to be due particularly to the intake levels
of the female Ss.

Discussion of Experiment I. The results of the present

experiment showed that responses of Hooded rats to early ex-
perience with alcohol solutions.are the resultant of se§eral
factors. Firstly, the method used for early exposure and adult ‘
testing appears to be important since the forced choice‘procedure
did not reveal any significant increases from the first testing
session to the second, whereas the free choice procedure did.
Moreover, constitutional variables, sex and age, interacted in
producing quite different Day 91 data in the sub-groups of the
free choice situation. Finally, in the free choice situation,
evidence for a developmental variable éuggests that at least a
part of the ipcrease in thresholds shown in Day 91 data could

be due simply to an age factor. To investigate this question
and to see if the results of early experience differ from the

results of adult exposure, an adult control study was undertaken.

Experiment IT

Because of the restricted nature of the results, using

the forced choice technique, a decision was made at this point



to confine further investigation to the free choice situation.

Subjects. The S§s of this experiment were 15 Hooded rats
bred in our own laboratory to multiparous females. They were
randomly selected from two litters so that there were three
male and four female subjects from one litter, and four males
and four females from the other. BAll Ss underwent the same
experimental treatment. They were weaned and housed in the
same way as the Ss in Experiment I. Rejection thresholds were
ascertained in the same free choice manner és in Experiment I.
First exposure to alcohol solutions was initiated for all Ss
at day 91, with a concentration of 4%, increasing daily by 2%
steps until rejection levels were reached. The second session,
initiated on day 161, followed the same procedure. 1In the fol-
lowing analysis, the results of the two sessions will be labelled
Day 91 and Day 161 Control data respectively;

Results. The data of this experiment, presented in Table
3, are expressed as means and ranges of rejection thresholds.
They represent the concentrations at which alcohol was rejected
for each subject at the end of the two testing sessions: the
first initiated at day 91 and the second initiated at day 161.
Inspection of these data reveals a wide range of individual
differences of high rejection levels: one male was particularly.
deviant producing a threshold of 58% at both testing sessions.

Overall there appeafed to be no great change from the first to



Table 3

Means .and Ranges' of Rejection Concentrations (% volume/volume)

Attained by Male and Female Rats after the First Session

Initiated at Day 91, and the Second Session Initiated at Day

161, for Experiment II.

Means
'First Session
Initiated
Day 91 Males , 20.86
Day 91 Females 22,25
Ranges

First Session
Initiated

Day 91 Males . 10-58,
Day 91 Females 12-44

Second Session

Initiated
Day 16l 25.71
Day 16l 20.50

Second Session

Initiated
Day l6l 10-58
Day 161 - 10-38
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the second exposure session indicdting an absence of significant
experience or age efﬁect. Also sex did not appear to be a
major factor determining differencgs in intake levels at any
phase of this experiment.

Statistical analysis. To test the apparent absence of

significant components of variance, a two-way analysis of variance
(sex X session) with repeated measures on session was performed
(Appendix 5). It revealed no significant difference in threshold
levels between the final data of the two testing sessions. There
was no sex effect. To confirm the absence of a session effect

in the control data, a Wilcoxon rélated samples test compared

the rejection concentrations, for males and females combined;

it also revealed no significant difference. Therefore the data
revealed that adult experience did not produce changes in re-
jection levels comparable with those seen after infantile ex-
posure and that, after maturity, sex, as a constitutional
variable influencing alcohol intake, was of less importance.

Comparative analvsis of sets of data in Experiments I and II.

To ascertain if the results of Experiment I were attributable

to an effect of age or of experience, a comparison of Day 91
Control data of Experiment II (Ss without pre-exposure to alcohol)
was made with the Day 91 data of Experiment I (Ss with pre-
exposure to alcoholf. ‘It revealed that the rejection thresholds
of the latter were significantly higher than those of the former
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(Mann—Whitney, z=1.64, p -<.05).. So it apﬁears that, at maturity,
rats with previous early exposure to alcohol have significantly
higher rejection levels than naive rats. The early exposure
effect was evident only when the final rejection levels
derived from the Day 91 data of Day 21 and Day 35 conditions
were combined. The separate comparisons of the Day 91 data
of the two conditions with the Day 91 Control data did not re-
veal significant differences (U=52 and 54 respectively, p >.05).
Moreover there was no significant difference between the second
testing thresholds of Experiments I and II, i.e. between Day 91
data of Experiment I and Day 161 Control data of Experiment II
(z=0.73, p=.23). Two paradoxical findings emerge from the
p;eceding statistical analyses. Firstly, a treatment effect
following early exposuré to alcohol, was apparent only when
both conditions of early exposure were included in the analysis.
Secondly, Day 91 data of Experiment I did not remain higher
than the data of the control Ss when the latter were given
equivalent exposure at maturity (Day 161l).

To investigate the nature of these paradoxical results,
the data of the two conditions of Experiment I were compared
with the data of the adult control study separately for each
sex. Accordingly, four two-way analyses of variance (age X
session) with repeated measures on session were performed (Appen-

dices 6, 7, 8, 9). All the significant effects which were
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revéaled were in parallel with the sex X age interaction that
emerged from the analysis of Experiment I. In the comparisons
between Day 21 condition and the adult control study, the
analyses revealed a significant session effect (p 4.05) for

the males, but not for the females. The comparison of the Day
35 condition with the control study yielded a significant

age X session interaction (p 4£.05) for the femaleé, but not

for the males. So partialling out the constitutional vaéiable
of sex, some session effects were apparent even when the cohtrol
data were included in the analysis. But this effect was clearer
in the Day 21 condition since the ﬁales yielded a session effect
whereas, in Day 35 condition, only an age X session inter- |
action was revealed by the females. The absence of an éxper—
ience effect when Day 91 data of Day 21 and Day 35 conditions
were compared separately with Day 91 Control data is therefore
presumably due to the presence of the data of the two sexes

in each comparison. Finally, the existence of some session
effect when adult control data were included in certain com-
parisons, might be partly responsible for the observation, re-
ported above, that.there was no significént difference between
the second testing thresholds of Experiments I and II, that is
between Day 91 data of Experiment I and Day 16l Conﬁrol data of
Experiment II.

