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WILMOT, C A , C VANDERWENDE AND M T SPOERLEIN The effects ofphen~y~hdtne on fightmg tn dtfferen- 
nally housed mice PHARMACOL BIOCHEM BEHAV 28(3) 341-346, 1987 --The effects of phencychd~ne (PCP) on the 
fighting of individually housed male mtce were examined (1) after d~fferent lengths (5-35 days) of individual housing, and (2) 
in mice of d~fferent ages (35, 70 or 170 days old) at the onset of individual housing S~gmficant increases m the total t~me 
spent fighting in a 10-minute aggression test were observed at 1%21 and 32-35 days of lndlvtdual housing with 1 25 mg/kg 
PCP and at 10 and 32-35 days w~th 2 50 mg/kg PCP Relative to control groups, the percentage of m~ce fighting after 1%21 
and 32-35 days of tndw~dual housing was slgmficantly decreased with 2 5 mg/kg At 1 25 mg/kg, PCP ~ncreased total 
fighting ttme and decreased the latency to the first fight in mtce at 35 or 70, but not 170 days of age at the onset of~nd~v~dual 
housing No increases m motor activity ~n ~nd~v~dually housed m~ce were recorded at these doses These results suggest 
that PCP may facdltate fighting ~n mice when individually housed for a minimum of 10 days 

Phencychdme Isolation-reduced fighting Aggressive behawor D~fferent~al housing 

T H E R E  are numerous  references  to a psychot ic  and often 
violent  state assoc ia ted  with acute  and chronic  phencych-  
dine (PCP) abuse [1, 3, 9, 23, 32, 33] Soon after the intro- 
duct ion o f  PCP as a novel  anesthet ic ,  its chnlcal  use was 
res t r ic ted due to adverse  affects o f  deliria and psychoses  
indistinguishable f rom schizophrenia  [7, 15, 19, 22]. These  
observa t ions  led to the suggestion that the behaviora l  effects  
o f  PCP may be the basis for a useful animal model  for 
psychot ic  disorders  Al though there  are inevitable hmita-  
t ions in identifying behaviora l  character is t ics  o f  laboratory  
animals that  are re levant  to the thought  disorders  o f  psycho-  
sis, the unpredic table  comba t iveness  and violent  behavior  
associa ted  with acute  PCP toxici ty  and PCP psychosis  
suggest  that the study of  the interact ions of  PCP and aggres- 
sive behaviors  may  be  a reasonable  approach  

Behaviora l  effects  o f  PCP have  been  studied in several  
labora tory  animal models  of  aggressive behavior ,  such as the 
res ident- intruder  paradigm in mice or  rats housed individu- 
ally or  in pmrs [2, 29, 30, 35], foo tshock- induced  fighting [4], 
fighting induced by R E M  (rap id-eye-movement )  sleep depri- 
va t ion  [27], shock-Induced target-bit ing by confined male 
mice [17] and munc~de [27,29]. PCP increased the f requency  
of  agonlst ic behaviors  In naive  rats [30] and REM-s leep  de- 
pr ived rats [27] Both increases [2,29] and no change [35] in 
the t ime spent  fighting have been repor ted  in the models  
using mice,  depending  on the dosage and the pro tocol  
uti l ized 

In the present  study,  two parameters  in the model  o f  
isolat ion-reduced fighting in mice,  the age at the onset  o f  
individual housing and the length o f  individual  housing,  were  
var ied  to compare  the effects  of  PCP t rea tment  on fighting. 

Since the interact ions o f  PCP and fighting behav ior  may  be 
be t te r  observed  when  less than a maximal  response  is seen in 
control  groups [30], the object ive  of  the first exper iment  was 
to determine  the percentage  of  mice fighting and the t ime 
spent  fighting in an aggression test  in PCP-t rea ted  (1 25-2.50 
mg/kg) and control  groups after  different  lengths (5 to 35 
days) of  individual housing A maximal  percentage  o f  fight- 
ers is typically at tained after  3-4 weeks  o f  individual hous- 
ing The second exper iment  compared  PCP-t rea ted  (1.25 
mg/kg) and control  groups which had been  individually 
housed for 35 days,  starting at 35, 70 or  170 days o f  age The 
objec t ive  of  the third exper iment  was to de termine  whether  
or  not  there was a correlat ion be tween  motor  st imulation by 
PCP and ei ther  the la tency to fight or  the t ime spent  fighting. 

