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MICZEK, K. A., J. T. WINSLOW AND J. F. DEBOLD. lh, ightened aggressive behavior by animals interacting with 
alcohol-treated conspecifics: Studies with mice. rats anti squirrel monkeys. PHARMACOL BIOCHEM BEHAV 20(3) 
34%353, 1984.--Drug-free mice, rats and squirrel monkeys showed more aggression toward alcohol-treated conspecifics 
than under control conditions. Quantitative ethological analysis was used to assess the dose-dependent effects of ethyl 
alcohol on a range of aggressive, submissive, defensive, escape responses as well as on non-agonistic behaviors such as 
associative responses, grooming, and locomotor activities. Two experimental situations were studied: resident-intruder 
confrontations in mice and rats, and interactions between members of established groups of squirrel monkeys. After PO 
administration of ethyl alcohol to intruder mice and rats, the non-drugged resident mice and rats attacked, threatened, and 
pursued intruders at higher frequencies during 5-rain encounters. Similarly, subordinate squirrel monkeys who were 
members of three established groups, when given alcohol, were grasped, displaced, and displayed to more frequently by 
non-drugged group members than after water control injections during the first 40 min after injection. This change in 
aggressive behavior by non-drugged animals was related to the alcohol dose given to the intruder or subordinate animal; 
near-ataxic alcohol doses (3,0 g/kg in mice, 1.7 g/kg in rats, 1.0 g/kg in squirrel monkeys) altered the behavior of animals 
whose prevalent pattern is defensive and submissive so that they were the subject of most frequent and intense aggression. 

Alcohol Ethanol Aggression Agonistic behavior Defensive responses Indirect drug effects 

RESEARCH on the link between alcohol and aggression has 
focused chiefly on the aggressor. Systematic laboratory 
studies have examined alcohol effects on a range of aggres- 
sive and defensive behavior patterns in a variety of situations 
and species ranging from fish to primates (for reviews see 
[17,21]). We have confirmed the biphasic effect of alcohol on 
aggression by demonstrating that low acute doses of ethanol 
may enhance attack and threat behavior of mice and rats 
confronting intruders [7, 18, 23]. 

We now focus on a large and consistent increase in ag- 
gressive behavior by drug-free animals who interact with an 
animal that is given alcohol. These substantial effects on 
aggression may be brought about by alcohol-induced 
changes in the opponent 's  or partner's behavior. A detailed 
analysis of the interactive pattern of fighting may reveal po- 
tential sources for this important alcohol effect. When all 
combatants are subjected to a drug treatment, the indirect 
drug effects remain undetected [21,24]. Mice or rats may 
attack other members of their species more often when the 
opponents have received d-amphetamine, chlordiazepoxide, 
delta-9-tetrahydrocannabinol, phencyclidine, LSD or alco- 
hol 12, 13, 14, 15, 16, 18, 29, 31]. This is not true of  all drugs, 
however, for example, chlorpromazine treatment rendered 
mice less likely subjects of attacks by drug-free opponents [3]. 

In order to examine the species generality of the indirect 

or social alcohol effects, we studied resident mice and rats 
confronting alcohol-treated intruders, and we investigated 
the agonistic interactions of squirrel monkeys toward an 
alcohol-treated group member. 

METHOD 

Animals 

Male and female adult Swiss-Webster mice (COBS CFW 
(SW) BR, Charles-River Breeding Laboratories, MA) were 
housed in polycarbonate cages (48 cm long. 27 cm wide, 20 
cm high). The mice were housed either in male-female pairs 
or in unisexual groups of ten according to experimental as- 
signment. Adult male and female Long-Evans rats 
(Charles-River Breeding Labs.) were housed in pairs in 
wooden cages, with a clear Plexiglas front (47 cm wide, 77.5 
cm long, 49 cm high). Cage floors were lined with pine shav- 
ings. Access to Purina Rodent Chow and water was unre- 
stricted. Separate vivaria for mice and rats were kept at 
constant temperature (22_ + l°C), humidity (30-40%), and light 
cycle CI2 hr on/12 hr off). Additional male rats were housed 
singly in standard hanging stainless steel wire cages. 

