Zagang ). Pham. Ser . December 2001 PG
Vol 10, No. 2. pp. 23-29
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ABSTRACT . 4 .
Many studies have been conducted to further the understanding of factors influencing alcohol consumption. The purpose of

the current study was to investigate: (1)The competitive behavior of food-deprived rats housed as fixed pairs and competing for
food (2)The correlation between the animal’s specific competition score, within its specific dyad, and its individual chronic
alcohol consumption, when given a free access to 10% (w/v) alcohol or water. (3)Differential chronic alcohol consumption of
winners and losers of rat dvads. (4)The effect of alcohol withdrawal on the competitive behavior of animals.

Forty male rats were used in this study, thirty animals composed 15 fixed dyads, and 10 animals served as a control. Iach
pair of food-deprived animals was tested in the home cage for food competition. Eleven out of 15 dyads established a stable
dominance hierarchy, winners and losers. These animals were then housed individually and had free access to 10% (w/v) alcohol
and water for 4 hours a day over a period of 14 days. Daily alcohol consumption was recorded for each subject. It was found that
the total amount of alcohol consumed by winners was significantly higher than that of losers (Winners, 39.2+£2.3 ml vs Losers,
3) 842 27ml, p<0.05). Further, there was a strong positive correlation between the individual animal’s alcohol consumption and
1ts average competition score, that was evident for both winners (r=0.91) and losers (1=0.85). Alcohol \vilhdnnvu! failed to
significantly change the social status of the animals, only two animals switched rank position. However, chronic alc_ohol
consumption proved deletenious effects on the liver. Animals were sacrificed on the first day of alcohol withdrawal had livers
with elevated weight (% of body weight), (Liver weight %, Day-1 Withdrawal, 3.6+0.1 vs Control, 3.240.07, p<0.01).

It 1s concluded that animals housed in a social environment could establish a stable dominance hierarchy. 1ighly competitive
animals consumed a significantly higher amount of alcohol than Jow competitors. Further, the amount of alcohol consumed by
the animal, winner or loser, positively correlated with the animal’s specific competition score.

INTRODUCTION Although the previous studics suggesied a
Jp . relationship between the social status of the animal
Clinical ~ observations  of  drug-dependent

individual ¢"Tlisk fhey ate: needisoosed to and its alcohol consumption. data was gencrally
;r(;(tjili::lli:: ;cc;l;gsgi;cy a?c unact';lc ":0 cogc willl:zlress"’ obtained from social colonies. Therefore, the purpose

: : tinseed B 0. Sttt of the present study was to investigate: (1)The
lhat mxghlrbc, HIL RO e, 1 mpol‘ i y ]n;gzd for competitive behavior of food-deprived rats housed as
lifestyle o SORIDECONDARG COMpEUEION. ’ fixed pairs and competing for food. (2)The correlation
some, drug use may be viewed as self-treatment for

: ! di 2 A iy ttern of continued dru between the animal’s specific competition score,
aiernal distress l. p gl\cnipil rg tion between socialg within its specific dyad, and its individual chronic
gse]scemi m::((;sgntvi;gﬁi::mg[cfa:::lors“’ A reat deai alcohol consumption, when given a free access 1o 10%
o;’ocf(;%ﬁda;lg rescarch has been done o dé\'clgp rinal (w/v) alcohol or water. (3)Differential chronic alcohol

Is with which fo further the understanding of consumption of winners and losers of rat dyads.
mogels wilh which 0. utliee Gie phdcrAncing (4)The efTect of alcohol withdrawal on the competitive
factors influencing human alcohol consumption.

behavior of animals.
It has been shown that animals raised over a

prolonged period of time in a social environment MATERIALS AND METHODS
establish stable dominance hierarchy. In order to
asscss cach individual’s social position, investigators
have evaluated spontancous fighting among individual
rats in such groups™, behavioral patterns exhibited
towards an intruder®™, competitive behavior for a
sexually receptive female'®, or competitive behavior
for palatable food or liquid”. In addition, Several
pharmacological ~ studies have suggested that
vulnerability to drug self-administration is determined,
at ]cast in part. by the social status (rank order) of the
animal in its group. Kudriaviseva and coworkers™
reported increased alcohol consumption in submissive

Forty male rats, obtained from the National
Institute of Drug Control and Research, with initial
body weight 150£20 g were used in this study.
Animals were housed individuaily in stainless stcel
cages measured 35x25x20 cm. Animals were kept at
25+3°C, with illumination on a 12/12 hr light-dark
cycle throughout the study. Food and tap water were
available ad libitum for one week- accommodation
period. Tap water was also available ad libitum during
the remainder of the study. However, during that time, -
the animals were food-deprived to - enhance

mice with daily experience of defeat. Similar compelition for food. The body weight of (he animals
obseryations have been reported by Blanchard et al.®. increased by 10-40 g at the end of the study: that was