Discussion of the Hooded experiments. Exposing rats to
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alcohol solutions during two different periods in infancy
indicated it was possible to modify alcohol rejection thres-
holds of Hooded rats at maturity. It was also shown tﬁat
exposure to alcohol solutions at maturity did not produce any
changes in later thresholds. This implies that, in voluntary.
alcohol drinking, there is a difference between infant and

adult exposure. However, it is not possible to interéret the
results as due uniquely to an experiential factor. fhe situation
is greatly complicated by the constitutional variables systema-
tically introduced into the experimental design. Indeed, the
existence and the pattern of the experience effects were affected
by age and sex in a complex manner. It was particularly evident
when a combined analysis of the early and adult studies was
performed. Also the method of letting each animal select its

own rgjection concentrétion resulted in a wide range of individual
differences; which could be due to specific attributes of the
particular strain employed in this study. For all these reasons,
further investigations were undertaken. First the testing of
another strain of rats té see if the fesults would indicate
similar general and'particular effects. Secondly, a special
breeding program utilizing animals at the high and low ends of
the distribution as parental stock was undertaken to help partial

out the factors contributing to the variability.
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Experiment III

The purpose of this experiment was to investigate the
alcohol drinking patterns of animals of the Wistar strain and
to compare the intake of this albino strain with that of the
Hooded animals. An early exposure study was carried out using
the same two ages of initial experience as those of Experiment I;
at the same time, adult control animals were utilized in the
same manner as in Experiment II.

Subijects. The Ss were 48 Wistar rats born in our own
laboratory to multiparous females obtained from the Canadian
Breeding Laboratories. Thirty-two animals were selected on a
random basis from three litters and were used for the infant
experience study. They were distributed as follows: earlier
experience - 8 males and 8 females; later experience - 8 males
and 8 females. Sixteen animals, 8 males and 8 females, came
from two litters and were used for the adult control study.

The procedure for weaning, housing, solutions series and re-
jection levels, was identical to the one ﬁsed in the first two
experiments. Again, for the early experience study, the two
groups which corresponded to the two ages when first exposure

was initiated, will be referred to as Day 21 and Day 35 conditions
and their respective sets of thresholds which were obtained after
maturity, in a session initiated at day 91, will labelled Day 91

data. The two sessions of'the control study, initiated at day 91
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and at day i61, will be called Day 91 and Day 161 Control data
respectively.

Results. In general the results of this study indicate
that experience with alcohol drinking initiated in infancy in-
fluences later rejection thresholds to a greater extent than
alcohol experience initiated_after maturity. That this effect
is not, however, a simple age or development factor but is the
result of complex interactions of experience with sex and age
can be seen in Table 4. This table represénts means and ranges
of the alcohol concentrations of the initial and final testing
sessions for the Day 21 and Day 35'groups, and the Day 91 Control
group. Examination of Table 4 shows great variability and
relatively high rejection levels in all.the groups, which is.
comparable with the data of Experiments I and II. For subjects
of both the Day 21'and Day 35 conditions, there was an increase
in concentration of rejection levels between.initial and final
testing sessions. This was a consistent finding. The increase
for males of the Day 3549roup, however, was the greatest, and
for the females of the same group the increase was the smallest.
In contrast with these findings, there were no increases from
initial to final testing sessions for either male or female
subjects of the Day 91 Control group. The rejection levels
for the male subjects of the adult control group were higher

at the end of initial testing than those of the female control



Table 4

Means and Ranges of Rejection Concentrations (% volume/volume)
Attained by Male and Female Rats after the First Session
Initiated at Day 21, Day 35 or Day 91, and the Second Session

Initiated either at Day 91 or Day 161, for Experiment III.

Means

First Session Second Session
Initiated Initiated
Day 21 Males  12.75 Day 91 27.75
Day 21 Females = 11.13 Day 91 25.25
Day 35 Males 12.75 Day 91 34.00
Day 35 Females- 10.75 Day 91 17.00
Day 91 Males 23.50 Day 16l 23.25
Day 91 Females 15.00 Day lé6l 13.50

Ranges

First Sessioh ‘ Second Session
Initiated ' . Initiated
Day 21 Males 8-20 Day 91 12-50
Day 21 Females 7~24 Day 91 12-50
Day 35 Males 9-20 Day 91 1l4-62
Day 35 Females 7-20 . Day 91 12-30
pay 91 Males 10-60 Day 161 10-50

Day 91 Females 12-18 Day 161 10-22
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subjects.

Statistical analysis of the infant study. The trends

observed in the results of the infant study were statistically
evaluated by a three-way analysis of variance (age X sex X session)
with repeated measures on session. (Appendix 10). A highly‘
significant (p <. 00l) session effect was found, indicating

a clear difference between first and second testing data in

the study. There was also a significant sex effect (p <4.05),

due to the significantly higher thresholds for males than for
females, particularly for day 91 data in Day 35 Condition.
'(Mann-Whitney, U=8, p=.005).

To further verify the session effect found in the infant
study, some Wilcoxon tests compared the.data of the two sessions
in both conditions for early exposure; and, for each group, the
comparison was made for each sex together and separately. For
Day 21 condition, there was a significant’difference between
thresholds of initial and second sessions (.605) when the data
for males and females were combined; but, for males and females
separately, the.difference.was greater for females than for
males (.01 vs .05). On the other hand, for Day 35 condition,
the difference was significant at the .005 level when the data
of the two sexes were combined. For males and females separately,
the difference for males (.005) was more highly significant than

for the females (.0l1). This supports a sex X age interaction
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resembling the one found in Experiment I. 1In the present
experiment, however, it was in the reverse direction. For
confirmation, the éppropriate pools of data were compared: con-
trary to the Hooded data, the day 91 rejection levels of males
in the Day 21 condition pooled with those of females in Day 35
condition were signifiéantly lower (Mann-Whitney, Us79, p <4.05)
than the pool of day 91 data of Day 35 condition males and fe-
males of the Day 21 condition.

Discussion of the Wistar infant study. Early experience

with alcohol was followed by obvious increases in thresholds in
the second testing session initiated at day 91. But again
constitutional facto;s, age and sex, influenced the results in
a complex way. The interactions, however, were different than
the ones observed in the data of the Hooded animals. Moreover,

age as a developmental factor was not clearly reflected in the

" infant data as it was in the data for the Hooded Ss and this

possibly had a role in the greater session effect which was
observed in the data of the Wistar Ss.

Analysis of the Wistar control data. For a statistical

evaluation of the trends observed in the Wistar adult control
data, a two-way analysis of variance (sex X session) with re-
peated measures on session was performed (Appendix 11). It
revealed no significant difference between the two testing

sessions indicating an absence of effect of either experience
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or age with exposufe initiated after maturity. The analysis
of variance yielded no sex effect despite the observed general
tendency of adult males to have higher thresholds than adult
females in both the initial and second sessions.

To furthér verify the absence of a session effect, Wil-
coxon tests were performed on the control data: they revealed
no significant differences between the sessions using males
and females together and separetely. .Despite the fact that
the analysis of variance qid not reveal a significant sex effect-
the possibility of a sex difference was further evaluated by
a comparison of males and females using Days 91 and 16l Control
data separately (Mann-Whitneys): males had significantly higher
rejection levels than females (U=12, p=.02) only for the Day 16l
Control data. The slight (non-significant) decrease of the fe-
males from the first to the second session seems responsible
for this result.

