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CRAWLEY, J. AND F. K. GOODWIN, Prclimimn 3" report ,~f a ~imph' animal behavior model liar the anxiolytic cJ)i'ct~ ,~l 
henzodiazepinc~. PHARMAC. BIOCHEM. BEHAV. 13(2) 167-170, 1980.--A simple system is described to analyze the 
possibility that increased exploratory behavior is an index for the anxiolytic effects of benzodiazepines in laboratory 
rodents. Mice were allowed free run in a two-chambered arena, where two-thirds of the area was illuminated and one-third 
was darkened. The two chambers were separated by a black partition equipped with photocells across the opening, and the 
entire cage rested on an Animex activity monitor. Transitions across the partition between the light and dark chambers, and 
total Animcx locomotor activity, were increased by clonazepam and chlordiazepoxide, in dose-dependent ranges consis- 
tent with previously reported behavior models. The increased exploratory activity with benzodiazepines does not appear to 
be a non-specific increase in general motor activity, as locomotion in clonazepam and chlordiazepoxide treated mice placed 
in a bare, undifferentiated cage was not significantly different from vehicle treated mice. 
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THE recent discovery of specific benzodiazepine receptor 
sites in brain 116,191, along with reports of substances which 
may be endogenous ligands for, or modulators of, these re- 
ceptors [ 1,6, 7, 12, 13, 17], has stimulated a renewed interest 
in the mechanism of action of the benzodiazepines. Cur- 
rently available animal behavior models for the evaluation of 
the anti-anxiety properties of benzodiazepines and related 
compounds include the conflict test [5, 8. 14, 23], social in- 
teraction under varied levels of illumination [3, 4, 201, and 
isolation-induced male mouse fighting behavior 111,221. While 
these are sensitive and specific, the conflict test requires con- 
siderable individual animal training procedures, and the social 
behavior tests involve extensive human observation time. A 
single-trial, single-index, automated paradigm would be of 
advantage for pharmacological studies of benzodiazepinc 
actions, where large sample size for a series of drugs and 
dosages is needed. The new model described here is based 
on the ethological view of shifting relative propensities to 
explore and to retreat from an unknown space [101. It ap- 
pears to be rapid and simple, with the advantages of quick 
and accurate assessment, simplicity of instrumentation, no 
requirements for prior animal training protocols, and lack of 
assumptions about the animal's pain threshold or appetite. 
The model is based on observations that, although nocturnal 
rodents such as mice and rats will naturally tend to explore a 
novel environment, open fields appear to have aversive 

properties which inhibit rodent exploratory behavior 12. 18, 
21 ]. We find that benzodiazepines produce a dose-dependent 
facilitation of exploratory behavior between a lighted open 
field and a dark enclosure, presumably by inhibiting 
avoidance. 

Figure I illustrates the testing apparatus, consisting of 
light and dark chambers divided by a photocell-equipped 
border. A polypropylene animal cage, 44x21 x21 cm, was 
darkened with black spray paint over one-third of its surface. 
A partition containing a 13 cm long×5 cm high opening sepa- 
rates the dark third from the bright two-thirds of the cage. 
Fluorescent light from a desk lamp above the cage provides 
the only room illumination. The cage rests on an Animex 
activity monitor (Type M, Farad Electronics, LKB, 
Hagersten. Sweden) which counts total locomotor activity. 
An electronic system automatically counts transitions across 
the partition and clocks the amount of time spent in the light 
and dark compartments, using four set of photocells across 
the partition. 

Male NIH(s) albino general purpose mice, 18--25 g. were 
individually tested in ten minute sessions in the apparatus 
described above. All mice were placed in the light compart- 
ment to initiate the test session. Testing was performed be- 
tween 2 p.m. and 6 p.m. Mice were naive to the apparatus, 
and had no previous drug treatment. Drugs were adminis- 
tered intraperitoneally, 30 min before testing, five mice per 
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FIG. 1 Electronic system for monitoring locomotor and exploratory behavior of small rodents. 
A polypropylene animal cage, 44 × 21 × 21 cm. darkened with black spray paint over one third of 
it,, surface, illuminated by a fluorescent desk lamp over the lit two-thirds of the cage, sits on an 
Animcx activity meter, which counts total locomotor activity over the entire cage. The dark 
chamber is separated from the lighted chamber by a black partition, 3 cm wide. with an opening 
13 cm long and 5 cm high. Photocells across the opening detect number of times the animal 
crosses the partition (transitions). and control timers for length of time spent in each compart- 
ment. 

dose  for each  drug. C l o n a z e p a m  and ch lo rd i azepox ide  
(Hof fmann  l , aRoche ,  Nut ley ,  N J), were  d i sso lved  in a vehi- 
cle cons i s t ing  of  2eL ~ ethyl  a lcohol ,  4 ' /  p ropy lcne  glycol in 
p h o s p h a t e  bu t t e r ed  sal ine pH 7.2. 

