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WOLFFGRAMM, J AND A HEYNE Social behavtor, dominance, and soctal deprzvanon of rats determine drug chowe PHAR- 
MACOL BIOCHEM BEHAV 38(2) 389-399, 1991 --Relationships between social deprivation, dominance, and voluntary intake 
of ethanol (ETOH) and dlazepam (D) were studted In male adult Wistar rats Social behavior was registered by tetradlc encounters 
in the open field prior to the rats' drug expenences Socml depnvatmn was reduced by individual housing (LI) and contact caging 
(C) Nondepnved rats were housed m groups of four individuals (G) each Social depnvatmn facilitated ETOH intake, LI rats con- 
sumed 30% more ETOH than G Increase of depnvatlon by change of housing condmon additionally raised ETOH consumptmn 
ETOH experiences did not affect subsequent D choice However, rats with a high ETOH consumption also preferred D. Individual 
drug disposition correlated w~th socml donunance (in G to socml activity) Even in individual ~solatmn dominant rats took less drugs 
than subordinate ones, but these rats raised their ETOH consumpnon when the housing con&tions were changed After nine months 
of voluntary ETOH intake and subsequently nine months without access to ETOH the rats showed signs of "behavioral dependence " 
Compared to nawe animals they took twice as much ETOH and even after adulterating ETOH by quinine a high preference was 
perpetuated During th~s state modifying social factors were no longer effective 

Social behavior Social tsolation Social dominance Ethanol Diazepam Drug seeking Drug dependence 

THE relevance of social variables for the drug-taking behavtor of 
laboratory animals has been proved in particular for ethyl alcohol 
(ETOH). Short-term and long-term Isolation enhance the consump- 
tmn and alter the preference for alcohol concentrations in rats (9, 
10, 24, 43, 45) and in rhesus monkeys (22). In these studies the 
animals were exposed to an experimental social situation which 
affected all individuals m the same way. Nevertheless, interindl- 
vidual variation was remarkably high, suggesting that additional 
individual variables contribute to ETOH preference. An indica- 
tmn for such factors has been offered by experiments which ad- 
ditionally regarded social structures. The rank position of a male 
rat determined by h~s success m agonlstic interactions influenced 
the voluntary intake of ETOH in rat colonies. Such results were 
interpreted as effects of social stress rather than as expression of 
endogenous individual states (2,13). A decision between the two 
posSlblhties requires a discrimination between rank positions with- 
out affecting the amount of social stress during drug exposition. 

The procedure to establish a prediction of individual drug in- 
take requires both a control of environmental social factors and a 
registration of the m&vldual socml behavior In the rat the first 
demand can be met by the housing conditions Complete social 
isolation for several weeks is obtained by single housing, the non- 
deprived state is reached by group housing, and an Intermediate 
condition (selective motor depnvatmn) is achieved by "'contact 
caging,"  enabling the animals to communicate through a grad of 
bars (45). Previous experiments showed that such housing con&- 
tmn affected drug intake, but there were no signs of dependence- 

hke phenomena (45). A hypothesis to be tested is that in long- 
term experiments using the free-choice paradigm, ad&tlonal 
temporal trends will develop which may lead to an irreversible 
state similar to psychic dependence in man. 

The assessment of the individual social behavior before the 
first experiences with drugs can be performed by tetradic encoun- 
ters (46,47). The advantage of putting four rats together into an 
open field instead of two (the dyadic case) ts that the rat 's behav- 
ior is not exclusively directed to one partner. Thus, a higher de- 
gree of variability and expression of individual spontaneous behavior 
can be observed Previous experiments with young male albino 
rats (Wistar) revealed the existence of social roles with regard to 
dominance and social activity (48) Such roles might contribute 
to the abovementioned individual variables influencing drug in- 
take. The comparison between social behavior (without drugs) 
and later drug choice permits the testing of the hypothesis that 
dispositlonal factors for drug preference are reflected by the so- 
cial behavtor. 

Compared to ETOH other psychotroplc drugs ( e . g ,  benzodl- 
azepines) have hardly been studted with regard to the interaction 
between social variables and drug intake. Most of these investi- 
gations were only concerned with the effects of drug applications 
on the social behavior (14, 34, 36). A hypothesis to be tested can 
be that the intake of such drugs IS affected by social variables m 
a similar way as in the case of ETOH [cf. (35)]. Similarities and 
differences in the effects of these drugs may indicate general or 
drug specific principles of drug preference, drug-seeking behav- 
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ior, and perhaps even the development of behavioral dependence 
( 5 . 6 ,  23, 28, 41, 42). 

In this study, two psychotroplc drugs are involved ethanol 
(ETOH) and diazepam (D). Although the two substances do not 
belong to the same class of compounds, they both exhibit bipha° 
sic patterns of action. In the low dose range excitatory, anxl- 
olytlc, and aggressive responses predominate, whereas in high 
dosages the drugs act as sedatives (8, 15, 26, 27, 31, 44). A fur- 
ther similarity Is their potential to cause physical and behavioral 
drug dependence (16, 19, 25, 33). 