METHOD 

D~fferenttal Houstng 

CF-1 male mice were  obtained from Charles  River  Breed-  
ing Labora tory ,  Wilmington,  MA,  at 28 or  56-60 days of  age 
and housed in groups of  15-25 Af ter  a min imum acchmat ion  
per iod o f  3 days,  the mice were  ei ther  individually housed in 
a separate  isolation room in opaque  boxes  measunng  
28x 12 5x  14 cm or maintained grouped (15-20 per  box) in 
the co lony  room in boxes  measur ing 4 5 x 2 7 x  14 cm Food  
(Wayne Lab Blox) and water  were  cont inuously  available 
Hous ing  condi t ions  were  maintained at 2 3 - 2 ° C ,  30-60% 
humidi ty and a 12 hr  l ight-dark cycle  with lights on at 6 a m 
All behaviora l  test ing occur red  in the isolation room. Within 
their  home box,  the grouped  mice were  adapted  to the isola- 
t ion room for a min imum of  1 hour  before  testing 

1Requests for repnnts should be addressed to C A Wilmot at his present address Hoechst-Roussel Pharmaceuticals, Inc ,  Dept Biological 
Research, Rt 202-206 N , Somervdle, NJ 08876 

341 



342 WlLMOT ET AL. 

Ftghtmg Behawor 

Individually (IH) and group housed (GH) mice were ob- 
served for fighting behavior toward a conspecific olfactory- 
bulbectomized male, a stimulus mouse which will neither 
initiate a fight nor retaliate [6,8]. Following the placement of 
the stimulus mouse in the home cage of  the test mouse, the 
latency (LAT) in seconds to the first fight and the total time 
spent fighting (TFT) in seconds were recorded in a test 
period of  10 minutes, unless otherwise indicated. The first 
fight was defined by a bout of persistent biting and chasing 
with a minimum duration of 5 seconds, a criterion that dis- 
criminated a " f igh t"  from a brief bite/attack Fighting was 
initiated and terminated by the test mouse only. LAT and 
TFT were recorded by a single non-blind observer with strict 
adherence to the above criteria to maintain objectivity 
When observing GH mice for fighting, the test mouse was 
transferred to a test box equivalent in size to the home cage 
of  the lndlwdually housed mouse Fighting tests were con- 
ducted between 12 and 3 p.m. Each test mouse was sub- 
jected to only one fighting test to avoid any learning or train- 
ing effects of repeated experience The stimulus mice were 
used repeatedly, but only once on a given test day Denen- 
berg et al [8] have shown that olfactory-bulbectomlzed mice 
reliably elicit fighting 

Motor Acttvtty 

Immediately following injection, mice were placed indi- 
vidually on electromagnettc activity meters (Columbus In- 
struments, Model S, set at 12-20/~A to give equal sensitiv- 
ity) Counts were recorded starting with the 5th minute after 
injection via an external counter located outside the testing 
room Mice from both housing conditions were tested on the 
same days, between 11 a.m. and 5 p.m., with doses and 
housing condition randomized. A 5 minute fighting test im- 
mediately followed the activity measurement 

Drugs and Dosage 

Phencyclidine HCI was obtained from the National Insti- 
tute of  Drug Abuse, Washington, D C. Doses, in terms of  the 
salt, were administered intraperitoneally in a volume of 10 
ml/kg from solutions freshly prepared with distilled water 

Stattstlcs 

Statistics were calculated with the Statistical Analysis 
System (SAS, Version 82 4) produced by the SAS Institute, 
Cary, NC [31]. The General Linear Model Procedure (PROC 
GLM) was used for analysis of variance (ANOVA) for un- 
balanced experimental designs, followed by a 2-tailed Stu- 
dent 's  t-test. Pearson rank correlations were used to com- 
pare motor activity counts and fighting time. Chi square tests 
were used to determine significant differences in the number 
of  fighters in control and PCP-treated groups. The accepted 
level for significance was p<0.05.  

