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TREIT, D., J. MENARD AND C. ROYAN. Anxiogenic stimuli in the elevated plus-maze. PHARMACOL BIO- 
CHEM BEHAV 44(2) 463-469, 1993.-Untreated rats normally avoid the open arms of the "elevated plus-maze," preferring 
instead the closed arms, whereas rats treated with antianxiety drugs (e.g., diazepam) show far less open-arm avoidance. 
Although it has often been assumed that rats avoid the open arms because of novelty, height, or open space, the anxiogenic 
role of these stimuli in the plus-maze has not been systematically examined. In Experiment 1, rats were repeatedly exposed to 
the elevated plus-maze with the expectation that their "fear" of the open arms would habituate over trials. Instead, open-arm 
avoidance actually increased on the second trial and showed no evidence of habituating after 18 trials. In Experiment 2, three 
30-min sessions of confinement to the open arms ("flooding") failed to decrease rats' open-arm avoidance. Instead, rats that 
had received flooding avoided the open arms significantly more than control rats during the first test. Experiment 3 showed 
that although diazepam-treated rats avoided the open arms less than vehicle-controls on the first test this difference dissipated 
across test trials. Further, diazepam had no carryover effect on rats' subsequent avoidance of the open arms in a nondrugged 
state. In Experiment 4, plus-maze height was varied from 50 to 6 cm, but rats did not display more open-arm activity as maze 
height decreased. In Experiment 5, height cues were manipulated by placing a "floor" 8 cm beneath one open arm while 
leaving the floor of the other open arm at 50 era. Rats did not avoid the "low" open arm less than the "high" open arm. In 
Experiment 6, rats explored an open arm with a raised Plexiglas edge more than an open arm with standard flat edges despite 
identical height cues under these arms. Thus, it appears that open space, rather than height or novelty, is the anxiogenic 
stimulus in the elevated plus-maze. 

Elevated plus-maze Anxiogenic stimuli Habituation Diazepam Height Thigmotaxis 
Animal models 

RATS normal ly  avoid  the  two open  a rms  o f  the elevated plus- 
maze and  ins tead stay in the  two enclosed arms o f  the  maze 
(3,16,26,27,32). W h e n  rats  are forced to stay in the  open  arms,  
they show fear react ions  such as freezing, defecat ion,  and  
increased p lasma cort icosteroids  (26). S t anda rd  anxiolytic 
drugs,  such as d iazepam,  increase b o t h  the percentage  o f  en- 
tries rats  m a k e  in to  the  open  a rms  o f  the maze and  the percent-  
age o f  t ime they spend in the  open  a rms  (26,27). Drugs f rom 
other  therapeut ic  classes (e.g., an t idepressants )  ei ther  have no  
specific effect  on  open-a rm activity or  suppress  open -a rm ac- 
tivity below baseline cont ro l  levels. [For summar ies  o f  meth-  
ods and  results,  see (25,35)]. 

.Although it is clear tha t  rats  f ind the open  a rms  of  the 
plus-maze aversive, the precise source o f  this  avers ion has  not  
been de termined.  One  possibil i ty is tha t  the novel ty o f  the  
plus-maze is aversive,  in par t icular  the  novel ty o f  the  open  
arms (21). A n o t h e r  possibil i ty is tha t  rats  are a f ra id  o f  the  
height  cues associated with the  open  a rms  o f  the  maze (25). 
Finally,  it is possible t ha t  the  open  spaces su r round ing  the  
open  arms o f  the plus-maze are anxiogenic  for  ra ts  (26). 