The successive analysis of social behavior, ETOH choice and 
D choice in the same individuals enables not only the recognition 
of correlations between behavioral variables and drug-seeking be- 
havior but also of interdrug relationships. The null hypothesis 
pre&cts that ETOH and D intake are independent of each other. 
Deviations from this hypothesis may either be due to a persisting 
influence of experiences with ETOH on the choice of diazepam 
or to individual (possibly dispositional) preferences concerning 
both substances 

METHOD 

Ammals and Hou~mg 

All expenments  were performed with male young Wlstar rats 
(breeder. Hagemann, Llpplsche Versuchstierzucht, Extertal, West 
Germany). At the beginning of the experiments the body weights 
of the animals ranged from 120-140 g Dunng the course of the 
experiments the body weight rose to 400-700 g. 

Depending on the experimental situation the animals were 
housed in three different ways- a) group caging of four individu- 
als in a Makrolon cage (60 × 38 x 20 cm); b) individual caging 
(Makrolon cage 43 × 26 x 15 cm), c) contact caging involves four 
individually housed rats, however, the Makrolon cages were ar- 
ranged in a square pattern such that grid bars enabled the rats to 
communicate with themselves. 

Each cage was supplied with standard diet (Altromln 1324) ad 
lib The type of dnnking fluid depended on specific experimental 
situation They were offered ad lib by means of (2--4) bottles with 
glass tubes. 

At least three times a week, the consumption of food and fluid 
was measured and the body weights of the rats were determined. 
By such regular manipulations, the animals were familiarized to 
handling. Both the studies on drug-taking behavior and the be- 
havioral tests were performed in air-conditioned rooms. The tem- 
perature was kept at 21-*-2°C, the humidity ranged from 40 to 
60% The hght/dark cycle was set to LD 12 h/12 h (dark cycle 
starting at 6 p m.). 

Tetradlc Encounters 

Social and nonsocial behavior of the rats were assessed by 
tetradlc encounter sessions in the open field prior to their first 
experiences with psychotropic drugs. The open field consisted of 
a black arena (l  × 1 m) which was subdivided by white lines into 
16 squares Each encounter lasted for 15 minutes dunng which 
four rats were put together into the arena. To enable a discrimi- 
nation of the individuals by the observer the animals were marked 
on their back by means of colored dots The encounters were re- 
corded on video tape by means of a video camera placed 2 m 
above the center of the open field. Encounter experiments always 
started I -2  h after the beginning of the dark cycle when the cir- 
ca&an activity of the rats was high. The arena was diffusely illu- 
minated by low intensive white light (2_+ 0.5 lux). 

Main Expermlental Series (n = 36) 

This series consisted of a long-term choice of ETOH by rats 

housed under different social conditions (Table 1) Over a period 
of nine months drinking flmds contammg 5, 10 and 20 vol.% 
ETOH were offered concomitantly in addition to tap water. The 
presentation of different concentrations was necessary, since the 
preference for certain concentrations depends on prior experiences 
with ETOH (32,45). After an alcohol-free period of nine months 
ETOH choice was tested again. To detect possible signs of "be-  
havioral dependence" the three ETOH-contammg solutions were 
subsequently adulterated by the addition of increasing concentra- 
tions of quinine hydrochlonde (0.05 g/1 up to 0.35 g/l, increased 
by 0.05 g/l per week). Tap water was available and remained 
unchanged. The taste of quinine is averslve to the Norway rat 
(1,17), therefore, the rats are expected to prefer the quinine-free 
fluid (water) Since a "behavioral  dependence" expresses itself 
in a strong demand for the drug [ "c rav ing , "  (41,42)], the aver- 
slon against quinine-adulterated solutions should be suppressed in 
ETOH-dependent animals. 

Dunng the period without ETOH an experiment lasting three 
months with diazepam (D) choice was included. The rats received 
two solutions of D (50 mg/1 and 100 mg/1) in addition to tap wa- 
ter. The solutions were obtained by diluting the contents of diaz- 
epam Ratiopharm ® ampoules with tap water Apart from dlazepam, 
the ampoules contained solubihzmg additives (per 100 mg diaz- 
epam' 300 mg benzyl alcohol, 20 mg benzoic acid, 980 mg so- 
dium benzoate, 2.15 g ethanol). 

Twelve of the 36 individuals which were kept under the same 
social conditions as the other rats received only tap water dunng 
the first nine months of the experiment. These "ETOH-na lve"  
animals were compared to the " 'ETOH-expenenced" rats; begin- 
nlng with the phase of D choice and were treated like the 
other rats 

To study the influences of stable and changing social condi- 
tions on long-term choice of alcohol, a time schedule of housing 
was established. At the beginning of the experiment the rats were 
divided into experimental groups of four animals each. Three of 
these groups of rats were housed individually (long-term isola- 
tion LI); another three in contact cages (C) and the last three in 
groups (G) During the whole course of the experiment G rats 
were separated once a week for 24 h in single cages to determine 
individual values of food, fluid and drug consumption and to study 
the effects of short-term isolation. Every 14 weeks the housing 
condition was changed according to a " 'circular" schedule G---~C, 
C---*LI, LI--*G (Table 1). After two changes (28 weeks) the hous- 
ing conditions were left constant until the end of the experiment. 