EXPERIMENT 1 EFFECTS OF PCP AT DIFFERENT LENGTHS OF 
INDIVIDUAL HOUSING 

Method 

CF-1 male mice, 32-35 days of  age, were individually 
housed and tested for fighting with a stimulus mouse after 5, 
10, 19-21 or 32-35 days of individual housing A total of  293 
mice were used in this experiment, divided over 4 rep- 
hcations, each consisting of  59, 57, 81 and 96 mice respec- 

TABLE 1 

SUMMARY OF THE NUMBER OF MICE FIGHTING AND 
THE NUMBER OF MICE TESTED AFTER 5-35 DAYS OF 

INDIVIDUAL HOUSING 

Treatment Group 

No Fighting/No Tested 
Length of Ind~wdual Housing (days) 

5 10 19--21 32-35 

Control 
1 - -  4/10 13/14 4/5 
2 - -  7/9 5/6 8/10 
3 1/9 3/8 4/7 4/5 
4 2/8 4/6 4/6 7/8 

Sum 3/17 18/33 26/33 23/28 
% Fighting 17 6 54 5 78 8 82 1 

PCP 1 25 mg/kg 
1 - -  2/5 4/7 2/3 
2 - -  4/5 5/6 4/5 
3 1/8 2/8 5/7 2/3 
4 0/8 5/9 5/6 4/8 

Sum 1/16 13/27 19/26 12/19 
% F~ght~ng 6 3 48 1 73 0 63 2 

PCP 2 5 mg/kg 
1 - -  3/5 2/8 0/2 
2 - -  1/5 1/6 3/5 
3 0/8 3/8 2/7 2/3 
4 1/8 3/9 2/12 3/8 

Sum 1/16 10/27 7/33* 8/18" 
% F~ght~ng 6 3 37 0 21 2 44 4 

The above table represents the distribution of the number of m~ce 
~n the 4 replications of Experiment I (--, Not tested ) 

*p<0 05, with respect to control, Ch~ square test 

tively. The distribution of mice among the treatment groups 
in each replication is outlined in Table 1. In the first two 
replications, mice were individually housed for 10, 20-21 or 
35 days The control groups consisted of  an equal number of  
untreated and vehicle-treated mice A 10-minute fighting test 
started 12-15 minutes following 1 25 or 2 50 mg/kg PCP or 
vehicle, IP Untreated mice were weighed but not injected 
There were no significant differences between untreated and 
vehicle-treated groups in TFT, F(5,39)= 1.94, p<0.1089, or 
in LAT, F(5,39)=0.58, p<0.7121. Therefore, the untreated 
and vehicle-treated mice were combined into a single control 
group In the second two replications, mice were individu- 
ally housed for 5, 10, 19-20 or 32-33 days, and all control 
mice received vehicle injections In each rephcation mice 
were tested only once to avoid any effects of repeated expe- 
rience. 

Results 

The data from the four rephcations are summarized in 
Table 1 and Fig. I Between 5 and 35 days of  individual 
housing, the percentage of fighters in the control groups in- 
creased from 18 to 82% (Table 1), a similar increase was seen 
in the groups treated with 1 25 mg/kg PCP. However ,  in the 
groups with 2.5 mg/kg PCP after 19-21 and 32-35 days of  
Individual housing, there were significantly fewer fighters 
relative to both the control and PCP-I.25 groups. Following 
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the fighting test, the motor coordination of  each mouse on a 
45 ° inchned screen was observed for 15 seconds All mice 
with 1.25 mg/kg PCP and the majority with 2.5 mg/kg PCP 
dasplayed normal motor coordination on the mchned screen 
Some IH m~ce dosed w~th 2.5 mg/kg PCP were mlldy ataxlc, 
i.e. lncoordmated on the mchned screen, and did not fight, 
representing 14, 10 and 6% of the m~ce receiving 2 5 mg/kg 
PCP at 10, 19-21 or 32-35 days of  mdlvadual housing, re- 
spectively. 

