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BLUMSTEIN, L. K. AND J. N. CRAWLEY. Further characterization of a simple, automated exploratory model fi~r the 
anxiolytie e~bets of benzodiazepines. PHARMACOL BIOCHEM BEHAV 18(1) 37-40, 1983.--Anxiolytics specifically 
increase the number of exploratory transitions in a two-chambered model system for anxiety in mice. Characterization of 
parameters to optimize and standardize this model required analysis of multiple use of test animals, intertrial interval, and 
circadean variability. Time of day did not affect exploratory activity in mice treated with vehicle or diazepam between 10 
a.m. and 11 p.m. Intertrial intervals of 1, 3, 5, or 7 days were equally effective. The diazepam-induced increase in 
exploratory activity was significant over the first three uses of test animals. These data recommend reuse of mice to a 
maximum of three trials, throughout the daytime or evening hours of their lighting schedule. 

Automated exploratory model Anxiolytics Benzodiazepines 

A TWO-chambered exploratory behavior model for anxiety 
in mice has been described and characterized for its phar- 
macologic specificity to anxiolytics [4, 5, 6, 7]. Basically a 
naturalistic modification of the conflict test, this model ti- 
trates the inherent tendency of  mice to explore a novel en- 
vironment against their natural avoidance of a brightly 
lighted open field. The testing apparatus records the num- 
bers of transitions made by a mouse between a highly illumi- 
nated open-field compartment and a dark, enclosed com- 
partment. Benzodiazepines significantly increase the 
number of exploratory transitions. Rank-order potencies, 
dose-response curves, and pharmacological specificity for 
anxiolytics are similar to those reported for other animal 
models of anxiety [1, 2, 3, 8, 9, 1 1, 12, 13, 14, 15, 16]. 

Proposal of a new animal behavior model system requires 
further characterization of  the optimal test parameters for its 
application. Several parameters require careful analysis at 
this stage of  model evaluation. Time of day may have a major 
influence on exploratory behavior and responsiveness to 
diazepam, especially on exploratory behavior and respon- 
siveness to diazepam, especially in view of reported circa- 
dean rhythms in number of brain benzodiazepine binding 
sites [17]. Reuse of animals must be analyzed for possible 
habituation to the novelty of the exploratory apparatus, and 
for the influence of habituation to handling and intraperito- 
neal injections. Number of days intervening between ben- 
zodiazepine challenges may be critical, since metabolites of 
benzodiazepines persist in vivo for several days in man [ 10]. 
This report addresses the issues of multiple use, intertrial 
interval, and circadean variability, to provide a more com- 
plete analysis of test parameters relevent to benzodiazepine 
responsiveness in the proposed model. 

METHOD 

Male C57B1/6J mice (Jackson Laboratory, Bar Harbor, 
Maine) 18-25 g, were housed in groups of ten  in animal quar- 
ters controlled for temperature and humidity. Food and 
water were available ad lib. Light cycle was 6 a.m. lights 
on-6 p.m. lights off. Experimental testing was begun at least 
eight days after arrival and one day after release from site 
quarantine. Home cages were brought from the animal quar- 
ters to the testing laboratory one hour before testing, to con- 
trol for transport stress and habituation to test room condi- 
tions. 

Each animal was individually tested in a ten minute ses- 
sion on the exploratory apparatus previously described [4, 5, 
6, 7]. In brief, a polypropylene animal cage was partitioned 
into a small, darkened compartment and a large highly il- 
luminated compartment. Photocells across the partition de- 
tect transitions between the two compartments. Number of 
transitions are electronically tallied for the preprogrammed 
session length. In Experiment 1, naive mice were tested in 
six trials, at 2-3 day intervals over a two week period, to 
determine the effects of multiple use of animals. Three 
treatments were randomized throughout the group: 
diazepam 0.5 mg/kg, vehicle controls, and uninjected con- 
trols for handling stress, N = 15 for each treatment. In Exper- 
iment 2, the number of days intervening between repeated 
testing was varied in a separate group of mice, with ran- 
domized vehicle or diazepam treatments. Each animal was 
used twice, e.g., day 0 and day 1, day 0 and day 3, day 0 and 
day 5, and day 0 and day 7, N = 10 for each group. In Exper- 
iment 3, mice were tested throughout the time period 10 
a .m.-I  1 p.m., using alternate vehicle and diazepam treat- 
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FIG. I. C57Bl/6J male mice were repeatedly tested over a two week 
period in an exploratory behavior model for anxiolytics. Number of 
exploratory transitions between the light and dark compartments of 
the model system were significantly increased by diazepam 0.5 
mg/kg IP on the first three trials (p<0.01), as compared to vehicle- 
treated and untreated control mice. Each point represents mean + 
S.E.M. of 15 mice. 

ments. The sequence was replicated three times with sepa- 
rate groups of 5 naive mice per hour over a one month 
period. 

Intraperitoneal injections of diazepam or vehicle were 
administered in a volume of 5 ml/kg, 30 minutes before test- 
ing. Diazepam (gift of Hoffman LaRoche,  Nutley, N J) was 
dissolved in a vehicle of 2% ethyl alcohol-2% propylene 
glycol-96% physiological saline. The dose of  0.5 mg/kg 
diazepam was chosen on the basis of  highly significant in- 
creases in exploratory transitions at this dose in the C57B1/6J 
strain previously described [4]. One-way Analysis of  Vari- 
ance was used to determine significant effects over treatment 
trials, with Duncan's Multiple Range Test for significance of 
individual means post-hoe within each treatment. The signif- 
icance of the diazepam-induced increase in exploratory 
transitions as compared to vehicle controls was determined 
by one-tailed t-tests in Experiments 1 and 2. 