Discussion of the Wistar control data. The data of the

control study revealed no indication of an effect of initial
adult exposure on later thresholds. This indicates that the
effect was different when first exposure was initiated in infancy
than when it was initiated after maturity. The less influential
role played by the constitutional factor of sex in the adult

data also indicates that the effects of early and adult exposure

were different.
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Comparative analysis of infant and control studies. To

compare rejection thresholds of naive and experienced animals
after maturity, a Mann-Whitney U test was performed comparing
the Day 91 data yielded by both conditions of the infant ex-
periment with Day 91 Control data; it revealed that Day 91
rejection levels of the infant study were significantly higher
than those of the Day 91 Control condition (z=1.88, p=.03). This
~indicates that previous exposure, and not age only, conéributed
to the highly significant session effect found in the analysis

of the data of the early experience study. Day 91 data of Day 21
and Day 35 conditions of the infant study were then separately
compared with Day 91 Control data: the comparison revealed

that the exposure effect was particularly due to the Day 35
exposure conditions since only the day 91 data of the condition
were significantly different from the Day 91 Control data

(U=82, p=.05). Also the combined day 91 data of the two conditions
of the early experience study were significantly higher than Day
161 control data (z=2.02, p=.02). So, at maturity, Ss having
undergone early experience with alcohol had higher alcohol
rejection levels after day 91 testing than naive animals with
first testing initiated at that age; and they remained signifi-
cantly higher even after those previously naive gs‘had been
retested in a session initiated at day 161.

At the end of the initial testing sessions the final
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rejection levels of the infant Ss, in both conditions of the
early experience study, were lower than the final rejection
levels of adult Ss of the Day 91 Control session, indicating

an increase with increasing age. To evaluate this apparent

age effect, a two-way analysis of variance using sex and age

of first testing in the early and adult studies (i.e. Day 21
and Day 35 infant data of the early experienqe study and Day 91
Control data) was performed (Appendix 12). The analysis revealed
an age effect significant at the .05 level which reflects the
higher levels of the Day 91 Control data. For a detailed
examination of the age effect, separate Mann-ﬁhitney U tests
were made to compare the various sub-groups. The infant re-
jection levels of the Day 21 condition were significantly lower
than those of the Day 91 Control Ss, for males and females
combined (U=61, p<.0l1). But, comparing the data for the

sexes separately, only the females differed significantly

(U=10, p<.0l). For the Day 35 condition, infant levels of
males and females éombined (U=54, p<.0l), males (U=1l6, p<.05),
females (U=10, p <.0l) were significantly lower than Day 91 |
Control levels.

General discussion of the Wistar data. The results obtained

with the Wistar strain confirmed some of the basic conclusions
derived from the analysis of the Hooded data. Again, early

experience was an important variable which enhanced rejection
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levels in voluntary alcohol drinking. The control data showed
that mere experience did not induce threshold changes: early
and adult exposures were really different conditions. But the
variance was not totally explicable in terms of experiential
factors. The results were influenced by age és a developmental
variableland also, in interaction with sex, as an experiential
parameter. They both modified and regulated the direction and
the strength of the experimental treatments. Interestingly
enough, the Day 35 condition which was the more potent in
modifying later intake, was also the condition where constitution
played its greater role. Finally, as an‘indication that the
range of rejection thresholds observed in the Hooded Ss, was
not an experimental artifact, it is important to note that the
Wistar subjects, permitted to select their own rejection
thresholds revealed a similar broad range of individual dif-

ferences.

Strain Comparisons

The purpose behind the utilization of two strains in the
present investigation was to see if they would respond to
identical experimental conditions with different alcohol re-
jection levels. Despite different;patterns of response fol-
lowing early exposure, at maturity, the two strains from which

the samples of animals came, were not different in voluntary
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alcohol intake. The rejection levels of naive Ss in the Day 91
Control data of the two adult studies did not differ signifi~
cantly (Mann-Whitney, U=120, p» .05). Also the rejection
levels of the Hooded and Wistar Ss which were the end results
of testing sessions initiated after previous exposure to ethanol
in adulthood or in'infancy, were not different for the two
strains (Mann-Whitney tests: Day 161 Control data of the two
strains, U=95.5, p)..OS; Day 91 data of the infant studies of
the two strains, 2z=.30, p=.38): this indicates that neither
the Wistar rats nor the Hooded rats responded more cons;stently
to exposure to alcohol. The separate statistical analyses of
the data of the Hooded and Wistar infant studies however, did
indicate ﬁhat the animals of the two strains differed in their
response to the infant treatments with alcohol.

Statistical comparisons of the Hooded and Wistar infant

studies. To compare the results of the early exposure studies
between the strains, Day 21 and Day 35 conditions were compared
separateiy in two 3-way analyses of variance (strain X sex X
session) with repeated measures on session. In the analysis
using Day 21 condition (Appendix 13), no strain effect emerged;
but there were a session (p 2,01) and a sex (p £,01) effect.

But for Day 35 condition (Appendix 14), the analysis revealed

a strain effect (p €.05) and a sex by strain interaétion (p £.01).
Also the analysis yielded a session effect (p €.05) and a sex

effect just significant at the .05 level. The Day 35 exposure
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condition appears then to be the experimental situation par-
ticularly responsible for the differences between the strains.
The differential responses of the sexes for the two strains
in that condition seems the factor underlying the differences.

Discussion of the strain comparisons. The two strains used

in the present investigation differed in their results when
given early exposure to ethanol solutions. The session effect
was clearer in the Wistar study. Age effects were not evident
in the Wistar early experience study as they were in the Hooded
experiment. Also the comparison between early and adult control
studies did not reveal, in the Wistar Ss, the paradoxical results
which were found in the Hooded Ss. This indicates that the
strain differences were the resultant df complex factors. This
suggestion is further supported by the reverse sex by age inter-
action which was found in the two early experience studies.

The Day 35 condition was the situation where the reverse inter-
action was the most obvious: this explains why that condition
was found to be the one which best acéounted for the strain

differences in ths i‘nfant studies.

Experiment IV

This study was a preliminary attempt to discover a possible
trend in response to selection. The purpose was to see if the

tendencies to respond to early exposure that were found in the
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Ss of the Hooded strain could be attributed to some heritable
characteristics. The high individual variability which was
found in the data of the infané studies of both the Hooded
and the Wistar strains suggested some genetic basis. Because
of the more! complex responses of the Hooded rats to early
experience with alcohol, this strain was used in the selection
study. The'original idea was to breed selectively for high
and low day' 9l thresholds following ‘both Day 21 and Day 35
exposure conditions; but breeding difficulties precluded the
use of a Da? 35 condition group. THe experiment lasted for
three generations and a limited proﬁortion of animals was used
for breeding: therefore some Brother X siéter matings resulted.
The small base group did not permit 'a large scale breeding
program with the usual outbredlpopufation.

