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LJUNGBERG, T. Reliability of  two activity boxes commonly used to assess drug induced behavioural changes. 
PHARMAC. BIOCHEM. BEHAV. 8(2) 191-195, 1978. - Rats were given different drug treatments known to affect 
central catecholamine neurotransmission and to induce different types of behavioural changes which were recorded 
simultaneously by two different types of conventional activity boxes: an Animex activity meter and a photocell cage. All 
animals were also visually observed simultaneously with the automatic recordings. It was found that the two activity boxes 
reflected the behavioural changes differently and that the results from the two boxes were not correlated. When comparing 
the observations with the automatic recordings it was found that some clearly observable changes in behaviour were not 
reflected as changes in the automatic recordings and conversely that increases or decreases in the recorded motor activity 
were not always related to any particular changes in behaviour. The results show that motor activity can not be regarded as 
a simple or homogeneous behaviour that is reliably measured in conventional activity boxes. It is an undescriptive measure 
consisting of an artificial summation of those components of behaviour that affect the movement-detecting device in the 
particular box which is used. Practical and theoretical implications of this are discussed. 
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Catecholamine transmission 

Activity boxes Locomotor activity Stereotyped behaviour 

A U T O M A T I C  registration of  the level o f  general act ivi ty is 
c o m m o n l y  used to assess the effects  o f  various experi-  
mental  manipulat ions  on the behaviour  o f  rats and mice.  
Despite the many technical ly different  devices that  are used 
only the revolving drum technique  is, however ,  generally 
regarded as giving dist inctly different  results f rom the o the r  
techniques  (for reviews see [7, 9, 12] ). 

In psychopharmacologica l  research there is a vast litera- 
ture describing the effects  of  drugs and lesions on behav- 
ioural measurements  referred to as act ivi ty,  l o c o m o t o r  
act ivi ty,  l ocomot ion  or  mot i l i ty ,  while suprisingly little 
a t ten t ion  is paid to the ques t ion o f  what these measure- 
ments  actual ly reflect.  Many of  these manipula t ions  induce 
involuntary  movements ,  s tereotypies  and o ther  complex  
patterns of  behaviour  never found in the behavioural  
reper toire  of  the normal  animal.  In such exper iments  the 
design of  the m o v e m e n t  detect ing device may be of  crucial 
impor tance  for how the recording reflects the actual 
behavioural  changes and it may prove virtually impossible 
to compare  the results obta ined  with one box with those 
obta ined with o ther  types o f  boxes.  

In the present s tudy rats were given a number  of  drug 
t rea tments  known to induce various types o f  behavioural  
responses which were recorded with two c o m m o n l y  used 
activity boxes of  different  designs. The aim was to 
investigate how well the results f rom the boxes compared  
and how accurately the actual behavioural  changes were 
ref lected in the au tomat ic  recordings. 
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METHOD 

Animals 

The exper iments  were per fo rmed  on 60 male Sprague- 
D a w l e y  rats (Ant ic imex ,  S tockholm,  body weight 
1 6 0 - 2 1 0  g). The animals arrived in the animal co lony  at 
least 3 days prior to the exper iments  and were kept  5/cage 
under  constant  tempera ture  and humid i ty  condi t ions  on a 
12-hr light, 1 2-hr dark schedule with food and water  ad lib. 

A ppara tus 

The size o f  the test cage was 21 x 3 4 c m  with 15 cm 
high walls and it was covered with a wire net. It was 
symmetr ica l ly  f i t ted on the long side with three parallel 
pho tobeams  using visible light 4.5 cm above the f loor  o f  the 
cage. The total  number  of  pho tobeams  in ter rupt ions  and 
the in terrupt ions  of  only the midpos i t ioned pho tobeam 
were counted  separately on two different  counters  and will 
be referred to as photocel l  cage motor-ac t iv i ty .  The test 
cage wi th  the pho tobeam was placed on top  o f  an Animex  
act ivi ty meter  type  DO ( F A R A D  AB; 14). The Animex  
act ivi ty meter  involves a tuned resonance circuit .  Move- 
ments  o f  the animal will off- tune this circuit  and if the 
off- tuning is large enough it will be de tec ted  and count-  
ed. The Animex type  DO is equipped with two channels 
and two  different  sensitivities for the detec t ion  of  the 
off- tuning (= movements )  can be used. In the present s tudy 
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a 40  uA sensi t iv i ty  was used for  de t ec t i on  o f  very f ine 
m o v e m e n t s  and  was def ined as A n i m e x  high sens. m o t o r -  
act ivi ty  and  a 10 u A  sensi t iv i ty  was used for  d e t e c t i o n  o f  
coarse changes  (-- fast  or  large m o v e m e n t s )  and  was def ined  
as An imex  low sens. motor -ac t iv i ty .  The  set up was placed 
in a ven t i l a ted  sound - r educ ing  box  in a weakly  i l lumina ted  
room.  