A l though  any (or all) of  these factors  could mot iva te  rats '  
open -a rm avoidance,  the  relative con t r ibu t ion  of  each these 
factors  to  ra t  "anxiety"  in the plus-maze has  not  been system- 
atically studied.  This is somewhat  surpris ing given the wide- 
spread use o f  this test as an  animal  model  for  s tudying novel  
anxiolytic drugs and  the  neurobiologic  mechan isms  o f  anxiety 
(4,6,7,17,22,23,27,28,37).  Thus,  the purpose  of  the present  
studies was to systematically investigate novelty,  height ,  and  
open  spaces as puta t ive  anxiogenic st imuli  in the  elevated plus- 
m a z e  o 

E X P E R I M E N T  1 

Pel low et al. (26) exposed rats to the elevated plus-maze on  
each o f  three  daily 5-min test trials. Their  expectat ion was 
tha t  ra ts '  open -a rm avoidance,  like o ther  uncond i t ioned  aver- 
sions to novel  stimuli ,  would hab i tua te  rapidly (2,5,10). Al- 
t hough  ra ts '  open-a rm avoidance  did not  hab i tua te  in this 
exper iment ,  Pellow et al. caut ioned  tha t  three daily trials may  
not  have  been sufficient  for  hab i tua t ion  to occur.  The  purpose  

1 To whom requests for reprints should be addressed. 
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of  the present experiment was to determine whether more ex- 
tensive exposure to the elevated plus-maze would result in 
habituation of  rats' open-arm avoidance. 

METHOD 

Subjects 

Subjects were 10 naive, male Sprague-Dawley rats weighing 
195-285 g. Rats were individually housed in polycarbonate 
cages, under a 12 L : 12 D cycle, with food and water available 
ad lib. Rats were tail-marked and handled for 4-6 days prior 
to testing. Testing occurred between 1000 and 1200 h. 

Apparatus 

The apparatus was a wooden,  plus-shaped maze, elevated 
to a height of  50 cm. Two opposite arms were open (50 × 10 
cm) and the other two opposite arms were enclosed with walls 
(50 × 10 × 40 cm). The junction of  the four arms measured 
10 x 10 cm. 

Procedure 

On each of  18 consecutive days, rats were placed individu- 
ally in the center o f  the plus-maze facing a closed arm and 
allowed 5 min of  free exploration. An observer, sitting quietly 
1 m from the maze, measured a) total t ime in the open arms, 
b) total time in closed arms, c) number o f  entries into open 
arms, and d) number of  entries into closed arms. An entry 
was defined as all four  paws in the arm. The maze was cleaned 
with water after each rat was tested. 

For  the purpose of  analysis, open-arm activity was quanti- 
fied as a) t ime spent in the open arms relative to the total 
time spent in the maze (open/ to ta l  × 100) and b) number of  
entries into open arms relative to the total number of  entries 
into any arm (open/ tota l  × 100). Habituat ion would be indi- 

cated by a significant increase in the percentage of  open-arm 
activity across trials. 

RESULTS AND DISCUSSION 

As can be seen in Fig. 1, there was no substantial increase 
in rats' open-arm activity, even after 18 test trials. Repeated- 
measures analysis of  variance (ANOVA) showed no signifi- 
cant change in percentage of  time spent in open arms, F(17, 
153) = 1.56, p > 0.05. The A N O V A  for percentage of  open- 
arm entries was marginally significant, F(17, 153) = 1.91, 
p < 0.05, but a subsequent t-test showed that the percentage 
of  open-arm entries actually decreased between the first and 
last trials, t(9) = 2.24, p < 0.05. These results suggest that 
rats' open-arm avoidance does not habituate after repeated 
exposures to the plus-maze. If anything, rats appear to be- 
come more fearful of  the open arms after the first trial [see 
also (18)l. 

E X P E R I M E N T  2 

Although habituation of  open-arm avoidance was not ap- 
parent in Experiment 1 after 18 test trials, it could be argued 
that rats did not  habituate because they were not  sufficiently 
exposed to the open arms. This could occur either because 
rats were not  given enough trials or because, regardless of  the 
number of  trials, rats could easily avoid exposure to the open 
arms and thus habituation might not occur. The latter possi- 
bility was explored in Experiment 2 by using a forced-exposure 
("flooding") procedure (20). 

METHOD 

Methods were basically the same as those used in Experi- 
ment 1 with the following exceptions. Twenty naive, male 
Sprague-Dawley rats (265-345 g) were handled and randomly 
assigned to two groups (n = 10). Rats in the experimental 
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group were individually confined to an open arm of the plus- 
maze for 30 min on each of 3 consecutive days (forced expo- 
sure), whereas rats in the control group were given equivalent 
handling but no forced exposure. On each of the 3 following 
days, all animals were given a 5-min, free-choice test in the 
standard plus-maze. 