It was suggested that the social stress might be a factor achieved by restricting the daily access to food to two
incnhancing ethanol consumption. Ellison and hours (3:00-5:00 p.m.) after the experimental sessions
coworkers™ classified rats raised in social colonics for that day were concluded. ' :
nito high and low alcohol consumers. ; Food-deprived rats were individually trained to

consume 50 g regular food pellet whose sigmaled
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Competition tests were conducted daily (10:00

am-310 pm) in the home cage of the ammals

ompetiton was scored by direct ob‘\"\ aton. The

< zl* cach
- mpetition score for ¢ach
:-.:'.:m' session 1s determined by adding up the number
ii:’s per scssion. A rat was rankad as a
winner of in a speaific session based on its
composne score within s specific dyad in that
session. A final rank order of animals was determined
based on the av *m} score of five consecutive daily
sessions. Stzble domunance ranking was achieved
when subjects mantzined the same rank position
within a given dyvad for more than three consecutive
daily sessions. Winners and losers were determined in
all stzble dyvads. Unstable dvads were excluded from

the study

Winners and losers of all stable dyvads were

isolated. each rat was individually housed in a scparate
cage measured 35x25x20 cm. Each cage was supplied
with two 100ml-measuring bottles; one was assigned
for water (W) and the other for 10% (w/v) alcohel (A).
Each rat was given a free access to both flasks at the
same time with free choice 1o drink water or alcohol.
All subjects had the free choice to consume water and
10% (w/v) alcohol for 4 hours a day (10:00 a.m. - 2:00
p.m.) for two weeks. The daily alcohol consumption
was determined for each animal at the end of the daily
session. Subjects were not exposed to alcohol during
the feeding hours. Total alcohol consumption was
determined for each subject at the end of the alcohol
exposure period (on day 14). The total amount of
alcohol consumed by each subject was tested for
correlation with the average competition score, during
phase I competition, for the same subject. Pearson
correlation was applied to analyze both winners' and
losers” data.

On the first day of atcodol withdrawal, all wingg,,
and oS ‘.'.\\' aan e fonn there oratal \h.\l\
A socond phase of competiion st was comdictad, g
mentronad p'\\w:\’\ W wmestgae e elling o
aloohel withdrawal on the compentnge tehavior o
this compeniion phase had concludag,
Wre \‘{ the d_\.’.u.\ were swnfioad, the lnee Wis
sola ‘.\i washad with mommal saline (09%) ‘“\d
wcrose 0 2% molar solution, and waghad  The Ingy
werght was cakulaad as a perveitage of the l\\i\
weight Ten anumals of the con ol group were also
@acnfioad. the Iner was wolatad, the Tner waght was

serermined as a pereentage of the gy weieht

dete

The third phase of competion tost was carried out
on th r:nmmnv 0% of the dhads Rats were daily
.m\i for tharr competine behavier {or one woek
The QVSRIEE COMPCHlion SO0 Was caleulated for cach
animal At the end of this phase of competition,
animals were sacnfioad, the ver was wolated, the
lmr weight was determinad as a % of the oy

voight, this was comparad with the hwer \\urh(\
obt.med from animals sacnficed on day-1 Jl\\‘hol
withdranal and control ammals. Table 1 shows a
summan of the protacol of the study.

Table 1: A sumumary of the protovol of the studv.
TASK ~ DURATION
Competition Traming____ Oneweek
Phase-1 competinion test One week
Alcohel consumpiion l\\u \\\\‘k\ o
Alcohoel withdrwal, Phase-
competition fest L
30°, dvads saenficed, Average o
liver weight boady weight B
Remaining 30%a dyads, Phase-3 One week
\\\m[\‘uuon (st B
Annals erificed, Avenage
liver weight boady weight o
Statistical analysis, ANOVA followed by student
t-test, was applied for the analysis of winners” and
losers’ competition scores in different phases of
competition. The same statistical procedures were
applied for the analysis of total alcohol consumption
of winners and losers and the liver weight data.
Pearson correlation was used to detect the correlation
between alcohol consumption and the competition
score for both winners and losers.

ammals Afl

Qne day

RESULTS

The first phase of competition test revealed the
ability of the animals to establish a stable dominance
rank. Eleven out of fiftcen dyvads of animals
maintained a stable dominance rank order over five
consecutive  sessions. A stable rank order was
demonstrated by comparing the average competition
scores across 11 dyads. Student t-test indicated that
the average competition scores of winners and tosers
across 11 dyvads over 5 consecutive sessions were
significamtly different and thus represented (WO
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Figure 1: Average competition scores of' 5 consecutive

sesstons of winners and losers across 11 pairs of rts,

Competition sessions were conducted before exposure to

alcohol, after one day, and one week of alcohol withdrawal.
* Significantly different at p<0.001

These animals retained their rank order during the 1-
week alcohol withdrawal (winners, 6.73840.46 vs
Losers, 2.263+0.464, p<0.001, Fig. 1). Thercfore,
alcohol consumption/withdrawal did not affect the
competitive behavior, as measured by the rank
position, of the food-deprived animals competing for
food.
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Figure 2: Average aleohol consumption of 11 winners and
1T losers over a period of two weeks of daily alcohol
exposure.