Procedure 

F o u r  hr  be fore  the  e x p e r i m e n t s  the  an imal  was p laced 
a lone  in a separate  cage and  moved  to the  weakly  
i l lumina ted  e x p e r i m e n t a l  room.  Af te r  this  4-hr  se t t l ing 
d o w n  per iod  the  an imal  was careful ly  t r ans fe r red  to the  tes t  
box  (see above)  and  the  act iv i ty  of  the  an imal  was r ecorded  
for  10 rain. All e x p e r i m e n t s  were p e r f o r m e d  dur ing  the  
12-hr l ight  per iod  and  the  an imals  were used on ly  once .  

All the  an imals  were visually observed  dur ing  the  
a u t o m a t i c  recordings  and  no tes  were t aken  on  the i r  
behaviour .  The  pa t t e r n  of  behav iou r  d isplayed by  the  
animals  was also label led accord ing  to a scor ing sys tem for  
s t e r e o t y p e d  behav iour ,  sl ightly modi f i ed  f rom tha t  previ- 
ously descr ibed [5, 6, 10] : 0 = No s t e r e o t y p e d  behav iour ,  
1 = D i scon t inuous  sn i f f ing  a n d / o r  repre t i t ive  head and  l imb 
m o v e m e n t s ,  2 = C o n t i n u o u s  sni f f ing a n d / o r  repe t i t ive  head  
and  l imb  m o v e m e n t s ,  3 = D i scon t inuous  bi t ing,  gnawing  or  
l icking,  4 = C o n t i n u o u s  bi t ing,  gnawing  and licking. The  
scor ing sys tem was not  used as a quan t i t a t i ve  measure  bu t  
as a qual i ta t ive  desc r ip t ion  of  the  behav iour .  

Drug Treatments 

D - a m p h e t a m i n e - s u l f a t e  and  p h e n o x y b e n z a m i n e - H C l  

were dissolved in i so ton ic  saline and  a p o m o r p h i n e  hydro -  
chlor ide  was dissolved by hea t ing  in i so tonic  saline w i t h  
added  ascorbic  acid (0.2 mg/ml) .  The doses refer  to the  
bases. Clozapine  (Sandoz )  was dissolved in a m i n i m u m  
q u a n t i t y  of  1 M h y d r o c h l o r i c  acid and  made  up  to vo lume 
wi th  i so ton ic  saline and  reserp ine  (Serpasil ,  Ciba)  was used 
as the  commerc ia l ly  available in jec t ion  so lu t ion .  The  doses 
of  these drugs refer  to  the  a b o v e - m e n t i o n e d  forms.  The  
in jec t ion  vo lume  was 5 ml /kg  body  weight  excep t  for  
reserpine  where  the  in jec t ion  vo lume  was 4 ml /kg.  All the  
in jec t ions  were given IP. The  ten d i f fe ren t  pharmaco log ica l  
t r e a t m e n t s  and  the  in jec t ion  schedule  is s h o w n  in Table  1. 
Each group consis ts  o f  six rats.  

Statistics 

All the  data  are p resen ted  as medians .  For  ca lcu la t ions  
of  the  degree of  s ignif icance the  Kruskal-Wallis one-way  
analysis  of  var iance fo l lowed by the  Mann-Whi tney  U test  
was used. The  Spea rman ' s  r ank-cor re la t ion  was used to 
calcula te  the  degree of  cor re la t ion  be tween  the  m e t h o d s  
[131.  

