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BELZUNG, C., R. MISSLIN AND E. VOGEL. Does RO 15-4513 reverse the anxiolytic effects of  ethanol by its intrinsic 
properties? PHARMACOL BIOCHEM BEHAV 30(4) 867-870, 1988.--In order to better understand the antagonistic 
effects of the partial inverse agonist of benzodiazepine receptors, RO 15-4513, against the disinhibitory action of ethanol, we 
examined the effects ofRO 15-4513 at a dose (2.0 mg/kg) that did not alter locomotor activity, given alone or in combination with 
ethanol, on the behavior of mice confronted with the light/dark choice procedure and the staircase test. At this dose, RO 15-4513 
given alone was found to have slight anxiogenic properties and when given in combination with ethanol, to completely reverse 
the disinhibitory effects of ethanol. Since we previously observed postictal depression after higher doses of RO 15-4513 given 
alone and antagonistic effects of tbese same doses on the action of ethanol, it can be suggested that the antagonistic effects of RO 
15-4513 against ethanol are due to its anxiogenic or depressive properties depending on doses. However, this hypothesis 
can only be regarded as being in early stages of development at the present time since these results do not parallel with 
those of several other studies and the question whether the antagonistic action of RO 15-4513 against ethanol is additive or 
interactive remains open. 

RO 15-4513 Light/dark choice procedure Staircase test Locomotion Mice Convulsions 

RO 15-4513 (ethyl 8-azido-5,6-dihydro-5-methyl-6-oxo-4H- 
imidazo-[1,5-a] [1,4] benzodiazepine-3-carboxylate) has a 
high affinity for central benzodiazepine binding sites and has 
been used in photoaffinity labelling studies of these receptors 
[14]. Recently, this drug has been shown to reverse some of 
the actions of ethanol. For example, it reversed the impair- 
ment of motor performance, reduced the level of intoxication 
caused by ethanol [3, 4, 6, 16] and antagonized the disinhibi- 
tory effects of this latter drug in a conflict paradigm [16], in a 
holeboard test [8] and in the light/dark choice procedure [13]. 
Moreover, there are also reports that RO 15-4513 possesses 
some intrinsic activities: it has partial inverse agonist activity 
at benzodiazepine receptors [14] and decreased exploratory 
behavior in a holeboard apparatus [8,9]. Therefore, one can 
suggest that the reversal of ethanol's anticonflict activity by 
RO 15-4513 is related to anxiogenic properties and thus, it 
would act in an additive, rather than interactive manner [10]. 
In addition, RO 15-4513 has also been found to lower seizure 
threshold to bicucuUine and pentylenetetrazol [3, 13, 15]. 
Since we recently observed [13] that soon (1-2 rain) after 
injection of doses of RO 15-4513 inducing convulsions, mice 
presented a postural pattern characterized by ataxia that 
could be related to a postictal prostration, we suggested that 
the antagonistic properties of RO 15-4513 against disinhibi- 
tory effects of ethanol could also be due to its depressive 
action. However, other authors did not find a reduction of 
locomotion in animals treated with RO 15-4513 alone [8]. 
This discrepancy can be related to the differences in doses, 
in species and perhaps in experimental designs used by the 

different experimenters. In order to partially clarify this 
question, we first examined the effects of different doses, 
from 0.5 to 12.0 mg/kg of RO 15-4513 in a free exploration 
test. Since we found that the dose of 2 mg/kg did not produce 
a decrease of locomotion, we investigated the effects of 
ethanol and RO 15-4513 (2 mg/kg), given alone or in combi- 
nation, on the behavior of mice confronted with two experi- 
mental procedures: the light/dark choice paradigm described 
by Crawley and Goodwin [5] and modified by one of us 
(R.M.) and the staircase test described by Thirbot et al. [18]. 
Finally, we also examined the proconvulsant activity of RO 
15-4513 (2 mg/kg) in mice treated with a subconvulsant dose 
of pentylenetetrazol. 

METHOD 

Male Swiss albino mice from Centre d'Elevage Iffa 
Credo, 13 weeks of age at time of testing, were used. Prior to 
experimental testing, they were housed five to a standard 
cage containing a constant supply of food pellets and water, 
and kept on a 12/12 hr light/dark cycle with lights on at 1 
a.m., in order to observe animals in their high activity 
period, that is, when lights are off. 

Effects o f  RO 15-4513 on Locomotor Activity 

The apparatus consisted of a polyvinylchloride box 
(30x20x20 cm) covered with Plexiglas and subdivided into 
six equal square exploratory units which were all intercon- 
nected by small doors. It could be divided in half lengthwise 
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TABLE 1 
EFFECTS OF RO 15-4513 ON LOCOMOTOR ACTIVITY 

Doses 0 0.5 1 2 3 6 12 
(mg/kg) 

Locomotion 111.60 111.90 97 .50  102.70 69.60* 67.50* 58.40t 
SEM 6.6 13.9 5.6 12.9 10.2 9.0 11.1 

RO 15-4513 was administered IP 20 min before testing. Dosed at 3.0, 6.0 and 
12.0 mg/kg, RO 15-4513 significantly reduced locomotion, *p<0.05. tp<0.01 
(Newman-Keuls test). 

by closing three temporary partitions. The apparatus was 
kept on a stand in the mouse room. The experimenter stood 
next to the box always at the same place. 