Twelve adult male and female squirrel monkeys (Saimiri 
scitlreus) belonged to three separate groups, described in 
detail previously [19]. Each group was housed in a large 
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room (2.4 m long, 2.2 m wide, 2.4 m high). The composition 
of each group was similar to each other and comprised nine 
to ten animals, including adults, juveniles and infants of both 
sexes. The monkeys were of Peruvian and Columbian origin. 
Temperature (22-26°C) and light ( 12 hr on/I 2 hr off) followed 
a daily cycle, and humidity was kept constant at 45-55~. 
]'he rooms could be viewed through large one-way vision 
windows ([03 cm wide, 119 cm high). 

Ethanol Preparation and Administrati ,  m 

Using 1009~ ethanol (U.S. Industrial Chemicals ('o.) and 
distilled water, separate solutions for each dosage were pre- 
pared in concentrations ranging from I~ to 17%. w/v. In 
mice, the following ethanol doses were administered in a 
volume of I ml/100 g body weight: 0.3, 1.0. 1.7 g/kg: the 3.0 
g/kg dose was prepared in a 15~,~ concentration and adminis- 
tered in a 2 ml/100 g volume. In rats, the ethanol doses in- 
cluded 0.1, 0.3, 0.6, 1.0 and 1.7 g/kg which were given in 
volumes of I ml/100 g body weight. In monkeys, the follow- 
ing doses were given: 0. I, 0.3.0.6, and 1.0 g/kg: the injection 
volume was 3 ml/kg. The route of administration was P() 
using a stainless steel garage in all three species. 

Behavioral 7c,~lin,k, and Measurcment,s 

The behavioral tests consisted of confrontations between 
residents and intruders following the protocols by Miczek 
and O'l)onnell [22] for mice and Miczek [15] for rats. 
Group-housed male mice. termed "intruders,"  were intro- 
duced individually into the cage of a stimulus resident male. 
The female and pups were removed from the cage for the 
duration of the intruder test. All male mice. housed in male- 
female pairs, reliably attacked, threatened, and pursued in- 
truders as shown previously [22,23]. Intruder mice reacted to 
the attacks by the resident stimulus animals with a pattern of 
defensive, escape and defeat responses [25]. Single-housed 
male rats were placed as "'intruders" into the cages of resi- 
dent male-female pairs. C'onfirming earlier experiences with 
these test situations, after repeated tests resident males 
showed the pattern of attack, threat, and pursuit toward in- 
truder males who responded with defensive, submissive and 
escape reactions (e.g., 06,15]). As previously, resident- 
intruder tests `*'ere scheduled in the latter portion of the light 
phase of the photocycle for mice. and in the dark phase for 
rats. 

Resident-intruder tests were conducted for 5 rain in mice 
and for 10 min in rats, beginning with the stimulus male's 
first attack bite. Two experienced observers, one focusing 
on the resident situmuls animal and the other on the intruder, 
analyzed the videotaped tests. The observers" reliability was 
established before the start of the alcohol experiments by 
viewing and analyzing videotapes, until less than 10e/c varia- 
lion was obtained, Each observer depressed one of 16 
possible keys on a portable console when a defined behav- 
ioral item occurred and released the key when it stopped. 
The consoles were interfaced directly with a PDP 11/23 lab- 
oratory computer (Digital Equipment Corporation, 
Maynard, MA). The catalogue of behavioral items included 
escapes, defensive upright posture, walking, rearing, groom- 
ing for the alcohol-treated intruder mice, and attack bites by 
the resident stimulus animal. Similarly, for intruder rats, es- 
capes, defensive upright posture, submissive supine posture. 
crouching as well as walking and rearing were recorded for 
intruder rats: in addition, sideways threats, attack bites, ag- 
gressive posture, pursuits, nipping bites, ano-genital con- 
tacts and locomotion were monitored in resident rats. 