A separa te  g roup  of  mice were  individual ly  tes ted for 
A n i m e x  locomot ion  in ten minu te  sess ions  in an unpa in ted ,  
unpar t i t ioncd  animal  cage,  44×21:,<21 cm.  res t ing  on the 
An imcx  act ivi ty  moni tor .  C l o n a z e p a m ,  0.2 mgikg, chlor-  
d i azepox idc ,  5.0 mg,'kg, or  vehic le  was admin i s t e r ed  intra- 

per i tonea l ly  30 min before  test ing.  Hal f  of  each  group was 
tes ted  in the bare  cage with the room lights on.  and half  were 
tes ted  in the bare  cage with the room lights off. 

Figures  2 and 3 d e m o n s t r a t e  a d o s e - d e p e n d e n t  increase  in 
tot~il l ocomoto r  ac t iv i ty  and in t rans i t ions  ac ross  the parti- 
t ion be tween  the light and dark  c o m p a r t m e n t s  with bo th  
c l o n a z e p a m  and ch lo rd iazepox ide  as c o m p a r e d  to vehicle  
con t ro l s ,  using two-ta i led  t- test  s tat is t ical  analysis .  The  sig- 
nificant dose  range fl~r c l o n a z e p a m  was 0 .05-1.0  mg,'kg. The  
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FIG. 2. Total number of transitions across the partition between the 
ligb! and dark chambers of Fig. I, Chmazepam in the dose range 
O. 1-1.0 mg/kg, administered intraperitoneally 30 rain before testing, 
significantly increased the number of transitions in a ten-minute 
session. Chlordiazepoxide in the dose range 5-20 mg, kg intraperito- 
neally 30 rain before testing significantly increased the number of 
transitions in a ten-minute test session. 

"I 'ABI.E 1 

TIME SPENT IN THE DARK ONE-THIRD OF'tHE TEST APF%RATUS 

Treatment Time in dark chamber 
per ten-minute session 

{minutes _. SI-M) 

Vehicle 

Chmazepam (mgJkg IP) 
0.001 
0.05 

0.1 

0.25 
0.5 
1.0 
5.0 

Chlordiazepoxide (mg/kg 1P) 
0.5 

1 . 0  

5.0 
10.0 
15.0 
20.0 

50.0 

5.2 _+ 0.6 

4.2 - 0.2 
5.2 - 0.5 
4.2 _~ 0.2 
4.3 _+ 0.7 
4.3 _- 0.7 
5.9 _-. 0.6 
4.5 ± 0.4 

4.8 :.- 0.2 
4.9 _~ 0.3 

5.0 + 0.5 

5.2 _- O.8 

4.7 • 0.6 
5.0 ' 0.6 

7.6 '_ 0.8* 

Vehicle control values were 5.2 "_ 0.6 min in the dark per ten- 
minute session. Dark times for vehicles and for all drug doses were 
significantly greater than 3.3 min darlql0 rain session, which would 
be the predicted dark time if no preference existed for the dark 
one-third. (*p <0.05). 

s ignif icant  dose  range  for eh lo rd i azepox ide  was  2 .5-20 
mg/kg. These  doses  are  cons i s t en t  with the  ef fec t ive  dose  for 
inc reased  pun i shed  r e spond ing  in the  conf l ic t  tes t  18,231, anti 
well be low the seda t ive  range 191. Seda t ion  was seen in the 
p resen t  model  at  ch lo rd i azepox ide  doses  of  20-50 mg/kg,  
whe re  locomot ion  and  exp lo ra t ion  s ignif icant ly  d e c r e a s e d  
and  t ime spent  in the  dark  c h a m b e r  s ignif icant ly  increased .  
C l o n a z e p a m  appea red  to be at least  t w e n t y  t imes  as potent  
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FIG. 3. Total Animex locomotor activity counts during the ten- 
minute session in the apparatus pictured in Fig. I. Chmazepam in 
the dose range 0.05-1.0 mg/kg and chlordiazepoxide in the dose 
range 2.5-20 mg, kg significantly increased locomotor activity. 
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FIG. 4. Total Animex locomotor activity counts during a ten-mint, Iv 
test session in a bare, undifferentiated cage. A: house lights on" B: 
house lights off. Ckmazepam and chlordiazepoxide were not signiti- 
cantly different from vehicle controls at doses which increased 
exploration and locomotion in the two-chambered apparatus. 

as eh lo rd i azepox ide  in increas ing  exp lora t ion  and locomo- 
t ion.  a re la t ionship  relat ively cons i s t en t  with the rank ing  of  
these  c o m p o u n d s  in thei r  b e n z o d i a z e p i n e  r ecep to r  b inding 
affinity [ 19] and in the i r  the rapeu t i c  effects .  

