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PUGLISI-ALLEGRA, S. AND P. RENZI. An automated device fi~r screening the e lfects of  psychotropic drugs on 
aggres~'ion and motor activity in mice. PHARMAC. BIOCHEM. BEHAV. 13(2) 287-290, 1980.--An automated technique 
for measuring simultaneously aggressive behavior and motor activity in mice is described. This technique "allows measure 
of aggressive behavior and motor activity continuously throughout long-lasting periods without disturbing the animals 
except for feeding, watering and cleaning the cages. The effects of n-D-propylacetate, a drug which "affects aggression 
without affecting motor activity, were also tested. 
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A DEVICE to detect and quantify fighting episodes and, at 
the same t ime--but  in independent fashion--,  general activ- 
ity in groups of two or more mice is described. The apparatus 
was designed starting from the observation that general ac- 
tivity and fighting episodes of animals living in a breeding 
cage produce vibrations of different intensities on the floor of 
the cage. In particular, the collisions determined by the 
bodies, the legs and the tails against the floor during fighting 
produce vibrations that are the most intense among those 
produced by animals living in breeding conditions. Thus, 
such an apparatus should detect and discriminate different 
kinds of activity corresponding either to aggressive behavior 
or to non-aggressive motor activity. 

APPARATUS 

( "OtHponcI1L~ 

The major components of the apparatus are the experi- 
mental cage and the processing unit. The experimental cage 
is a modified breeding cage in which the floor is replaced by a 
zincate mesh (weighing 1200 g/m e and with squares of 8 mm 
side) fixed to the walls at 4 cm from the tray which collects 
the excrements. The mesh is fixed by means of screws to 
four Plexiglas blocks glued to the walls of the cage. The 
distance between the lid and the floor of the cage is 6.5 cm. 
The mesh collects the vibrations produced by the animals" 
activity and transmits them to 4 dynamic microphones 
placed at the corners of the cage. Each microphone is fitted 
in a rubber capsule and plugged to the mesh (Fig. I). This 
plugging allows removal of the microphones in order to clean 
the cage. The microphones are connected in series to obtain 
an improvement of sensibility throughout the mesh. 

Microphone signals are processed by the circuit shown in 
Fig. 2. The processing unit consists of two amplifiers so that 
one channel will detect both low and high intensity noises 

(referred to as "total motor activity") independently of the 
other channel which will detect only high intensity noises 
corresponding to fighting behavior (referred to as "fighting 
motor activity"). The evaluation of motor activity without 
fighting activity (referred to as "general motor activity") is 
obtained by subtracting activity scores concerning "'fighting 
motor activity" from activity scores concerning "total motor 
activity". 

Related Equipment  

A Grason Stadler Programmer was used for more detailed 
information on different aggressive patterns such as latency 
to the first fight, number and time of fighting episodes. 

Feeding behavior is a kind of activity that will be recorded 
only if the lid--where the food container is located--is fixed 
to the cage; therefore it is possible to avoid recording of this 
activity by fixing the lid to supports that are not in contact 
with the experimental cage. 

Furthermore, it must be pointed out that activity and 
fighting produce through the mesh noises differing only in 
intensity, not in frequency distribution. Thus, differences in 
the type of mesh or in the connections of the mesh to the 
cage do not affect discrimination between the two levels of 
noise. Finally, to avoid the interference of extermd noise 
each microphone can be covered with polyurethane foam 
and the entire apparatus can be placed in a sound-insulated 
cubicle. 

SUPPORTING DATA 

Animals  

Male mice of the DBA/2 strain were used. The mice were 
randomly assigned to two housing conditions, either individ- 
ually housed (isolated) for 8 weeks or in groups of 6 animals 
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FIG. 1. Microphone  ar rangement .  The microphone,  previously 
covered with polyure thane sponge,  is fitted in a rubber  capsule.  The 
border  of  the capsule  is glued to an iron slab ~3 × 3 x 0.2 cm) assur ing  
that the surface of the microphone and the surface of the slab are in 
contact .  The slab is soldered to a male plug which,  through a hole in 
the cage wall, is inserted in the respect ive female socked to the 
mesh .  (a) Connect ion  with the process ing unit; (b) Mechanical  con- 
ncction with the mesh;  (c) Capsule:  ~d) Polyure thane sponge:  (e) 
Metal slab; (f) Dynamic  microphone.  