Generai procedure. For the Fl°generation, the parents were
selected from the Ss of the Day 21 dondition in Experiment I;
the breediné pairs were the male and the female showing the
highest, and the male and the female Showing the lowest day 91
alcohol rejéction thresholds respecﬁively. Using the respective
F, groups, the breeding pairs for the F, generations were selected
in the same'way. The third generation of the high line was the
offspring of the crosses of the two males and two females pro-
ducing the ﬂighest rejection thresholds following infantile treat-—
ment in the‘F2 high group. Because 'of lesser fertility, only

’k . 0
s
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one breeding pair, selected in the same way as for the other
low line generations, was used from the F, low animals for the
third generation. During the entire selection study, the
general treatment was essentially the same as for the previous
Day 21 exposure groups. There was however a difference in

the Day 91 testing of the third generation Ss of both high

and low lines. 1In order to perform a blind test of the intake
of the animals, the Ss were identified by a number and placed
in individual wire mesh cages into which Richter-type drinking
tubes were inserted. After a few days of habituation to the
cages and tubes, the data collection for the Day 91 session was
made by another experimenter who did not know to which group
the rats belongedf In the following analysis the data yielded
by the two testing sessions will be called Day 21 and Day 91
data respectively and the Ss in the Day 21 condition of Experiment
I, the Base Group.

Results. Table 5 gives the means and ranges of rejection
levels for the groups of the first generation of Experiment IV.
Tables 6 and 7 present the daté of the second and third aenera—
tions respectively. The thresholds are the end results of the
two, sessions for each subject: one initiated at Day 21 and
the other at Day 91. Inspection of these data reveals that

individual variations still remained fairly broad and also that

* Thanks to Miss Deborah Levitan for testing the animals.



Table 5

Means and Ranges of Rejection Concentrations (% volume/volume),

Attained by Male and Female Rats after the First Session

Initiated at Day 21 and the Second Session Initiated at Day 91,

for the First Generation of Experiment IV.

First Session

Initiated
Day 21 Males
Day 21 Females

First Session

Initiated
Day 21 Males
Day 21 Females

First Session

Initiated
Day 21 Males
Day 21 Females

First Session

Initiated
Day 21 Males
Day 21 Females

10.72
11.33

7-18
8-34

10.50
7.66

7-20
6-10

High Line
Means
Second Session
Initiated
Day 91 16.18
Day 91 17.06
Ranges
Second Session
Initiated
Day 91 . 12-40
Day 91 12-34
Low Line
Means
Second Session
Initiated
Day °1 17.75
. Day 91 19.66
."Ranges
Second Session
"Initiated
Day 91 12-30
Day 91

16-26

n=1l1l
n=15%

n=8
n=6



Table 6

Means and Ranges of Rejection Concentrations (% volume/volume)

Attained by Male and Female Rats after the First Session Initiated

at Day 21 and the Second Session Initiated at Day 91, for the

Second Generation of Experiment IV.

FPirst Session

Initiated
Day 21 Males
Day 21 Females

First Session

Initiated
Day 21 Males
Day 21 Females

First Session

Initiated
Day 21 Males
Day 21 Females

First Session
Initiated
Day 21
Day 21

Males
Females

12.27
14.85

8-22
10-24

10.40
12.50

7-20

9-20

High Line
Means
Second Session
Day 91 20.00
Day 91 28.85
Ranges
Second Session
Initiated
Day 91 12-44
Day 91 12-54
Low Line
Means
Second Session
Initiated
Day 9l 17.60
Day 91 19.00
Ranges
Second Session
Initiated
Day 91 12-34
Day 91 14-24

n=1l1l
n=

n=5
n=



Means and Ranges of Rejection Concentrations

Table 7

(% volume/volume)

Attained by Male and Female Rats after the First Session

Initiated at Day 21 and the Second Session Initiated at Day 91,

for the Third Generation of Experiment IV.

First Session
Initiated
Day 21
Day 21

Males
Females

First Session
Initiated
Day 21
Day 21

Males
Females

First Session
Initiated
Day 21
Day 21

Males
Females

First Session
Initiated
Day 21
Day 21

Males
Females

12.50
17.00

6-18
10~-26

8.71
14.00

7-12
12-16

High Line
Means
Second Session
Initiated
Day 91 24.00 n=4
Day 91 37.00 n=4
Ranges
Second Session
Initiated
Day 91 l6-32
Day 91 24-48
Low Line
‘Means
Second Session
Initiated
Day 9l 17.14 n=7
Day 91 26.00 n=2
Ranges
' Second Session
Initiated
Day 91 10-24
Day 91

20-32
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from generation to generation the Day 21 thresholds neither
increased nor decreased in any systematic way. They were,
however, much higher than those usually reported in the alcohol
literature. For all the generations, there were inéreases in
final thresholds from the session initiated at day 21 to the
one initiated at day 9l.

Table 8 shows the means of Day 91 thresholds for the various
selection groups and for the base group, and compares the two
lines for males and females togetﬁer and separately. For males
and females together, after a decrease in the first generation,
the high line increased gradually in the following generations
and reached a much higher mean level in the third generation
than that of the Base Group. On the other hand, after an
initial drop, particularly in males' levels, the low line re-
mained essentially stable. By the third generation, there was
evidence that the thresholds of the two lines were diverging,
indicating possible effects of selection.

In the high line, the selection affected the two sexes
differently: the females almost doubled their mean rejection
threshold by the third generation as compared with the Base
Group-results: the males decreased their mean level at the
first generation and, despite a gradual increase, remained
lower.than the mean level of the Base Group. In the low line,

the males had, in general, lower mean levels than the Base Group,



Table 8
Means of Rejection Concentrations (% volume/volume) Attained by
Male and Female Rats after the Second Session Initiated at Day 91,

for the Three Generations of Experiment IV and for the Base Group.

Males and Females

Fi Fa - F3
High Line: 16.69 23.44 30.50
Base Group: 23.80
Low Line: 18.57 18.22 19.11
Females
Fj | F, F3
High Line: 17.06 28.85 37.00
Base Group: 19.20 ’
Low Line: 19.66 19.00 26.00
Males
Fi " Fo F3
High Line: 16.18 -~ 20.00 24.00

Base Group: 28.40
Low Line: 17.75 17.60 17.14
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whereas the females remained at about the original level. There
was a surprising rise in the mean level of the females in the
third generation of the low line: there were, however only two
femalés in that group. In summary, females appeared to have
responded to selection for high thresholds following day 21
exposure. But the males, after an initial decrease in response
to selection in the first generation showed a tendency in the
two subsequent generations of the high line to increase
threshold levels. This increase was not seen in the males

of the low line.