The protocol for experiments in the squirrel monkeys fk>l- 
lowed a previously developed format [19]. Interactions in the 
groups of monkeys `*'ere observed and recorded using the 
focal animal technique [11. Five rain after the alcohol admin- 
istration, an observer who was unfamiliar with the treat- 
ment, was seated in front of the one-way vision window and 
operated a MORI" microprocessor device for data collection 
(Observational Systems, Seattle, Washington). The observer 
focused on the alcohol-treated monkey and recorded con- 
tinuously for two hours, in 20-rain segments, the social and 
solitary behavior of this animal using an exhaustive behav- 
ioral catalogue. The list of behavioral items, based on the 
definitions by Hopf e t a [ .  [10], included social behaviors 
such as touching, huddling, inspecting the partner, aggres- 
sive elements such as displacing, grasping, restraining, and 
displaying directed toward another group member in the 
form of genital displays and chin thrusts. Instances of suc- 
cessful and attempted food thefts were recorded. In addition, 
all occurrences of social and aggressive behavior that were 
directed toward the focal animal were recorded- these in- 
cluded being touched, being inspected, being joined in a 
huddle, being displaced or yielding, being grasped, being re- 
strained, being displayed to. and having fix)d stolen from. 
Further elements of social significance, but without a spe- 
cific target animal, included vocalizations and olfactory 
marking such as urine washing, anogenital rubbing, back 
rolling, rubbing the chest, back, or muzzle, and sneezing. 
These elements occur most often in dominant squirrel mon- 
keys [9]. All incidences of feeding, drinking, foraging, loco- 
motor activity, stationary alert posture, and sitting posture 
with curled tail were measured. The salient elements of ag- 
gressive, submissive and solitary behavior in squirrel mon- 
keys are illustrated in Miczek and Gold [20l. 

l'Lvpcrimcntal I)e.s i~,,n 

Three to five baseline tests were conducted in order to 
adapt the animals to the oral injection procedure, and to 
establish stable levels of aggressive behavior. Thereafter, 
intruder mice and rats, and subordinate monkeys underwent 
a schedule of five to six experimental treatments, including 
vehicle control. In mice and rats, experimental treatments 
consisted of administration of acute alcohol doses 15 rain 
before being placed into the cage of the stimulus animal, in 
the monkey experiments, each designated animal was re- 
moved from the group, administered with alcohol, returned 
to the group, and observations of group interactions began 5 
rain after alcohol administration. The sequence of alcohol 
doses which included the water vehicle was systematically 
varied. I-'ach experimental treatment was scheduled once a 
week for the mice and twice-a week for rats and monkeys. 

Statistical I',valuati, m 

Frequency and duration of behavioral elements of mice 
and rats ,*ere analyzed with a one-way fixed factor analysis 
of variance. The data are based on the 5- or 10-rain test 
periods after the first attack bite. Monkeys were assigned to 
categories of dominant or subordinate based on the amount 
of aggressive and submissive behavior they engaged in. The 
resulting groups concurred with previous observations 
[ 19,2{}]. In this report we focus on the data from the subordi- 
nate group. The data of 20-min segments were analyzed with 
a two-way fixed factor analysis of variance. Dunnett 's t-test 
comparisons were calculated when significant F values `*ere 
obtained. A p level of <0.(}5 tk~r two-tailed distributions was 
accepted as statistically significant. 
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FIG. I. Changes in aggressive behavior by non-drugged mice (,~1). 
rats (,,',.1, and squirrel monkeys (~1 as a function of the alcohol dose 
that is administered to the animal toward whom aggression is di- 
rected. The alcohol effects are expressed as percent changes from 
the control level. During control tests, the average frequency of 
attack was 25.3=3.3 IMean+_S.E.M.) for resident mice, and 
15.2 _+ 2.0 for resident rats: the average frequency of aggressive ele- 
ments by non-treated monkeys was 1.8_+0.5. Statistically reliable 
changes are indicated by asterisks (*p<0.05. **p<0.0l). 

RESULTS 

During water  vehicle control  t rea tments  resident mice 
and rats a t tacked intruders promptly and reliably: the mean 
f requency of  attack bites was 25.3 (+-3.3 S .E .M.)  for mice,  
and 15.2 (_+2.0 S .E .M.)  for rats: the mean latency to the first 
attack bite was 5.9 (+-0.9 S ,E .M.)  sec for mice,  and 31.6 
(-+5.9 S .E .M.)  sec for rats. 