PARTS LIST 

IC I. IC 3 -  Integrated c i rcui t s /zA 741 
IC 2, IC 4-. Integrated c i rcui ts /zA 709 
CI ,  C2, C3. C4- Condensers  0.1 p,F, 2(I V 
D1, D2, D3, D4=Diodcs  IN 4001 
P1, P2, P3. P4=Logar i thmic  potent iomcters  10 k~  1,4 W 
TR 1. TR 2. TR 3, TR 4 - T r a n s i s t o r s  BC 119 
RE 1, RE 2 = R E L A Y S  12 V. 260 ~1 
R3. R5, R6, R9, RI0, RI4,  RI7,  R I8=Rcs i s t o r s  I k~[ 1,4 W 
R12, R l ~ R e s i s t o r s  2.2 k~  1'4 W 
R7, RI5=Res i s to r s  10 k~l I/4 W 
RI3. R4=Res i s to r s  100 kil I,.4 W 
R2. R8, RI I .  R I 6 = R c s i s t o r s  1 M ~  I;4 W 
M I. M2- Dynamic  microphones  

Impedence  200 ~ 
Freq. Resp. 50-17.000 HZ 
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FIG. 2. Processing unit. Schemat ic  diagram (for values see part list). The signal picked up by the 
dynamic  microphones  is fed into IC 1. which funct ions  as an amplification stage,  c o m m o n  to the two 
lines. IC 3 is an additional amplification stage for the measu remen t  of  activity. R4 CI and R3 C3 
integrate the signals with the same temporal constant  of  220 msec.  This  output  is fed respectively into 
IC 2 or IC 4 which function as detectors .  The detector  compares  the voltage of the amplified-integrated 
input signal, with a reference voltage supplied through a voltage divider consis t ing respectively of  R 5 
and P 2 or R 14 and P 4, which controls  the trigger point of  "f ighting ou tpu t "  and "act ivi ty  ou tpu t " .  
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FIG. 3. Simultaneous recordings of motor activity and fighting behavior by automated apparatus and observer. The outputs from the 
observer, the aggression detector and the activity detector were simultaneously recorded by a recording device. In particular, the analogic 
outputs were picked up before the comparator that fixes the trigger point for aggression line tIC I) and for activity line tIC 2) and fed into a 
Beckman Type RM Dynograph Recorder. As it can be seen in the figt,re, the comparison among apparatus and observer outputs shows that 
the apparatus detects selectively fighting behavior among other motor patterns including chasing behavior. The fighting threshold level of the 
apparatus was empirically selected by pairing two isolated mice and observing fighting behavior. This level was found to correspond to the 
level at which the apparatus detects the vibrations produced on the center of the mesh by a polyurethane sponge ball (weighing 10 g and having 
7 cm diameter) dropped from a support placed at 8 ± I).5 cm from the mesh. Similarly. the activity threshold level, which was previously 
empirically selected placing one or more grouped mice in the experimental cage for several min was fixed by placing the plate at 5M. mm from 
the mesh. The polygraph amplifier gain was set at 2 V/cm for activity recordings and at 5 V,'cm for fighting recordings. 

(grouped) .  At the  m o m e n t  of  the  e x p e r i m e n t s  an imals  of  bo th  
hous ing  cond i t ions  were  19--20 weeks  old. 

Aggress ive  b e h a v i o r  exhib i ted  by paired mice  was simul- 
t aneous ly  r ecorded  by our  a u t o m a t e d  dev ice  and  by two 
obse rve r s .  T w e n t y  four  isolated mice  were  employed .  Two  
o b s e r v e r s  r ecorded  the fighting b e h a v i o r  of  paired mice and 
pushed  a swi tch  dur ing every  fight. The  ou tpu ts  from the 
o b s e r v e r s ,  the aggress ion  de t ec to r  and  also the  act ivi ty  de- 
t ec to r  were  s imul t aneous ly  recorded  by a record ing  dev ice  
(Fig. 31. 