Analysis of the selection data. As a statistical evaluation

of the effectiveness of the selection procedure, the Day 91 data
of the ?wo F3 generations were compared for males and females
combined. The two lines reached a significant separation at
that third generation (Mann-Whitney, U=13, p=.03). But neither
differed significantly from the Base Group indicating that
respbnse to selection was not complete. To verify the apparent
gradual increase in the high line and the suggested different
responsiveness of males and females to selection in the'increasing
direction, Linear Trend Analyses (Ferguson, 1971) were performed
for three generations using the data of the two sexes together
and separately. (Appendix 15). For both sexes together, there
was a linear regression at the .0l level of significance. For

the females the linear regression was highly significant (p ¢ .001)
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whereas, for the males, no significant linear regression emerged.
In order to confirm the observed reduction in mean Day 91
threshold levels of males in both lines in response to selection,
Day 91 data of the Base Group were compared with Fq high and F;
low groups Day 91 data. The males of the Fl high level group
differed from the Base Group males at the .03 level of significance
(Mann-Whitney, U=7.5). However, males of the Fl and F3 low level
groups were not significantly different from the Base Group
males. (U=9, p=.06; U=8, p=.07). So, the apparent decreases
in the low line failed to reach significance.
An increase in rejection thresholds from Day 21 session
to Day 91 session was apparent from an inspection of the data
of all groups for each generation. ToO determine if these in~’
creases were significant, two-way analyses of variance (sex X
session) with repeated measures on session weré performed on
the data for the high and low lines at each generation. The
Anovas revealed highly significant session effects for all the
groups at least at the .0l level of significance (Appendix 16) .
Also to evaluate if these session effects were due to an age
or an experience factor, the Day 91 data of all the groups
~of Experiment IV were compared with Day 91 control data of
Experiment II. The only significant difference in Day 91 levels
was found when using the Day 91 data of the high line group in

the Fgq generation (U=29, p=.03) . Only that group indicated a
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significant experience effect.
Discussion. In the discussion of the results of the
experiments with the Hooded Ss, it was suggested that a program
of selective breeding might help to isolate some of the com-
ponents contributing to the complex responses of these animals,
following early experience with alcohol. The selective breeding
was, indeed, somewhat effective in separating the age and
experiential components that were jointly responsible for the
significant session effect in the Day 21 condition of Experiment I.
The females were particularly responsive to selection in
the high line. This sex difference was a reversal of the re-
sults of Experiment I, where, in the Day 21 condition, the males
produced the higher Day 91 levels. This reversal in sex dif-
ference indicates that some interesting new interactions between
sex and age might have emerged if it had been possible to include
a Day 35 condition in the selection study. Presumably, the
significant decreases observed in the threshold levels of the
males of the Fl generation of the high line, precluded the possi-
» bility of their reaching a significant trend in response to selection
because the selection study did not last long enough. Finally,
except for the decrease in threshold levels of the males in the
first generation, the low line remained essentially stable sug-
gesting that the tendency to increase following early treatment

had reached a minimal level.
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General Discussion

The purpose of this investigation Qas to study the role
of both constitution and experience in voluntary alcohol intake
in the laboratory rat. The experimental design consisted in .
comparing the effects of early and adult exposure to alcohol
while systematically taking account of the cons;itutional factors
of age, sex, and strain. The results of the studies indicated
that the experience effects were not independent of the con-
stitutional variables.

The first question arising from this investigation is why
the free-choice early exposure conditions used in the experiments
produced significant changes in alcohol intake at maturity
whereas the same procedure initiated at maturity did not pro-
duce significant changes in intake at the second adult session.

Early treatment triggered the manifestation of complex
constitutional factors and significant constitutional/experiential
interactions. After adult experience, the only evidence for
such interaction was a reduction in final rejection levels of
female Ss of the Wistar strain. These results appear to re-
flect the fact that a single short-term intervention at maturity
following critical development of the CNS is no longer efficacious
in modifying voluntary alcohol intake.

In other investigations, Veale and Myers. (1969) , for example,

got their "acclimétion" effect in adult rats after many presenta-
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tions of a series of increasing alcohol concentrations, the
first three of which were repeated after only one-day interyals.
Ruésell (1971) induced changes in voluntary alcohol intake of
adult rats after a long-term exposure procedure. But she could
not alter the alcohol intake of adult rats of four strains with
short-term exposure followed by similar testing many weeks later.

Cicero et al. (1971) have suggested that the alcohol de-
pendence they induced in rats was related to the Ss' exposure
to ethanol during the critical period of CNS development (21-60)
days. The possible importance of.that critical period has also
been supported by the finding of clay (1964), who reporéed that
exposure to alcohol was more effective when initiated at day 19
than at day 60.

In thé present experiments, the Ss were also exposed to
alcohol in sessions initiated during the critical period of'
brain development. But exposure was initiated at two different
times within this period, at the very beginning and in the middle
of it. Inspection of individual records of subjects shows ;hat
some drank large amounts of alcohol and had high rejection
levels despite their small body size. Two factors might be
involved. As compared to adult animals, weanling rats have a
greater propensmty to drink bitter substances (e.g. quinine:
Cicala and McMichael, 1964). This propensmty-may have facilitated

voluntary alcohol drinking in young rats during the critical
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period of brain development. In addition, since ADH reaches
adult levels about 18 days after birth (Raiha, Koshinen and
Pikkarainen, 1967), early alcohol consumption does not appear
to be noxious.

The results of the present study clearly showed that early
exposure to alcohol initiated at different ages corresponding
to two distinct periods during the development of the CNS, led
to different intake patterns when the Ss were mature. These
differences were dependent on the sex and the strain of the
animals, and suggest that a sensitizing effect of hormones
might be involved.