Additional Series 

Apart from the psychoactive agent (ETOH or D) some dnnk- 
ing fluids contained additional constituents hke quinine hydro- 
chloride or D-solubthzmg additives. To assess the influence of 
their taste on the choice of solutions three control senes were 
performed. The first one ( n =  12) aimed to estimate the influence 
of additives in D-containing solutions on fluid choice. D-free so- 
lutions of the additives (same concentrations as in the main se- 
ries) were offered over a period of 14 weeks to G-housed, C- 
housed and LI-housed rats of the same age as those of the main 
expenmental  series receiving D-containing solutions 

The two other series were performed to estimate the aversive 
effect of qumine. In the first one (n = 8), G rats received water 
and solutions with increasing concentrations of quinine (0 .05-  
0.35 g/l) for seven weeks. In the second series (n = 10), the rats 
were presented with ETOH adulterated with 0.1 g/l quinine, non- 
adulterated ETOH and tap water for 2 weeks under LI housing 
Dunng 14 weeks before the tests, the rats were presented ETOH 
(free choice), but in the last four weeks of this period the ETOH 
solutions were adulterated with quinine hydrochlonde (0.1 g/l). 
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TABLE 1 

LONG-TERM STUDY (102 WEEKS) OF VOLUNTARY DRUG CHOICE TIME SCHEDULE OF 
EXPERIMENTAL PHASES 

Weeks Main Senes 

- 4 - 0  C LI G 
water water water 

1-14 C LI G 
ETOH* ETOH* ETOH* 

15-28 LI G C 
ETOH* ETOH* ETOH* 

29--42 G C LI 
ETOH* ETOH* ETOH* 

43-56 G C LI 
water water water 

57-70 G C LI 
dlazepam dlazepam dlazepam 

71-84 G C LI 
water water water 

85-91 G C LI 
ETOH ETOH ETOH 

92-98 G C LI 
ETOH+qulnme ETOH~qulnme ETOH+qulnlne 

encounter expenments 

ETOH choice 

ETOH choice 
after first change 
of housing conditions 

ETOH choice 
after second change 
of housing condmons 

first drug-free 
period 

dlazeparn choice 

second drug-free 
period 

ETOH choice 
(retest) 

choice between water 
and ETOH solutions 
adulterated w~th quinine 

LI long-term isolation, C contact housing, G group housing Asterisks indicate periods 
dunng which ETOH-nalve rats receive only tap water 

Evaluanon of Housing Data 

The changes of body weight, food consumptaon, drug intake, 
concentration preference, and total flutd intake were estabhshed 
and submitted to linear interpolation to enable the calculation of 
means and standard deviations. The statistical analysm concerned 
two different aspects (a) the comparison among independent 
samples; and (b) repeated measurements. The tests of (a) used 
either temporal cross sections or temporal averages. Depending 
on the homogeneity of variances (Bartlett 's test) ANOVA or non- 
parametncal tests (H-test, U-test) were used. The individual val- 
ues of consumption by group housed rats were not dtrectly available 
but were calculated from the total values measured for the group 
and the lntennd~vidual ratio of consumptxon dunng the 24-h peri- 
ods of andlvidual housing. Interdependences among different pa- 
rameters were mtenndividually studaed by means of hnear regressaon 
and correlatton procedures. Time courses (b) were assessed by 
means of trend analyses, ANOVA for repeated measurements, 
parred Student t-test, Wdcoxon ' s  test, and Fnedman ' s  test. 

Evaluation of Behavzoral Data 

Based on the video recording a s~mphfied repertoire of be- 
haworal patterns was estabhshed (48) which contained seven 
classes: 

1. rest 
2. ambulation 
3. exploration 
4. socml investigation 

5. play 
6. aggression and aggressive play 
7 submission and flaght 

By means of a two-step analysis the temporal succession of 
patterns was stored m a digital computer (HP 200). The first step 
comprised the mterpretataon of the behavioral sequence of each 
mdivadual mcludmg his commumcatwe partners by a trained ob- 
server using an audio tape. The interpretation was controlled by 
a second independent observer. The high posative correlation be- 
tween the two evaluations (r = + .98) confirmed the rehablhty of 
the type attributions, During the second step the comments spo- 
ken on audio tape were stored m real time into the computer by 
use of a dagatal tablet ( "b i t  pad one") ,  The ttme series were an- 
alyzed by means of computerized programs. The evaluations 
mainly concerned the temporal portions of the behavioral classes 
and the rectplence of socml communication A comparison among 
different groups reqmred eqmvalent parameters. Since it cannot 
be presumed that thas condition as matched for the relatave por- 
tions of the behavaoral classes, it is more adequate to use the 
" rank  number"  of the individual within has group m respect to 
the regarded parameter (e g , 1 for the most playful actlvaty, 2 for 
the second most, etc.). Such rank numbers are then submitted to 
correlation analyses (48). 

RESULTS 

Ininal Ethanol Choice (First Section" Week 1-14) 

The ETOH doses taken dally by the rats depended on the so- 
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TABLE 2 

MEAN DRUG DOSES TAKEN BY RATS OF THE MAIN SERIES 
(ETOH g/kg/day, D mg/kg/day) DURING DIFFERENT PHASES OF THE 

EXPERIMENT (cf TABLE l) 

Dally Doses Mean 

ETOH 1st section 1 57 (C/ 2 05 (LI) 1 47 (G) 1 70 
ETOH 2nd section 1.73 (LI) 1 86 (G) 2 07 (C) 1 89 
ETOH 3rd section 1 78 (G) 1 94 (C) 2 36 (LI) 2 03 

diazepam 2 57 (G) 2 20 (C) 2 09 (LI) 2 29 
(ETOH-expenenced) 

dlazepam 2 12 (G/ 2 32 (C) 1 95 (LI) 2 13 
(ETOH-naives) 

ETOH last four weeks 
of the 3rd section 2 02 (G) 2 09 (C) 2 38 (LI) 2 16 
(ETOH-expenenced) 

