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CRUZ, A. P. M., F. FREI AND F. G. GRAEFF. Ethopharmacological analysis of rat behavior on the elevated plus- 
maze. PHARMACOL BIOCHEM BEHAV 49(1), 171-176, 1994.-Behavioral categories were measured in rats left on an 
elevated plus-maze for 5 min, in addition to the traditional measures. Four independent factors emerged from a factor 
analysis. The variables that loaded highly and positively on Factor 1, seemingly related with anxiety, were: number of entries 
onto open arms, time spent on open arms, percentage of open/total arm entries, percentage of time on open arms, scanning 
over the edge of an open arm, and open arm end-exploring. The time spent on enclosed arms loaded highly, but negatively on 
the same factor. Risk-assessment from an enclosed arm also loaded negatively on Factor 1. Number of enclosed arm entries, 
total number of arm entries and rearing loaded highly on Factor 2, probably related to motor activity. However, the total 
number of entries also loaded on Factor 1, being thus a mixed index. Similarly, the number of open arm entries loaded on 
both Factors 1 and 2. As expected, the variables having high loads on Factor 1 were changed to one direction by administration 
of two anxiolytics (nitrazepam and midazolam) and to the opposite direction by two anxiogenic drugs (pentylenetetrazol and 
FG 7142). Such pattern of drug effects was not observed with the remaining variables. 

Elevated plus-maze Rats Factor analysis Anxiolytics Anxiogenic drugs 

T H E  elevated plus-maze, consisting o f  two open arms crossed 
with two enclosed arms all being elevated f rom the ground,  is 
widely used for studying anxiolytic drugs and the neurobiolog- 
ical mechanisms of  anxiety (2,4,7,9,12,14,15,19,20,24). This 
model  is based on the natural  fear o f  open and elevated alleys 
(17). As a consequence,  rats on the elevated plus-maze tend to 
avoid the open arms and stay more on the enclosed arms. 
Anxiolytic drugs increase the number  o f  entries onto  and the 
time spent on open arms, whereas anxiogenic agents do the 
opposite (2,14,19,20). When confined to the open arms, rats 
show behavioral  and physiological manifestat ions o f  fear, 
such as freezing, defecation,  and increases in plasma cortico- 
steroids (20). Recently reported results indicate that open 
space (or, more specifically, the impossibility o f  performing 
thigmotaxis) rather than height is the main cause o f  fear o f  the 
open arms (27). 

The ratio (14) and the percentage (20) o f  open per total  
arm entries have been used as indexes o f  anxiety. Often the 
percentage o f  t ime spent on the open arms is also reported 
(20). Truly,  these indexes relate negatively with anxiety, since 

they are typically increased by anxiolytic while being decreased 
by anxiogenic drugs (2,14,19,20). 

Because changes in motor  activity may also influence ex- 
ploratory behavior in the elevated plus-maze, the total (open 
+ enclosed) number  o f  entries has been used to reflect this 
factor (20). However ,  several studies using factor analysis sug- 
gest that this is not  entirely true, since total  entries also load 
important ly on the anxiety factor. On the other hand, the 
number  of  enclosed arm entries loads highly and exclusively 
on the factor associated with exploration and, thus, may sub- 
stitute for total  number  of  entries as an index of  motor  activ- 
ity (11). 

While on the elevated plus-maze, rats display a variety of  
behaviors that are amenable to ethoexperimental  analysis (6). 
It is possible that certain behavioral categories reflect anxiety, 
motor  activity, or  other factors even better than the traditional 
indexes o f  exploration. Al though systematic studies using this 
approach have been performed in the mouse (21), only some 
specific behavioral  elements have been investigated in the rat 
(1,18). As a consequence,  the first experiment of  the present 
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study is aimed at measuring the behavior of undrugged rats on 
the elevated plus-maze, using both the traditional indexes and 
behavioral parameters selected from an ethogram developed 
for this experimental situation. These two types of measures 
were then included in a factor analysis for estimating the load- 
ings of the different variables on the independent factors that 
emerged from the analysis. 

To validate the above approach, the effect of drugs was 
measured on both the traditional parameters and the ethologi- 
cal categories. The drugs chosen were two benzodiazepine re- 
ceptor agonists (28), nitrazepam (NTZ) and midazolam 
(MDZ), and two agents that have been reported to induce 
anxiety in laboratory animals and in humans, the/~-carboline 
FG 7142 (FG) and pentylenetetrazol (PTZ) (10,19,20,23). 