There is evidence that sex hormones are present in signi-
ficant amounts at different ages in young male and female rats
and that testosterone has an organizing effect very early in
the life of the male rat (Harris, 1964). The different effects
of sex hormones on the two sexes, at the two ages of initial
alcohol exposure may be reponsible for the different intake
patterns of male and female Ss at maturity. Since sex differences
in alcohol intake have generally not been observed in studies
using a single age of initial early exposure (e.g. Cicero et
al., 1971) whereas, with two ages of initial exposure, sex
differences have emerged (Clay, 1964), such hormonal involvement
as exists may be evident only when there is a comparison possible

in the results of Ss at two different ages of initial exposure.
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The important age effects found in the results also suggest.
an influence of growth hormones on alcohol rejection levels
particularly since, in infancy, there were some increases in
rejection thresholds with increasing age whereas, after maturity,
such age dependent processes were less apparent. Furthermore,
it has been shown that the effective age of an early treatment
can be different in different strains. Henry and Bowman (1970)
demonstrated this in an experiment on audiogenic seizures in
inbred strains of mice. In the present studies, different
patterns of interactions were produced at different ages in
the two strains employed. Assuming that hormones had some role,
the strain differences imply that genotype modified the patterns
of these hormonal effects and could have had an influence on
age dependent processes.

Finally, the suggestion of possible hormonal influences
is supported by the fact that the Day 35 early exposure condition
produced the more complex results. lIndeed, this condition was
the main source of the sex X age interaction in the Wistar infant
study and the one in which the difference between th; two strains
was the more clear cut. The experimental intervention at a
relatively later stage of the critical CNS development period
coincided with the beginning of the puberty period where hormonal
stimulation should be particularly significant. Usually, in rats,

the duration of the period of puberty is assumed to last from

approximately day 37 to day 67 (Farris,1950; Robinson, 1965) .
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Therefore the Ss that were under treatment in a session initiated
at day 35 had their alcohol experience during the first half

of the puberty period. 1In the Wistar Ss, following alcohol
exposure initiated at day 35, females showed lower rejection
levels than males. This may be attributed to the prior in-
hibitory effects of oestrogenic hormones, which would have been
present in significant amounts in the early pubertal females.

on the other hand, following alcohol exposure initiated at day 35,
females of the Hooded strain had higher rejection levels at
maturity than the males. This cannot be explained by a simple
effect of oestrogenic hormones and leads once again to the
speculation that a different genotype contributes to different
hormone-related processes.

The selection study of the present investigation, although
limited in scope, showed that,'with an appropriate breeding
program, the separation of Ss showing greater and lesser increases
following early exposure to alcohdl‘was éossible. The procedure
was designed to produce higher alcohol intake following early
exposure, and it was expected that the selection for greater
increases fol;owing early experience with alcohol would be more
efficient than selection for lesser increases, since the Ss
showing the lesser increases were already at a low level of
responsiveness to exposure.

In the low line, except.for the initial reduction in the

rejection levels of males of the Fl generation, the data look
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more or less like a flat line. This might mean that the factors
responsible for the increases from one session to the next

could not be diminished further. Selection in the low direction
is often quicker to respond (Falconer, 1960) and Rodgers and
McClearn (1962) reported that the low intake bred progeny were
more homogeneous (mainly low drinkers) than the high intake line,
after one generation of selection.

In the high line, a significant linear increase was oﬁserved
over the three generations and depended mainly on the females.
When a trait is controlled by few genetic factors, response to
selection for extremes of the trait is usually quick and efficient.
The moderate response ﬁo seleqtion which was observed in the
present study probably indicates that the factors underlying
the tendencies for voluntary alcohol drinking are quite complex.:
Since a behavior trait which is controlled by many factors is
usually characterized by wide individual variability, the wide
ranges in rejection levels which were observed with the threshold
technique, provide further support for this assumption.

The changes in genotypes induced by the selection modified
some constitution/experience interéctions that were observed
in the Hooded Ss after initial early experience. First, the
sex difference in response to Day 21 exposure still emerged but
in a reverse direction. Males were more responsive to selection

for lesser increases than were females presumably because, as can
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be seen from the data of Experiment I, females were already
quite low. As a consequence, females responded to a greater
extent than males to selection for higher thresholds. Both:
the surpris;ng decline observed in the male Ss in the Fl
generation of the high line and the slower rate of increase of
the males are difficult to explain. These paradoxical findings
are in line with the assumed complexity of the behavior.
Secondly, the selection permitted the partialling out of the
contribu;ion of age and experience in the session-to-session
increases in the infant experiment. This might be another
instance where different genotypes produced different constitution
related processes. But also this result could be attributed to
the particular nature of genotype distribution that is induced
by a selective breeding program. |

Because of the small size of the Base Group some inbreeding
occurred. Presumably, inbreeding affected the results of the
selection, the direction and extent of which are difficult to
ascertain. In the present study, the role played by inbreeding
could have been either to mask or to enhance the effectiveness
of selection and remains a question for further investigation.
Whatever the effects of inbreeding, the moderate success in
separating the two lines from each other and from the Base Group

and the wide ranges of individual differences within the separated

groups, support the idea of multiple-unit control of voluntary
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alcohol intake. The wide range of individual’differences also
reflects the fact that the testing method which was used was
sensitive to the various factors underlying individual propensity
to consume alcohol solutions.

The establishment of individual rejection thresholds apQ
pears to be a particularly relevant aspect of the experimental
procedures utilized in the present investigation, as it influenced
the patterns of the results described above. The threshold
technique was designed so that each animal selected for itself
its own rejection concentration in accordance with its own
propensity for volunt#ry alcohol drinking. The ranges of re-
jection levels in most sub-groups indicate that these individual
propensities differed from S to S. In fact, the technique in-
duced young and adult rats voluntarily to ingest eéhanol in
concentrations much higher than those usually reported in the
alcohol literature and appears to be a powerful method for thé
manifestation of phenotypical drinking patterns. These ob-
servations lead to the conclusion that the technique could
be sensitive to the various neuro-hormonal mechanisms that were
postulated above (e.g. hormonal sensitization inducing changes
in olfactory or gustatory acuity) and to all the variability
resulting from the genetic background of the individual Ss.

A single solution technique would not have permitted the ob-

servation of such variation.
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Despité the fact that the objective of the present investi-
gation was the manipulation of the factors involved in voluntary
alcohol intake, a forced-choice technique of presentation of
alcohol solutions was compared with the free-choice method in
Experiment I. The forced choice method, however, did not affect
later alcohol intake and was not pursued. This is consistent
with the findings of a number of other investigators (e.g. Veale
and Myers, 1969). The failure of this technique to infiuence
later behavior, however, may have been due in part to the fact
that both initial and later testing were carried out un@er
forced-choice conditions, since in a pilot study with Hooded
rats where free-choice adult testing followed earlier and later
initial infantile forced exposure, Ma (1969) found adult threshold
levels not unsimilar to the results obtained in the free-choice
situation of Experiment I.

The forced-choice situation of the present study did not
produce the increases in rejection levels observed in the free-
choice paradigm. However, unlike tﬁe free-choice condition, the
male Ss in all the forced-choice conditions had higher rejection
thresholds than the female Ss. This may indicate either the
potency of sex as a variable in early experience studies, or
some aspect of the forced-choice situation which still remains
unclear. Further experimentation is required before a definitive

conclusion can be reached about the effectiveness of the forced-
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choice technique in inducing significant changes after early
‘'experience.