Both the length of  individual housing and treatment had 
significant effects on the total fight~ng tame in those mice 
fighting, F(2,127)=5.13, p<0.0072 and F(2,127)=1769, 
p < 0  001, respectively. No significant lnteractaon occurred 
between length of  individual housing and PCP, 
F(4,127)=1.79, p < 0  1356. As shown m Rg  1, 1.25 mg/kg 
PCP increased the total fighting time after 19-21 and 32-35 
days of  mdivadual housing and 2.5 mg/kg PCP at 10 and 32-35 
days 

A noted dtfference in the quality of  fighting of  control 
mace and some of the mice rejected with PCP after 32-35 
days of  lnd~wdual housing was the persistence of  biting at- 
tacks by PCP-treated mice toward a stimulus mouse display- 
lag an upright or full submissive posture [14], frozen in a 
cataleptic state. In contrast, biting attacks by mice from con- 
trol groups usually stopped or attenuated following the pre- 
sentation of  a submissive posture by the stimulus mouse 

The F value from the 2-way ANOVA of the latency to the 

TABLE 2 

EFFECT OF PHENCYCLIDINE (PCP) ON THE NUMBER OF MICE 
FIGHTIN(] WHEN INDIVIDUALLY HOUSED AT DIFFERENT AGES 

Number Number Percent 
Age Tested F~ghting Fighting 

35 days 
Control 20 16 80 0 
PCP 11 8 72 7 

70 days 
Control 18 13 72 2 
PCP 10 8 80 0 

170 days 
Control 19 1" 5 3 
PCP 12 3* 25 0 

M~ce were mdlwdually housed for 32-35 days and injected w~th 
PCP, 1 25 mg/kg, or vehicle, IP, and observed for 10 minutes start- 
mg 12-15 minutes after mject~on *Significantly different from re- 
specttve group at 35 or 70 days of age, Ch~ square test 
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FIG 2 The effects ofphencychdlne on fighnng ofm~ce ~nd~vtdually 
housed at etther 35 or 70 days of age M~ce were tested after 32-35 
days of ~ndw~dual housing (IA) Latency to first fight (see) and (1B) 
total fight~ng t~me (see) m a 10 minute fighting test, starting 12-15 
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T A B L E  3 

EFFECT OF PHENCYCLIDINE ON TOTAL FIGHTING TIME, LATENCY TO THE 
FIRST FIGHT AND MOTOR ACTIVITY IN GROUPED (GH) AND INDIVIDUALLY 

(IH) HOUSED MICE 

Total 
Latency to F~ghtmg 

Dose Activity Number Number F~rst F~ght Time 
(mg/kg) Counts Tested F~ghtlng (sec) (sec) 

Control 
GH 76 ___ 17 5 0 - -  - -  
IH 216--_ 48~: 6 5 47_+ 13 4 7 5 _  7 1 

0 625 
GH 202 --_ 34* 5 0 - -  - -  
IH 172___ 26 6 6 6 4 +  29 502 ± 7 9  

0 900 
GH . . . . .  
IH 2 2 4 _  26 6 6 4 3 _  15 1002 ± 218 

1 25 
GH 127 ± 21 5 - -  - -  - -  
IH 234±  45:~ 6 6 7 8 ± 2 6  708+_ 209 

1 75 
GH . . . . .  
IH 233 ± 22 5 5 4 0 ±  15 1 0 7 0 _  200" 

2 50 
GH 277 ± 41" 5 0 - -  - -  
IH 278___ 32 5 5 36 ± 10 130 1 - 186t  

5 00 
GH 373 ± 33? 5 1 320 244  
IH 288 ± 117 3 0 - -  - -  

Actlwty counts were recorded for 5 m~nutes, starting w~th the 5th m~nute after 
injection, m~ce were subsequently observed for fight~ng for 5 m~nutes starting w~th the 
12th m~nute after ~njectlon Mean --_ SEM (--,  Not tested) *p<0 05, ~p<0 01, s~gmfi- 
cantly d~fferent from respective control, ~:p <0 05, s~gnlficantly d~fferent from Group 
Housed, Student 's t-test 