METHOD 

Animals 

Male Wistar rats weighing 190-240 g and having free access 
to food and water were housed in groups of five on a 12-h 
light cycle. The experimental sessions were conducted during 
the light phase of the cycle, between 1400 and 1800. Rats were 
daily handled for 5 min during the three last days before the 
experiments. 

Apparatus 

The elevated plus-maze was made of wood, according to 
the specifications of Pellow et al. (20). The apparatus con- 
sisted of two opposed open arms measuring 50 × 10 cm, 
crossed at right angle with two opposed arms of the same size. 
The latter were enclosed by walls 40-cm high, except for the 
entrance. The four arms delimited a central area of 10 cm 2. 
The whole apparatus was elevated 50-cm above the floor. To 
avoid rats falling down, a rim of Plexiglas 1-cm high was 
made to surround the open arms. Illumination was provided 
by a 60-W red light bulb suspended 120-cm above the maze. 
The experimental sessions were recorded by a vertically moun- 
ted videocamera, linked to a monitor and VCR in an adjacent 
room. Videotapes were later analysed by an observer unaware 
of treatment conditions. 

Drugs 

The following drugs were used: nitrazepam (Roche, Bra- 
zil), midazolam (Roche, Brazil), pentylenetetrazol (Sigma, 
USA) and N-methyl-B-carboline-3-carboxamine (FG 7142, 
Ferrosan, Denmark). Before injection, MDZ and PTZ were 
dissolved in sterile saline, while NTZ and FG were suspended 
in saline containing 207o Tween 80. All drugs were injected IP 
in a volume of 1.0 ml/kg. 

Procedure 

Experiment 1. Each rat (n = 30) was placed in the central 
square facing an enclosed arm, and allowed to freely explore 
the elevated plus-maze for 5 min. Before the next rat was 
introduced, the maze was cleaned with a solution of 20°7o 
ethanol and dried. The standard measures (number of entries 
onto open and enclosed arms, and time spent on open and 
enclosed arms), as well as the time spent on the central plat- 
form (26) were recorded. In addition, the time displaying the 
following behavioral categories was measured: (a) scanning: 
protruding the head over the edge of an open arm and scruti- 
nizing in any direction (it includes head-dipping); (b) risk- 
assessment: exiting an enclosed arm with the forepaws and 

head only, and investigating the surroundings (this behavior 
was often, but not necessarily, accompanied by body stretch- 
ing); (c) rearing: rising on the hind limbs; (d) self-grooming: 
cleaning any part of the body surface with the tongue, teeth, 
and/or forepaws; and (e) end-exploring: number of times the 
rat reached the end of an open arm. Since it was difficult to 
distinguish relaxed immobility from freezing with the angle of 
observation used, these categories were not included in the 
analysis. 

Experiment 2. To measure the effect of drugs on the above 
variables, rats were randomly allocated to the following exper- 
imental groups: l) injected with 20 mg/kg PTZ 5 min before 
being placed on the elevated plus-maze, n = 10; 2) injected 
with 1.5 mg/kg FG 30 min before the experimental session, n 
= 8; 3) injected with 1.5 mg/kg NTZ 30 min before the ses- 
sion, n = 8; and 4) injected with 2.5 mg/kg MDZ 30 min 
before the session, n = 8. In addition, there were three con- 
trol groups: 1) rats injected with saline 30 min before the 
session (for MDZ); 2) rats injected with saline 5 min before 
the session (for PTZ); and 3) rats injected with Tween vehicle 
30 min before the session (for NTZ and FG). The doses of the 
drugs used were chosen on the basis of reported results show- 
ing that they caused clear anxiolytic or anxiogenic effects with 
a minimum impairment of motor activity. 

Data Analysis 

For each animal, the total number of entries (open + en- 
closed arms), the percentage of open arm entries (100 x 
open/total) and the percentage of time spent on the open arms 
(100 × open/(open + enclosed)) were calculated. The data 
from Experiment 1 were submitted to factor analysis using 
a principal component solution with an orthogonal rotation 
(varimax) of the factor matrix. Using the smallest eigenvalue 
criterion (mineigen = 1), four factors emerged, explaining 
85.67% of the total sample variance. The data from Experi- 
ment 2 were analyzed either by the Student's t-test or by one 
way analysis of variance (ANOVA). Whenever ANOVA was 
significant, the Dunnett's test for multiple comparisons of in- 
dividual groups with control was performed. The level of sta- 
tistical significance adopted was p < 0.05. 

RESULTS 

Experiment 1 

The factor loading for each behavioral parameter provides 
an estimate of how well that variable reflects a particular fac- 
tor. A value of 1.0 would be a perfect reflection, whereas 
loading of < 0.4 indicates a poor reflection of the factor. Since 
the factors extracted from this analysis are independent, they 
are likely to reflect different processes. 

