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BRITTON. D. R. AND K. T. BRITTON. A sensitive open field measure of anxiolytic drug activity. PHARMAC. 
BIOCHEM. BEHAV. 15(4) 577-582, 1981.--Anxiolytic drugs including diazepam (DZP), chlordiazepoxide (CDX), pen- 
tabarbitol (PB) and ethanol (EtOH) produce specific alterations in the behavior of fasted rats given access to a single food 
pellet secured in the center of a novel open field environment. These drugs increase the total amount of food eaten in a 15 
rain test and the mean amount eaten per approach to the food pedestal. This latter effect appears to be the more sensitive 
index of anxiolytic drug action and occurs at doses which have no effect on rearing or grooming. DZP was effective 
following either acute or chronic (15 day) treatment at doses which had no effect on the food consumption by fasted rats 
tested in their home cages. The effects of the sedative benzodiazepine, flurazepam, were similar to those of DZP but were 
not statistically significant. Behavioral effects similar to those of DZP were seen in animals receiving additional handling 
prior to testing or in animals habituated to the open field. Neither the anti-psychotic haloperidol nor morphine mimicked the 
actions of DZP. 
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THE ability of benzodiazepines (BDZ's) and other anxiolytic 
agents to attenuate the effects of punishment or novelty on 
animal behavior has served a basis for a variety of  conflict 
paradigms to assess drug action. The anti-conflict potencies 
of various drugs have been shown to be positively correlated 
with their clinical anxiolytic potencies 121. 

Conflict paradigms rely upon eliciting some predictable 
response by an animal, inhibiting that response by introduc- 
ing a response contingent aversive component and overcom- 
ing the behavioral effects of the aversive component by drug 
treatment. It has been important to show that anxiolytics do 
not alter an animal's sensation of aversion (e.g., they have 
little or no analgesic action which would make animals in- 
sensitive to pain and the analgesic morphine is without anti- 
conflict action). It is equally important to demonstrate that 
the drug effect is not to enhance the reward value of  the goal 
towards which the behavior is directed. That is, the drug 
should not alter responses in the absence of the aversive 
component. These criteria have been met by the operant 
paradigm developed by Geller et al. 18,9] in which BDZ's 
restore bar pressing for food when the response rate has 
been suppressed by contingent shock. In other tests for 
anticonflict activity, BDZ's have been shown to release 
drinking by thirsty animals when the drinking is otherwise 
suppressed by contingent shock [16], to overcome the effects 

of novel taste on rats given access to sweetened milk [12[, 
and to increase locomotor responses to environmental 
novelty [4]. Soubrie and colleagues demonstrated the ability 
of  minor tranquilizers to increase food [15] and water [14] 
intake by deprived animals in both novel and familiar en- 
vironments. Additionally, BDZ's have been shown to re- 
lease foot-shock suppressed ambulation in mice l l] and, 
when administered chronically, to increase social interaction 
by pairs of rats in an open field [6]. 

We were interested in studying anxiolytic drug effects in a 
setting which would not require extensive pretraining ot 
animals and would not introduce physical stress such as elec- 
tric shock. In order to do this, we have exploited the tend- 
ency of environmental novelty to elicit behavior which is 
incompatible with the act of eating. Therefore, fasted 
animals could be presumed to be motivated by hunger to 
approach the food and, by novelty, to avoid prolonged expo- 
sure to the center of  the open field where the food was avail- 
able. 

METHOD 

All animals were Sprague Dawley albino male rats weigh- 
ing between 250 and 350 g at the time of testing. Approx- 
imately one week following arrival at the vivarium rats were 
placed in individual cages. Except as otherwise noted, 
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FIG. 1. Effects of acute diazepam (single injection) on the total 
amount of food eaten and the mean g eaten per approach to the food 
pedestal. Animals were treated with carrier only, 0.75, 1.5 or 3.0 
mg/kg DZP (n=8 per group). *Significantly different from control 
~p<0.05), ~,significantly different from control (.o<0.005). 
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FIG. 2. Effects of chronic diazepam (15 daily injections) on the total 
amount of food eaten and the mean g eaten per approach to the food 
pedestal (mean g/App). Significant differences from control: 
*p<0.05, -p<0.01, :l:p<0.005. Control (n= 10). 0.75 mg/kg (n =8). 1.5 
mg/kg (n= 10). 3.0 mg/kg (n=3). 

animals were briefly handled on each of  the 3 days im- 
mediately prior to testing. Lighting was on an 0800-1700 hr 
schedule and animals were given ad lib food (Purina Lab 
Chow) and water  except  as o therwise  noted.  Food was re- 
moved  24 hrs prior to testing. 

