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The effects of acutely administered ethanol Ill. 0.5. 1.0 and 2.0 g./kg I P) were studied in two strains of aggressively-rated. 
individually-housed male mice in encounters with non-drugged "'standard opponents."  Behaviour was quantified using 
both a complex ethological analysis of frequency of occurrence of acts and postures, and a more simplified analysis of time 
,~pcnt in 4 broad bchavioural categories (non-social. social/sexual, aggressive and timid/dcfcnsive). The simplified analysis 
failed to reveal certain trends that `acre detected by the more complex analysis. The principal effects of alcohol on 
behaviour ,acre a dose-dependent suppression of aggressive activities (with no evidence ofa  biphasic cffect), an increase in 
timid/defensive behuviours, and changes in many non-social and social/sexual acts and postures. There were no qualitative 
inter-strain differences, but Swiss mice were markedly more sensitive to the drug than TO mice. particularly in their 
non-social, aggressive and timid-defensive behuviours. Strain differences in blood alcohol levels were only apparent at the 
]o`acsl dose. 

Ethanol Mice Social interactions Ethological analysis Blood alcohol levels Strain differences 
Agonistic bchaviot,r 

A L ( / ( ) H ( ) L  inf luences  many  aspec t s  of  social b e h a v i o u r  in a 
var ie ty  of  ve r t eb ra t e s ,  including fish 1181, birds [221. roden t s  
{see below),  cats  [251, dogs 1301 and m o n k e y s  1141. Much  of  
this work hits c o n c e n t r a t e d  on  the re la t ionsh ip  be tween  
a lcohol  and aggress ive  behav iou r ,  poss ibly  because  of  the 
p r e sumed  link be tween  h u m a n  v io lence  and  a lcohol  in take  
[12.171. 

Animal  models  to s tudy  the effects  of  a lcohol  on aggres- 
s ion have  c o m m o n l y  emp loyed  rats  and  mice in a var ie ty  of  
behav ioura l  s i tua t ions .  High doses  of  a lcohol  have  cons is t -  
cnt ly bccn  s h o w n  to supp re s s  aggress ion  in bo th  species .  
while lower  doses  have  po ten t i a t ed  this  ac t iv i ty  in some  
s tudies ,  but supp re s sed  or  left it u n c h a n g e d  in o thers .  Poten-  
t iat ion of  aggress ion  has been  shown,  for example ,  by Mic- 
zek and O ' D o n n e l l  1271, w ho  found that  0.3 g/kg e thanol  
inc reased  bo th  a t t ack  and  s ideways  th rea t  in Swiss  mice 
tes ted  in neut ra l  cages ,  but  not in the i r  home  cages.  They  
conch ,  dcd that  low doses  of  a lcohol  faci l i tated the  expres-  
sion of  supp re s sed  aggress ion .  The re  was an appa ren t  
b iphas ic  effect of  a lcohol ,  s ince s ideways  threa t  was  signifi- 
cant ly  dec reased  by a dose  of  1.2 g/kg. Kr,~iak [231 found that  
some  aspec t s  of  aggress ive  b e h a v i o u r  were  inc reased  in ag- 

g ress ive ,  isolated mice at a dose  of  0.4 g/kg. but were  sup- 
p ressed  at h igher  doses  10.8 to 2.4 g/kg), also sugges t ing  a 
b iphas ic  effect.  This  la t ter  s tudy revealed  a po ten t i a t ion  of  
aggress ion  in t imid,  isolated mice at (I.8 g/kg, but no signifi- 
cant  change  at the o the r  doses  tes ted ,  sugges t ing  that  the 
o b s e r v e d  drug effects  are d e p e n d e n t  on the  na ture  of  the 
recipient .  Similar  conc lus ions  were  r eached  by Miczek and 
Barry  [261 using d o m i n a n t ,  subord ina te  and naive rats.  

Some  roden t  s tudies  howeve r ,  have  failed to show a 
po ten t i a t ion  of  aggress ion  with low doscs  of  a lcohol ,  for 
example  in a t ube - r e s t r a in t / shock - induced  model  in rats [331 
and in in ter -male  aggress ion  in mice 151. Prev ious  work on 
isola ted mice in this l abora to ry  also showed  that  doses  as 
low as 0.1 g/kg suppre s sed  ra the r  than po ten t i a ted  aggress ive  
b c h a v i o u r  [321. 

The  s tudies  ci ted a b o v e  used a var ie ty  of  species  and 
s t ra ins  in a wide range o f  s i tua t ions  which  pe rhaps  measure  
d iverse  forms of  aggress ion  (see Brain  [7] for a d i scuss ion  of  
the p rob lems  of  ex t r apo la t ing  be tween  dif ferent  " 'mode l s " ) .  
These  d i f fe rences  in me thodo logy  may  help to accoun t  for 
the var iance  in resul ts  on aggress ive  responding .  