Table 1 shows the loading of each measure taken in the 
elevated plus-maze on the independent factors that came out 
of the factor analysis. The variables that loaded highly on 
Factor l ,  likely to represent the reverse of anxiety, were: num- 
ber of entries onto open arms, time spent on open arms, per- 
centage of open arm entries, and percentage of time on open 
arms. The time spent on enclosed arms loaded highly and 
negatively on this factor. Among the behavioral categories 
rated, scanning and end-exploring loaded heavily and posi- 
tively on Factor 1, whereas risk-assessment loaded negative° 
ly on the same factor, although it also loaded on Factors 3 
and 4. 

The measures loading highest on Factor 2, seemingly re- 
lated to motor activity, were: number of enclosed arm entries, 
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T A B L E  1 

ORTHOGONAL FACTOR LOADINGS FOR UNDRUGGED 
RATS ON THE ELEVATED PLUS-MAZE 

Factors l 2 3 4 

No. open 0.81 0.47 - - 
No. enclosed - 0.96 - - 
Total entries 0.60 0.82 - - 
% open entries 0.92 - - - 
Time open 0.96 - - - 
Time center - - 0.94 - 
Time enclosed - 0.90 - - - 
% time open 0.93 - - - 
Scanning 0.85 - - - 
End-exploring 0.74 - - - 
Risk-assessment - 0.60 - - 0.47 - 0.60 
Rearing - 0.71 - - 
Self-grooming . . . .  0.81 

Only loadings > 0.40 are shown. 

to ta l  n u m b e r  of  a rm  entries,  and  rear ing.  Yet,  the  to ta l  num-  
ber  of  entries also loaded  cons iderably  on  Fac to r  1. On  the  
o ther  h a n d ,  the  n u m b e r  o f  open  a r m  entr ies  also loaded  above  
cr i ter ion on  Fac to r  2, t h o u g h  less heavily t h a n  on  Fac to r  1. 

The  t ime spent  at  the  centra l  square  o f  the  maze had  a h igh 
loading on  Fac to r  3 only,  while the  var iable  loading highest  
on  Fac to r  4 was sel f -grooming.  

Experiment 2 

The effect  o f  drugs  on  the  t rad i t iona l  indexes o f  explora-  
t ion in the  elevated plus-maze is shown  in Figs. 1 and  2. It 
may  be seen tha t  the  var iables  with  h igh posit ive loads on  
Fac tor  1 o f  the  above  fac tor  analysis  (absolute  and  relative 
n u m b e r  of  entr ies  on to  and  of  t ime spent  on  open  arms)  were 
s ignif icant ly decreased by  the  anxiogenic  agents  P T Z  and  FG,  
while being increased by  the  anxiolytics N T Z  and  M D Z .  In 
contras t ,  the  t ime spent  on  enclosed arms,  tha t  loaded  nega-  
tively on  Fac to r  1, was s ignif icant ly decreased by the  two 
anxiolytics and  increased by  P T Z ;  the  increase caused by  F G  
did  not  reach  signif icance level. 

The  to ta l  n u m b e r  of  a r m  e n t r i e s - a n  index tha t  loaded 
main ly  on  Fac to r  2, bu t  also cons iderably  o n  Fac to r  1 - w a s  
signif icantly decreased by b o t h  P T Z  and  FG,  and  increased by 
NTZ.  A similar  t r end  was shown  by M D Z ,  bu t  the  dif ference 
f rom cont ro l  lacked statistical significance.  In tu rn ,  the num-  
ber  of  enclosed a rm  entries was not  af fected by  the  drug  treat-  
ments ,  except for  PTZ ,  tha t  s ignif icant ly decreased it. Finally,  
the  t ime spent  on  the  centra l  square  o f  the  maze was signifi- 
cant ly decreased by N T Z  only.  

Figure 3 shows t ha t  scanning  and  end-explor ing,  two be- 
haviora l  categories tha t  loaded  highly and  posit ively on  Fa- 
ctor  1, were s ignif icant ly decreased by the  anxiogenic  drugs  
while being increased by the  anxiolytics.  Conversely,  risk- 
assessment ,  which loaded  negatively o n  this  fac tor  (but  also 
on  Factors  3 and  4), was s ignif icant ly decreased by  N T Z  and  
MDZ.  However ,  this  pa r ame te r  was not  s ignif icant ly affected 
by P T Z  and  FG.  