Two  mice were  placed in oppos i te  ha lves  of  the experi-  
menta l  cage separa ted  by a guil lot ine door .  Fol lowing a 60 
sec adap ta t ion  per iod the  record ing  equ ipmen t  was ac t iva ted  
and  at the same  t ime the  guil lot ine d o o r  was raised a l lowing 
the mice to e n c o u n t e r  for a per iod of  10 min.  The  o b s e r v e r  
then  pressed  the hand-he ld  swi tch  w h e n e v e r  a fight oc- 
cur red ,  hold ing the swi tch  down  t'or as long as the fight 
las ted.  

The  la tency of  the  first fight, the n u m b e r  of  fights,  the 
n u m b e r  and  the t ime of  f ighting ep i sodes  were  cons ide red  
and  ana lyzed  in t e rms  of  cor re la t ion  be t w een  the  record ings  

of  the  o b s e r v e r s  and the record ings  of  the a u t o m a t e d  appara -  
tus. A fighting ep i sode  was def ined as including different  
sepa ra te  fights. The  end  of  a f ighting ep i sode  was def ined as 
the t e rmina t ion  of  a fight fol lowed by a per iod of  5 sec in 
which  no fight occur red .  For  each  of  the four  p a r a m e t e r s  
examined  the fol lowing cor re la t ions  were  ob ta ined :  l , a t ency  
to the  first fight, r (99)=0.9380;  n u m b e r  of  fights,  r(99) 
=0.9540;  n u m b e r  of  f ighting ep i sodes ,  r (99)=1:  t ime of  
f ighting ep isodes ,  r (99)=0.9970.  For  all four  values  were 
<0.001.  

As c o n c e r n s  m o t o r  act ivi ty  our  appa ra tu s  was c o m p a r e d  
to an e lec t ron ic  act ivi ty  me te r  (Selec t ive  Act iv i ty  Mete r  
(Model  S), C o l u m b u s  I n s t r u m e n t s ,  C o l u m b u s ,  OH)  with its 
th resho ld  regulated at the mean  levels  of  the  scale.  Six 
g rouped  mice were individual ly  placed for a per iod of  10 min 
in the expe r imen ta l  cage which  was di rect ly  placed on the 
act iv i ty  m e t e r  p la t form.  The  act iv i ty  scores  of  ou r  appa ra tu s  
were  cor re la ted  with those  of  the act iv i ty  meter .  The  corre-  
lat ion be tween  the  two sets  of  scores  was:  r (49)=0.9510;  the 
p value  was <0.001.  

Final ly,  the effects  of  n -D-p ropy lace t a t e  (n-DPA),  a drug 
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T A B L E  I 

EFFECTS OF N-DPA ON MOTOR AND AGGRESSIVE ACTIVITY OF 
ISOLATED DBA,'2 MALE MICE 

Saline n-DPA (300 mg/kg) 

Total motor activity 458.75 "- 47.35 449.87 _+ 46.57 
Fighting motor activity 42.75 _+ 5.91 11.50 _+ 9.20* 
General motor activity 416.00 .+_ 48.63 438.37 _+ 42.07 

Values are mean ± SEM. Data were statistically analyzed by 
ANOVA. 

*Significantly different from saline group q~<0.2). 

T A B L E  2 

EFFECTS OF N-DPA ON THE AGGRESSIVE BEHAVIOR 
OF ISOLATED DBA/2 MAI,E MICE 

Saline n-DPA (300 mg/kg) 

Latency to the first 41.12 : 24.64 483.87 ._ 78.54* 
fight (sec) 

Number of fighting 3.87 ,. 0.54 0.50 - 0.37* 
episodes 

Total time of fighting 29.00 +_ 3.93 4.62 _+ 3.62* 
episodes (see) 

Values are mean _+ SEM. Data were statistically analyzed by 
ANOVA. Those couples of mice that failed to fight during a ten 
minute experimental session were assigned a maximum latency 
score of 600 sec. 