ETOH first four weeks 
of ETOH-retest 3 32 (G) 3 57 (C) 3 83 (LI) 3 60 
(ETOH-expenenced) 

ETOH first four weeks 
of ETOH-retest 1 89 (G) 1 27 (C) 1 92 (LI) 1 69 
(ETOH-nawes) 

The letters m parentheses represent the housing condmon, the mean 
intake summarize all individuals irrespecuve of housing 

cial housing conditions. The highest quantity of ethanol was con- 
sumed by long-term isolated rats (LI) (2.05 g/kg/day). Contact- 
caged individuals (C) and group-housed rats (G) drank significantly 
less ETOH than LI animals, F(2 ,21)=  3 74, p<0 .05 .  Differences 
between G (1.47 g/kg/day) and C (1 57 g/kg/day) were not sig- 
nificant (Table 2). Apart from the total quantity, the preferences 
for ETOH concentrations (5, 10, 20 vol.%) were also affected by 
housing. Nondeprlved rats (G) preferred the 5% solution (78.4% 
of their total ETOH intake, cp. Table 3) In contrast, socially de- 
prived rats (LI and C) preferred the 20% solution. They took only 
33 9% and 37 4% of their total ETOH intake from the 5% solu- 
tion. Each housing condition caused a typical pattern of ethanol 
intake which developed after an initial period of 5-10 days and 
then remained relatively stable all over the 14-week period. Dur- 
ing each week's  one-day period of short-term isolation, the G rats 
consumed significantly, t (25)=5 .7 ,  p<0 .001 ,  more ETOH than 
before and afterwards. In the first seven weeks the increase of 
ETOH retake was particularly high ( +  57.8%), then it declined 
dunng the following seven weeks but still a significant increase 
[ + 21.6%, t( 11 ) = 2.6, p < 0 . 0 5 ,  was maintained] 

Ethanol Chowe After Changes of Housing Condmons (Second 
and Third Section: Week 15-28 and 29-42) 

Dunng section 2 and 3 the previous housing conditions were 
rotated Group-housed rats moved to contact cages, contact-caged 
animals to individual caging and isolated rats were put together 
m groups. In two of the three cases (G----~, C---,LI) the housing 
change caused an increase of social deprivation, whereas in the 
third case ( L I - - ~ )  the deprivation was terminated. 

The transition from a lower to a higher level of depnvauon 
was always followed by an increase of ETOH consumption, 
whereas in the opposite case the intake was either constant or 
even decreasing (Table 2). The higher intake of alcohol after In- 

TABLE 3 

MEAN RELATIVE PORTION OF ETOH TAKEN FROM THE 5 vol % 
SOLUTION BY RATS OF THE MAIN SERIES DURING THE COURSE 

OF THE EXPERIMENT 

ETOH-expenenced 

1st section 37 36% (C) 33.88% (LI) 78 44% (G) 
2nd section 28 12% (LI) 36 53% (G) 62 78% (C) 
3rd section 32 90% (GI 8 97% (C) 63 73% (LI/ 

retest 32 06% (G) 26 31% (C) 51 72% (LI) 
+ quinine 5 58% (G) 14 34% (C) 16 61% (LI) 

ETOH-nalve 

retest 75 33% (G) 78 30% (C) 79 82% (LI) 
+ qumme 8 67% (G) 23 90% (C) 17 85% (LI) 

The letters m parentheses represent the housing condmon 

tensified deprivation resulted m two distinct effects: a transient 
increase lasting for 1-2 weeks and a slow persisting increase. The 
transient effect was strongest during transitions from C to LI (Fig. 
1). After three weeks when ETOH choice was reduced again the 
new level of retake ranged above the former one. A slow but 
persisting increase was typical for transitions from G----~. 

During the first section of the choice experiment (week 1-14) 
the general trend of ETOH Intake was negative (Fig. 1), there 
was a significant decline of alcohol consumption, t ( 1 2 ) = 6 . l ,  
p<0 .001 .  After the first change of housing conditions (second 
section) the mean dally consumption remmned constant for the 
next 14 weeks. After the second move (third section, week 29-  
42) the trend was positive, the rats took more ETOH from week 
to week, t (12)=3 .4 ,  p<0 .01  (Fig. 1). Independently from the 
actual housing condition the mean alcohol consumption was gen- 
erally increasing from section to section (Table 1) 

The concentration preferences during the sections 2 and 3 were 
only to a minor degree depending on the actual housing situation, 
but the former preferences developed during section 1 were largely 
maintained (Table 3) Short-term isolation (24 h) of rats usually 
housed in groups enhanced ETOH consumption again, t (25)= 4.7 
and t(25) = 4.4, respectively, p < 0  01, respectively. Although dur- 
ing the sections 2 and 3 other animals than in section 1 were 
concerned, the quantitative level of the increase was nearly the 
same as dunng the last seven weeks of the first section ( + 20.7% 
in section 2, + 2 3 . 4 %  in section 3). 

Dlazepam Chowe (Week 57-70) 

Dunng this ttme period rats of both main experimental series 
(42 weeks of ETOH experience and naives) obtained D solutions 
and tap water. Control animals had the choice between tap water 
and all the constituents of the D-containing solution except from 
diazepam. During the first two weeks both experienced and na- 
ive rats preferred the dlazepam solutions (60% of their total fluid 
intake). An even higher preference (85%) was found in the con- 
trol rats suggesting that this initial effect was not specific for dl- 
azepam but for the additive constituents. After two weeks the 
intake behavior revealed increasing differences between test groups 
and controls. The latter maintained the high preference, whereas 
both experienced and naive test groups reduced their dlazepam 
intake and then maintained a residual level of consumption until 
the end of the 14 weeks lasting phase (Figs. 2, 3a). 