Rear ing,  a var iable  t ha t  loaded  exclusively on  Fac tor  2, was 
signif icantly decreased by  b o t h  P T Z  (p  < 0.01) and  F G  (p  < 
0.05), bu t  no t  s ignif icant ly  af fected by the  anxiolytics.  Finally,  
no  s ignif icant  change  in g rooming  (negatively loaded  on  Fac- 
tor  4) was de te rmined  by any  o f  the  drugs  tested. 
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FIG. 1. Effects of  two anxiolytics, nitrazepam (NTZ) and midazo- 
lam (MDZ), and two anxiogenic drugs, pentylenetetrazol (PTZ) and 
FG 7142 (FG), on absolute measures of exploration in the elevated 
plus-maze. Bars represent the mean and vertical lines the SEM. Rats 
were injected IP with NTZ (1.5 mg/kg) ,  MDZ (2.5 mg/kg) ,  FG (1.5 
mg/kg) ,  or their respective control vehicles 30 min before the experi- 
mental session. PTZ (20 mg/kg)  and its control were injected IP 5 min 
before the test. *p < 0.05, **p < 0.01 drug vs. control group. The 
symbol # was used instead of * for the total number of  entries; n = 
10 for the PTZ group and its control; n = 8 for the remaining groups. 

DISCUSSION 

Regarding the t radi t ional  parameters  measured  in the ele- 
va ted  plus-maze,  the  present  factor  analysis largely agrees with 
tha t  previously repor ted  by File (11). In bo th  studies, t ime on  
open  arms as well as percentage of  open  a rm entries and  of  
t ime on  open a rms  loaded highly and  exclusively on  Fac tor  
1, supposed to be inversely related to anxiety.  However ,  an  
impor t an t  difference occurred concerning the  absolute  num-  
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FIG. 2. Effect of anxiolytic and anxiogenic drugs on relative indexes 
of exploration in the elevated plus-maze. Other specifications in Fig. 
1 legend. 

ber of open arm entries. In File's (11) results this measure 
loaded exclusively on Factor 1, whereas in the present study it 
also loaded on Factor 2, that is believed to reflect general 
motor activity (see Table 1). Although the cause of this differ- 
ence may be only guessed (e.g., rat strain is one possibility), 
the present results make behavioral sense, since entering onto 
an open arm involves motor activity. On the other hand, time 
spent on the open arm is far less influenced by motility, and 
indeed it appeared as a noncontaminated index of anxiety 
in both the present and File's (11) analyses. Another way of 
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FIG. 3. Effect of anxiolytic and anxiogenic drugs on behavioral cate- 
gories that loaded highly on the anxiety-related Factor 1 (see Table 1). 
Other specifications in Fig. 1 legend. 

circumventing the influence of motor activity may be the use 
of the percentage of open arm entries, since this parameter 
also loaded only on Factor 1. 

The percentage of time on open arms also appeared as a 
clean index of anxiety in both the present and File's (11) re- 
sults. However, this variable is biased because the time spent 
on the enclosed arms is in the denominator of the equation: 

°7o time open = 100 × time open/(time open 
+ time enclosed). 

As a consequence, any increase in session length decreases 
the index, since rats tend to remain on one of the enclosed 
arms, after an initial period of intense exploration. For exam- 
pie, a reported study using a 10-min session has shown that 
this index was not significantly affected by intracerebrally in- 
jected propranolol, in contrast to the percentage of open arm 
entries (4). 

Therefore, among the traditional indexes of anxiety the 
percentage (or ratio) of open/total arm entries and the time 
spent on the open arms seem to reflect anxiety better than the 
absolute number of open arm entries. The time spent on the 
enclosed arms is almost a mirror image of the time on open 
arms (thus reflecting anxiety quite well) because the time spent 
at the central square is relatively small. 

In agreement with previously reported results (11), the 
present observations indicate that the total number of arm 
entries is not a reliable index of motor activity. In both studies 
this variable was contaminated by anxiety, since it loaded im- 
portantly on Factor 1, as well as on Factor 2. In turn, the 
number of enclosed arm entries loaded very highly and exclu- 
sively on the latter factor. Therefore, the absolute number of 
enclosed arm entries seems to reflect general motor activity 
very well. 

In the present results, time on the central square loaded 
only on Factor 3. Also, the drug results showed that this pa- 
rameter was significantly reduced by NTZ, and a nonsignifi- 
cant trend towards reduction was also observed following 
MDZ. Furthermore, a similar study by Trullas et al. (26) has 
shown that another benzodiazepine anxiolytic, chlordiazepox- 
ide, decreased the time spent on the center of the elevated 
plus-maze. In contrast, a ligand of the glycine site associated 
with NMDA receptors of excitatory aminoacids (ACPC) in- 
creased central time, despite having an anxiolytic effect in 
the elevated plus-maze. Since reported results indicate that 
benzodiazepines reduce waiting capacity (25), and decision- 
making (16), Trullas et al. (26) suggested that time on the 
central square of the elevated plus-maze may reflect one or 
both these processes. 