T h e r e  are also wide d i f fe rences  in the me thods  used to 
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analyse behaviour .  Some of  the above  studies [23 .26 .27 .32]  
measured fl 'equencies and/or  dural ions of  both aggressive 
and non-aggressive acts and postures in the same trial: this 
provides  useful information about the influence of  alcohol on 
non-aggressive behaviours ,  and in addition gives an indica- 
tion of  the specificity o f  its effects on aggression.  Many 
studies however ,  have not used such detailed behavioural  
inventor ies  for assessing the effects of  a lcohol ,  but have 
concenl ra led  on •ingle measures  such as squealing fre- 
quency  151. target-biting f requency [33]. and the percentage 
of  electric shocks producing lighting behaviour  [351. These 
latter methods have the advantage  of  simplicity,  but more 
detailed,  ethological analyses have been strongly advocated  
[21. 24. 28. 31] because the}' seem to provide a much more 
precise profile of  drug action, in the present stud}', ethologi- 
cal techniques  have been applied to assess  the influences of 
alcohol on social behaviour  in mice:  2 different levels of  
complexi ty  of  analysis have been used. to determine  whether  
they both providc similar profiles of  drug action on be- 
naviour,  and to assess their respect ive  sensit ivit ies in detect-  
ing drug-induced changes in behaviour .  Measurements  ,.`,ere 
made of  the f requencies  of  61 behaviottral acts and postures 
(both aggressive and non-aggressive) ,  and also (more simply) 
time spent in 4 broad categories  of  behaviottr  (namely non- 
social,  social/sexual,  aggressive and t imid/defensive activi- 
tie•l.  

The analyses were carried out on individually-housed 
,nice injected with ei ther  (1, I).5. 1.0 or 2.(1 g/kg ethanol,  en- 
compassing the dose range reported in previous studies It`' 
both increase {low dose} and decrease  levels of  aggression. 
Mice were isolated for 2 weeks  and then tested for aggres- 
s iveness  in a non-drug screening trial. Kr;,iak 123l has •hown 
that aggression is not always shown by isolated animals,  and 
isolates cottld be rated as ei ther aggressive,  sociable or  timid. 
In the present study,  similar categories  of  isolates ',,.ere dis- 
l inguished,  but only aggressive individuals were subse- 
quently used. Since different types of  isolate ,espo,ld differ- 
cntly to alcohol 1231. this pre-selcct ion ensures more uniform 
behavioural  levels within the test sample.  [{.fl'ccts o[" alcohol 
on sociable isolates ~a, ill be treated in a subsequent  publica- 
lion (Smoothy and Bcrry.  in p ,eparat ionL Two oulbred 
strains of  mice were  studied to provide information on 
genotypic influences on alcohol and social behaviour .  

M lilH()l) 

.~uh/cct.~ 

Male Swiss -Webs ter  and Tuck " 'T( )"  strain mice wcrc 
used in these exper iments .  Both strains had been bred for 
many generat ions in the Animal Facility at the Univer,;it} 
College of  Swansea ,  but were originally obtained fronl 
Schofield and ( 'o . ,  I .ancs. .  and A. Tuck and Sons l . td. .  I-s- 
sex. U .K. .  respect ively .  Mice were u.eaned at 19--23 days of  
age and housed in single-sex groups of  6 animals in opaque 
plastic cages.  3 0 × 1 2 x l l  cm {North Kent Plastics, U.K.) .  
Sawdust sub•t r i te  was regularly rephtced, and apart from ex- 
perimental  manipulat ions,  this wa~, the only time subjects 
`,,,ere disturbed. Animals  were maintained t,nder highly con- 
trolled condit ions of  tempera ture  118-22¢(_'1. with a reversed 
light cycle {fluorescent lights on from 22.311 until 10.30 
hours). Food (Pi lsbury 's  Small Animal Die t )and  water  were 
available ad lib. except  during behavioural  trials. Animals 
were bctw.een 55 and 65 days of  age when tested IAI-Maliki 
131 has shown that intraspecific isolation-induced t~ghting 
occurs  its early its 35-36 days of  age. and no significant 

differences are observed  in aggression level• between the 
age•  of 35 to 100 days of  age). 

Seventy-f ive  randomly selected male Swiss mice and 13(I 
malc '1() mice were individually-housed in standard cages for 
16 days before drug testing. This " ' i so la t ion"  procedure in- 
creases  the likelihood of  recording aggression in encountcrs  
between male mice [19.34]. In addition to aggres•ivi ty.  
individuall}-housed mice differ from grot,p-housed counter-  
parts with respect to many other  behaviours ,  such as activit} 
and ambulat ion in a novel arena [9]. Thcre  is much evidence 
hot, ever .  that these changes are not brot,ght about h} isol,t- 
lion " • t r e s s " - - i n d i v i d u a l - h o u s i n g  :appc;.tr'~ no ,llO,c stressful 
to mice than group-hot,sing [6]. 

An additional 205 male S,aiss mice v, ere kept in groups of  
6 after ,aeaning. to be used ;.is " 'standard opponen t • "  ISl. 
" 'Standard o p p o n e n t s "  are docile male aninmls thai ,,`,ill 
elicit attack behaviour  fl'om aggressive par lner• ,  bill never  
them•e lves  initiate at tacks or show sign• of  overt  aggre•sitm 
[3.10]; any fighting is conseql ,ent ly unidirectional and as- 
sumed to reflect the exper imental  manipulation of  the test 
animal [29]. In the present stud}'. " 'standard opponen t s "  
,̀~ ere group-housed males rendered ano•mic  by the applica- 
tion of  approximate ly  25 /.tl of  45~ zinc sulph;.tte solution to 
the nasal tract under e ther  anaesthesia  [2.4]. both 3 da.~ • a,ld 
I day prior to enco t tn t e , s - - such  opponents  v, crc ne ' .er  used 
rllore than Iv, ice or ill intervals of  tess thai1 5 da}x. 
Peripheral ly-induced anosmia is not thought to interrupt 
non-sensory funclio,ls of  the olf;.tclory org:.m •vMem [29[. 
and therefore does not produce dis lu,ba, lces  i,i bchaviour  
t,nrelated to anosmia Iv~hich ma} bc caused by cent ,al l}-  
induced anosmia by ol lactory bulbectomy [Ill.  l h c  advan- 
tages of  using such " 'standard opponen t s "  have been full.,, 
discussed by Brain ,.; a/. I lOI. 