Drug-free mice.  rats, and squirrel monkeys  significantly 
altered their behavior  toward alcohol- treated animals.  Spe- 
cifically, st imulus resident mice at tacked,  threatened and 
pursued intruder mice with increasing f requency,  when the 
latter received higher doses  of  alcohol.  After  receiving the 3 
g/kg alcohol dose,  intruder mice were at tacked twice as often 
as in the water  vehicle control  condit ion.  Similarly,  
st imulus resident rats a t tacked alcohol- t reated intruder rats 
with higher f requencies ,  when the latter received higher 
alcohol doses.  The measures  for attack bites and aggressive 
postures in undrugged stimulus rats were  nearly twice as 
high after the intruders had been administered with 1.7 g/kg 
alcohol than after  water  vehicle.  Figure I portrays these ef- 
fects as percent  change from control  by summing the ele- 
ments of  at tack,  threat and pursuit into a summary value of  
" 'aggressive behav io r . "  

In squirrel monkeys ,  alcohol  produced a similar pattern of  
effects. Alcohol  t reatment  caused subordinate monkeys  to 

T A B L E  1 

EFFECTS OF A[,COHOL ON I,OCOMOTOR ACT|VITY 
(MEAN DURATION IN SECONDS - S.E.M.I 

Alcohol Squirrel 
Ig.kg) Mice (9) Rats 19) Monkeys 15) 

0 13.21 + 4.27 27.10 .- 9.99 2(11.1 _+ 74.8(I 
0.1 - -  15.30 "_ 5.03 254.4 ± 94.44 
0.3 8.69 .z_ 1.53 10.20 + 3.10 200.3 : 98.44 
0.6 - -  15.6(I = 5.74 113.8 = 32.(~.) 
1.11 9.51 + 3.30 22.7(I + 4.10 80.2 z 38.12 
1.7 9.93 ± 2.48 18.60 ' 5.01 - -  
3.(1 11.86 ± 4.39 - -  - -  

Numbers in parentheses indicate number in study. 

be grasped,  to be displayed to, and to be displaced at signifi- 
cantly elevated frequencies  during the first 40 min of  obser-  
vation. This change is portrayed in summary values in Fig. I. 

Analysis of  the escape behavior  by alcohol- treated mice 
revealed that the intruders responded appropriately to the 
increased attacks by the stimulus animals.  More than 5(Y'~ of  
the int ruder 's  escapes  follow within one second of  the resi- 
dent stimulus animal 's  attacks under control condit ions,  and 
even at the highest alcohol doses this synchrony between the 
int ruder 's  escapes  and the res ident ' s  attacks was preserved.  
However ,  at the highest alcohol dose (3.0 g/kg), intruder 
animals spent significantly less time in the defensive upright 
posture,  and also their rearing activity outside o f  the fighting 
episodes declined.  Concurrent ly  measured locomotor  activ- 
ity in the form of walking across the cage and grooming 
remained unimpaired (Table 11. 

At the highest alcohol doses (1.0, 1.7 g/kg) intruder rats 
engaged significantly hmger  in the submissive supine posture 
q;<0.05) ,  and less in the defensive upright posture q?<0.05). 
l+ocomotor behavior  remained unaltered by the current ly 
studied alcohol doses (Table 11, but the 1.7 g/kg dose im- 
paired rearing activity.  Similarly, during the first 45 min after 
alcohol administrat ion subordinate monkeys  yielded more 
often to o ther  group members  (p<0.051. Alcohol  doses up to 
I g/kg did not alter their feeding, drinking, foraging, vocaliz-  
ing, olfactory marking, nor their total locomotor  act ivi ty 
(Table I), although signs of  ataxia started to appear  at the 
highest dose.  At the I g/kg alcohol dose.  the monkeys  
showed significantly more frequent and prolonged bouts of  
inactive responses  such as sitting and huddling that were 
accompanied  by touching and inspecting the panner .  One 
hour after alcohol administrat ion the pattern of  motor  activi- 
ties had returned to control levels.  

DISCU SSION 

Alcohol  consistently altered the behavior  of  animals 
whose prevalent  response pattern is submissive and defen- 
sive so that they were the subject of  heightened aggression. 
This effect was dose-dependent ,  occurred in all three spe- 
cies,  and in two different situations, resident- intruder con- 
frontations and group interactions.  Drug-free mice and rats 
at tacked,  threatened,  and pursued alcohol- t reated intruders 
more often, and subordinate squirrel monkeys ,  when given 
alcohol,  were the recipients of  more frequent  aggressive re- 
sponses from their drug-free group members .  The present 
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f indings are cons i s t en t  with ear l ier  r epor t s  on s imilar  indirect  
aggres s ion -he igh ten ing  a lcohol  effects  in mice  [31] and rats  
[18]. H o w e v e r ,  this effect  is not  a lways  seen ,  in spite of  
deta i led  m e a s u r e m e n t s  o f  the non-drugged  animals"  b e h a v i o r  
[2, 5, 121. 