Diazepam taking was not affected by experiences with alco- 
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FIG 1, Cleft side) Mean ETOH intake ( ±  SEM) before and after the first move to new housing condmons (vertical 
line) with an increasing degree of socml deprivation Above C---*LI Below G---~ (right side) Mean ETOH retake 
(~  SEM) of contact-housed rats Above first section of ETOH choice Below third section after two changes of 
housing (LI--~,  G---~) Regression hnes ln&cate temporal trends 

hol' there were no significant differences between experienced 9.5 
(2.14 mg/kg/day) and naive rats (2.27 mg/kg/day). The time 
courses of  intake were similar (Fig. 3a). A N O V A  statistics re- ^ a 
vealed no slgmficant differences between the housing groups nei- 
ther in naive nor an experienced ammals (cf. Table 2). Since the ~2 . s  

F housing con&tlons had already been changed twice, ttus result 
2 does not disprove any relanonship between D retake and social 

housing. Although previous ETOH experiences did not affect the _~ n. s 
attitude towards D, the hypothesis was to be tested that the in&- 
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FIG 2. Pne charts for the preferences of flund choice Mean volume por- 
nons for Ist-4th, 5th-8th, and subsequent weeks Above controls choos- 
ing between water and D-free solutnons of add]raves (see the Method 
secUon) Below rats of the main series choosing between water and D- 
contammg solutions (D/1 = 100 mg/l, D/2 = 50 rag/l) 
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FIG 3. Consumpuon of D and ETOH by ETOH-expenenced and ETOH- 
naive rats. Ca) Mean tnme course of D intake (b) Mean time course of 
ETOH retake (--* SEM, each) dunng the retest period. The ETOH choice 
succeeded to a 3-month drug-free period (m experienced rats 9 months 
without ETOH) Shadowed area increasing concentrations of quinine were 
added to the ETOH solutions 
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wdual values of ETOH intake and D consumptton correlated to 
each other. By this way a significant positive correlation between 
ethanol and dlazepam intake was established ( r=  + .5, p<0.02;  
Fig. 4). 

Ethanol Reoffered 

A possible explanation of the independence of D choice from 
previous expenences with ETOH might be that during the first 
drug-free period the elevated preference for ETOH in expenenced 
rats d,d not persist. To test this hypothesis all the rats (expen- 
enced and ETOH-na,ves) received ETOH solutions again after a 
second drug-free period. In contrast to the predicuon (no differ- 
ences), experienced rats consumed more than twice as much 
ETOH than nmve ones, t (29)=3.9,  p<0.001 (Fig. 3b). Expen- 
enced rats started at a high level of ethanol lngesuon (4.18 g/kg/ 
day); dunng the subsequent weeks the retake was gradually reduced. 
Na,ve ammals maintained a low level of intake (1.7 g/kg/day) 
during the whole course of the choice period (Fig. 3b). In expe- 

nenced rats the influence of housing conditions corresponded to 
that before the ETOH-free period but ETOH consumpuon was 
much higher than before (Table 2). The difference between expe- 
nenced and naive rats was highly slgmficant, t (29)=6.2,  
p<0.001.  

Dunng the following 7 weeks quinine was added to the ETOH 
solutions but not to tap water. The concentration was raised step- 
wise from week to week. Control rats revealed a strong aversion 
against all quinine concentrations: they drank less than 2% of the 
qumlne solution. In another control expenment rats having expe- 
rienced adulterated and nonadulterated ETOH solutions received 
both quinine-containing and noncontaining ETOH soluuons apart 
from tap water. Although the ammals were conditioned during 
the preceding four weeks to dnnk quinine-containing alcohol so- 
lutions they took ETOH preferably (74%) from the quinine-free 
solutions. 

The previously ETOH naive animals reduced ETOH retake 
when quinine was added (from 1.67 g/kg/day to 0.61 g/kg/day, 
Fig. 3b). Experienced rats also reduced their ethanol retake, but 

TABLE 4 

DEVELOPMENT OF BODY WEIGHT, FOOD CONSUMPTION, AND FLUID INTAKE DURING THE COURSE OF THE 
EXPERIMENT (cf TABLE 1) 

Body Weight (g) Food Consumption (g) Total Fluid Intake (ml) 

Exp Naive Exp Nawe Exp Naive 

Beglnof 2824 --_ 35 2966 _ 7.0 24 1 --_ 0.6 248 ± 0.6 339 ± 1.1 327 +- 1 7 
1st section 

Endof 4704 + _ 95 4938 +- 139 2 4 4 + 0 9  283 --- 14 356 ± 13 3 5 0 - - - 2 0  
3rd section 

End of 4936 ± 70 5440 ± 17 1 234 +_ 06  26.0 - 1 6 320 ± 1.2 334 - 1 3 
D choice 

End of the 474 1 -+ 13 .9  5200 --- 165 236 --- 06  275 ± 09  416 +- 29 368 +- 1 7 
expenment 

Mean values +__ SEM for rats of the mare series 
exp = ETOH-expenenced, naive = ETOH-nalve 
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FIG 5 Slgmficant (p<0 05) correlative relationships between behavioral features and 
ETOH consumption (right s~de) Initially deprived rats. The relationships to the features 
of dominance are maintained after the change of housing conthtlons (left side) Imtmlly 
group-housed rats (individual ETOH consumption was measured dunng the periods of 
short-term isolation) After stable socml deprivation new correlations to dominance ap- 
pear (dotted arrows) 

even with the h~ghest quinine concentranon they consumed more 
ethanol than naive rats drank from the nonadulterated solutions. 
Two exceptions from these rules were found" one experienced 
individual nearly ceased to take ETOH solutions (3.64 g/kg/day 
to 0.49 g/kg/day), whereas the addition of quinine (1.48 g/kg/day 
to 1.21 g/kg/day) did not show any effect in one of the naive rats. 