.S~ rc,'Hin:,, l)ial~ 

( )n  the 14th d;.l.',, of isolation 14F, hot, r,; prior to lhc dr,lg 
trial) all subjects were tested with a "'st:.uldard opponcnl ' "  It', 
establish whether  the isolate `,`,as aggressive or non- 
aggressive.  The St, is• "'Mandard oppollenl '"  ,̀~.a~, marked 
,a ith methyl violet ft,r-dyc and introduced i,lto the home cage 
of  the tc,,t animal for 5(~) second,,. Neither isolates nor hltrud- 
er• received injections in these trials. 

Aggressive isolate~, v. cre defillcd a~, those ;.t,limal~, lhat 
sho,a ed at leant 10 •eCollds of aggressive behaviour  il,ld/or ill 
least one biting attack during this trial. An additional pre- 
tequisi tc  '.,,as the -'tbs.ence of  t imitl/dcfcnsivc behaviour ,  dc- 
fined arbilraril.~ ;.,s tile fnou•e show ing I ts•  tha,I ]0 ,,econds 
of  st, oh behaviot,  r dt,ling the enct+unler. 

l)rHv I rials 

Forty S,aiss and 4N 1()  mice rated ;.is aggressive ,aerc 
subsequent ly  obtained for the drug trials, which took place 
48 hours after screening trials. l , a e n t y  minutes prior to test- 
ing. subjects were injected IP ,a ith ei ther 0.cY.:.: saline (control 
animals} or  one of  3 doses of  99.6c.; ethanol dihtled in saline 
10.5. I.(I or  2.0 g/kg body u, eightl,  l)iffcrent drug doses ,.,,ere 
administered by varying the concentra t ion uhi le  keeping the 
injected volume constant at 1).1 ml per I0 g body `,`,eight. 
Each •t,b.jcct received only one injectitm and one drug trial. 
Tests  commenced  I hour after tile onset of  the da,k phase of  
the ilhmlination cycle and continued for a nlaxirntttn of 2.5 
hours ill order  It`' minimise cf|~'cts of  circadi;.tn fluctuations in 
aggressive behaviour  1361. 

Tv.enty minutes afler injection, a randomly chosen (non- 
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injected) " 'standard o p p o n e n t "  was phtced in the subjec t ' s  
home cage for 500 seconds.  Each encounter  was video-taped 
from vertically above the testing arena under condi t ions  of  
dim red lighting, using a low-light video canlera  (National 
Panasonic: WV 260) and video recorder  tJVC: CR 6060 E) 
with a super imposed time trace (For-A I.imited). Recording 
v, as  facilitated by removing the cage lid one minute before 
the introduction of  the "s tandard  o p p o n e n t "  and replacing it 
,aith a t ransparent  petspex cover .  

The follo',~.ing bchavioural  measures  were uhimately ob- 
tained from analysis of  video tapes. (I) l .a tency to attack the 
intruder.  (2) Total t ime allocated by subiects to the 
categories  of  (a) non-social  behaviour .  (b) social investiga- 
t ion/sexual behaviour .  (c) aggressive behaviour  and (d) 
timid/defensive bchaviour [13,16]. These items were meas- 
ured ~i th a fottr-channcl electronic timer used simulta- 
neousl,, with the phtyback of the video tape, ant] this consti- 
tt,ted the morc simplified type of  analysis. (3)"l-hc frequen- 
cies of  all the individual acls and postures s h o ~ n  b} the 
subject (i.e.. a more complex  ethological  analysis I. :tided by 
f reeze-frame and f rame-advance  facilities on the video- 
recorder .  These  acts and postures v, ere al located to the 4 
broad categories  of  behaviour  used in section 2, and were 
based on the checklist  published by Grant and Mackintosh 
1201. 

, \ ,m-.~, , ial  i~o~turc.~. The elements  " ' c i rc le , "  "z ig-zag. ' "  
• f i g u r e - o f  e igh t . "  "'~aash.'" " se l f -groom. ' "  " 'd ig ."  " 'kick 
dig"  and " 'push dig"  'acre  all as defined b}. Grant and Mac- 
kintosh [2111 . The renlaining non-social acts and postures 
v,cre defined as follow.s: " s c r a t c h " - - n l o u s e  uses hind limb 
to scratch its body:  " ' cxpi t ' ) re"- -n louse  v.alks arotlnd the 
cage.  direction of h~conlotion not appalentl} oriented 
to,Aards opponent .  " ' s c a n " - - s i d e  to side n lovemenl  of  the 
head. at tention not apparent ly concentra ted  upon opponent"  
" ' s q u a t " - - p e r i o d  of  immobil i ty with no overt  signs of  atl- 
hmonlic  arousal;  " ' r e a r " - - f r o n l  part of  the body raised from 
the ground,  no overt  signs of  autonomic  ~lrou%a]; ' c a g e  
r e :u" ' - - a s  in "" rea r . "  except  l\~re paws rest against cage wall: 
" ' b t ) t lnce" - -n louse  sonlersau]ls h]to the air: " ' l e a v c " - -  
nit)use ~a lks  directly a~.ay from opponent :  " 'abbreviated 
gro tml" ' - - s ing le  rapid v,ipe of  the head using the forcpav,s:  
" ' s h a k c " - - a  brief, nlild t remor  of  the body. 