In summary, the present investigation showed the effective-
ness in adult Ss of a short-term alcohol exposure initiated in
infancy. The results particularly suggested that the enhance;
ment of alcohol rejection thresholds was related to complex
neuro-hormonal processes. However, the patterns of the results
did not reveal any apparent "dependence" on alcohol comparable
with the findings reported by Cicero et al. (1971). It is
reasonable to suppose that such a permanent change in animals'
behavior toward alcohol needs a long "consolidation" period
such as the one provided by Cicero et al. (1971). This can
be compared with the results reported by Russell (1971) where
long-term free-choice exposure initiated in adulthood induced
strong increases in voluntary alcohol drinking. The particular
feature of her experimental design consisted in giving long-term
free access to an alcohol concentration which was equal to 80%
of the initial rejection concentration of each subject. It is
hypothesized.that a similar procedure undertaken during the
time period intervening between first and second testing in the
early exposure paradigm of the present investigation could trigger
some further interesting modifications in voluntary alcohol intake.

Although it was not designed for a direct application to

human alcoholism, the present investigation supports the idea
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that a combination of constitutional and experiential factors
could make an organism more or less prone to voluntary alcohol
consumption. Such particular interrelations could very well

be the keystone for the understanding of the reasons certain
individuals 5ecome alcoholic and others do not under apparenﬁly

similar environmental conditions.
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Summary

The experiments reported in this thesis were performed to
investigate systematically the ro6le of constitutional and
experiential factors in voluntary alcohol intake in the labora-
tory rat. Effects of experience initiated in infancy were studied
in particular, and the constitutional variabies of age, sex,
and strain were systematically introduced into the experiments.

Because of the importance of individual variations observed
even in highly inbred stocks of animals, a testing method was
used whereby the experimental Ss could establish for themselves
their alcohol rejection concentration. Overall, this testing
technique permitted the manifestation of a wide range of indivi-
dual differences and the vpluntary'ingestion of ethanol solutions
in concentrations usually not reported in the literature.

In Experiment I, the effects of experience initiated at
two different ages in infancy were studied in male and female
Hooded rats. Free and forced choice presentations of alcohol
solutions were compared. It was found that only the free choice
technique yielded a significant session effect. However, in
addition to the revealed -session effect, there was a complex
sex by age interaction: male and female Ss responded differently
to, the treatment depending on the age at which early exposure
was initiated. Also the results suggested that a significant

age or developmental factor was influencing the results. Further
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studies utilized only the free-choice technique.

Experiment II was a control study to ascertain whethér the
session effect found in Experiment I was merely an age or
developmental artifact. It was found that experience with
alcohol initiated after maturity did not enhance later rejection
levels in male and female Hooded rats. The comparative analysis
of the results of these two experiments showed, therefore, that
the results of Experiment I were not simply due to aA experiential
or developmental factor, but were the complex end result of the
interaction of experience, age, and sex.

In Experiment III, the Wistar strain of rats was used as
a comparison with infant and adult exposure studies of the Hooded
strain. Some of the results were similar for the two strains.
For both, exposure initiated in infancy enhanced later intake
whereas experience'initiated after maturity did not. Also
constitutional variables significantly affected the results.
However, a difference in genotype produced é difference in the
pattern of the effects of constitutional factors. This was
particularly shown by the reversal of the age by sex interaction
observed in the infant exposure study using Wistar rats.

In Experiment IV, a selective breeding study was undertaken
in order to obtain two diverging lines with Ss having high and
low rejection thresholds as adults after infantile exposure to

alcohol. Despite the small base group that was used and the few



~82— -

generations the experiment lasted, a significant separation
between the lines was obtained. The selection study also per-
mitted a partialling out of age and experiential factors as
they are related to the effects of early exposure to alcohol.
The particular nature of the early experience effects

found in the present investigation was discussed in relation
to possible neuro-hormonal mechanisms that could be involved
and also as a function of the properties of testing techniqﬁes

used.
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Appendix 1

Results of the three-way analysis of variance (age X sex X
session); with repeated measures on session, for the final
rejection levels of Ss in the forced-choice condition in

Experiment I.

Source df MS P o)
Between Subijects 20 v
Age (A) 1 10.73 1.64 ns
Sex (B) 1 106.28 16.30 <<.01
AXB 1 .05 .0l ns
Ss within cells 17 6.52

Within Subijects 21
Session (C) 1 4.65 .10 ns
A XC 1 10.73 .24 ns
BXC 1 11.80 .26 ns
AXBXcC . 1 .56 .0l ns
C X Ss within cells 17 44 .37 -



Appendix 2

Results of the three-way analysis of variance (age X sex X
session), with repeated measures on session, for the final
rejection levels of Ss in the free-choice condition in

Experiment I.

source at MS F D
Between Subijects 20 _
Age (A) 1 197.51 20.83 <.01
Sex (B) 1 9.40 .99 ns
AXB 1 154.77 16.32 <<.0l
Ss within cells 17 9.48

within Subjects 21
Session (C) -1 962.15 4.41 = .05
AXxc 1 6.68 .03 ns
BXC 1 20.46 .09 ns
AXBXC 1 351.20 l.61 ns
C X Ss within cells 17 217.84



Appendix 3
Results of the two-way. analysis of variance (sex X session),
with repeated measures on session, for the data of the infant

and adult final rejection levels in the Day 21 condition.

Source af MS F P
Between Subjects 9 ,
Sex (A) 1 115.60 1.27 ns
Ss within cells 8 920.70 -
Within Subjects 10 '
Session (B) 1 540.80 10.75 <.05
AXB 1 96.80 1.92 ns
B X Ss within cells 8 50.30



Appendix 4

Results of the two-way analysis of variance (sex X session),
with repeated measures on session, for the data of the infant

and adult final rejection levels in the Day 35 condition.

Source df MS F <
Between Subijects 1o .
Sex (a) 1 45.99 .31 ns
Ss within cells 9 147.26
Within Subjects 1l
Session (B) 1l 425,37 5.68 <. 05
A X B 1 279.74 - 3.73 ns
B X Ss within cells 9 74.85



Appendix 5

Results of the two-way analysis of variance (sex X session),
with repeated measures on session, for the data of the infant

and adult final rejection levels in the adult control condition.

Source ‘ as MS F P
Between Subijects 14
Sex (A) 1 27.25 - .08 ns
Ss within cells 13 339.89
Within Subjects 15
Session (B) 1 17.95 .28 ns
AXB 1 8l.35 1.26 ns
B X Ss within cells 13 64.09 :



Appendix 6

Results of the two-way analysis of variance (age X session),
with repeated measureé on session, for the data of the final
rejection levels of male Ss in the Day 21 condition of Experi-
ment I and final rejection levels of male Ss in the control

condition. (Experiment II).