In v iew of  the  many  drug effects  on  aggress ion  that  o c c u r  
on ly  in a specif ic  s i tuat ion and  species  (for r ev iews  see 
[17,21]), the  p resen t  o b s e r v a t i o n s  may  have  wider  gener-  
ality. A t t ack  b e h a v i o r  t owards  an in t ruder ,  and aggress ive  
b e h a v i o r  in e s t ab l i shed  social g roups  r ep resen t  b e h a v i o r  pat- 
t e rns  wi th  different  in tens i ty  and  ra te ,  and  may have  sepa-  
ra te  biological  func t ions ;  yet.  a lcohol  re l iably e n h a n c e d  the  
aggres s ion -p rovok ing  cues  in all t h ree  species .  

Most  r e sea rch  focuses  on a lcohol  effects  in sub jec t s  who  
engage in aggress ive  b e h a v i o r  or  are p rone  to do so (for  
rev iews  see  [21,24]). The  most  intr iguing f inding is tha t  low 
acu te  a lcohol  doses  can  e n h a n c e  aggress ive  b e h a v i o r  in fish, 
mice,  rats ,  dogs ,  and  m o n k e y s  u n d e r  c i r c u m s c r i b e d  condi-  
t ions  (e.g.,  [4, I I ,  18, 23, 26, 27. 30. 31]). 

In in t ruder  mice  and  rats ,  h igher  a lcohol  doses  r educed  
the  display of  defens ive  pos tu re s  in reac t ion  to inc reased  
a t tacks .  This  decl ine  in de fens ive  pos tu res  has  been  inter-  
pre ted  to indica te  less anx ie ty  in in t ruder  an imals  [31]. Yet ,  
the c o n c u r r e n t  impa i rmen t  of  rear ing  outs ide  of  the  f ighting 
con tex t  favors  the  sugges t ion  that  at  the h igher  a lcohol  doses  
an imals  are unable  to raise  the  front  par t  of  the i r  body  to 
per form defens ive  pos tu res  [11]. 

Wha t  are  the  cri t ical  behav io ra l  and  physical  fea tures  that  

are changed  by alcohol  and  tha t  p rovoke  more  f requent  ag- 
g ress ion?  Dixon [8] s tudied social  b e h a v i o r  in non-drugged  
mice.  in te rac t ing  with in t ruders  tha t  d rank  d i azepam for one  
or  14 days ;  he poin ted  to d rug- induced  changes  in the olfac- 
tory p roper t i e s  of  m o u s e  ur ine  as a source  for increased  
aggress ion.  Indeed ,  a l t e ra t ions  in h o r m o n e - d e p e n d e n t  
p h e r o m o n e  sec re t ions  p ro found ly  a l ter  aggress ive  b e h a v i o r  
in roden t s  and  also p r imates  128]. Cons ide r ing  the relat ively 
shor t  t ime course  of  a lcohol  effects  in in t ruder  or  subordi-  
na te  an imals ,  a ho rmona l  or  p h e r o m o n a l  m e c h a n i s m  for 
p rovok ing  aggress ion  appea r s  less likely. By con t ras t ,  be- 
haviora l  changes  in a lcoho l - t rea ted  an imals  may rep resen t  
inappropr ia t e  social  s ignals  in s i tua t ions  of  confl ict .  Al- 
though  unde t ec t ed  by the h u m a n  obse rve r ,  species  m e m b e r s  
readi ly  recogn ize  a l coho l - induced  subt le  changes  in the so- 
cial b e h a v i o r  of  the in t ruder  or  group m e m b e r ,  and  they 
adjust  the i r  b e h a v i o r  accordingly .  

Our  obse rva t i on  of  a rise in aggress ive  b e h a v i o r  due  to 
in te rac t ion  with an a lcohol - t rea ted  animal  seems  re levant  to 
the  h u m a n  si tuat ion.  High levels  of  aggress ion  may be sccn 
towards individuals  whose  b e h a v i o r  is a l te red  by alcohol .  
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