.~o~iah'~c.~ttal i~,J~tttrc~.lhe elements  " ' approach . "  "'in- 
vestigate,'" " 'nose. '"  "'sniff. . . . .  s tretched a t t en t ion . "  "'t\~l- 
lo,a. '" ' v . a lk -a round . ' "  " ' m o u n t . "  " 'a t tempted moun t . "  
"pos t  ct~pulalory g r o o m "  and " 'crawl nnder'" have all been 
previously described [20]. The remaining elements  of  this 
category were defined as follov, s: " 'push a g a i n s t " - - i n o u s e  
presses itself against opponent  and the 2 animals squat to- 
g e t h e r  " ' a t t e n d " - - a t l e n l i o n  directed lt~A;.lrds opponent .  
head parallel It) nlid-line of  body:  " 'head o r i e n t " - - a t t e n t i o n  
directed towards opponent ,  head at an angle to body: 
" ' b o x " - - m i c e  nlaintain lnutual bipcdal posture and push at 
each other  w ith the forepaws- " 'opponent  re~.tl""--front part 
of  the bod} raised l'rom the ground ~ hilt lacing and in close 
proxinlit~ to the opponent ,  no overt  signs of  autonomic  
arousal: "groon~"- -n louSe  grooms hod} (excluding head re- 
gion ) of  opponent:  "" push p a s t " - - m o u s e  pushes it self bet ween 
bod} of  opponent and cage wall; "'spin r o u n d " - - m o u s e  rapidly 
turns to face opponent:  "'crawl o \ e r " - - m o u s e  places both 
lorcpa,,vs on opponelH. 

,4 L,~,rc~ivc po.,,lttrc.~. The acts and poMures of  " ' th rea t . "  
" ' lunge ."  " ' a t t ack ,"  " c h a s e , "  " 'aggressive g r o o m . "  "'upright 
o f f e n s i v e , '  " ' s ideways offensive '"  and "'tail rattle'" were all 
as defined b} Grant and Mackintosh 1201. An additional ele- 

m e n t .  " ' c h a r g e . "  w a s  d e f i n e d  a s  t h e  m o u s e  r u n n i n g  r a p i d l y  
towards the opponent .  

77mid/d(:li'n.~ive po.~tur('s. The elements  " ' t lag."  
"'evade," "'flee. '" "'crouch," "'upright de fens ive . "  "'side- 
ways de fens ive . "  " 'upright submiss ive"  and "'full submiss- 
ive pos tu re"  have been previously defined [201. The remain- 
ing postures and acts allocated to this ca tegory of  beha',.iour 
were defined as follow.s: "T l inch" - - rap id  retraction of  head 
and front part of  body directly ~.t~ay from opponent ;  
' r e t r e a t " - - n l o u s e  runs a~.~,ay fronl approaching opponent ;  
• ' s t a r l l e " - - s u d d e n  vertical  leap in which all 4 feet leave the 
ground;  " 'defensive pos tu re" - - s i rn i l a r  to " ' squa t"  except  
that animal pushes itself against cage walls and body often 
show ns quivering motions:  "'wall c h l t c h " - - m o u s e  presses 
its ventral surface against cage wall, with forel imbs widely 
splayed. 

Frequencies  of  occur rence  for each act and posture on the 
above list 'acre obtained for each drug dose group and the 
control group in hoth strains. Compar isons  be tween groups 
were statistically analysed by the non-parametr ic  Mann- 
Whitney " 'U "  test [15] .  

Blood I:than~d (~m~ cntration.~ 

Fifteen 60-day old mice of  each strain from the same 
M.)tllCe as the animals used ill behavioural  encounters  ',~ere 
used l\w determinat ions  of  blood ethanol concentrat ions.  
Blood (0.5 ml) was taken from the jugular vein under ether  
anesthesia.  21) minutes after injection of  ei ther I).5, 1.0 or 2.0 
g/kg doses  of  ethanol.  Blood alcohol content  was measured 
, a i th  a Bochringer  Tes t -Combinat ion  kit. based on the con- 
version of  NAI)  to NAI)H by enzymatic  dehydrogenat ion  of 
alcohol using alcohol dehydrogemlSe [11]. The NAI)H 
prodt,ced was measured spectrophotonletr ical l} IPye Uni- 
cam SP 505, wavelengh 340 nnl). 

R I.:S t;I .r.',; 

.%crccnin.,,, lriul.~ 

In order  to obtain the required number  of  aggressive mice 
of each strain, it proved necessary to give screening trials It) 
75 Swiss and 130T() mice. Thus. while 53~ of Swiss mice 
sho,a ed sufficient aggression after 14 days of individual hous- 
ing. only 37";~ o fT ( )  mice showcd this trait. The behavionral 
activit~ levels of  the mice selected on the basis of  the screen- 
ing trials are given in Table 1. The Swiss subjects had higher 
baseline levels of aggression than corresponding T() mice. 
sho~ing more attacks (p<O.O01), hmger durations of ag- 
gressive activities (1~<0.()1) and a shorter  latency to attack 
(/>-.0.0()1). In addition. Swiss mice showed hmger durations 
of  non-social activit ies <p- 0.001) and t imid 'defensive be- 
haviour  Ip<0.0()l) .  whereas  I ( )  mice spent more time in 
social/sexual activities (p--0.(~)1 ). 