Anecdotal observations throughout our studies indica:e 
that environmental stresses must be controlled to avoid fluc- 
tuations in baseline exploratory behaviors. Travel during 
shipment, changing of cage litter, sudden loud noises, vibra- 
tions as a result of building construction, and major changes 
in the facility conditions, all served to increase the mag- 
nitude and variability of exploratory transitions in vehicle 
controls. Restriction of testing to quiet laboratory condi- 
tions, at least one hour of test-room habituation, and one 
week of habituation after arrival at the site were enforced to 
eliminate these sources of variability. 

RESULTS 

Experiment 1 

Diazepam increased exploratory transitions above vehi- 
cle controls (p<0.01 as compared by t-test statistics) on the 
first, second, and third trials only (Fig. 1). One way analysis 
of variance showed a significant decline in diazepam- 
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FIG. 2. Number of days between repeated testings with diazepam 
0.5 mg/kg 1P or vehicle. Values represent mean+_S.E.M, for 10 
mice. *p<0.01 diazepam versus vehicle. No significant differences 
were detected by Analysis of Variance across inter-trial intervals for 
vehicle treated mice or for diazepam treated mice. 

increased exploratory transitions over the six trials, 
F(5,84)=9.3, p<0.01. One way analysis of variance showed 
no significant differences within the vehicle treatment group, 
F(5,84)=2.03, NS, or within the untreated control group 
over the six trials, F(3,56)= 1.56, NS. The untreated control 
group was dropped after trial 4, since it was similar to the 
vehicle control group, and since all three groups showed 
similar values by the fourth trial. 

Experiment 2 

Figure 2 gives values for the second test day, in which 
interval between the first and second tests is varied. Number 
of  days between testing did not affect exploratory transitions 
in either vehicle-treated, F(3,36)-2.66, NS, or diazepam- 
treated, F(3,36)= 1.81, NS, mice. Within each day of testing, 
diazepam significantly increased the number of transitions 
above vehicle control values (p<0.01 by one-tailed t-test 
statistics). 

E.vpeHment 3 

No circadean variability in exploratory behavior was de- 
tected between 10 a.m. and 11 p.m. for either vehicle- 
treated, F(13,196)=1.26, NS, or diazepam-treated mice, 
F(13,196)=1.66, NS. As seen in Fig. 3a-b, there were no 
trends toward peaks or troughs in either vehicle or 
diazepam-treated mice throughout the daytime and evening 
hours. (Statistical analysis demonstrated no significant cir- 
cadean effects within the vehicle treatment, or within the 
diazepam treatment. No comparisons between vehicle and 
diazepam are made or claimed in Experiment 3.) 

DISCUSSION 

Validation of a new animal model for anxiolytics requires 
a thorough description of the test parameters which yield 
optimal effectiveness in this model system. The results of the 
three experiments described in this report suggest that 
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F1G. 3. Mouse exploratory behavior was tested during daytime and 
evening phases of the light cycle (a) vehicle controls; (b) diazepam 
treated, 0.5 mg/kg IP. Each data point represents mean+S.E.M, of 
15 mice, N=5 in each of three replicates. Vehicle baseline activity 
and the diazepam-induced increase in exploratory activity remained 
constant over the hours tested, 10 a.m.-I1 p.m. 

, group-housed C57BI/6J male mice can routinely be used re- 
peatedly up to three times. Interval  be tween  t reatments  and 
t ime of  day do not appear  to be critical in designing the test 
protocol .  

We postulated that the proposed  animal model  for anxiety 
in mice represents  a conflict  be tween  the tendencies  of  mice 
to explore  a novel  env i ronment  and the avers ive  propert ies  
of  a brightly-lit open  field [4]. Habi tuat ion to the novel ty  of  a 
test env i ronment  would shift the balance be tween  the con- 
flicting tendencies ,  resulting in less explorat ion.  The data  of  
Exper iment  1 illustrate a reduct ion in explorat ion by 
d iazepam-trea ted  mice by the fourth trial. This reduct ion 
could represent  a tes t -chamber  habituat ion effect as well as a 
drug-tolerance effect.  Since the mechan ism underlying the 
reduced respons iveness  to d iazepam may involve several  
factors,  reuse of  mice which habituate quickly to novel  en- 
v i ronments  should be avoided.  

The results of  Exper iment  2 suggest that mice can be 
reused with only one day be tween  trials. Although benzodi-  
azepines and their metabol i tes  persist  for many hours and 
days after acute administrat ion,  there is little ev idence  for 
the deve lopment  of  to lerance to their  anxiolytic effects at the 
dose level used in this study [10]. 

The lack of  c i rcadean rhythmici ty in benzodiazepine  re- 
sponsiveness  in this model  system is interest ing in light o f  
the reported c i rcadean rhythms in number  of  benzodiazepine  
binding sites in rat brain [17]. A species difference may be 
involved.  Another  possibili ty is the magnitude o f  c i rcadean 
receptor  changes is relat ively small as compared  to an exog- 
enous dose of  0.5 mg/kg diazepam. It is intersting to specu- 
late that the anxiolyt ic  effects of  benzodiazepines  may be 
mediated through specific anatomical  sites, which may be 
constant ly  sensit ive to envi ronmenta l  threats rather than 
subject to c i rcadean rhythms.  

~'~ Taken together  with our  previously  repor ted  data, these 
findings r ecommend  the use of  male C57BI/6J mice,  usable 
throughout  the dayt ime or evening hours o f  their lighting 
schedule ,  for a max imum of  three uses per animal. The per- 
sistence of  the d iazepam effect  on explora tory  act ivi ty 
across  the descr ibed parameters  supports  the usefulness of  
this model  system for routine analysis of  pharmacological  
agents on anxiety-related behaviors .  
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