Regarding the parameters from the ethogram, the present 
factor analysis showed that scanning and end-exploring 
loaded highly and only on Factor 1 and, therefore, they may 
be viewed as valid indexes of anxiety. In contrast, risk- 
assessment (often regarded to reflect anxiety [5,21]) proved 
ambiguous, since it loaded simultaneously on two other fac- 
tors (Factor 3 and 4). In turn, rearing loaded markedly on 
Factor 2 alone and, thus, seems to reflect motor activity quite 
well. Finally, self-grooming loaded highly and negatively on 
Factor 4 only. It is difficult to figure out the meaning of this 
factor, since it was not significantly affected by any of the 
drugs used in the present study. Nevertheless, grooming has 
been used as an index of displacement behavior in con- 
flict situations (3). This view does not seem incompatible with 
the significant loading (also with a negative sign) of risk- 
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assessment on Factor  4, since this behavior  typically occurs as 
a result o f  approach-avoidance conflict  (5,6). 

The above factor analysis leads to the prediction that vari- 
ables loading highly on Factor  1 should be changed to one 
direction by the two anxiolytics and to the opposite  direction 
by the two anxiogenic drugs used. Moreover ,  this pattern 
should not appear for measures loading highly on the remain- 
ing factors. The results o f  the second experiment fulfilled both 
predictions. Indeed, absolute and relative number  o f  entries 
onto and of  t ime spent on open arms, as well as scanning 
and end -exp lo r i ng -a l l  being measures that loaded highly and 
positively on Factor  1 - w e r e  increased by N T Z  and M D Z  
while being decreased by FG and PTZ.  Conversely,  t ime on 
enclosed arms, a parameter  that  loaded negatively on the same 
factor,  underwent  opposite changes following administrat ion 
o f  the same drugs. Seemingly, risk-assessment did not  comply 
with the rule, since it was not  affected by either P T Z  or FG,  
al though it was decreased by both NTZ and MDZ.  However ,  
risk-assessment also loaded on Factors 3 and 4 and, therefore,  
is not  a clean measure of  anxiety. 

Also,  according to the above predictions none o f  the vari- 
ables that loaded predominant ly  on factors other  than Factor  
1 was affected in opposite ways by the two classes o f  drugs 
used. Enclosed arm entries and rearing loaded highly on Fac- 
tor 2 and were significantly decreased by PTZ,  only. Rearing 
was also significantly decreased by FG. However ,  these mea- 
sures were not  affected by the anxiolytics. An  exception may 
be total arm entries, since this measure was significantly de- 
creased by both P T Z  and FG while being significantly en- 
hanced by NTZ.  However ,  al though total arm entries loaded 
mainly on Factor  2, it also loaded rather markedly on Factor  
1 and, as discussed above,  is likely to reflect both  anxiety and 
motor  activity. 

Overall,  it may be concluded that both the factor analysis 
and the pharmacological  results o f  the present study give 
strong support  to the hypothesis that Factor  1 reflects the 
reverse o f  anxiety or tranquility. The addit ion o f  behavioral  
categories f rom the ethogram strengthens this conclusion. 
Nevertheless, neither scanning nor end-exploring, and even 
less risk-assessment, proved superior to tradit ional indexes, 
like the percentage o f  open/ to ta l  arm entries or the t ime spent 
on open arms. Since ethological analysis is t ime consuming 
and requires considerable amount  o f  work, its standard use 
may not  be practical. However,  the present results alone are 
not  enough to dismiss systematic observation completely, 
since all the drugs used act through GABA-media ted  neuro- 
transmission (28). Indeed, there are indications that ethologi- 
cal analysis may be useful for compounds primarily acting on 
5-HT neurotransmission, that do not consistently change the 
tradit ional indexes of  elevated plus-maze exploration (8,13). 
For  example, Rodgers et al. (22) have shown that anxiogenic 
compounds,  such as m C P P  and T F M P P ,  enhanced risk- 
assessment in mice on the elevated plus-maze, without signifi- 
cantly affecting open-arm entries and time. In the same way, 
buspirone has been shown to selectively increase closed arm 
returns, in the rat (18). Another  possibility is that sensitivity 
to drugs may depend on the precise definition of  the behav- 
ioral items, which varies to some extent among different 
studies. 
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