I)ru.~, I r ia/~ 

.\'om.~o~ ial activitie.~. l i m e  spent in non-social behaviour 
showed no significant changes at any alcohol dose in Swiss 
mice and a significant increase ouly at the highest dose in T() 
mice (p+:O.()5) (Fig. I). Despite this f inding hov~evcr, the 
ethological analysis of acts and postures revealed many sig- 
nificant changes in both strains (Fig. 2), although the changes 
Wele not airways the same in both strains: " ' exp lo re . "  
" ' s c ra tch . "  "'self-groom'" and " ' shake"  frequencies  v, e le  all 
suppressed significantly at I .()and 2.0 g/kg doses of  ethanol 
in Sv, iss mice.  but ,acre unchanged in T() mice. This was not 
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T A B I , E  I 
MEAN VAI,t)ES FOR BEHAVIOURAI, ACTIVITII-S OF MICE. RATED AS AGGRESSIVE IN SCREENING TRIALS 

Strain 

Duration of l)uration of l)uration of Duratkm of 
l,atency Number non-social social,sexual aggressive timid-defensive 
to attack of activities activities activities activities 

(sec) attacks (see) (see) (se¢) ( sec ) 

Swiss- 105.2 22.3 243.50 167.76 85.56 
Webster 
( n - 4 0 )  

"'TO'" 25 I.I), 15.4~ 19 I. 81 ~ 245.80~ 60.99* 
1n=48) 

3.18 

.40: 

*p--0.01. significantly different to Swiss mice. 
-i)--: 0.001, significantly different to Swiss mice. 
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FIG. I. Effect of ethanol on duration of 4 broad calegorics of be- 
haviour of aggressive, singly-housed male mice during interactions 
with non-drugged "'standard opponents. '" ()pen circles, Sssiss mice: 
closed circles, T() mice. 

necessa r i ly  due to d i f fe rences  in base l ines  (it is na tura l ly  
eas ie r  to see  a supp r e s s i on  of  a par t i cu la r  b e h a v i o u r  if its 
initial level is high) becaus e  a l though  it was  h igher  in Swiss  
mice for " e x p l o r e "  and  " s h a k e . "  it was very  s imilar  for  
" s c r a t c h "  and " ' se l f -groom. '"  " ' S q u a t "  s h o w e d  a significan! 
increase  in f r equency  of  o c c u r r e n c e  at the highest  dose  in T()  
mice.  but  r ema ined  u n c h a n g e d  in Swiss  mice.  

Many  acts  and pos tu res  were  changed  by e thanol  in bo th  
s t ra ins :  " ' s c a n "  f r equency  for example  was inc reased  while 
" ' l e a v e , "  " 'cage r e a r , "  " ' r e a r , "  " ' abb rev ia t ed  g r o o m "  and 
" d i g "  were  supp re s sed  in bo th  Swiss  and TO an imals  IFig. 
2). For  most  of  these  i tems howeve r ,  s ignif icant  behav ioura l  
changes  were  induced  at 1.0 g/kg in Swiss  mice,  but only the 
highest  dose  was effect ive  in TO coun te rpa r t s .  Indeed ,  in 10 
of  the 12 non-socia l  e l emen t s  vs, hich s h o w e d  signif icant  

changes ,  such a change  was seen a! a lower  dose  in Swiss  
mice than in 1"() mice. T( )  mice only showed  a significant 
behav ioura l  change  at an e thanol  dose  lower  than ill Swiss  
mice in " ' squat ' "  f r equency  (this pos ture  ac tual ly  remained  
u n c h a n g e d  in Swiss  animals) .  

The  fol lowing pos tu res  showed  no significant changes :  
" ' c i rc le , "  "k ick-d ig , ' "  " 'push  d ig"  and " 'bounce . ' "  The  ele- 
men t s  of  "'zig-zag'" and "f igure-of-e ight ' "  were not obse rved  
in an}, trial for e i the r  s train.  

So('ialAe.~ttal a(ti~'itic,s. Ethanol  had no significant  effect 
on  t ime spent  in socia l /sexual  b e h a v i o u r  in e i ther  s train (Fig. 
I). A h h o u g h  e thanol  did not a h e r  overal l  t ime a l located  to 
such  act ivi t ies  however ,  the poslural  ana lys is  s h o ~ e d  signif- 
icant  changes  for par t icu lar  e l emen t s  (Fig. 3), some of  which 
occu r red  exc lus ive ly  in one strain.  " 'Approach ' "  and " 'post  
copu la to ry  g r o o m "  wcrc s ignif icant ly suppressed  by higher  
doses  of  e thanol  in Swiss  mice,  but wcrc unaffec ted  in T()  
mice. "Sn i fF"  and " ' g r o o m "  on the o the r  hand  were  su- 
pressed by the highest  e thanol  dose in TO animals,  but were 
tmaffec tcd  in S,a.iss mice. Filemcnts such as " 'v~alk-around'" 
and " c r a w l  o v e r "  were  suppres sed  by e thanol  in both  
s t ra ins .  " ' A t t e n d , "  " 'head or ient , ' "  " ' inves t igate '"  and 
" ' n o s e "  showed  no signif icant  r e sponse  to e thanol  in e i ther  
s train.  The re  appea red  little ev idence  for a po len l ia t ion  of  
any socia l /sexual  act or pos tu re  in Swiss  mice.  apart  from a 
d o s e - d e p e n d e n t  increase  in " s t r e t c h e d  a t ten t ion , ' "  which 
may be more  charac te r i s t i c  of  t imidity than sociabi l i ty .  T()  
mice s h o w e d  a signif icant  increase  in " ' s t r e tched  a t ten t ion ' "  
at the highest  dose  o f  e thanol .  They  also showed  increases  
in " f o l l o w "  and "'cravs.I u n d e r "  at the I.() g/kg dose ,  but not 
at the highest  dose.  