RESULTS AND DISCUSSION 

Figure 2 illustrates that forced exposure to the open arms 
(flooding) failed to attenuate open-arm avoidance on subse- 
quent standard test trials. In fact, rats that received the flood- 
ing treatment showed lower levels of open-arm activity than 
nontreated controls on the first trial [see also (16)]. Group x 
trials ANOVA of percentage of open-arm entries revealed a 
significant effect of trials, F(2, 36) = 7.80, p < 0.002, and a 
significant group ×trials interaction, F(2, 36) = 8.21, p < 
0.002. The main effect for group was not significant, F( l ,  18) 
= 0.06, p > 0.5. A similar ANOVA of percentage of open- 
arm time produced the same pattern of results [trials, F(2, 
36) = 4.96, p < 0.02; group x trials, F(2, 36) = 9.61, p < 
0.0007; and group, F(1, 18) = 0.15, p > 0.5]. The only sig- 
nificant pair-wise comparisons between groups were on the 
first test trial, when the open-arm activity of control rats was 
higher than that of experimental rats [percentage time, t(18) 
= 2.16, p < 0.05; percentage entries, t(18) = 2.00, p < 
0.06]. 

EXPERIMENT 3 

Free or forced exposure to a anxiogenic stimulus is often 
an effective behavioral treatment for fears and phobias in 
both humans and lower animals (8,20). Thus, it is surprising 
that free or forced exposure in the elevated plus-maze failed 
to reduce rats' fear of the open arms. One trivial explanation 
of our negative results is that, for some reason, our test proce- 
dures are insensitive to variables that normally suppress rat 
anxiety in the elevated plus-maze. Thus, the main purpose of 
Experiment 3 was to replicate the widely demonstrated anxio- 
lytic effect of diazepam on rats' open-arm avoidance (3,15, 
22,26,32) and thereby confirm the sensitivity of our test proce- 

dures to antianxiety agents. Another purpose was to examine 
the longevity of anxiolytic drug effects across repeated test 
trials and determine whether diazepam would have any long- 
lasting effect on rats' subsequent avoidance of the open arms 
in a nondrugged state. 

METHOD 

Methods were similar to those used in the previous experi- 
ments with the following exceptions. Twenty naive, male 
Sprague-Dawley rats, weighing 270-330 g, were randomly as- 
signed to two groups (n = 10). On each of three daily drug 
trials, experimental rats received an injection of diazepam (2 
mg/kg, IP) 30 rain prior to a standard 5-min plus-maze test. 
This dose of diazepam produces clear anxiolytic effects in the 
elevated plus-maze (15,22,26). Control rats were treated in the 
same way except they received vehicle injections. After the 
last drug trial, all injections stopped and both groups of rats 
received three more daily test trials in the plus-maze. 

RESULTS AND DISCUSSION 

Although diazepam-treated rats showed substantially 
higher percentages of open-arm activity than vehicle-treated 
rats in the first drug trial, this difference virtually disappeared 
by the third drug trial and was not apparent on any of the 
three subsequent nondrug trials (see Fig. 3). ANOVAs re- 
vealed significant effects of drug, trials, and drug x trial in- 
teraction for both measures of open-arm activity [percent en- 
tries: drug, F(I,  18) = 11.69, p < 0.003; trials, F(5, 90) = 
26.96, p < 0.001; drug x trials, F(5, 90) = 11.91, p < 
0.001; percent time: drug, F(1, 18) = 14.71, p < 0.001; tri- 
als, F(5, 90) = 22.41, p < 0.001; drug x trials, F(5, 90) = 
11.16, p < 0.001]. Pair-wise comparisons confirmed that the 
percentage of time diazepam-treated rats spent in the open 
arms was significantly greater than that of vehicle-treated rats 
on the first drug trial, t(18) = 4.09, p < 0.001, as was the 
percentage of open-arm entries, t(18) = 5.57, p < 0.001. 
However, there was no significant difference between the two 
groups on either measure of open-arm activity by the third 
drug trial [percent time, t(18) = 1.46, p > 0.1; percent en- 
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tries, t(18) = 1.52, p > 0.1. There were no significant differ- 
ences between the two groups on any of  the three nondrug 
trials. These results suggest that the anxiolytic effect of  diaze- 
pam in the elevated plus-maze is transient even during drug 
trials and does not  carry over to nondrug trials. Nevertheless, 
the first-trial drug data provide pharmacological  confirmation 
of  the sensitivity of  our procedures for detecting anxiolytic 
effects in the elevated plus-maze. 