Injections were  given 30 rain prior to testing. Drugs were 
dissolved in 0.9c/~ saline or  a mixture of  propylene  glycol : 
e thanol  : and 0.9cA NaCI (50:10:40). Inject ions were given 
subcutaneously  in a vo lume of  1.0 ml/kg body weight,  except  
ethanol  which was injected IP as a 10f4 solution in 0.9c'/~ 
NaCI.  Chronical ly treated animals rece ived  15 daily injec- 
tions of  DZP or  carr ier  and were  tested 30 min after the last 
injection. 

Thirty min following injection animals were  tested Ibr 15 
min, ei ther  in their  home cages or in an open field. The open 
field was 40 cm in d iameter  and highly il luminated. A single 
food pellet weighing 5.5-6.5 g was secured on a pedestal  in 
the center  of  the field. During the 15 min observa t ion  period 
records were  kept o f  the total amount  o f  food eaten,  the 
number  of  approaches  to the food pedestal ,  the latency to the 
first bite, amount  of  rearing and grooming and the incidence 
of  urination. Other  animals were tested in their  home cages 
by being given access  to a preweighed food pellet for 15 min. 
At the end of  the 15 min test period the remaining food and 
c rumbs  beneath the cage were  col lected and weighed. 

Animals  used to study habituation to the open field were 
maintained on a restr icted diet of  - 1 0  g per day of  Purina 
Lab Chow beginning 4 days prior to the first exposure  to the 
open field. They were  then tested for 7 consecut ive  days 
without  drug and injected with e i ther  carr ier  or  DZP (I.5 
mg/kg) on the 8th day of  exposure .  

Data was analyzed by the KruskaI-Wallis  analysis of  vari- 
ance fol lowed by individual compar isons  using the Mann- 
Whitney U test 1131. Data of  the incidence o f  urination was 
analyzed by the Fisher  Exact  Probability Test .  

RESULTS 

The effects of  a single injection of  d iazepam (DZP) at 
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FIG. 3. Effects of diazepam of 15 min food consumption by lasted 
rats in their home cages. Animals were tested 30 rain after the last o! 
17 daily injections of drug or carrier (n per group same as in Fig. 2). 

doses  of  0.75, 1.5 or 3.0 mg/kg, are shown in Fig. 1. In the 
open field, only the group receiving the dose of  1.5 mg/kg 
showed an increase in the amount  of  food eaten during the 15 
min test. The measure  of  the mean g of  food eaten per ap- 
proach to the food pedestal  (mean g/App) was increased by 
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FIG. 4. Effects of chlordiazepoxide (CDX), flurazepam (FLU), pen- 
tabarbitol sodium (PB), morphine (MORPH), haloperidol (HAL), 
Ethanol (EtOH) and an extra 5 days of handling (8 days total) on 
total g food eaten and the mean g eaten per approach to the food 
pedestal (mean g/App). Values represent the mean_+SEM. The 
number of animals per group is shown in Table I. Significant differ- 
ences from control (C): *,o<0.05, tp<0.01, ~p<0.005. 

all three  doses ,  reaching significance at the 1.5 mg/kg dose.  If 
the animals were  t reated with daily inject ions for 15 days  
prior  to test ing,  DZP produced  a dose  related increase in the 
mean g/App which  was  significant at both  of  the higher doses  
(Fig. 2) and an increase  in the total amount  of  food ea ten  at 
the 1.5 and 3.0 mg/kg doses  with only the former  being signif- 
icant. The lack of  significance in the 3.0 mg/kg group ref lects  
an n o f  only 3 animals.  

Since DZP has been  shown to have hyperphagic  act ions  
[13,14] which could interfere with the anticonflict  test ,  the 
chronical ly  t rea ted  animals were  re tes ted  two days  after  the 
open  field tes t ing for food consumpt ion  in their  home cages.  
Figure 3 shows  that  DZP, at these  doses ,  does  not alter the 
amount  o f  food c o n s u m e d  by fasted animals  during a 15 min 
sess ion in their  home cages.  

