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PELLOW, S AND S E FILE Anxtolytw and anxtogemc drug effects on exploratory acttvtty tn an elevated plus-maze A 
no~el te~t oJ anrwty tn the rat PHARMACOL BIOCHEM BEHAV 24(3) 525-529, 1986--The current studtes further 
investigated the effects, mammal models of anxiety, of novel putatwe anx,olyt,c and anx~ogemc compounds beheved to 
reduce their effects by actions at the GABA-benzodmzepme receptor complex It was expected that the results would also 
provide further vahdatlon for a novel test of anx,ety based on the raUo of open to closed arm entries in an elevated plus 
maze m the rat The novel putative anxlolytlcs CL 218,872 (10-20 mg/kg ) and tracazolate (5 mg/kg) slgmficantly elevated 
the percentage of t~me spent on the open arms of an elevated plus-maze, consistent with thetr anx~olytlc act~wty in several 
other animal tests Also consistent w~th results from other ammal tests, no anxlolyt,c act,wty was observed for the 
phenylqumohne PK 8165 (10-25 mg/kg), the 3,4-benzodmzepme tofisopam (25-50 mg/kg), or busplrone (0 5-20 mg/kg) The 
benzodmzepme receptor reverse agonlsts FG 7142 (1-5 mg/kg) and CGS 8216 (3-10 mg/kg) had anx,ogemc actwlty in thts 
test, as did the atyp,cal benzodtazepme Ro 5-4864 (1-5 mg/kg) Interestingly, however, the benzodmzepme receptor 
antagomsts Ro 15-1788 (10-20 mg/kg) and ZK 93426 (5-10 mg/kg) had no anxlogenlc activity m thts test 

Anx~olyt~c compound Anxlogenlc compound Exploratory activity Anxiety Elevated plus-maze 

RECENT evidence has shown that specific binding sites for 
benzodlazepmes ex,st on a supramolecular chloride 
lonophore-assocmted complex, w~th receptors for the neuro- 
transmitter GABA, and binding sites for convulsant and an- 
tlconvulsant compounds (see [20]) Several new compounds 
that act at the various s~tes on this receptor complex have 
been syntheslsed in the hope that new anxlolytlc drugs will 
be d~scovered that possess clear advantages over the ben- 
zodlazepines Among the novel putative anxlolytlcs that 
have emerged are several compounds that have been re- 
ported to have behavloural profiles qmte unhke that of the 
benzodlazeplnes For example, certam drugs have been 
claimed to be lacking in the ant~convulsant or sedatlve/ataxlc 
effects of  the benzodlazepines, others have even been shown 
to differ from the benzodlazepines in their actions in several 
ammal tests of anxiety, being effective in certain tests but 
not in others (see Pellow [22] for review) It is therefore 
,mportant to investigate the behavloural actions of these 
compounds in several different test procedures, an aim of the 
present study was to examine the effects of several putative 
anxlolytlcs in a new animal test of anxiety The putatwe 
anxlolytlc compounds selected were the pyrazolopyrldazme 
derivative tracazolate [19,21], the trlazolopyndlne CL 
218,872 [18], tofisopam, a chnlcally effective 3,4- 

benzodlazeplne (see [26]), the phenylqulnohne PK 8165 [17] 
and busplrone (see [29]) 

Since the discovery of/3-carbollne compounds that were 
found to act at benzodlazeplne receptors [1] but to reduce 
anxiety, both in animals (see Pellow and File [24] for review) 
and in man [2], considerable interest has centered around the 
investigation of anxiogenic drug effects, and recent work has 
shown that at least two sites on the GABA-benzodiazepme 
receptor complex are capable of mediating anxlogemc drug 
effects [24] A problem with such research has been that 
most animal tests of anxiety were developed specifically to 
detect anx~olytlc effects, the purpose of the present study 
was therefore to investigate the behavloural effects of  these 
drugs in a test that is equally capable of detecting anxlolytlc 
and anxiogemc drug effects The putative anxlogemc com- 
pounds that we selected were FG 7142, a/3-carbohne deriva- 
tive found to be anxiogenic in man [2], CGS 8216, a 
pyrazoloqumohne [30], Ro 5-4864, an atypical 1,4- 
benzodlazepine (see Pellow and File [25]), the im- 
ldazodlazeplne Ro 15-1788 (flumazepll, [14]), and the 
fl-carbohne derivative ZK 93426 [15] 