*Significantly different from saline group (p<0.001). 

t ha t  affects  aggress ion  11, 6, 7], on aggress ive  b e h a v i o r  and 
m o t o r  act ivi ty  were  also inves t iga ted  in o rde r  to check  the  
rel iabi l i ty and  se lec t iv i ty  o f  this  m e t hod .  T w o  g roups  of  iso- 
la ted mice were  used.  Th i r ty  min before  tes t ing,  mice o f  the 
e x p e r i m e n t a l  g roup  were  injected IP with 300 mg/kg of  
n -DPA while  con t ro l  an ima l s  were  in jected with sal ine solu- 
t ion (NaCI 0.9"/,). The  p r o c e d u r e  for the  aggress ion  tes t  was  
the  same  as in E x p e r i m e n t  1. Mice e n c o u n t e r e d  dur ing  a 10 
min sess ion .  Tab le s  1 and  2 show that  no  d i f fe rence  in total  
m o t o r  act ivi ty  and  genera l  m o t o r  ac t iv i ty  was found  b e t w e e n  
mice in jec ted  wi th  sal ine and n -DPA,  w h e r e a s  they were 
d i f ferent  in f ighting m o t o r  act ivi ty .  In par t icu la r ,  wi th  re- 

spec t  to aggress ive  behav io r ,  da ta  ob ta ined  by p rocess ing  
f ight ing m o t o r  act ivi ty  scores  (see page 287) s h o w e d  that  the  
two  groups  of  mice were  di f ferent  in la tency  to the  first fight,  
in n u m b e r  and in t ime of  f ight ing episodes .  

T h e s e  resul ts  are cons i s t en t  with  those  of  a p rev ious  ex- 
pe r imen t  16] in which  aggress ion  was m e a s u r e d  by an auto- 
ma ted  appa ra tu s  which  a l lows record ing  of  bi tes  be tween  
paired mice [5] and  mo to r  act ivi ty by an act ivi ty  meter .  

DISCUSSION 

These  resul t s  show that  this  t echn ique  is very  accura te  in 
s imul t aneous ly  de tec t ing  m o t o r  act ivi ty  and  f ighting behav-  
ior. In the  field of  p s y c h o p h a r m a c o l o g y  drugs  with possible  
effects  on aggress ive  b e h a v i o r  need to be eva lua ted  with 
respec t  to the i r  side effects  on  l o c o m o t o r  and /or  general  ac- 
t ivity.  A l though  general  mo to r  ac t iv i ty  levels  can  not  be 
cons ide red  the only ev idence  of  specif ic  an t iaggress ive  ef- 
fects  of  drugs,  it may  be very  useful  tb r  a n u m b e r  of  psycho-  
pha rmaco log ica l  and  psychobio logica l  e x p e r i m e n t s  to have  
an expe r imen ta l  t e chn ique  that  al lows a s s e s s m e n t  of  simul- 
t aneous ly  aggress ive  r e sponses  and  act iv i ty  and to eva lua te  
aggress ive  b e h a v i o r  con t inuous ly  t h r o u g h o u t  long-last ing 
per iods  wi thou t  d i s tu rb ing  an imals  excep t  for feeding,  water-  
ing and c leaning  the  cages.  

O the r  t e chn iques  measu r ing  m o t o r  act ivi ty  are avai lable  
such  as An imex ,  Var imex  and moti l i ty  me te r s  based  on the  
Dopp le r  pr inciple  12, 4, 8, 91. While all these  t echn iques  can  
de tec t  var ia t ions  of  the speed  of  the animals ,  they do not 
al low to d i sc r imina te  different  behav io r s  cons i s t ing  of  
m o v e m e n t s  at s imilar  speeds  such as chas ing  and fighting 
b e h a v i o r s  (see Fig. 3). 

A n o t h e r  a d v a n t a g e  of  this t e chn ique  lies in the  fact tha t  it 
a l lows eva lua t ion  of  effects  of  an t iaggress ive  t r e a t m e n t s  on 
m o t o r  act ivi ty  in the  same e n v i r o n m e n t  in which  aggress ive  
b e h a v i o r  is a s ses sed ,  as recent ly  s t ressed  by Miczek  and  
Krs iak  [31. Our  t echn ique  does  not in tend  to be an ethologi-  
cal app roach  to the quant i f ica t ion  and the eva lua t ion  of  the 
different  c o m p o n e n t s  of  f ighting and  aggress ion.  H o w e v e r  it 
offers  a rel iable,  a u t o m a t e d  and unb iased  tool for the s tudy 
of  f ighting b e h a v i o r  and of  the effects  of drugs  upon it. 

Ongoing  expe r imen ta l  s tudies  will poss ib ly  suggest  a way 
to d i sc r imina te  more  accura te ly  a m o n g  different  behaviora l  
pa t te rns .  
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