f irst  f ight  d~d no t  m e e t  the  c r i t e r ion  for  a s~gnfficant overa l l  
effect ,  F (8 ,127)=  1 99, p < 0  0533, thus  p rec lud ing  F- tes t s  for  
the  ma in  effects  of  l eng th  o f  ~ndiwdual  hous ing  and  P C P  
H o w e v e r ,  a h~gh p r o p o r t i o n  o f  P C P - t r e a t e d  m~ce at 32-35 
days  o f  indxv~dual hous i ng  lmt~ated the  f irst  f ight  In less t h a n  
10 s econds ,  58% a n d  50% for  PCP-1 25 and  PCP-2 5, ~n con-  
t ras t  to  9% of  the  mice  in the  con t ro l  group.  

EXPERIMENT 2 EFFECTS OF PCP IN MICE OF DIFFERENT AGES AT 
THE ONSET OF INDIVIDUAL HOUSING 

Method 

M~ce of  t h r ee  d~fferent ages,  35, 70 or  170 days  old,  were  
lnd twdua l ly  h o u s e d  for  32-35 days .  T he  28 mtce  m the  70- 
day-o ld  g roup  a r r ived  f rom Char le s  R~ver at  56 days  o f  age 
The  mice  m the  o t h e r  two  groups  were  f rom the  same  lot 
r e ce ived  at  28 days  of  age and  group  hous ed ,  15-20 pe r  cage  
in the  co lony  r o o m  u n t d  ~nd~wdually h o u s e d  at e i t he r  35 or  
170 days  o f  age. The  d i f fe rent  age g roups  were  no t  t e s t e d  for  
f ight ing on  the  same days  Mice  f rom all age g roups  we re  
assxgned to one  of  t h r ee  t r e a t m e n t  g roups  (1) no  t r e a t m e n t ,  
(2) vebacle (d~stflled water ) ,  or  (3) PC P  1.25 mg/kg,  w~th the  
fo l lowing dis t r ibut ion"  35 days  o f  age - - (1 )  10, (2) 10 and  (3) 
l l ,  70 days  o f  age - - (1 )  9, (2) 9 and  (3) 10, 170 days  o f  a g e - -  

(1) 9, (2) 10, and  (3) 12 S t imulus  m~ce were  a g e - m a t c h e d  to 
the  tes t  mice  

Results 

In the  m~ce Ind~wdually h o u s e d  at 35 or  70 days  of  age, 
t he re  were  no  s~gnificant d i f fe rences  b e t w e e n  the  g roups  no t  
t r ea t ed  and  veh~cle-mjected in p e r c e n t a g e  of  m~ce f ight ing 
(35 days  of  age 70% vs  90%, 70 days  of  age: 67% vs  78%), 
to ta l  f ight ing t~me (35 days  of  age, mean_+S E .  32 4-+5.8 vs.  
48 5-+ 11.8 sec ,  70 days  of  age: 27.0+-7.2 vs.  24 3+-6 2 sec),  or  
l a tency  to the  f irst  f ight  (35 days  of  age 144+-32 vs.  143-+57 
see,  70 days  of  age 341_+77 vs  189+-57 sec).  O f  the  mice  
indiv idual ly  h o u s e d  at  170 days  of  age,  one  veh ic le - t r ea ted  
m o u s e  fought ,  and  n o n e  of  the  u n t r e a t e d  mice.  The  un t r ea t ed  
and  vehic le  t r e a t ed  g roups  were  c o m b i n e d  in to  a single 
" C o n t r o l "  g roup  for  c o m p a r i s o n  to the  g roup  re jected w~th 
1 25 mg/kg P C P  