The test procedure used m the present study used ex- 
ploratory actIwty m an elevated plus-maze m the rat as a 
measure of  anxiety The behavloural, physiological and 

1Requests for repnnts should be addressed to Sharon Pellow, D6partement de Pharmacoiogle, Facult6 de M6decme PltL6-Salp6tn~re, 
Umverslt6 Pans VI, 91, boulevard de l'H6p,tal, 75634 Pans C6dex 13, France 
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pharmacological  vahdat lon of  this test has been descr ibed by 
Pellow et al [23] It was shown that exposure  to the open 
arms of  the plus-maze produced significantly more  anxiety- 
related behavlour  than exposure  to the closed arms (freez- 
ing, defaecat~on, e levated plasma cortacosterone concentra-  
tions) In this test,  anxlolytac compounds  (benzodlazepmes  
and, to a lesser  extent  barbiturates) select ively e levated the 
percentage of  t~me that rats would spend on the two open 
arms of  the maze,  compared  to the t~me spent m the two 
enclosed arms, and m contrast ,  anxlogemc compounds  
(yohlmbme,  penty lenete t razole ,  caffeine, amphetamine)  
se lec twely  d |mmashed the percentage of  time spent on the 
open arms Ant idepressants  and major tranqufllsers non- 
select ively reduced the total number  of  arm entries I23] Re- 
sults f rom the present  study will extend the pharmacological  
validation of  this test Doses of  the compounds  chosen for 
mvestagat~on were selected on the basis of  p rewous  studies 

METHODS 

Antmal~ 

Animals  were  male hooded Lis ter  rats (Olac Ltd , Blces- 
ter) weighing 250-350 g, housed m groups of  6--7 m a room 
wath an 11 hr hght 13 hr dark cycle,  and al lowed free access  
to food and water  

Apparatu 

The + - m a z e  consis ted of  two open arms,  50× 10 cm, and 
two enclosed arms, 50× 10×40 cm with an open roof, ar- 
ranged such that the two arms of  each  type were  opposate 
each o ther  (see Fig 1) The maze was e levated to a height of  
50 cm The measures  indicated were  taken by an observer  
s~ttlng m the same room The wooden  test arena m which 
rats were  placed before  exposure  to the maze  was 60× 60× 35 
c m  

Drugs 

Tracazola te  (ICI), C L  218,872 (Lederle) ,  tof isopam 
(Pierre Fabre),  PK 8165 (Pharmuka),  busplrone (Bristol- 
Myers) ,  FG  7142 (Ferrosan),  CGS 8216 (CIba-Gelgy), Ro 
5-4864 (Hoffman-La Roche),  Ro 15-1788 (flumazepll ,  
Hof fman-La  Roche)  and Z K  93426 (Schermg) were  sus- 
pended by ultrasound in distilled water  with a drop of  Tween  
20 All compounds  were rejected IP 30 mm before testing 
(except  for Ro 15-1788, which was gwen  20 mm before) m 
concent ra t ions  to give an Injectaon volume of  2 ml/kg 

Pro¢ edlcre 

Each rat r ece ived  an mject~on and was then returned to 
his home cage After  25 mm (15 mm after Ro 15-1788) it was 
placed m a wooden  arena for 5 mm (previous studies had 
found that this p rocedure  resulted m an e levat ion of  the total 
arm entries on the maze) and was then ~mmedmtely placed at 
the centre  of  the + -maze ,  facing one of  the enclosed arms 
Dunng  a 5-ram test  penod ,  the fol lowing measures  were  
taken by an observer  the number  of  entr ies  into, and the 
t ime spent in, (a) open and (b) enclosed arms,  the total 
number  of  arm entr ies  

Rats were  randomly al located to the fol lowing groups (a) 
vehicle  control  (n=16),  t racazolate  (5 and 25 mg/kg), C L  
218,872 (10 and 20 mg/kg), tofisopam (25 and 50 mg/kg), 
busplrone (0 5 and 20 mg/kg), PK 8165 (10 and 25 mg/kg), 
n = 7 - 8  (b) vehicle control  (n=17),  FG  7142 (1 and 5 mg/kg), 