A variety of  o ther  c o m p o u n d s  were  tes ted  for their  ability 
to alter  the amount  and pat tern  o f  food consumpt ion  by 
fasted animals in the open  field (see Fig. 4). Chlor- 
d iazepoxide ,  a benzodiazep ine  with anxiolytic proper t ies ,  
acted like d iazepam in increasing the amount  of  food ea ten  
and the mean g/App. Similar results  were  obta ined for pen- 
tabarbitol  sodium and for ethanol .  The benzod iazep ine ,  
f lurazepam (FLU)  which is prescr ibed  primarily as a seda- 

T A B L E  I 

EFFECTS OF DRUGS AND HANDLING ON ()PEN FIELD BEHAVIOR 

Frequency of Frequency of Approaches to 
Treatment Grooming Rearing Incidence of Food 

Dose (n) (Mean _-x- SEM) (Mean _+ SEM) Urination (Mean _+ SEM) 

Saline (14) 4.7 _+ 1.2 47.8 -,- 7.3 7/14 8.4 _+ 2.0 
Diazepam 

0.75 mg/kg (8) - -  47.6 _+ 8.0 - -  12.0 +_ 4.1 
1.5 (8) - -  45.4 _+ - -  14.1 _+ 3.1 
3.0 " (8) - -  :1:17.0 _+ 3.4 - -  3.4 _+ 1.3 

Chlorodiazepoxide 
10.0 mg/kg (I I) 3.6 _+ 0.7 34.4 +_. 8.7 "3/14 9.0 _+ 2.5 
20.0 (9) 2.9 _+ 0.5 43.3 _+ 9.7 3/ 9 7.9 _+ 1.3 
30.0 (9) 2.1 _+ 0.7 42.0 _+ 6.6 4/ 9 8.3 _+ 1.6 

Flurazepam 
5.0 mg/kg (8) 3.5 --+ 0.9 36.7 _+ 5.1 6/ 8 4.4 +_. 1.0 

10.0 (8) 2.4 _-x- 0.7 41.0 _+ 8.9 7/ 8 8.4 _+ 2.3 
20.0 (8) "1.7 -'- 0.7 ~;17.7 _+ 3.0 4/ 8 3.0 _-x- 0.9 

Pentobarbitol 
5.0 mg/kg (8) 2.8 _+ 0.6 41.7 _ 7.8 6/ 8 7.8 _+ 0.7 

10.0 (9) "1.2 _+ 0.3 *27.0 _+ 6.8 4/ 9 8.9 _+ 1.3 
Ethanol 

0.5 mg/kg (10) 2.4 -,- 0.5 34.7 _+ 3.0 3/11) 11.8 _+ 1.4 
1.0 (9) 4.0 +_. 0.9 *24.6 _+ 4.0 5/ 9 9.8 -1-- 1.9 

Morphine Sulfate 
1.0 mg/kg (7) 5.6 --_ 2.3 t83.1 _+ 12.2 2/ 7 9.6 +_. 2.6 
2.0 (7) 4.6 _+ 1.2 69.9 _ 16.0 I/ 7 6.7 _+ 2.8 
4.0 " (8) "1.6 -+- 0.4 60.1 _ 8.1 *0/ 8 14.7 _+ 6.0 

Haloperidol 
0.25 mglkg  (4) *0.0 -+ 0.0 :I: 0.0 - 0.0 0/ 4 * 0.0 "- 0.0 

0.5 " (6) *0.0 -+ 0.0 :l: 0.7 _+ 0.4 *01 6 * 0.3 -+ 0.3 
8 Days Handling (12) 4.7 +_ 0.8 ~78.5 _+ 4.6 8/12 11.4_+ 2.0 

- -  Insufficient observations on these parameters. 
Significantly different from saline group: *p<0.05, tp<0.01, :[:p<0.005 by Rank Sum "rest (Texas Instruments 

Program). 
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T A B L E  2 

E F F E C T S  O F  R E P E A T E D  E X P O S U R I -  T O  T H E  ( ) P E N  F I E I . D  

Frequency of Frequency of No. of Approaches 
Day of Grooming Rearing Incidence of to Food 

Exposure (Mean _+ SEMI (Mean t SEMI Urination IMcan _+ SEMI 

I 3 . 1 4  _+ I).86 56.4 _+ 3.9 4/7 
2 3.14 ± 1.19 *37.6 :. 8.5 2/7 
3 3.14 _+ 0.40 t30.9 = 7.0 1/7 
4 2.43 -4- 0.57 :1:26.3 _+ 3.8 I/7 
5 2.67 +_ 0.61 .+22.(I _+ 3.0 *(I/7 
6 1.00 _+ 0.22 ~.24.0 +_ 5.4 *(I/7 
7 0.83 +_ 0.31 .+11.8 ± 2.0 *0/7 