In  the  con t ro l  g roups ,  72-80% of  the  mice  mdwldua l ly  
h o u s e d  at  35 or  70 days  o f  age fought ,  bu t  on ly  5% of  those  
lnd~wdally h o u s e d  at  170 days  of  age (Table  2) Only  the  m~ce 
f rom the  35 and  70 day  age g roups  we re  inc luded  in the  
A N O V A  The  effects  of  PCP  on  b o t h  the  to ta l  f ight ing t ime 
and  the  l a t ency  to f ight  were  s~gmficant for  b o t h  of  these  age 
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groups, F(1,41)=4 10, p < 0  0001, and F(1,41)=10.82, 
p < 0  0021, respectively (Fig. 2) The main effect of age was 
significant for latency to fight, F(1,41)=5 60, p < 0  0228, but 
not for total fighting time, F(1,41)=1.73, p < 0  1958 When 
individually housed at either 35 or 70 days of age, 1.25 mg/kg 
PCP increased the total fighting t~me and decreased the la- 
tency to fight Mice at 170 days of age were apparently less 
sensitive to the induction of fighting behavior by individual 
housing and not affected by PCP 

EXPERIMENT 3 EFFECT OF PCP ON THE MOTOR ACTIVITY OF 
DIFFERENTIALLY HOUSED MICE 

To determine if the ~ncreased fighting times observed with 
PCP were correlated to motor stimulation, motor actwlty 
was measured for 5 minutes preceding a 5-minute fighting 
test Mice 35 days old were e~ther group housed or individu- 
ally housed for 42-45 days PCP, 0 625-5 0 mg/kg, was ad- 
mlmstered 5 minutes prior to recording motor activity 
counts Activity counts were recorded from the 5th to 10th 
minute after injection, following which the mouse was trans- 
ferred back to ~ts home box. The fighting test started with the 
12th minute after injection by placing the stimulus mouse ~n 
the box 

In group housed m~ce, PCP produced a s~gnificant in- 
crease in motor activity, F(4,23)= 14.15, p < 0  0001 (Table 3) 
In contrast, no significant stimulation of actlvlty over 
baseline was seen in individually housed m~ce, F(6,31)=0 92, 
p < 0  4951. Vehicle-treated individually housed m~ce were 
more active than group housed mice Group housed mice 
were also tested for fighting following the motor actlwty 
measure. Only one mouse, treated w~th PCP 5 0 mg/kg, of 
the 28 group housed mice tested fought (LAT=32 sec, 
TFT=24.4 sec). 

PCP had a s~gnlficant effect in individually housed mice 
on the total fighting time, F(5,27)=3 51, p<0.0142, but not 
on the latency to fight, F(5,27)=0.66, p<0.6571 (Table 3) 
Preceding the aggression test with 5 minutes on the activity 
meter appeared to have a "priming effect " The difference ~n 
the handhng of the mice prior to the aggression test may 
explain the discrepancy in the mean latency to fight from the 
two prewous experiments. There was no apparent relation- 
ship between total fighting t~me and activity counts, Pearson 
rank correlation, r=0 2339 

DISCUSSION 

PCP in the dose range of 1 25 to 2.5 mg/kg PCP increased 
the time spent fighting ~n an aggression test by mice individ- 
ually housed for at least 10 days, however the percentage of 
mice that fought was not increased above the 55-82% re- 
corded in control groups housed ~n th~s manner These data 
suggest that PCP does not Induce the animals to fight but 
rather may intensify that behavior when the subjects are 
already lnchned to fight. This conclusion is supported by the 
fact that PCP was without effect in groups which exhibit a 
very low degree of fighting, such as in mice individually 
housed for 5 days or less, in mice individually housed at the 
age of 170 days or ~n m~ce that were group-housed. The 
observation that older animals were more resistant to the 
induction of fighting by individual housing is of interest. 
Similar effects of age at differential housing on the fighting of 
TO mice were reported by Goldsmith et al. [13]. These re- 
sults suggest a decreased sensitivity of aged mice to the be- 
havioral and neurochemical effects of individual housing. 