FIG 1 The elev,~ted plus-maze apparatus 

CGS 8216 (3 and 10 mg/kg), Ro 5-4864 (1 and 5 mg/kg), Ro 
15-1788 t l0  and 20 mg/kg), ZK 93426 (5 and 10 mg/kg), 
n = 7 - 8  

SlatlMtC s 

Analysis  of  var iance was performed on the percentage of  
open arm entries and of  time spent m the open arms, with drug 
t rea tment  as the factor  Analysis of  var iance was also per- 
formed on the total number  of  arm entraes Where a drug 
increased or  decreased both total arm entries and the per- 
centage of  open arm entries,  analysis of  covar lance  was per- 
formed to determine to what extent  the reduction in open 
arm entries was independent  of  any effect on closed arm 
entries Analysis was carried out with open arm entries or 
time spent on the open arms as the dependent  variable and 
closed arm entries or  t~me spent in the closed arms as the 
covariate  A slgmficant effect indicated that the reduction m 
open arm entries was independent  of  effects on closed arm 
entries Posthoc compar isons  be tween lndlwdual t reatment  
groups and controls  were  per formed using Dunnet t ' s  t-tests 

RESULTS 

Putative Anxtolytt~ CompoundLs 

Tracazola te  (5-25 mg/kg) had a slgmficant effect on the 
total number  of  arm entries,  F(2,29)=20 93, p < 0  0001, 
posthoc analysis showed that at 5 mg/kg there was a signifi- 
cant  increase m the number  of  entries compared  w~th con- 
trols (p<0  01, see Table 1) and at 25 mg/kg a significant 
decrease  m this measure  (p<0  01, see Table 1). Tracazolate  
(5-25 mg/kg) did not  slgmficantly alter the percentage of  
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T A B L E  1 

MEAN (-+S E M ) TOTAL NUMBER OF ARM ENTRIES MADE BY RATS DURING A 5-MIN TEST IN 
THE ELEVATED PLUS-MAZE, 30 MIN AFTER DRUG INJECTION (20 M1N AFTER Ro 15.1788) 

Putative Anxlolytlcs Putative Anxiogenlcs 
(mg/kg) Total (mg/kg) Total 

Control 12 1 + 0 97 Control 15 2 -+ I 09 
Tracazolate 5 mg/kg 16 6 ± 0 77* FG 7142 1 mg/kg 15 9 ± 1 49 

25 mg/kg 5 5 ± 1 24t 5 mg/kg 9 4 ± 2 03* 
CL 218,872 10 mg/kg 8 6 ± 0 91 CGS 8216 3 mg/kg 7 6 ± 0 995 

20 mg/kg 12 5 - 2 08 10 mg/kg 9 6 ± 0 73t 
PK8165 10mg/kg 12 1 ± 1 44 Ro 15-1788 10mg/kg 1 5 0 ±  239 

25 mg/kg 8 9 ± 2 08 20 mg/kg 10 8 ± 2 52 
Busplrone 05mg/kg 1 3 0 ±  1 70 ZK93426 5mg/kg 136_+ 1 99 

20 mg/kg 1 2 ± 0 40t 10 mg/kg 14 4 ± 1 36 
Tofisopam 25 mg/kg 13 7 ± 1 69 Ro 5-4864 1 mg/kg 12 0 ± 1 38 

50 mg/kg 9 9 -'- 1 37 5 mg/kg 10 6 ± 0 615" 

*p<0 05, tp<0 01, significantly different from controls, Dunnett's t-test after analysis of 
variance 

n=7-8 per group 

open arm entries,  F(2,29)=0 81, however ,  there was a stgmf- 
lcant increase in the percentage o f  t ime spent on the open 
arms,  F(2,29)=3 98, p < 0  05, and posthoc analysis showed 
that this effect was due to the 5 mg/kg dose that slgmficantly 
differed from the controls  (p<0  01, see Fig 2) 