E X P E R I M E N T  4 

Al though rats' open-arm avoidance is sensitive to the acute 
effects of  anxiolytic drugs, it appears to be impervious to 
other treatments that ordinarily reduce novelty-related anxiety 
(e.g., habituation,  flooding). These results suggest that nov- 
elty per se is not  an important  anxiogenic stimulus in the 
elevated plus-maze. 

The next two experiments examined an alternative source 
of  anxiety in the plus-maze, that is, height. In this regard, 
Barnett (1) reported that both laboratory- and wild-reared rats 
display an uncondit ioned aversion to heights. This observa- 
tion was supported by the early work of  Gibson and associates 
(12,38), who found that rats in the middle of  a "visual cliff" 
apparatus avoided any side on which apparent depth was 
created. These results suggest that height is an anxiogenic 
stimulus for rats in general, and in particular it may be an 
anxiogenic stimulus for rats in the elevated plus-maze (26). 
However,  the hypothesis that height is an anxiogenic stimulus 
in the elevated plus-maze has not  been systematically tested. 
If  height is an anxiogenic stimulus, one would expect that rats' 
open-arm avoidance would vary as a function of  maze height. 
Experiment 4 tested this prediction. 

METHOD 

The methods were similar to those used in previous experi- 
ments. Subjects were 30 naive, male Sprague-Dawley rats 
(250-350 g). Rats were randomly assigned to one of  three 
groups (n = 10) tested at maze heights of  either 50 cm (the 
standard height), 25 cm, or 6 cm. If height is an anxiogenic 
stimulus in the plus-maze, there should be a significant in- 
crease in open-arm activity as maze height is decreased. 

RESULTS AND DISCUSSION 

Figure 4 shows that there was no systematic increase in 
open-arm activity as maze height decreased. There were no 
significant differences between groups in percentage of  open- 
arm time, F(2, 27) = 0 .73 ,p  > 0.5, or in percentage of  open- 
arm entries, F(2, 27) = 1.35, p > 0.2. 

E X P E R I M E N T  5 

Although the results of  Experiment  4 were clearly negative, 
it seemed possible that a different method of  manipulating 
height might show that it is anxiogenic in the elevated plus- 
maze. This method was explored in Experiment  5. 

METHOD 

Thirty naive, male Sprague-Dawley rats (250-360 g) served 
as subjects, and the plus-maze was elevated to the standard 
height (50 cm). However,  a sheet of  hardboard (120 x 120 
cm) was used to adjust the depth of  the floor under the two 
open arms, that is, the " f loor"  was raised to within 8 cm of  
one of  the open arms or lowered to the standard depth of  50 
cm on the opposite open arm. The hardboard floor passed 
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completely under the center of  the plus-maze and extended 50 
cm beyond each of  the three sides of  the open arm. 

All 30 animals were individually placed on the center of  
the plus-maze and allowed to freely explore the maze for 5 
min. The depth under each of  the two open arms was alter- 
nated after every fifth subject. The experimenter scored the 
number of  entries into each of  the two open arms (the open 
arm 50 cm from the floor and the open arm 8 cm from the 
floor) and the time spent on each of  the two open arms. If 
rats are afraid of  height cues associated with the open arms of  
the plus-maze, then they should explore the open arm 50 cm 
above the floor less than the open arm 8 cm above the floor. 

RESULTS AND DISCUSSION 

Contrary to expectations, Fig. 5 shows that rats spent more 
time in and made more entries into the open arm 50 cm above 
the floor than the open arm only 8 cm above the floor.  Al- 
though the difference in entries was not significant, F(1, 29) 
= 2.83, p > 0.05, the difference in time was, F ( l ,  29) -- 
4.50, p < 0.05. These results are clearly inconsistent with the 
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hypothesis that height is an anxiogenic stimulus for rats on 
the elevated plus-maze. 