()1" the 9 bchav ioura l  e l ement s  showing  significant 
changes .  4 of  these  occur red  in lower  doses  in Swiss  mice 
and 4 o thers  at lower  doses  in T()  mice. " C r a w l  o v e r "  was 
changed  at the same dose  in both  strains• This  shows  a dif- 
ferent  pa t te rn  to the non-socia l  pos tures ,  in which the Swiss  
mice a lmost  invar iably  r e sponded  at lower  doses  than the T()  
mice.  

No significant  changes  for e i the r  s train were seen for 
" 'push  a g a i n s t , "  " ' b o x , "  " ' opponen t  r e a r . "  " 'head g r o o m "  
" p u s h  p a s t "  and " s p i n  r o u n d , "  but these  wcrc  all charac-  
te r i sed  by very  low base l ine  levels in the saline controls .  
"" M o u n t "  and " ' a t t empted  m o u n t "  were  not o b s e r v e d  in an},' 
trial for e i the r  strain.  

Ag,,,r(,~.~i~'c activities. Analysb,  of  t ime spent  in aggres- 
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FIG. 2. Effect of ethanol on frequency of occurrence of various non-social acts and postures shown by singly-housed male mice during 
interactions with non-drugged "'standard opponents.'" ()pen triangles, Swiss mice: closed triangles, l'() mice• 

sive behaviour showed significant decreases in duration of 
these activities at both 1.0 and 2.(1 g/kg for Swiss mice. while 
T() mice only shov, ed a significant suppression at 2.(1 g/kg 
(Fig. IL There was no evidence of the biphasic action of 
ethanol on aggression reported in some other studies. 

[n the ethological analysis of acts and postures, most ag- 
gressive elements showed the same pattern of dose- 
dependent suppression with increasing ethanol dose in both 
strains (Fig. 4). Decreases were observed in the elements of 
" ' threat ," "'lunge," " 'at tack." "chase . "  "'upright offen- 
s ive ,"  "'sideways offensive," and "'tail rattle." Certain ele- 
ments, such as " 'attack" and "upright offensive" seemed to 
be particularly sensitive to the effects of alcohol: both were 
significantly suppressed by the lowest dose in Swiss mice 
and the intermediate dose in T() mice, but such suppressions 
were not detected by the simplified analysis. Significant ef- 
fects of alcohol were observed at lower doses in Swiss mice 
in 6 out of the 7 postures that showed significant changes. 
()nly " ' lunge" w.as decreased at the same dose in both 
strains. Swiss mice thus appeared to be more susceptible to 
the effects of alcohol on aggression than T() mice, although 
both strains showed the same patterns of responding, namely 
dose-dependent suppressions. 

The latency to atlack showed a dose-dependent increase 
with increasing ethanol dose. which was significant at 1.0 
and 2.0 g/kg for both strains (Fig. 5) 

The acts and postures that did not change significantly 

were " 'charge" and "'aggressive groom,"  both characterised 
by low baseline levels in control animals. 

71mid/d(Ji,n,~ive activities. Mean duration of time spent in 
timid/defensive behaviour showed dose-dependent increases 
in both strains (Fig. II. Swiss mice showed significant poten- 
tiations at all 3 doses" in T() mice the increase was only 
significant at the highest dose. 

The postural amdysis showed dose-dependent increases 
in most timid/defensive acts and postures in both strains 
[Fig. 6L All these activities were elicited merely by the pres- 
ence o f  a non-aggressive conspecific and were thus elements 
of "ac t ive"  flight [23]. The elements of "'flag,'" "'flinch," 
" 'retreat ." "'upright defensive." "'sideways defensive," 
" 'crouch" and "'defensive posture" all increased signifi- 
cantly in both strains. However, in 7 out of the 9 postures 
which showed significant changes under the influence of 
alcohol. Swiss mice responded at doses lower than "1"() mice. 
()f these elements, " 'evade" and "'flee'" were changed signif 
icantly only in the Swiss strain. " 'Crouch" and "f l inch" 
were changed significantly at the same dose in both strains. 

The elements of " 'startle," "upright submissive," "'full 
submissive posture" and "'wall clutch" were not altered 
significantly at any dose tested. 

Blood Ah ,,h,,l l,cvul.~ 

Blood alcohol levels for both strains at 20 minutes post- 
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FIG. 3. Effect of ethanol on frequency of occurrence of various social/sexual acts and postures sho,an by singl.,,-housed male mice during 
interactions with non-drugged "standard opponents." ()pen triangle',. Swiss mice; closed triangles. T() mice. 

in ject ion are  g iven  in Table  2. The re  were  no significant  
s t ra in  d i f fe rences  in the  levels p roduced  by the  in te rmedia te  
and high doses  o f  e thano l :  at the low dose  ho ,aever ,  the 
levels  were  s ignif icant ly  h igher  in the TO mice (/*<(}.{)25). 

The  expec t ed  inc rease  in blood a lcohol  level ,a ith increas-  
ing dose  admin i s t e r ed  was clear ly ev iden t  in bo th  s t ra ins  
(p <0.(R) I ). 