C L  218,872 (10-20 mg/kg) had no significant effect on the 
total number  o f  arm entr ies ,  F(2,29)=2 15, (see Table  I) 
There was a s~gnlficant e levat ion in the percentage of  entries 
into the open arms,  F(2,29)=4 92, p < 0  05, and Dunne t t ' s  
tests showed that there was a slgntficant effect of  both 10 
mg/kg (p<0  05) and 20 mg/kg (p<0  01) doses  compared  with 
controls ,  (see Fig 2) CL  218,872 also significantly e levated 
the percentage of  t ime spent in the open arms, F(2,29)=6 83, 
p < 0  005), Dunne t t ' s  tests showed that a significant effect 
was obtained with the 20 mg/kg dose compared  with con- 
trols, p < 0  01 (see Fig 2) 

PK 8165 (10-25 mg/kg) had no significant effect on the 
total number  of  arm entries,  F(2,28)= 1 46, (see Table  1) or  
the percentage of  t ime spent on the open arms, 
F(2,28)=0 45, (see Fig 2) H o w e v e r ,  there was a significant 
effect  on the percentage of  open arm entries,  F(2,28)=6 93, 
p < 0  005, and posthoc analysis showed that at 10 mg/kg PK 
8165 significantly reduced this measure  compared  with con- 
trols, p < 0  01, (see Fig 2) 

Tof isopam (25-50 mg/kg) had no slgmficant effect on the 
total number  of  arm entries,  F(2,29)= I 77, (see Table 1), the 
percentage of  open arm entr ies .  F(2,29)=0 64, (see Fig 2 ) o r  
the percentage o f  time spent on the open arms, 
F(2,29)=0 37, (see Fig 2) 

Buspirone (0 5-20 mg/kg) significantly reduced the total 
number  of  arm entr ies ,  F(2,29)=32 06, p < 0  0001 Posthoc 
analysis showed that this was due to a significant effect  at 20 
mg/kg to severely  depress  activity compared  with controls ,  
p < 0  01, (see Table  1) Busplrone also significantly reduced 
the percentage o f  open arm entries,  F(2,29)=40 05, 
p < 0  0001, pos thoc  analysis again showed that this was an 
effect  of  the 20 mg/kg dose compared  with controls ,  p < 0  01, 
(see Fig 2) There  was slmdarly a slgmficant reduct ion in the 
percentage of  t~me spent  on the open arms.  F(2,29)=24 18, 
p < 0  0001, and pos thoc  analysis showed that both doses  of  

oL ~ ~ mlml ,== 
Co I ~1 (~1 1251 ( , 0 )  (20) ( , 0 )  [ ~ )  1 ~ ]  ($0] I05~ I r l  

T,a~ CL PK rot BUSP 

FIG 2 Mean (_+S E M ) percentage of open arm entries (closed 
bars) and percentage of time (sec) spent m the open arms (hatched 
bars) m rats gLven a 5-rain test m the elevated plus-maze, 30 mm 
after IP injection with CL 218,872 (10-20 mg/kg), tracazolate (5-25 
mg/kg), PK 8165 (10-25 mg/kg), busplrone (0 5-20 mg/kg) and to- 
fisopam (25-50 mg/kg) *p<0 05, **p<0 01, significantly different 
from controls, Dunnett's t-test after analysis of variance 

busplrone significantly reduced this measure  compared  with 
controls  (0 5 mg/kg, p < 0  05, 20 mg/kg, p < 0  01) (see Fig 2) 
A N C O V A  on the number  of  arm entries did not reveal a 
significant effect  of  busplrone to reduce open arm entries 
when the concomi tan t  reduct ion in closed arm entries was 
taken into account ,  F(2,28)=2 65 This suggests that the ef- 
fects of  buspirone in this test were  primarily to reduce over- 
all spontaneous  act lvl ty 