Source af MS F j2)
Between Subjects 1l
Age (A) 1 30.84 .07 ns
Ss within cells 10 405.89
Within Subijects 12
Session (B) 1 559.91 8.36 <<.05
A XB 1 145.75 2.17 ns
B X Ss within cells 10 66.94 :



Appendix 7 f

Results of the two-way analysis of variance (age X session),
wiﬁh repeated measures on session, for the data of the‘final
rejection levels of female Ss in the Day 21 condition of Expéri—
ment I and final rejection levels of female Ss in the control

condition (Experiment II).

Source daf MS F je)
Between Subjects 12
Age (a) ¢ 1 163.11 1.65 ns
Ss within cells 11 98.67
Within Subjects 13
Session (B) 1 28.43 0.55 ns
A XB 1 9l.16 1.77 ns
B X Ss within cells 11 51.43.



Appendix 8

Results of the two-way analysis of variance (age X session),
with repeated measures on session, for the data of the final
rejection levels of male Ss in the Day 35 condition of Experi-
ment I and final rejection levels of male Ss in the control

e
condition (Experiment II).

Source af MS F je)
Between Subjects 12
Age (Aa) 1 20.93 .05 ns
Ss within cells 11l 371.80
Within Subjects 13
Session (B) 1 66.15 l.16 ns
AXB 1 16.54 .29 ns
B X Ss within cells 11 56.82 '



Appendix 9

Results of the two-way analysis of variance (age X session),
with repeated measures on session, for the data of the final
rejection levels of female Ss in the Day 35 condition of Experi-
ment I and final rejection levels of female Ss in the control

condition (Experiment II).

-Source af MS F P
Between Subjects 12
Age (A) 1 57.19 0.38 ns
Ss within cells 11l 150.37
Within Sub-jects 13
Session (B) 1 314.38 3.92 ns
AXB 1 481.72 6.01 < .05
B X Ss within cells 1l 80.15 .



Appendix 10

Results of the three-way analysis of variance (age X sex X
séssion), with repeated measures on session, for the final
rejection levels of Ss in the free - choice condition in

Experiment III.

Source df MS F jo)
Between Subjects 31
Age (A) 1 5.64 .05 ns
Sex (B) 1 534.77 4.94 <<.05
AXB 1 221.26 2.04 ns
Ss within cells 28 108.09 :
wWithin Subjects 32
Session (C) 1 3,206.40 28.61 <<.001
AXC 1 2.63 .02 ns
BXC 1 252.00 2.24 ns
AXBXC 1 199.54 1.78 ns
C X Ss within cells 28 112.07 :



Appendix 11

Results of the two-way analysis of variance (sex X session),
with repeated measures on session, for the data of the infant
and adult final rejection levels in the adult control condition

in Experiment III.

Source af MS F p
Between Subjects 15
Sex (&) 1 666.12 3.26 - ns
Ss within cells 14 204.48
Within Subjects 16 )
Session (B) 1 6.12 .15 ns
AXB 1 3.13 .07 ns
B X Ss within cells 14 39.77



Appendix 12

Results of the two—way analysis of variance (sex X age of first
testing) for the final rejection levels of the Ss of the Day 21
and Day 35 conditions and of the Day 91 Control condition in

Experiment III.

Sources df MS Ir P
Sex (a) 1 196.02 2.81 ns
Age (B) 2 292.72 4,20 <. 05
AXB 2 59.74 0.86 ns
Within cells 42 69.70



Appendix 13
Results of the three-way analysis of variance (strain X sex X
session), with repeated measures on session, for the final .
rejection levels of Ss in the Day 21 free-choice condition of

Experiments I and III.

Sources af MS F P

Between Subijects 25 :
Strain (d) 1 4.73 0.70 ns
Sex (B) 1 144.70 - 21.34 <.01
AXB 1 23.06 © 3.40 ns
Ss within cells 22 6.78

Within Subjects 26 )
Session (C) 1 1,915.72 8.30 <<.01
AXC 1 53.19 0.23 ns
BXC 1 72.01 0.31 ns
AXBXC 1 48.21 0.21 ns
C X Ss within cells 22 230.81 )



Appendix 14

Results of the three-way analysis of variance (strain X sex X
session), with repeated measures on session, for the final
rejection levels of Ss in the Day 35 free-choice condition of

Experiments I and III. !

Source af MS F jo)
Between Subijects 26
Strain (A) 1 242.79 7.27 < -05
Sex (B) 1l 141.35 4,23 = .05
AXB 1 498.95 14.94 <<.0l
Ss within cells 23 33.38 ' ;
Within Subijects 27
Session (C) 1 1,551.69 6.57 <Z.05
AXC 1 181.33 0.76 ns
B XC 1 103.06 0.43 ns
AXBIXC 1l 595.52 2.52 ns
C X Ss within cells 23 236.10 ‘



Appendix 15

Results of the linear trend analyses performed on the data of

the three high-line generations of the selection study (Experi-

ment IV).
Males and females
Source atf MS F je)
Linear regression 1 1,310.38 10.44 <01
Deviation 1 0.41 .003 ns
Within 49 125.46
' 51
Females
Source df MS F jo)
Linear regression 1 1,534.26 11.39 <0l
Deviation 1 15.49 0.12 ns
Within 23 134.69
25
Males
Source daf MS F o)
Linear regression 1 198.24 1.92 ns
Deviation 1 12 .001 ns,
Within 23 103.11
25



Appendix 16

Table of F ratios for the session effects found in the two-way
analyses of variance (sex X session), with repeated measures

on session, for all the groups in Experiment IV.

Group af MS F P

P, High 1 397.19 17.69 <.ol
F, Low 1 635.51 23.70 <.o001
F, High 1 1,010.42 | - 11.14 <.ol
F, Low 1 208.32 29.84 <<.01l
P, High 1 992.25 47. 45 <<.001
F_ Low 1 324.49 18.48 <01l



Appendix 17

Statistical Procedures

l. The analyses of variance applied to the data of the
- experiments described in the body of this thesis
utilized a formula that permitted a statistical cor-
rection for unequal group size,.wherever this was rele-
vant. The procedure was based on one suggestedAby

Winer (1962), p. 374.

2. sSince the assumption of normality of the distributions
was not verified, non-parametric tests were used to
verify éome of %he main effects that emerged from the
analyses of variance applied to the data of Experiments

I, II, and III.

Thanks are due to Dr. M.C. Corballis, who served as a

statistical consultant.