Before the addition of quinine the preferences for ethanol con- 
centrations depended on experiences and housing. On an average 
36.7% (experienced) and 78% (naive) of the ETOH ingestion de- 
rived from an intake of the 5%-solution. During the quinine phase 
all indiwduals which maintained ethanol consumption switched 
thetr preference towards the 20%- solution and reduced their 5% 
retake (Table 3). By this means the quantity of quinme to be 
taken together with ethanol was minimised. For all the group- 
housed rats of the main series, the short-term isolation was con- 
tinued once a week untal the end of the experiment. ETOH-nalve 
individuals revealed a similar increase of ETOH consumption 
[ + 15.2%; t(12) = 3.0, p<0.05] as the experienced rats had shown 
during the last phases of ETOH choice. Alcohol ingestion of the 
latter rats, however, was no longer significantly affected by short- 
term separatton from the other group members ( +  3 1%). 

Apart from their different attitudes towards ETOH the individ- 
uals of the mare series revealed no further discrepancies. Through- 
out the experiment, body weight, food consumption, and total 
fluid intake developed synchronously (Table 4). Prior to their first 
drug experiences, the experienced rats were already less heavy 
than their naive conspecifics. The weight ratio was nearly main- 
tamed over the experiments' two-year period 

Sets of Behavioral Features and Drug Choice 

To study possible interacuons between drug taking and social 
behavior tetradic encounters were performed before first drug ex- 
position. The analysis of the socml behavior of an individual at- 
tempted to establish individual behavioral features and to detect 
sets of positively or negatively correlating features. G indtvldu- 
als differed from LI and C. For socially deprived ammals (C and 
LI) two sets were established. The first one included features 
concerning the social activity of an mdividual (play, social inves- 
tigation and spatial proximity to conspeciflcs); the second one 
comprised aggression and social reciplence, tt corresponded to 
the dormnance rank [Fig. 5; (48)]. Group-housed rats (G) revealed 
three sets of features which reflected social activity, dominance 

rank (less pronounced than in LI and C), and exploration (time 
spent in the center of the arena, spatial distance to other rats, 
rearing, object targettmg). The differences between the correspond- 
ing sets of deprived and nondeprived rats concerned the reclpi- 
ence of aggression by others. In LI and C aggressive acts were 
mostly directed to socially active animals, in G to low-ranlong 
rats. The body weight of an individual was not correlating signif- 
icantly to any of the behavioral features. 

The evaluations aimed to identify behavioral features which 
were suitable to predict later ETOH consumption. For this pur- 
pose, mean ethanol intake of each individual during section 1 was 
treated like a behavioral feature and correlated to the other fea- 
tures. Indeed, the consumption parameter turned out to be mcor- 
porated in the sets of features described in the last paragraph. 
Agaan, differences between the housing groups were found. So- 
cially deprived rats revealed significant, negative correlations be- 
tween ethanol consumption and the features characterizing 
dominance rank, r ( 1 4 ) < -  63, p<0.01 (Fig. 5), whereas the 
intake did not correlate to the feature set of soctal activity In 
normally group-housed rats which were isolated for one day sig- 
nificant negative correlations to the features of social activity ap- 
peared, r(6)< - .84, p<0.01 (Fig. 5). When the housing conditions 
were altered the individual attitudes of G rats towards ETOH were 
modified. As a consequence the relation to the "act ivi ty"  fea- 
tures was attenuated and a new correlation to the dominance fea- 
tures developed (Fig. 5). In neither group ETOH consumption 
depended on the body weights, 

The quantitative consequences of the correlative relationship 
were even more prominent than m the case of different housing. 
Dominant LI rats consumed only 43% of the quantity of ethanol 
that was taken by nondominant lndtviduals (m C: 61%; Fig. 6). 
Socially active G rats consumed during phase 2 an average of 
26.5% less ETOH than nonactive individuals, but such difference 
thd not develop before the second week of exposltzon (Fig. 6). 
The negative correlation between alcohol intake and dominance 
rank was only found m stable socml conditions (LI and C) When 
housing was changed dominant rats responded more sensitively 
than nondominant individuals and increased their consumption to 
a considerable degree (Fig 7). 