Putatwe Anrlogentc Compounds 

FG 7142 (1-5 mg/kg) caused a stgmficant reduct ion m the 
total number  of  arm entries,  F(2,25)=5 25, p < 0  05, an effect  
that was mainly due to the 5 mg/kg dose,  p < 0  05, (see Table  
1) FG 7142 also caused a significant reduct ion in the per- 
centage of  open arm entr ies ,  F(2,25)= 11 17, p < 0  0005, and 
posthoc analysis showed that both  doses  significantly re- 
duced this measure  compared  with controls  (1 mg/kg, 
p < 0 0 5 ,  5 mg/kg, p < 0 0 1 )  (see Fig 3) Analysis  o f  
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FIG 3 Mean (-+S E M ) percentage of open arm entries (closed 
bars) and percentage of time (sec) spent m the open arms (hatched 
bars) m rats given a 5-rain test in the elevated plus-maze, 30 rain 
after IP inJection of FG 7142 (1-5 mg/kg), CGS 8216 (3-10 mg/kg), 
Ro 5-4864 (1-5 mg/kg), ZK 93426 (5-10 mg/kg) or 20 mm after IP 
inJection of Ro 15-1788 (10-20 mg/kg) *p<0 05, **p<0 01, slgmfi- 
candy different from controls, Dunnett s t-test after analys,s of vari- 
ance 

covarlance showed that the reduction in open arm entries 
was quite independent of  the reductton in closed arm entries, 
F(2,24)=4 62, p < 0  05 FG 7142 caused a significant reduc- 
tmn in the percentage of time spent on the open arms, 
F(2,25)=12 77, p < 0  0005, and posthoc analysis showed a 
significant effect at both doses compared with controls, 
p < 0  01, (see Fig 3) 

CGS 8216 (3-10 mg/kg) caused a significant reduction m 
the total number of arm entrtes, F(2,24)=15 91, p < 0  0001, 
an effect that reached slgmficance at both doses tested com- 
pared with controls, p < 0  01, (see Table 1) There was an 
effect of borderline significance on the percentage of open 
arm entries, F(2,24)=3 30, p<0.06,  posthoc analysis showed 
that at 10 mg/kg, CGS 8216 significantly reduced this meas- 
ure compared to controls, p < 0  05, (see Fig 3) Analysis of 
covanance showed that the reduction m open arm entries 
was quite independent of any reduction in closed arm 
entries. F(2,23)=4 07, p < 0  05 CGS 8216 also significantly 
reduced the percentage of  time spent on the open arms, 
F(2,24) = 11 59, p <0 0005, posthoc analysis showed that both 
doses of CGS 8216 significantly reduced this measure com- 
pared with controls, p < 0  01, (see F~g 3) 

Ro 15-1788 (10-20 mg/kg) had no slgmficant effect on the 
total number of arm entrtes, F(2,21)=0 31, the percentage of 
open arm entries, F(2,21)=1 54, or the percentage of Ume 
spent on the open arms, F(2,21)=0 29 (see Table 1 and Fig 3) 

ZK 93426 (5-10 mg/kg) had no significant effect on the 
total number of arm entries, F(2,25)=0 33, the percentage of 
open arm entries, F(2,25)=0 52, or the percentage of time 
spent on the open arms, F(2,25)=0 50 (see Table I and Fig 3) 

Ro 5-4864 (1-5 mg/kg) significantly reduced the total 
number of  arm entries, F(2,23)=4 92. p < 0  05, posthoc 
analysis showed that at 5 mg/kg Ro 5-4864 slgmficantly re- 
duced entrxes compared with controls, p <0 01, (see Table 1) 
Ro 5-4864 reduced the percentage of open arm entries, 
F(2,25)=3 34, p < 0  06, an effect that reached slgmficance at 
the 5 mg/kg dose compared with controls, p < 0  01, (see Fig 
3) Analysis of covarlance showed that the reduction in open 
arm entries was quite independent of any reducUon m closed 
arm entries, F(2,22)=3 07, p < 0  07 Ro 5-4864, similarly, re- 
duced the percentage of time spent on the open arms, 
F(2,23)=7 49, p < 0  005, an effect that reached significance at 
the 5 mg/kg does, p < 0  01, (see F~g 3) 