Each group  of  six ra ts  was also assigned one  of  the  scores 
f rom the  scoring system.  In the  few cases when  no t  all rats  
in the  g roup  was assigned the  same score,  the  score tha t  
occur red  wi th  the  highest  f r equency  was given to the  group.  

RESULTS 

Behavioural Results 

P r e t r e a t m e n t  t imes  are given wi th in  pa ren thes i s  in the  
t ex t  be low (see also Table  1 ). 

T A B L E  1 

DRUG TREATMENTS: EACH RECORDED VALUE 1S THE MEDIAN OF 6 ANIMALS. FOR DETAILS OF THE 
STEREOTYPY SCORE, SEE METHOD SECTION. 

Treatments Animex Animex photocell- stereotypy- 
high sensitivity low sensitivity cage score 
counts/10 min counts/10 rain counts/10 min 

1. NaC! 5 min 1088.5 525.5 161.5 

2. Apomorphine 0.2 mg/kg 5 rain 680 260.5 71.5 0 

3. Apomorphine 1.0 mg/kg 5 rain 1367 482 98 

4. Apomorphine 5.0 mg/kg 5 rain 1335 713 166.5 2 

5. Reserpine 10 mg/kg 24 h + 
Apomorphine 1 mg/kg 10 min 1515.5 788 148.5 4 

6. Phenoxybenzamine 10 mg/kg 
35 min + Apomorphine 5 mg/kg 1408.5 736 121 3 
5 rain 

7. Clozapine 5 mg/kg 35 min + 
Apomorphine 5 mg/kg 5 min 1524 549 134 3 

8. d-Amphetamine 2 mg/kg 50 min 1198 557 214.5 2 

9. Phenoxybenzamine 10 mg/kg 
80 min + d-Amphetamine 2 mg/kg 992 381.5 179 2 
50 min 

10. Clozapine 5 mg/kg 80 min + 
d-Amphetamine 2 mg/kg 1102 510 225.5 2 
50 min 
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NaCl (5 rain). The control animals showed high explora- 
tory activity during the whole 10-min test period. It 
consisted of locomotion with sniffing and some rearing. 

Apomorphine 0.2 mg/kg (5 min). This dose of  apomor- 
phine caused a reduction of  the exploration as compared to 
the NaCI and the animals sat inactive for long periods of  
time in the corners. No repetitive sniffing was observed. 
There was a significant decrease (p<0.01) in motor activity 
in all motor activity measurements. 

Apomorphine 1 mg/kg (5 rain). This dose of apomor- 
phine induced a behaviour characterized by slow forward 
locomotion with continuous sniffing on the floor. No 
licking or biting was observed. This behaviour was recorded 
as a significant increase (p<0.05) in the Animex high sens., 
no significant change in the Animex low sens. and a 
significant decrease (p<0.01) in the photocell cage motor  
activity as compared to the NaC1 injected animals. 

Apomorphine 5 mg/kg (5 rain). This dose of apomor- 
phine induced a behaviour with high locomotion,  intense 
sniffing on the floor and in the corners and periods with 
licking and biting in 2 of 6 animals. In both the Animex 
high sens. and low low sens. this behaviour was recorded as 
a significant increase (p<0.05 and p<0.05)  in activity but 
in the photocell cage it was recorded as no significant 
change from the NaCI injected controls. 

Reserpine 10 mg/kg (24 hr) ÷ apomorphine 1 mg/kg (10 
min). The pretreatment with reserpine changed the 
apomorphine I mg/kg induced behaviour into a behaviour 
characterized by continuous biting and gnawing in the cage 
with low locomotion. This great change in behaviour was 
recorded as a nonsignificant increase in the Animex high 
sens., a significant increase (p<0.01) in the Animex low 
sens. and as a borderline significant increase (p<0 .1 ) in  the 
photocell cage as compared with only apomorphine 
1 mg/kg. 

Phenoxybenzamine 10 mg/kg (35 rain) + apomorphine 
5 mg/kg {5 rain). The pretreatment with phenoxybenza- 
mine changed the apomorphine 5 mg/kg induced behaviour 
towards a stereotyped behaviour characterized by more 
biting, licking and gnawing. This was not recorded as a 
significant change in any of the three motor activity 
measurements as compared with only apomorphine 
5 mg/kg. 