When ETOH was reoffered after 18 months, the influence of 
social dominance on ETOH choice was imtially present but dis- 
appeared after four weeks. In the following ten weeks (including 
the quinine phase) no significant differences between dominant 
and nondominant rats could be detected (Fig. 8). 
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FIG 6 Mean time course of ETOH intake ( ± SEM) depending on the rats' social roles In socially deprived animals 
(LI and C) dormnant and nondommant rats are dtscnnunated, m G social activity determines the ETOH consump- 
tion 

In the same way as for ETOH, the m&vidual rank numbers of 
D intake doses were correlated to the behavioral features In so- 
cially deprived rats (LI and C), the results corresponded com- 
pletely to those obtained for ETOH. The intake feature was 
connected to the cluster of social dominance and revealed sigmf- 
lcantly negattve correlations, r ( 3 4 ) < -  53, p<0 .001 ,  to aggres- 
sion and recipmnce of soctal behavior In G-housed rats, however, 
the pattern was similar as in LI and C. Diazepam consumption 
was also mcorporated into the cluster of dominance (cf. Fig. 5). 
Neither socml actiwty nor body weight correlated significantly to 
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FIG 7 Mean time courses of ETOH intake ( _+ SEM) by dominant and 
nondormnant rats before and after a change of housing conditions The 
rats were moved from a stable social condlnon (LI or C) to a new social 
environment (G or LI) Social deprivation was either increased or sus- 
pended 

the drug choice of any housing group 
The differences between the doses of dlazepam taken dally by 

dominant and nondominant rats were considerably h~gh and, on 
average, even more pronounced than for ethanol consumption 
From the beginning of D exposition nondomlnant individuals 
consumed 38% more of the drug, after the general decrease of D 
intake (4-6 weeks) dominant rats maintained a low level of con- 
sumptton, whereas the D preference of nondomlnant individuals 
recovered, t ( 31 )=3  l ,  p<0 .01  (Fig. 9). 

D I S C U S S I O N  

Environmental Factors 

Previous experiments have shown that environmental factors, 
in particular social conditions, influence the voluntary intake of 
ETOH by rodents and pnmates (2, 7, 10, 13, 21, 22, 24, 45). 
Apart from the daily dose taken by the animal the preferences for 
certain concentrations and the circadian pattern of consumption 
were affected [(10,45), cf. (39)] The present results confirm that 
both short-term and long-term social Isolation enhance the con- 
sumption of ETOH, especially of highly concentrated solutions. 
Since contact-caged rats revealed a reduced preference for alco- 
hol it may be concluded that the effect of isolation is due to sen- 
sory deprivation rather than to the thsablhty to perform playful 
and agonistlc behavior (45,46). The differential intake of ETOH 
by rats kept in different social environments suggests that the 
psychotropic effects of alcohol or its metabolites rather then ol- 
factory and gustatory stimuli are mediating drug-taking behavior. 
An experienced Individual takes that quanUty and that concentra- 
tion of the drug which is best suitable to elicit the desired psy- 
chotroplc effects [(2, 7, 13, 45), cf. (32)]. 

When a rat is kept m constant circumstances it develops a 
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stable pattern of ETOH consumption (45). An abrupt change of 
the housmg condition not only leads to a new social SltUauon to 
which the rat has to adapt but also acts as a potent stressor. The 
dramatic nse  of ETOH drinkang during short-term ~solation which 
partially habttuates after several weeks might be due to such an 
effect of ~solation &stress (45). An alternative explanation is that 
the increase reflects the adaptation of alcohol consumption to the 
new reqmrements. Similar effects of adaptatmn and/or transient 
stress are observed when the rats are moved from one housing 
condition to another. An enhancement of social deprivation al- 
ways causes an increase of consumption. When contact caging ~s 
followed by single housing the persistent increase is superimposed 
by a transient "overshoo t"  of ETOH consumption With the 
present results it cannot be dectded whether this is a response to 
stress or an adapnve learning how to take the drug m the new 
situation. 

On the other hand, a gain of social contacts was expected to 
&mmish the intake of ETOH markedly. However, the decrease 
of consumption was much weaker than the increase caused by a 
comparably enhanced deprivation It may be concluded that the 
social situation not only comprises actual and reversible effects 
but also gives rise to persisting alterations (12). 

b l d i v i d u a l  F a c t o r s  

In outbred stratus of rats the lntenndiwdual variation of vol- 
untary ETOH intake is rather high (13, 37, 38, 45) Such a van- 
abdlty may reflect individual factors affecting the behavior of the 
animal towards the drug. In the present study we tried to charac- 
terize the behavior of each rat individually before the beginning 
of the drug taking experiment If it would be possible to discrim- 
inate between different " t ypes "  of individuals such classification 
m~ght offer a prediction for drug taking later on. " 'Tetradic" en- 
counters m the open field (46) are suitable to charactenze the so- 
cial and nonsocml behavior of an m&vidual (48) With a high 
degree of rehabihty individual behavioral features can be estab- 
hshed which comprise the rat 's own behavior as well as its so- 
cml recipmnce [1.e , the behavior of the other ammals towards ~t, 
(48)] 

Assuming that a rat can be atmbuted to a ' social role"  a cer- 
tain set of features would be expected to characterize this role. In 
the behavioral recordings of this study two sets of features were 
ldentafied which indicated two different roles' socml dominance 
and socml activity. Dominant individuals were more aggressive 
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FIG 9 Mean t,me courses of D intake (±  SEM) by dominant and non- 
dominant rats 

than others (mcludmg aggressive acts and postures occurring dur- 
ing play) and received more social interactions by others, whereas 
active rats initiated sequences of social contact and play. 