DISCUSSION 

The present study has shown that the elevated plus-maze 
can detect the anxiolytlc activity, not only of 

benzodlazeplne-hke compounds, but of putative anxJol} tics 
from other chemical classes It has been hypothesJsed [23] 
that the preference shown by vehicle-treated rats for the 
closed arms reflects an aversion toward the open arms, 
caused by fear or anxiety induced by high and open spaces 
Dlazepam (2 mg/kg) significantly elevated the percentage of 
open arm entries (to 158% of control levels) and of time ',pent 
In the open arms (to 171~ of control levels) and o1 time spent 
m the open arms (to 171% control levels), and also reduced 
the total number of arm enmes at this dose (to 66~ of control 
levels) Both tracazolate (5 but not 25 mg/kg) and CL 
218,872 (10-20 mg/kg) elevated the percentage of open arm 
entries and the percentage of time spent m the open arms 
These results agree with those from other tests Tracazolate 
(5 but not 25 mg/kg) also had an anxiolytlc-hke plofile m the 
social interaction test [9], and at h~gher doses (around 25 
mg/kg) was active in the Vogel pumshed drinking test and a 
test of punished locomotor acuvny in the mouse [21] Inter- 
estmgly, however, tracazolate has no effect m the Geller- 
Selfter conflict procedure [21] CL 218,872 (5-10 mg/kg) 
similarly, had anxlolyUc effects m the soc|al interaction test 
[3] and is also acuve in the Vogel punished drinking test [18] 

The elevated plus-maze, like most other ammal tests of 
anxiety, failed to detect anxlolytlc acUvlty of PK 8165, bus- 
plrone or tofisopam The former compound was mmally 
suggested to be a putauve anxlolytic on the basis of results 
show|ng an increase m punished drinking in the Vogel con- 
fllct test [17] However,  Pellow [22] showed that PK 8165 
also increased unpunished drinking No effects have been 
found m other tests of anxiety [5,16] and indeed the effect 
that we d~d fred m the plus-maze was m the ~lt]~lo~,Clll( 
rather than the anxlolytlc dlrecUon Such a finding ~s cons|s- 
tent with the reported proconvulsant properties of PK 8165 
[13] Although both tofisopam and busplrone have been 
found to be chmcally effective anxlolytlcs ammal tests have 
failed to consistently ldentlf~ these compounds as 
anxlolytlcs (see Pellow and File [26,27], Fde [4])  The 
poss|blhty that the anxiety reduction observed with these 
two compounds m the clinic d~ffers quahtauvely from that 
observed with classical anxJolytJcs, ~s discussed b~, Pellow 
and Fde [26] 

The elevated plus-maze was also very sensiuve to the 
effects of a number of anxlogemc compounds FG 7142, a 
/3-carbollne deNvaUve shown to induce severe anxiety m 
man [2] and m animals [8,28], selecuvely reduced the per- 
centage of open arm entries and of time spent on the open 
arms According to the hypothesis of Pellow et a/ [23], this 
would reflect increased aversion to the open arms due to 
increased fear or anxiety S~mllarly, anx.ogemc effects were 
obtained wnh the pyrazoloqumohne CGS 8216, that has 
anxxogemc acUwty m several other test procedures [5 28] 
and the atypical benzodlazepme Ro 5-4864, that is 
anxlogemc m the soc|al lnteracuon test [16] and the Vogel 
test [25] 

Interestingly, anxlogenic effects were not seen with the 
benzodiazeplne receptor antagonists Ro 15-1788 and ZK 
93426 Both compounds have anxlogenxc activity In the so- 
cml interaction test [7,12] and the Vogel test [10,15], how- 
ever, certain other tests have failed to detect their anx~ogemc 
actions [11,15] and the anxlogemc properties of Ro 15-1788 
are less evident m man (see File and Pellow [11] for review) 
These results support our hypothesis [11] that the be- 
hav~oural actions of  benzodlazeplne receptor antagonists are 
critically dependent on the test situation, probably reflecting 
the level of the endogenous tone within the system 
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In conclus ion ,  the p resen t  s tudy ex t ends  the investiga- 
t ions into the behav~oural act ions  of  pu ta twe  anxtolyt tc  and 
anx~ogenlc c o m p o u n d s  m a m m a l  tests  In a d d m o n ,  we have  
ex t ended  the pharmacologica l  validation of  the e levated  

p lus -maze  as a measure  of  anxie ty  in the rat,  showing that  ~t 
can  de tec t  the acUv~ty of  non -benzodmzep ine  anx~olytlcs, 
and of  several  putat ive anxlogentc  c o m p o u n d s  
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