18.4 ~ 2.7 
12.4 = 3.2 
14.4 ~- 2.7 
13.6 _+ 2.4 
12.3 -- 2.1 

* I 1.9 ~ 1.3 
* 8 .3  + 11.9 

Significantly different from day I: *p<0.05, +p<0.01, +~p<0.005. 
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FIG. 5. Effects of repeated exposure to the open field on the total 
amount eaten during the 15 min session (upper figure) and the mean 
amount eaten per approach to the food pedestal (mean g/App.) 
flower figure). Significantly different from day 1: *p-~0.05, 
.+p<O.O05. 

rive rather than an anxiolytic also increased these measures  
but the increase was not statistically significant. At the high- 
est dose of  F L U  (20.0 mg/kg) there was,  however ,  a signifi- 
cant  reduct ion in both rearing and grooming (Table 1). The 
failure of  this compound  to produce anticonflict  effects  was 
apparent ly due to its sedative effects  which caused some 
animals in the 20.0 mg/kg dose group significant ataxia with a 
consequen t  failure to approach the food pedestal.  Morphine 
caused an increase in rearing significant in the 1.0 mg/kg 
group and a significant decrease  in grooming at the dose of  
4.0 mg/kg. There  was no significant effect of  morphine on 
total food consumpt ion  or  on the mean g/App. Haloperidol  at 

a dose of  0.5 mg/kg, significantly decreased the total food 
consumed,  the number  of  approaches ,  the mean g/App, 
amount  of  rearing and the amount  of  grooming.  A smaller 
sample of  4 animals tested at a dose of  0.25 mg/kg haloperi- 
dol showed similar behavior .  

Two  non-pharmacologic  approaches  were taken to alter 
the animals" behavior  in this test.  In the f r s t ,  animals were 
handled daily for 8 days instead of  the usual 3 days prior to 
testing. The results of  this gentling procedure ,  as shown in 
Fig. 4 and Table 1, were to increase both the amount  of  food 
eaten and the mean g/App. In the second procedure ,  8 
animals were maintained on a restricted diet (10 g per day) 
for a total of  12 days. Starting on the fifth day, animals were 
tested daily in the open field as previously descr ibed .As  
shown in Table  2 and Fig. 5, this process  of  habituation 
resulted in changes similar to those seen with anxiolytics.  By 
the second day there was a significant reduct ion in rearing. 
By day 4 there was a significant increase in the mean g/App 
and by day 5, an increase in the amount  of  food eaten and a 
decrease  in urination. On the 8th day four animals received 
DZP (I.5 mg/kg). DZP failed to alter any of  the observed  
parameters  following the habituation tdata not shown). 

DISC'USSION 

The drugs which have previously been reported to have 
anti-conflict  propert ies  in o ther  paradigms (DZP, CDX,  PB 
and EtOH) produced similar response profiles. The most 
sensi t ive measures  to be significantly affected wcrc the 
amount  of  food eaten and the mean g eaten per approach to 
the food pedestal.  Of  these two measures ,  the latter appears 
to be the more sensit ive and occurs  at doses  which have no 
significant effect on the number  of  approaches  to the pedes- 
tal, the amount  of  rearing or  the amount  of  grooming.  At 
higher doses this group of  drugs produces  sedative-l ike ef- 
fects evident  as a decrease  in rearing and a greater  incidence 
of  animals which do not approach the food but remain rela- 
t ively immobile  throughout  the session. At these higher 
doses  there is also a significant decrease  in grooming in 
animals treated with DZP, CDX and PB. 

The hyperact ivi ty  produced by morphine was manifest  as 
an increase in rearing. Morphine had no significant effect on 
any of  the food related parameters  at any of  the three doses  
tested. The effect of  haloperidol  was to decrease  activity in a 
general fashion including the amount  eaten, the number  of 
approaches  to the food, the amount  of  rearing and the 
amount  of  grooming.  
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FIG. 6. Correlation of total g food eaten during a 15 min test of the 
number of approaches to the food pedestal. The solid line represents 
saline treated animals (n=30), r=.884 (p<0.0001); x's represent 
animals treated acutely with diazepam (1.5 mg/kg) (n= 16, r=.481, 
p<0.05). Data combined from this and a previous study. Britton et 
a/.. submitted for publication). 

The results of this study show that benzodiazepmes and 
othcr anxiolytic drugs, such as pentabarbitol and ethanol, 
alter behavior of fasted rats in the open field. In a setting 
where eating conflicts with the animal 's tendency to respond 
to the novel environment (e.g., by avoiding the center of the 
field) anxiolytics facilitate the "resolution" of that apparent 
conflict by increasing the amount of food eaten per approach 
to the food pedestal. 