The positive effect of PCP on fighting is limited to a nar- 

row dose range. At 2.5 mg/kg, the number of mice fighting 
was significantly lower than the corresponding control 
groups at 19-21 and 32-35 days of individual housing, and 
yet there was a significantly greater mean total fighting time 
for the fighters The reduction in the number of fighters at 2.5 
mg/kg was partially attributed to a reduced ability to initiate 
a fight as motor incoordlnat~on on an inclined screen was 
observed In those m~ce treated w~th 2 5 mg/kg which did not 
fight and were apparently ummpaired ~n motor function, ~t is 
possible that this dose approaches a threshold for disruption 
of fighting At the h~gher dose 5.0 mg/kg PCP, which produces 
significant motor stimulation [10, 1 l, 18, 25], neither after 11 
days (8 m~ce tested, data not shown) nor after 45 days of 
individual housing (Table 3) were mice observed fighting. 
PCP-st~mulated motor activity shows an inverted U-shaped 
dose-response curve m both rats [25] and mice [18], which is 
attributed to the onset of PCP-induced stereotypy and 
ataxla In an analogous manner, PCP-st~mulated fighting may 
decline at h~gher doses which stimulate motor activity 
Takahash~ et al [34] reported similar effects w~th ketamlne, 
a ketone derivative of PCP In that study, 5 mg/kg ketamlne 
significantly increased the time spent fighting w~th no effect 
on locomotion At higher doses, 10-45 mg/kg, which 
produced s~gnificant motor stimulation, no effects were seen 
on fighting time 

The results of the present study and several others indi- 
cate that the effects of PCP on fighting will vary w~th dose, 
test mtuat~on and prior experience of the animal A common 
feature of the present study and two others [2,29] reporting 
that PCP ~ncreased aggression scores and attack-bite fre- 
quencies for m~ce individually housed ~s the lack of prior 
fighting experience of the test mouse In a study using fight- 
experienced paired (male-female) resident mice [35], PCP in 
a similar dose range did not increase attacks by the male 
resident mouse on the intruder. In naive rats, PCP increased 
the frequency of boxing episodes and offensive upright 
postures [30] Fight-experienced ammals may be more at- 
tentive and responsive than naive animals to social cues, e g. 
submissive postures, which may inhibit further agression 
[14] In contrast, in naive animals PCP may interfere w~th the 
perception and assocmtlon of these cues w~th submissive 
behavior. In tMs study PCP-treated mice frequently per- 
slsted in fighting after elic~tlng submission from the 
olfactory-bulbectom~zed mouse, whereas control m~ce typi- 
cally stopped fighting 

S~nce PCP is a potent motor stimulant [10,11], whether or 
not the increased fighting time was correlated to its motor 
stimulant effects was questioned. The relationship was 
tested by measuring both responses by each mouse ~n two 
sequential tests Activity counts did not correlate to the t~me 
spent fighting. Although a significant linear correlation be- 
tween motor activity and attack-bite frequency w~th PCP, 
1 0--3 0 mg/kg was reported in another study [2], an ~mpor- 
tant distinction is that motor activity was assessed concur- 
rently with fighting in [2], whereas they were not in the pres- 
ent study PCP produced a sigmficant stimulation of motor 
activity of group-housed mice over basehne although ~t d~d 
not increase the tendency of group-housed mice to fight 

The neurochem~cal mechanisms by which low doses of 
PCP increase fighting time are not known Many studies 
have reported altered serotonerglc or catecholamlnerg~c 
mechanisms ~n isolation-induced fighting [5, 16, 20, 24, 26, 
28, 36]. S~nce fighting is a complex behavior integrating sen- 
sory input and emotional state to produce an organized 
s~te-directed motor output, it is not unexpected that other 
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neurochenuca l  sy s t ems  have  been  impl ica ted  as well. More  
recent ly  it has  been  d e m o n s t r a t e d  that  [3H]PCP binding sites 
can be di f ferent ia ted  f rom the  s igma " o p i a t e "  r ecep to r  
[12,21]. W h e t h e r  or  not  the  effects  o f  PCP  on fighting or  the 
induct ion  of  fighting behav io r  by individual  housing are 
media ted  ~n par t  by these  r ecep to r s  is not  k n o w n  

In summary ,  t hese  s tudies  d e m o n s t r a t e  that  PCP may 
facilitate fighting in individually housed  mice  and that  this 
effect  ~s inf luenced by the durat ion of  individual  housing,  the 

age o f  the m~ce w h e n  indlwdual  housing c o m m e n c e s  and the 
dose  of  PCP 
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