I)ISCUSSI()N 

T h e  resul ts  do not provide  any  ev idence  t\~r a poten t ia t ion  
of  aggress ive  b e h a v i o u r  by e thano l :  indeed,  there  appea red  
to be a d o s e - d e p e n d e n t  supp re s s ion  of  most  a spec t s  of  this 
b e h a v i o u r  in bo th  s t ra ins .  T he  base l ine  level of  aggress ive  
act iv i t ies  was  qui te  high and therefore  a po ten t i a t ion  may not 
easily bc o b s e r v e d ,  a l though  Kr:~iak 1231 found increases  in 
a~grcss ion  in mice with both  high and low aggress ive  
base l ines ,  and Miczek and Barry [26] found significant  in- 
c reases  in dominan t  rats.  E l emen t s  such  as " ' a t t a c k "  and 
" 'upr ight  o f f e n s i v e "  were  in fact s ignif icant ly dec rea sed  in 
Swiss  mice even  at 0.5 g/kg, a dose  repor ted  in othe," s tudies  
to e n h a n c e  levels o[" aggress ion.  In addi t ion ,  " ' c h a r g e "  and 
" 'aggressiv, .  ~,, oom'"  had low base l ines ,  and no evMence  of  a 
po ten t i a t ion  was o b s e r v e d  in these  behav iours .  

A majo r  p rob lem in p s y c h o p h a r m a c o l o g i c a l  stt idies is 
a s s e s s m e n t  of  the specif ici ty of  d rug  ac t ion on behavi tmra l  
changes  (par t icular ly  aggress ive  behav iour )  i.e., are the 
changes  due to the  drug act ing se lect ively  upon  the neural  

T A B I . E  2 

MEAN BI.OOD AI.COHOI l EVEI.S qmg 100 ml), 20 MINL"I['S AI'ITR 
I N T R A P E R I ' I O N E A I  [ N J E C ' I I O N S  O F  D I F F E R E N T  I ) O S E S  I g k g l  ( ) 1 :  

E I H A N O I .  I N  ] w ( )  S I R A I N S  ( ) F  M I C E  

Dose 
I n.iecled .Swiss ""1 (Y" 

(). 5 25 3 6  
1.0 97 105 
2.0 256 263 

*i>- 0.025. significantl.', different to Swiss mice. 

m e c h a n i s m s  media t ing  the par t icular  behav iour ,  or to non- 
specific CNS  depres s ion ,  Kr~;iak and 13orgesov~i [24] have  
s h o w n  that  deta i led e thological  t echn iques  help to eh lc ida lc  
the specifici ty of  the o b s e r v e d  drug effects ,  s ince pos tures  
s imilar  in t opography ,  but charac te r i s t i c  of different  lypes  of 
b e h a v i o u r  may not change  in the same ,aay al a given drug 
dose.  Upright  (or bipedal)  pos tures  are useful for assess ing  
drug specif ici ty,  s ince these  occur  in till 4 ca tegor ies  of bc- 
hav iou r  and involve  a high degree  of  mo to r  co-ord ina t ion  in 
o rde r  to raise the t ipper part  of  the body.  I ' :xamples include 
" ' r e a r "  (non-socia l ) ,  " o p p o n e n t  r e a r "  (social /sexual) .  "'tip- 
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housed male mice durirlg interactions ~ ilh non-drugged ""qarldard 
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right o f f e n s i v e "  (aggress ive)  and " 'upr ight  d e f e n s i v e "  
{t imid/defensive) .  S ince  " 'upright  d e f e n s i v e "  is po ten t ia ted  
at high doses  of  a lcohol ,  the suppres s ion  o f " r e a r ' "  and "'up- 
right o f f e n s i v e "  ix unl ikely to be due to a non-speci f ic  ( ' N S  
depress ion .  

A prob lem still r emains ,  hov..cver, that even  apparen t ly  
sclecti'~.c d rug- induced  changes  in b e h a v i o u r  may occu r  
s imply as a c o n s e q u e n c e  of  " ' c o m p e t i t i o n "  for avai lable  t ime 

in the #()O-second trial,  par t icular ly  when  there  are very large 
changes  in cer ta in  behav ioura l  act ivi t ies  as a result  of  drug 
acl ion.  These  "'see-saw.'" effects  may work in t',vo ways:  the 
drug may di rect ly  po ten t ia te  some aspec t s  of  the behaviot ,  ral 
r eper to i re  leading to indirect  dec rea se s  in o the r  bchav iou r s  
as a r e suh  of  less t ime being avai lable  to per form 
these  act ivi t ies .  Conve r se ly .  the drug may di rect ly  suppress  
cer ta in  act iv i t ies ,  a l lowing more  t ime for o the r  bchavio t , r s .  
which  may then be seen to be " ' p o t e n t i a t e d . "  

The  appa ren t  lack of  eft'cot of  a lcohol  on several  acts  and 
pos tu res  may be due to lhci r  Io,a base l ine  levels in saline 
cont ro ls .  E lement s  such  as "'ch',tsc.'" " 'aggress ive  g r o o m . "  
" 'circle. '"  " ' b o u n c e . "  ' h e a d  g r o o m "  and " ' opponen t  rear '"  
were all cha rac t c r i s ed  by low base l ines ,  and were unchanged  
by alcohol.  This  ix not to say that  a lcohol  has no effect on 
these  e lements :  in models  ,ahich encou rage  increased  
base l ine  fmcqucncics, the drug may then be sccn to modify 
t hem. 