An analysis of the results suggests that the mean g eaten 
per approach reflects a pattern of behavior associated with 
the degree of the animal's conflicting response tendencies. 
The m e a s u r e  of mean g eaten per approach could potentially 
be altered by drug effects on any system(s) involved with 
either the number of approaches an animal makes to the food 
or the amount of food eaten during the 15 min session. For a 
constant amount of food consumption, treatments which re- 
duce approaches to the food pedestal would increase the 
measure of mean g/App and could be seen as having 
anticonflict properties. Thus, one might expect any drug 
with sedative properties to decrease food approaches and 
thereby, artifactually to show a positive response in this test. 
In the case of the anxiolytics, there are arguments against 
this interpretation. Firstly, this class of drugs shows signifi- 
cant increases in the mean g/App at doses which have no 
effect on the number of approaches to the food pedestal. 
Secondly, since tolerance develops rapidly to the sedative 
actions of BDZ's I 11 ], one would expect the indices of seda- 
tion to be much reduced in animals chronically treated with 
DZP. However, animals show no tolerance to the measure of 
the mean g/App for up to 15 days of treatment. 

Since BDZ's increase eating in sated animals 110,17], test- 
ing conditions which allowed the expression of this effect 
risk increasing the mean g/App by mechanisms more directly 
related to food consumption per se than to processes in- 
volved in elaborating responses to a novel environment. 
Since DZP did not affect food consumption by fasted animals 

tested for 15 min in their home cages, it appears that fasting 
produces a ceiling effect on appetite which is not overcome 
by DZP treatment during the 15 rain duration of the tests. 
Comparing the amount of food eaten and the mean g/App by 
naive animals to that  by animals h a b i t u a t e d  to the open field, 
it is apparent that the exposure of animals to the novel en- 
vironment has a suppressive effect on the amount and pat- 
tern of food consumption. It is this suppressive effect of 
novelty which is attenuated by anxiolytics. Soubrie e t a / .  
[151 have reported a benzodiazepine-induced increase in 
food consumption by fasted rats and mice in both novel and 
familiar environments suggesting a hyperphagic action of the 
drugs unrelated to any anxiolytic effect. The habituation re- 
suits (Fig. 5) show that, while the total amount eaten is in- 
creased by about 9W//~ on day 7 compared to day I, the mean 
g eaten per approach is increased approximately 400cA. Also, 
this latter measure increases significantly over day l before 
there is a significant change in the total amount eaten. It, 
therefore, appears that the mean g per approach is a more 
sensitive measure of the animal's response to the novel en- 
vironment as well as a more sensitive measure of anxiolytic 
drug effects. Figure 6 shows the correlations of the amount 
of food eaten during the 15 min test with the number of 
approaches made to the food pedestal for animals treated 
with carrier or DZP (1.5 mg/kg). This figure combines data 
presented here and that from another study (Britton et  a l . ,  
submitted for publication). As this figure indicates, the DZP 
treated animals tended to eat more per approach regardless 
of the number of approaches. This relationship also held for 
groups receiving CDX, PB, EtOH or excess handling prior to 
testing. This tendency is consistent with the observations of 
Cooper and Francis [3] that BDZ treated mice showed in- 
creased duration of eating in the open field. 

The fact that morphine failed to have demonstrable 
anticonflict effects in this test is consistent with the lack of 
effects of morphine in the Geller operant paradigm [7]. While 
it has been argued that morphine does have anxiolytic ac- 
tions in man and that these effects can be demonstrated in 
the startle response paradigm used by Davis 151, it would 
seem likely that in the present procedure, any anxiolyt- 
ic/anticonflict properties of morphine are obscured by more 
prominent actions of the drug, including its ability to induce 
hyperactivity. 

This procedure offers a sensitive measure of anxiolytic 
drug action with some advantagcs over previously reported 
conflict procedures: (I) No pre-training of animals is re- 
quired, (2) The test is of short duration allowing testing of 
large groups of animals, (3) The equipment required is ex- 
tremely simple and inexpensive, (4) The response is not con- 
founded by treatments which would alter operant responding 
p e r  se, and (5) The animal experiences no actual physical 
stress such as electric shock. 

Possible artifacts in using this procedure to screen for 
anxiolytics could arise from agents which have direct effects 
on appetite, thus altering the reward value of approaching 
the food pedestal. That this is not a factor for diazepam is 
indicated by the observation that this drug has no effect on 
food consumption by fasted animals tested in home cages 
under otherwise similar conditions. Other agents which may 
have anxiolytic properties but  also have a strong sedative 
action may not show positive results in this test due to the 
ataxia associated with sedatives. The procedure, therefore, 
appears most sensitive to relatively pure anxiolytics. 
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