The c l o n a z e p a m  and  ch lo rd i azepox ide  doses  which  in- 
c reased  l ocomoto r  ac t iv i ty  and l i g h t , d a r k  t rans i t ions  in 
Figs. 2 and  3 did not appea r  to increase  l o c o m o t o r  act ivi ty  in 
a bare  and undi f fe ren t ia ted  cage (Fig. 4), which  was e i ther  
un i formly  i l luminated or  uni formly da rkened .  No significant  
increase  in total  An imex  locomot ion  was found with 
ch lo rd i azepox ide  5 mg/kg or  c h m a z e p a m  0.2 mg/kg, doses  
found to inc rease  exp lo ra t ion  and locomot ion  in the two- 
c h a m b e r e d  appa ra tus .  T h e s e  resul ts  suggest  that  in the pro- 
posed  model ,  b e n z o d i a z e p i n e s  may  be specif ical ly affect ing 
exp lo ra to ry  b e h a v i o r  r a the r  than hav ing  a genera l ized  effect 
on m o t o r  act ivi ty .  

Tab le  1 shows  no signif icant  d i f fe rences  in a m o u n t  of  t ime 
spent  in the dark  third of  the a r ena  at any  of  the effect ive 
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drug doses .  All mice  used in this s tudy d isp layed  a prefer-  
encc  for  the dark  c h a m b e r ,  with a m o u n t  of  t ime in the  dark  
ranging from 4.2 to 5.9 min in the dark  per  ten  minu te  ses- 
sion. All va lues  were  s ignif icant ly a b o v e  the predic ted  3.3 
min in the dark  per  10 min sess ion ,  h y p o t h e s i z e d  on the basis  
of  r a n d o m  act iv i ty  o v e r  the  dark  one  third and the light two- 
th i rds  of  the a rena .  A bl ind s t ra in  of  mice ,  C 3 H / H e N .  
s h o w e d  exac t ly  this  1/3 : 2/3 da rk  : light t ime rat io (unpub-  
l ished obse rva t ion ) .  The re fo re .  while  b e n z o d i a z e p i n e s  do 
not a p p e a r  to change  the dark  p re fe rence ,  they do a p p e a r  to 
inc rease  l o c o m o t o r  and exp lo ra to ry  b e h a v i o r  in r e sponse  to 
some p roper ty  of  the t w o - c h a m b e r e d  appara tus .  

The  s ignif icant  p roper ty  may be the nove l ty  of  two com- 
munica t ing  c h a m b e r s  with different  cha rac te r i s t i c s ,  p romot -  
ing exp lo ra to ry  b e h a v i o r  in the p r e sence  of  benzod i azep ine s .  
F u r t h e r  inves t iga t ion  is needed  to clarify w h e t h e r  increased  
l i g h t , d a r k  t r ans i t ions  and  locomot ion  with b e n z o d i a z e p i n e  
t r ea tmen t  r ep re sen t s  t rue exp lo ra to ry  behav io r ,  e .g. ,  will 
b e n z o d i a z e p i n e s  inc rease  exp lo ra to ry  b e h a v i o r  to a var ie ty  
of  novel  st imuli  such  its p h e r o m o n e  mark ings ,  or  unusua l  
f oodsou rce s?  Inc reased  exp lo ra to ry  t endenc i e s  o v e r  many  
s t imulus  modal i t ies  would be cons i s t en t  with the benzo-  

d i azep ine - induced  increase  in the social in te rac t ion  test  141, 
and the ho le -board  exp lora to ry  test  1211. S tudies  are in prog- 
ress  to fu r the r  test  these  behav io r s  for the i r  specifici ty to 
an imal  " a n x i e t y . "  

The  model  p roposed  here in  may prov ide  a rapid,  s imple 
test  for pharmaco log ica l  s tudies  of  drug effects  on explora-  
tory  act ivi ty .  The  single measu re  of  t r ans i t ions  across  the 
ba r r i e r  be tween  a t w o - c h a m b e r e d  appa ra tu s  might  be a sim- 
ple index of  such an  increase  in exp lo ra to ry  t endenc ie s  of  
benzod iazep ines .  S tudies  arc in progress  to test  o ther  ben-  
zod iazep ines  a long the po tency  spec t rum,  as well as o the r  
p sychoac t i ve  drugs ,  to de t e rmine  the  pharmacolog ica l  spec- 
ificity of  this p roposed  " ' e x p l o r a t o r y "  an imal  b e h a v i o r  
model  for  the anxioly t ic  ac t ion of  benzod iazep incs .  
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