EXPERIMENT 6 

The results of the previous experiments suggest that neither 
novelty nor height are strongly arLxiogenic stimuli for rats in 
the elevated plus-maze. The remaining alternative is that rats 
avoid the open arms of the maze because they are "afraid" 
primarily of the open space around the open arms rather than 
the novelty or height of the open arms. Consistent with this 
idea, Barnett (l) reported that rats have a strong tendency to 
avoid open spaces, where they are more exposed to predation, 
and instead prefer to stay near vertical surfaces. Others have 
argued that this "positive thigmotaxis" is part of the rodent's 
natural defensive repertoire (14). More recently, it has been 
shown that thigmotaxis can be reduced by arLxiolytic drugs 
(36). 

In view of rats' thigmotaxic tendencies, it seems reasonable 
to assume that one reason rats avoid exploration of the open 
arms of the elevated plus-maze is because these arms lack 
a vertical surface that could support thigmotaxic behavior. 
Experiment 6 was designed to test this assumption. 

METHOD 

Twenty-two naive, male Sprague-Dawley rats (250-375 g) 
served as subjects. The apparatus was a standard plus-maze 
elevated to 50 cm. However, a clear sheet of Plexiglas (13 x 
50 cm) was secured vertically along one edge of one of the 
open arms, whereas the other open arm had standard, fiat 
edges. The raised Plexiglas edge was alternated to the opposite 
open arm after every fifth subject. 

During test trials, each animal was allowed to freely ex- 
plore the maze for 5 min. The experimenter recorded the num- 
ber of entries into each of the two open arms (i.e., standard 
flat-edge arm and raised Plexiglas-edge arm) and the time 
spent on each of the two open arms. If rats avoid the open 
arms of the standard plus-maze because these arms do not 
allow thigmotaxic behavior, then they should avoid the open 
arm with the standard flat edges more than the open arm with 
the Plexiglas edge. 

RESULTS AND DISCUSSION 

Figure 6 shows that rats made more entries into, and spent 
more time on, the Plexiglas-edge open arm than the standard, 
flat-edge open arm [entries, F(1, 21) = 10.65, p < 0.003; 
time, F(1, 21) = 7.81, p < 0.01]. Because the height cues 
under the two open arms were identical, and each open arm 
was equally novel, it seems likely that rats' preference for the 
Plexiglas-edge open arm was driven by their thigmotaxic bias. 
It also suggests that rats in the standard plus-maze avoid the 
open arms not because of the height or novelty of these arms 
but because they do not permit rats to engage in thigmotaxic 
behavior. 

GENERAL DISCUSSION 

In Experiment 1, repeatedly exposing rats to the plus-maze 
did not diminish their avoidance of the open arms. Instead, 
open-arm avoidance actually increased between the 1st and 
18th trials. In Experiment 2, confining rats to the open arms 
(flooding) for 30 min on each of 3 consecutive days also failed 
to diminish their open-arm avoidance on subsequent tests in 
the standard plus-maze. In fact, rats previously confined to 
the open arms (flooding) entered these arms less often and 
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spent significantly less time there than nontreated controls 
in a subsequent test. In Experiment 3, the sensitivity of our 
apparatus and test procedures was validated: Diazepam- 
treated rats showed significantly more open-arm activity than 
vehicle-treated rats in the first drug trial. However, this drug 
effect was no longer evident by the third drug trial, and no 
differences between the two groups were apparent in the three 
subsequent nondrug trials. 