Clozapine 5 mg/kg (35 min} + apomorphine 5 mg/kg 
{5 min). The animals pretreated with clozapine showed a 
decrease in locomotion and an increase in the biting, licking 
and gnawing behaviour. These behavioural changes were 
more pronounced than after the phenoxybenzamine pre- 
treatment but it was still not recorded as a significant 
change in any of the three motor activity measurements as 
compared with only apomorphine 5 mg/kg. 

d-Amphetamine 2 mg/kg {50 min). Thin dose of am- 
phetamine induced a hyperactivity with continuous sniffing 
and locomotion. It was recorded as no significant change in 
the Animex high sens. or low sens. and as a significant 
increase (p<0.02) in the photocell cage as compared with 
the NaCI injected controls. 

Phenoxybenzamine 10 mg/kg {80 rain) + d-Ampheta-  
mine 2 mg/kg (50 rain). The phenoxybenzamine pretreat- 
merit changed the d-amphetamine hyperactivity into a more 
automatic behaviour with sniffing on the floor and with 
slow forward locomotion. This change was recorded as a 
significant decrease (p<0.05) in the Animex high sens. but 
caused no significant change in the Animex low sens. or in 
the photocell cage as compared with only d-amphetamine 2 
mg/kg. 

Clozapine 5 mg/kg (80 min) + d-amphetamine 2 mg/kg 
(50 min). The clozapine pretreatment partially counter- 
acted the d-amphetamine induced behaviour, i.e., the stereo- 
typy and locomotion seemed less intense but the animals 
still showed locomotion,  sniffing and some repetitive head 
movements. There was no significant change in any of the 
three motor activity measurements as compared with only 
d-amphetamine 2 mg/kg. 

Statistical Comparison Between the Methods 

The one-way analysis of variance showed that there was 
a highly significant variation between the different pharma- 
cological treatments: Animex high sens. x 2 = 35.3, f = 9, 
p < 0 . 0 0 1 ; A n i m e x  low sens. x 2 = 31.6, f = 9 , p < 0 . 0 0 1  and 
photocell cage ×5 = 38.0, f = 9, p<0.001.  

The intra method correlation showed that there was a 
high positive correlation (rs = 0.92; p < 0 . 0 0 1 ) i n  the 
photocell cage between the counts obtained from all three 
photobeams and the counts obtained from only the 
midpositioned photobeam. Because of this high correlation 
only the results from the total photobeam interruptions are 
included. There was only a weak positive correlation (r s = 
0.72; p<0.05,  see Fig. 1) between the two different 
sensitivities used in the Animex activity meter and there- 
fore the results from both the sensitivities are included. 

The inter method correlations showed that there were 
no significant correlations between the two different 
systems used to record motor activity (see Fig. 1 ). 

There was a relation between the rated stereotypy score 
and the motor activity counts recorded with the Animex 
high sens. in that the treatments that were manually 
labelled with score 3 and 4 also produced many counts in 
the recording (see Fig. 1). This relation was much less clear 
for Animex low sens., and there was no such relation 
between the stereotypy score and the motor activity counts 
recorded with the photocell cage (see Fig. 1 ). 

DISCUSSION 

There were two aims with the present study: Firstly to 
investigate how well the results from different types of 
activity boxes compared with each other and secondly to 
investigate how well the automatic recordings reflected 
different types of drug induced behavioural changes. Rats 
were treated with drugs that are known from the literature 
to induce different types of behavioural responses and the 
locomotor  activity was simultaneously recorded auto- 
matically with an Animex activity box (Farrad AB; 14) and 
with a photocell cage. All the animals were also observed 
visually and notes were taken on their behaviour. The ten 
treatments (see Table 1) included normal exploring animals, 
animals pretreated with different doses of the dopamine 
receptor stimulating drug apomorphine [2,6],  the DA and 
NA releasing drug d-amphetamine [4,8],  the NA a-receptor 
blocker phenoxybenzamine [1],  the atypical neuroleptic 
drug clozapine [15,16] and the monoamine depleting drug 
reserpine [ 3 ]. 