Social dominance revealed a significant, negative correlation 
to the consumption of ETOH and D. The quanmatlve effects were 
even stronger than those of the housing conditions. On the aver- 
age, nondomlnant rats took more than twice as much of the drug 
than dominant ones &d The dominance rank of a rat individual 
is stable over long time periods (3) This corresponds to our re- 
sults that the correlation was still present after more than one 
year. A similar relationship between social dominance and alco- 
hol consumption has been pointed out by other authors who have 
assumed that the enhanced drug intake by low-ranking individu- 
als might be caused by stressors deriving from social competition 
(2,13) The results of the present study are not m accordance with 
this hypothesis. The negative correlation between dominance rank 
and drug preference was most prominent in those individuals 
which were separated from each other for long time periods. Nei- 
ther during nor shortly before ETOH choice was social stress 
present. Instead, the data suggest a common m&vldual d~spost- 
tion for the intake of ETOH and D correlating to dominance rank. 
Such a &spositmn may be related to differentmted responses to 
the drug by dominant and nondommant m&vlduals which 
depend on hormonal factors and neuronal adaptations [(11. 30, 
40), cf. (20)1. 

Only m one case no negative correlation between drug con- 
sumptlon and dominance rank was found. This exception con- 
cerned the G-housed rats which were kept in groups but isolated 
for 24 h once a week. In this housing situation the socially active 
rats were the least consumers. There are indications that not 
group-housing ~tself but the intermittent changes of environmen- 
tal conditions are responsible for the &verging result With rats 
which were moved once a week from one housing condition to 
the next we found no correlation between alcohol preference and 
dominance (Heyne and Wolffgramm, in preparation). In the present 
study a change of housing condmons raised the intake of ETOH, 
especially m dominant rats These results suggest that under sta- 
ble circumstances dominant rats are poor drug users, but they 
seem to be more sensitive to social instabilities 

T e m p o r a l  D e v e l o p m e n t  

The long duration of the experiment enabled a discrimination 
between different phases of volunta D' ETOH consumption. Dur- 
ing the first 1-2 weeks drug-naive rats took high dally doses of 
the drug which varied from day to day. A stable individual pat- 
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tern o f  consumpt ion  did not  develop before the second or third 
week  of  access  to E T O H  (45). It is l ikely that in this t ime the 
an imals  exper ienced  the drug effects  (7). D u n n g  the subsequen t  
six mon ths  drug taking behavior  remained  relatively stable,  each 
rat es tabl ished an individual  pattern o f  consumpt ion  which  was  
modi f ied  by env i ronmenta l  factors m a predictable way.  After  
this t ime the mean  consumpt i on  o f  alcohol  cont inued  to rise in- 
dependen t  o f  the social  condit ion.  Such an increase may  be due 
to the deve lopmen t  o f  an uncondi t ioned  or condi t ioned drug tol- 
erance (18), but  it migh t  also reflect an  increas ing d e m a n d  of  the 
rat for s t ronger  effects  [cf. (37)]. 

After  several  m o n t h s  wi thout  access  to E T O H  the Intake o f  
alcohol by exper ienced  rats differed dist inctly f rom that o f  ETOH-  
naive individuals .  It was  character ized by a raised level of  drug 
consumpt ion  wh ich  was  main ta ined  even  when  a tas te-avers ive 
const i tuent  [quinine;  (1,17)] was  added to the E T O H  solut ions.  
Such  a behavior  revea ls  remarkab le  s imilar i t ies  to " 'psychic  
d e p e n d e n c e "  o f  h u m a n s  on  alcohol  (4, 7, 28,  29) In both cases  
a h igh  preference for the drug is perpetuated th rough  long drug-  
free periods and the reward caused  by the intake o f  E T O H  can 
hardly be an tagonized  by avers ive  s t imuli .  Since it was not  pos- 
sible to assess  emot iona l  variable in the rat, it s eems  adequate  to 
character ize the ra t ' s  behavior  as "behav io ra l  d e p e n d e n c e "  (25) 
Dur ing  this period interfering social factors lose their inf luence 
Hous ing  condi t ions ,  individual  behavioral  features  hke  dominance  
and social  act ivi ty,  and isolation dis tress  were no longer  s lgmfi-  

cant ly affect ing E T O H  consumpt ion .  Thus ,  social factors serve as 
tr iggers for the deve lopment  o f  behavioral  dependence  but  wh en  
this state is reached,  they no longer  affect it (7). The  r igorous 
d e m a n d  for the drug which  is not ex tended  over  long p e n o d s  and 
the decreas ing  inf luence o f  mod i fy ing  factors is comparable  to 
the " ' loss o f  con t ro l "  in h u m a n  alcoholics  (4, 7, 29) 

The  deve lopment  o f  behavioral  dependence  on ETO H did not 
affect  the voluntary  intake o f  D. Both the daily doses  and the 
t ime courses  o f  consumpt ion  were the same in ETOH-na ive  and 
exper ienced  rats. Thus ,  the rewarding propert ies o f  E T O H  could 
not  be subst i tuted by D. There  was  no behavioral  c ross-depen-  
dence,  a l though both c o m p o u n d s  have  in part a similar  spec t rum 
of  act ions and even  cross- to lerance and physical  c ross -dependence  
be tween  E T O H  and benzod lazepmes  have  been reported (5,6).  
The  drug specifici ty o f  behavioral  dependence  contrasts  with the 
individual  disposi t ion for drug intake ment ioned  before which  af- 
fects  E T O H  and D in a s imilar  way.  Thus ,  drug-specif ic  as well 
as drug-unspeci f ic  m e c h a n i s m s  contr ibute to the deve lopment  o f  
drug dependence .  
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