In Experiment 4, rats tested in a plus-maze lowered to a 
height of 6 cm did not display more open-arm activity than 
rats tested on plus-mazes elevated to heights of 25 or 50 cm, 
suggesting that height is not an anxiogenic stimulus in the 
plus-maze. In Experiment 5, the floor underneath the plus- 
maze was either raised to within 8 cm of one of the open arms 
of the maze or lowered to the standard depth of 50 cm. Rats 
did not selectively avoid the open arm on the "deep" side of 
this apparatus, suggesting again that fear of heights does not 
motivate rats' open-arm avoidance. Although it could be ar- 
gued that rats could not discriminate between the height cues 
to which they were exposed in Experiments 4 and 5, this expla- 
nation seems unlikely for two reasons. First, in visual cliff 
experiments, Gibson et al. (12,38) reported that rats could 
discriminate between heights equivalent to those used in the 
present experiments (e.g., 8 vs. 25 cm). Second, some rats in 
Experiment 4 stepped off the maze when it was lowered to a 
height of 6 cm but none stepped off the maze when it was 
elevated to heights of 25 or 50 cm, suggesting that rats could 
discriminate between these maze heights. Although rats can 
apparently discriminate between these heights, height clearly 
did not motivate their avoidance of the open arms. 

Experiment 6 assessed the possibility that the open space 
surrounding the open arms of the maze, rather than novelty 
or height, is what rats "fear" in this apparatus. When a Plexi- 
glas edge was added to one of the open arms of the plus-maze, 
rats explored this arm more than the open arm with standard, 
flat edges. It is important to note that these two open arms 
were at identical heights and were equally novel to rats. Thus, 
the results of Experiment 6 suggest that rats' fear of the open 
arms is driven by thigmotaxis, a natural defensive response in 
which rats remain close to vertical surfaces, thereby shielding 
themselves from predators (1,14,36). 

If fear of open spaces does account for rats' open-arm 
avoidance in the elevated plus-maze, however, it appears to 
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be resistant to ant ianxiety  t rea tments .  For  example,  repeated 
exposures to other  " fear fu l"  stimuli  o f ten  result  in a decrement  
or hab i tua t ion  of  an imals '  fear  responses  to those stimuli 
(31,39). In contras t ,  rats in the  first three experiments  showed 
no signs of  hab i tua t ion  with repeated test  trials. Ins tead,  they 
appeared  to become more  fearful  of  the open  arms,  even af ter  
forced exposure [see also (16,30)]. Fur ther ,  the anxiolytic ef- 
fect of  d iazepam did not  persist beyond  the first trial in Exper- 
iment  3 and  was virtually abol ished by the  th i rd  drug trial. 
Other  researchers (9,11,19,30) also found  tha t  even minimal  
previous exposure (either drugged or nondrugged)  to the plus- 
maze abol ished the  anxiolytic effect of  benzodiazepines  in 
subsequent  tests, a result  t ha t  is consis tent  with  Exper iment  3 
and  canno t  be easily explained in terms o f  simple drug toler- 
ance (9,34). In any case, it is clear tha t  the anxiolytic effects 
of  benzodiazepines  in the  elevated plus-maze are short-l ived, 
perhaps  because open spaces are prepoten t  fear  stimuli  for 
rats.  

It has  been suggested tha t  hab i tua t i on  of  aversions is af- 
fected by the evolut ionary  significance the  aversive st imulus 
has for  an  organism (29). For  example,  rats  hab i tua te  at  a 

slower rate and  less comple t e ly to  the sound of  a rat 's  distress 
cry than  to a pure  tone (24). Fur ther ,  repeated exposures to 
an intense or highly significant st imulus may s t rengthen,  or 
sensitize, organisms '  uncondi t ioned  fear react ion to tha t  stim- 
ulus (13,33). Sensit izat ion of  fear is consis tent  with our  data:  
Open-a rm avoidance  in general increased in the  second trial  
of  the  first three experiments  and  showed no signs of  hab i tua t -  
ing af ter  either 18 trials or forced exposure.  Fur ther ,  sensitiza- 
t ion might  have accounted for the loss of  d iazepam's  anxio- 
lytic effect in Exper iment  3. [For a similar a rgument ,  see (30)]. 
In  any case, the  results of  the present  experiments  suggest 
tha t  rats '  fear of  open spaces in the elevated plus-maze is 
surprisingly resistant  to modif ica t ion  by variables tha t  in gen- 
eral produce  long- term reduct ions of  o ther  fear react ions in 
b o t h  animals  and  humans .  
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