When evaluating the results obtained from the photocell 
cage, it was found that there was a high positive correlation 
between the counts obtained with only the midpositioned 
photobeam and the counts obtained with all three photo- 
beams indicating that in this study the density of  photo- 
beams did not qualitatively change the results. The Animex 
used in this study was equipped with two channels and two 
different sensitivities for the detection of movements can 
be used. The sensitivities were set very high and very low, 
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FIG. 1. The left-hand part of the figure shows the inter-measurement correlations. There is a weak positive correlation between the twc 
channels of the Animex (lower left) but there is no significant correlation between the Animex and the photocell cage (middle and uppel 
left). The right-hand part of the figure shows the relation between the activity counts and the stereotypy scores: behavioural patterns that 
were labelled with score 3 and 4 produced high counts in the Animex (upper and middle right) while these patterns were not associated with 

high counts in the photocell cage (lower right). 

respectively, but there was still a significant positive 
correlation between the channels. The intermethod correla- 
tion showed that there was no significant correlation 
between the results obtained with the Animex and the 
results obtained with the photocell cage (see Fig. 1) 
showing that the motor  activity recorded with the Animex 
is something else than the motor activity recorded with the 
photocell cage and that the results ~re not equivalent. This 
can be illustrated by the behavioural change caused by 
apomorphine 1 mg/kg which causes an increase, no change 
or a decrease in the recorded motor activity dependent 
upon which of the motor activity records that is consi- 
dered. 

This lack of correlation between the methods is in 
disagreement with the assumption that different types of 
activity boxes give essentially the same results (see [7, 9, 
12]). The present findings instead support the finding of 
T a p p e t  al. [ 1 7] who showed, in studies of normal animals, 
that different types of activity recording devices give results 
that are essentially independent of one another. 

When the visual observations are compared with the 
automatic recordings it is found that observable changes in 
behaviour are not reflected in the automatic recordings (see 

e.g., the clozapine + apomorphine and apomorphine alone) 
and that increases or decreases in the recorded moto~ 
activity are not related to particular changes in the 
behaviour (see e.g., the reserpine + apomorphine and 
apomorphine alone). 

It therefore seems that motor activity can not be 
considered a simple or homogeneous behaviour but instead 
a multiple phenomenon. The behaviour underlying the 
motor activity recorded in the present study consisted of 
many different components of behaviour such as walking, 
rearing, sniffing, licking and gnawing. Every treatment was 
characterized by a certain combination of behavioural 
components, i.e., a pattern of behaviour. Because ot 
different movement detecting principles, the two activity 
boxes used in this study were not equally sensitive to all 
components of behaviour, i.e., some components of behav- 
iour that were included in one recording were not causing 
any counts in the other. This is illustrated by the right hand 
part of  Fig. 1: Patterns of behaviour that were manually 
labelled 3 or 4 also produced high counts in the motor  
activity recorded by the Animex high sens. while they were 
not associated with high counts in the photocell cage. 
These findings are in agreement with those of Kr~iak e t  al. 
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[11]  who  in a s t udy  of  a n o t h e r  t ype  of  pho toce l l  cage 
conc luded  t ha t  on ly  some c o m p o n e n t s  of  b e h a v i o u r  are 
re la ted  to  the  record ings  and  " c o m p l e x  changes  o f  behav-  
iour  are masked  by the  relat ively c rude  pho toce l l  c o u n t s . "  

It t hus  seems tha t  if  the  behav iou r  consis ts  of  a well 
def ined  c o m p o n e n t  or  a well def ined  p a t t e r n  of  b e h a v i o u r  
and  the  behav ioura l  changes  to  be ana lysed  consis ts  of  
in t ens i ty  changes  in this  c o m p o n e n t / p a t t e r n  t h e n  m o t o r  
act ivi ty  recordings  might  be a rel iable t e c h n i q u e  to de tec t  
these  changes .  If, however ,  the  behavoura l  changes  consis ts  

of  qua l i ta t ive  changes  in the  pa t t e rn  of  behav iour ,  it seems 
t ha t  the  non-descr ip t ive  m o t o r  ac t iv i ty  record ing  is a t oo  
c rude  m e a s u r e m e n t  to  rel iably ref lect  these changes .  
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