* Significantly diferent at p<0.05,
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Winners and losers that maintained  their rank
posttion, duving phase | competition, were fested for
differentinl aleohol consumption in o fice choice
situntion. As indicated by 1-test, the fotal amount of
aleohol consumed by winners was sigmficantly higher
than that consumed by losers (winners, 3221912 129
Ve Losers, VERORE2 274 pa0.05, Fig, 2).
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Figure 3: The upper panel shows (he total aleohol
consumption of cach rat of 11 winners over a period of two
weeks ol daily alcohol exposure. The Tower panel shows (he
average  compelition  score  of 5 consecutive  daily
compelition sessions for each winner, There was a posilive
correlation between the aleohol consumplion of each animal
and its compelition score (1=0,912)

More strikingly, Fig. 3 shows an excellent
correlation  between  the  individual  average
competition score of a winner, during phase 1
competition, and its corresponding total alcohol
consumption during the 2-weck alcohol exposure
period (Pearson correlation, r=0.912).

Similarly, Fig. 4 exhibits a very good correlation
between the loser’s average competition scare and its
corresponding total alcohol consumption during the 2-
week alcohol exposure period (Pearson correlation,
r=0.846). Therefore, there was a posilive correlation
between the competition score of the animal and its
alcohol consumption in a [ree choice situation. As the
compelitive behavior of an animal is enhanced. as
measured by its average compelition score, its alcohol
consumption increases.

ANOVA analysis indicated a significant variation
in the liver weight, caleulated as a percentage of the
body weight, among the three groups, animals
sacrificed after one day of alcohol withdrawal, control
animals, and animals sacrificed after onc week of
alcohol withdrawal (F=5.635. p<0.01, Fig. ). Specific
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significant difference in liver weight % was detected
by t-test between the liver weight % of animals

sx;riﬁccd 1-day alcohol withdrawal and the control
animals (1-day alcohol withdrawal, 3.63340.115 vs.
Control, 3.22140 072, p<0.01, Fig. $). Similarly, the
liver weight % of amimals sacrificed after 1-day
alcohol withdrawal was significantly higher than that
of antmals sacrificed afier 1-week alcohol withdrawal
{1-day alcohol withdrawal, 3.63340.115 vs. [-week
alcohol withdrawal, 3.32740.06, p<0.05, Fig. 5).
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Figure 4: The upper panel shows the total alcohol
consumption of cach ral of 11 losers aver a period of two
weeks of daily alcohol exposure. The Jower panel shows the
average competition  score of 5 consecutive daily
competition sessions for each loser. Therc was a positive
correlation between the alcohol consumption of cach animal
and its competition score (r=0.846)
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Figure 5: The average liver weight, as a percenlage of the
body weight, was calculated for rats sacrificed one day afler
alcohol withdrawal (6 pairs), one week afler alcohol
withdrawal (5 pairs), and the control group (5 pairs).

* Significantly different at p<0.05.

Thus, the increase in liver weight % that was found in

animals sacrificed shortly after cessation of alcohol
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s dissipated after onc week of alcohgy

consumption ha -
the liver weight % returned o

withdrawal, and
normal.
PISCUSSION

In the present study, the animals were housed ;g
dyads (pairs). cleven out of fifteen dyads coulq
ostablish stable dominancc hierarchy. These results are
consistent with previous results rcporl.cd by other
im'csligalorsm. Several competition studies have been
conducted using dyads of rats'” in which dominang
and subordinate animals were identified. In the early
days of competition test, animals 1gxlded to fight and
actively compele, a feature that did fad.e during the
late competition scssions. The subordinate subject
seems to become cither satisfied by its social position
or overwhelmed by ils competition partner. When g
well-defined dominance hicrarchy exists, fighting is
generally minimal. Schaub‘m showed that dominant
animals often could suppress the competitive behavior

of subordinates by overt aggression or by their mere
presence. It is possible that the home-cage fighting

that preceded competition sessions had an impacl on
the competitive behavior of animals during the
competition fest. Therefore, housing animals as fixed
pairs might have contributed in establishing stable
hierarchy within these animal dyads.

udy were food-deprived to
further enhance compelition and development of
dominance hierarchy. Hunger motivated cach subject
in a given dyad to compelc for the food pellet.
However, the animal’s motivation to obtain the food is
counterbalanced by  possible attacks from the
competition pariner. Therefore, the procedure might
be interpreted as a conflict procedure that may
generate stress and anxiety. In agrecment with this
concept, it has been shown that rats housed
individually after a social defeat experience exhibited
higher levels of stress and anxiety'"”.