Alcohol  did not seem to p roduce  qual i ta t ively  different  
bchav ioura l  changes  m the 2 s t ra ins  s tudied ,  some e lement s  
wcrc  changed  exc lus ive ly  in a single s t rain,  but the majoril~v 
wcrc  e i the r  unchanged  or changed  in the same d i rec t ion  in 
bo th  s t ra ins .  The  sens i t iv i ty  of  the Swiss  s train seemed  con-  
s iderably  g rea te r  than the 1"() mice boy.ever :  s ignif icant  be- 
havioura l  chai lgcs wcrc p roduced  in S ~ i s s  mice at lower  
doses  than in f ( )  mice in the m;~ioril~ of  non-socia l ,  aggres- 
,,ivc and t imid /defens ive  behav iours .  This  o b s e r v e d  diffcr- 
ellCC , l lUy not be duc solel 3 It) difl 'crential scns i t iv i tcs  to 
a lcohol  in the 2 s t ra ins ,  but to differential  effects  of  individ- 
ual housing.  If T()  mice arc less sens i t ive  than Sv, iss mice to 
the effects  of  isolat ion,  then the drug may have  differential  
effecls  on b c h a v i o u r  m this s i tuat ion.  The  resul ts  ob ta ined  
for the sc reen ing  trials did in fact show in ter -s t ra in  differ- 
ences  in behav iouf ,  but these  same measu res  wcrc  gcncnd ly  
s imilar  m sal ine- in jected con t ro l s  in the drug trials. The  only 
significant  d i f ferences  ' ac re  h igher  levels of  social /sexual  
(/J-:O.05) and Iov, cr Ic~,cls of  t imid /defens ive  behav iou r s  
Ip 0.05) in T() mice. 

The  d i f fe rences  in s t ra in  sens i t iv i ty  to a lcohol  did not 
a p p e a r  to be related to blood alcohol  levels at the t ime of  
test ing.  No in ter -s t ra in  dif l 'crenccs ~,,crc ev ident  ,.~ith the in- 
t e rmed ia t e  and high doses ,  which  were  the 2 gcncrall.,,, cft~'c- 
l ive doses .  

l h c  s imple a n a b s i s  of  mean  dr, rat ion of  t ime spent  in 4 
bro:.td ca lego , i cs  of  b e h a v i o u r  showed  |ha l  non-socia l  and 
socia l / sexual  b c h a v i o u r s  w crc not s ignif icantb,  inf luenced by 
a lcohol ,  except  for an incmcasc at the highest  dose  in non- 
social b c h a v i o u r  in T()  mice:  aggress ive  b c h a v i o u r  was sup- 
pressed  in a d o s e - d e p e n d e n t  | ' ash |on.  ~ahilc t imid/dclL'nsivc 
beha ' ; i tmr  was increased  in parallel.  If conc lus ions  ,acre 
based  c n t i r e h  on this analys is ,  it could be deduced  that  
e thanol  had a s imple effect on bchav iour ,  making  an imals  
less aggress ive  and more  fearful,  but with non-social  and so- 
c ia l /sexual  b e h a v i o u r s  unaffec ted .  The  e thological  analys is  
of  ac ts  and pos tures  shows  hm~ ever .  that  nl;.tllV drug effects  
arc not de tec ted  by the s imple approach .  For  example ,  al- 
though  Sx+iss mice showed  no significant changes  in t ime 
spent  in non-socia l  or socia l / sexual  b e h a v i o u r  at an', dose  of  
e thano l ,  the postura l  ana lys is  revealed  that many e l emen t s  
~,ithin these  ca tegor ies  were  changed  markedly .  

The  simplified a n a b s i s  thus  may fail to sho,a  the com- 
plete ac t ion of  a drug Oll a par t icu lar  ca tegory  of  beha~,iour: 
ft, r t hc rmore ,  it may even  st,ggcst an oppos i te  effect of  the 
drug to that revealed by lhc postura l  analysis .  The  simple 
analys is  ot + t ime spent  in non-socia l  b e h a v i o r  suggested  th:tl 
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FIG. 6. Effect of ethanol on frequency of occurrence of timid/defensive acts and postures shown by singly-housed male mice during 
interactions with non-drugged "'standard opponents ."  ()pen triangles, Swiss mice: closed triangles, TO mice. 

TO mice were  the  more  sens i t ive  s t rain,  s ince they showed  a 
s ignif icant  increase  in dura t ion ,  while  Swiss  mice showed  no 
such  changes .  The  pos tura l  ana lys is  howeve r ,  revea led  that  
Swiss  mice were  in fact marked ly  more  sens i t ive  than  TO 
mice.  in t e rms  of  bo th  the n u m b e r  of  non-socia l  e l emen t s  of  
b c h a v i o u r  af fected by a lcohol ,  and  the doses  at which  signif- 
icant  effects  were  o b s e r v e d .  The  signif icant  inc rease  in du- 
ra t ion  of  this c lass  of  b e h a v i o u r  in TO mice appea red  to be 
main ly  due to the  highly signif icant  inc reases  in " ' s qua t t i ng"  
and " ' s c a n n i n g . "  

The  simplif ied ana lys i s  has  the a d v a n t a g e  of  being fast 
and re la t ively  easy  to car ry  out .  and may de tec t  overal l  
changes  in b road  ca tegor ies  of  behav iour .  In genera l ,  how- 

ever ,  it fails to detec t  the many  profound  changes  which  
o c c u r  within these  ca tegor ies .  In view of  this,  detai led 
e thological  ana lyses  of  ac ts  and pos tu res  would a p p e a r  to bc 
essent ia l  in s tudies  of  this  type  in o rde r  to reveal  the  precise  
effects  of  drugs  on behav iour .  
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