In the present study, both the individually houscd
winners and losers may have chronically consumed
alcohol as a response to the anxiety and strcss
imposed by food deprivation and competition for
food. Highly competitive animals consumed larger
amounts of alcohol, that was clearly demonstrated by
the positive correlation between the animal’s
competition score and amount of alcohol consumed by
{he animal. In line with this observation, the winners
had significantly higher average competition scores
than losers, again the average total alcohol
consumption of winners was significantly higher than
that of losers. Several investigators studied the
mediators of alcohol sclf-administration in rats and
man. Chronic cthanol cxposure has been recently
shown to increase Gamma-Aminobutyric acid type
(A) (GABA-A) receptors in rat brain (amygdula),
which may contribute to alcohol drinking behavior
and development of ethanol dependence’”. In
addition, it is known that several anxiolytic agents.
¢.g. benzodiazepines, produce their antianxiety effects

Rats in the current st
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via GABA enhancement! Uherefore, it is not
palikely  that ammals consumad  alcohol for s
oh yrmacolegical remforcing effects

There has been growang acceptanee for the notion
that aloohol self-admmistration i humans is a distinet
ot of responses governad pnimanly by the ranforcing
properties of aleohol™  AS with other areas of
psychopharmacelogy. many animal models of drug
sel-admmistration exist. One important consideration
m the sclection of a particular methodology is the
route of admimstration employed for the drug.
Alcohol 18 taken by humans via the orml route,
therefore, there 1s an exclusive utilization of this route
for alcohol consumption; thus, in the present study.
ammals had free access 1o orally consume alcohol or
water

Laster and Freed'” suggested that  animals
consumed ¢thanel for its caloric value and not for its
remnforcing psychopharmacological effects. While this
18 a relevant argument, it does not seem to be
defensible since 1t has been demonstrated that food-
satated amimals would drink alcohol solutions greater
than 8% concentration in preference to water'®. In
addition, ammals have been shown to work for
ethanol despite free access to food and water™.
Therefore. amimals drinking alcohol in situations
where food and competing fluids are continuously
available seem likely to be doing so for reasons other
than hunger and thirst, and it would appear then that
animals  orally  consumed alcohol for its
pharmacologically reinforcing effects.

In agreement with this view, the assumption that
food deprivation may increase the reinforcing efficacy
of alcohol through a stress factor. This is consistent
with the demonstrations that food deprivation
increases the consumption of drugs, such as cocaine®”
and PCP®" that do not contain any calories. Further, it
has been recently shown that the corticostcrone
secretion produced by the stress of food deprivation
plays a kev role in the enhancement of ethanol
intake®®.

In the current study, both food-deprived winners
and losers consumed moderate amounts of alcohol.
However. alcohol intoxication was not evident, and
consequently  withdrawal symptoms werc not
observed. Nevertheless. the competition scores of
winners tended to decrease on day-1 withdrawal that
Was accompanied by a trend of increase in the losers’
competition scores. In line with this view. it has been
demonstrated that withdrawal from chronic morphine
administration was associated with an increase in
competition® and fighting behavior in rats™®.

In the current investigation. the amounts of alcohol
consumed by rats were high enough to increase the
weight of the liver of animals sacrificed on day-1 of
aloohol withdrawal, (his change in liver weight
dissipated after one week of alcohol withdrawal.

tallel 1o the observed time course of change in liver
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weight, Navasumrit et ] @9 showed that during
chronic exposure of rats to cthanol (5%), free radical
generation increased significantly afier onc week and
then declined again to remain a1 a low level over the
next 2 weeks. The authors claimed (hat this transicnt
Increase corresponded closely with the induction of
the enzyme cytochrome P-450 E] in response to
chronic ethanol consumption. Further, during chronic
alcohol exposure, an increase in the frequency of
DNA breaks was seen at 3 days, reached a peak at 1

week a‘nd then declined slowly over the next 5
weeks®,

It is concluded that animals housed in a social
environment could cstablish a stable dominance
hicrarchy. Highly competitive animals consumed a
significantly higher amount of alcohol than low
competitors. Further, the amount of alcohol consumed
by the animal, winner or loser. positively correlated
with the animal’s specific competition score.
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