Approximately 24 hr before testing, each subject was 
placed in one half of the apparatus with the temporary parti- 
tions in place, in order to be familiarized with it. The floor of 
this half was covered with sawdust and the animal was given 
unlimited access to food and water. Next day, the subject 
was exposed to both familar and novel environments by the 
removal of the temporary partitions without itself being 
taken out of the box. The subject was then observed, in red 
light, for 10 min. The number of units entered by the animals 
was recorded and defined as locomotor activity. 

Drugs were administered intraperitoneally, 20 rain before 
testing, in concentrations giving an injection volume of 10 
ml/kg of mouse. Mice were randomly divided into 7 groups 
receiving vehicle (saline with a drop of Tween 80; n=  10) or 
RO 15-4513 (0.5, 1.0, 2.0, 3.0, 6.0 and 12.0 mg/kg; n=10). 

The Light/Dark Choice Procedure 

The apparatus consisted of two polyvinylchloride boxes 
(20x20x 14 cm) covered with Plexiglas. One of these boxes 
was darkened with cardboard. A light from a 100 watt desk 
lamp above the other box provided the only room illumina- 
tion. An opaque plastic tunnel (5x7×10 cm) separated the 
dark box from the lit one. During observation, the experi- 
menter sat always at the same place, next to the apparatus. 

The subjects were individually tested in five-minute ses- 
sions in the apparatus described above. Testing was per- 
formed between 2 p.m. and 4 p.m. Mice were placed in the lit 
box to start the test session. The amount of time spent in the 
lit box and the number of transitions through the tunnel were 
recorded, minute per minute, during 5 minutes, after the first 
entry in the dark box. A mouse whose four paws were in the 
new box was considered as having changed boxes. Mice 
were naive to the apparatus. 

Drugs were administered as above. Mice were randomly 
allocated to the following groups: vehicle (saline with a drop 
of Tween 80), ethanol (1 g/kg in saline), ethanol (1 g/kg) plus 
RO 15-4513 (2 mg/kg), RO 15-4513 (2 mg/kg) given alone. The 
size of all groups was the same: n=25. 

The Staricase Test 

The apparatus was a staircase that consisted of a white 
PVC enclosure with five steps (3.0 cm high, I0.0 cm wide, 
7.5 cm deep) surrounded by a wall 23.0 cm high. A light from 
a 100 watt desk lamp above the staircase provided the only 
room illumination. 

Mice were placed singly on the floor of the box, facing the 
steps. Two behavioral parameters were measured: the 

number of rears and the number of steps climbed; a step was 
considered as climbed only if the animal placed its four paws 
on it. The duration of the test was 5 rain. 

Drugs were as in the light/dark procedure. The size of all 
groups was the same: n=12. 

Proconvulsant Effects of  RO 15-4513 

Saline (n=14) or RO 15-4513 (in saline with a drop of 
Tween 80, 2 mg/kg; n=  14) were administered intraperitone- 
ally to mice 2 rain before pentylenetetrazol (in saline, 39 
mg/kg) in concentrations giving an injection volume of 10 
ml/kg. The number of mice showing full tonico-clonic sei- 
zures in a 5-rain period after injection of pentylenetetrazol 
was recorded, 

Statistical Analysis 

Statistical significance of differences between control and 
treated groups was ascertained by a combined analysis of 
variance and a Newman-Keuls a posteriori test. The chi- 
square test was used for comparisons in experiment devoted 
to the proconvulsant effects of RO 15-4513. 

RESULTS 

Locomotor Activity 

Table 1 shows that RO 15-4513 produced a significant 
decrease in the locomotion of animals treated with the doses 
of 3.0, 6.0 (p<0.05) and 12.0 mg/kg (p<0.01). However, 
there were no significant differences between controls and 
mice treated with RO 15-4513 at the doses of 0.5, 1.0 and 2.0 
mg/kg. 

The Light/Dark Choice Procedure 

As can be seen from Fig. 1, ethanol significantly in- 
creased both the time spent by mice in the lit box and the 
number of transitions (p < 0.05). With respect to these param- 
eters, animals treated with the combination of ethanol and 
RO 15-4513 did not differ from controls, but they signifi- 
cantly differ from ethanol treated mice (p<0.01). Further- 
more, when given alone, RO 15-4513 produced a reduction in 
both behavioral components of the test, but only the de- 
crease of the time spent in the lit box reached significance 
(p<0.01) 

The Staircase Test 

Figure 1 shows that ethanol at 1 g/kg produced a signifi- 
cant increase in the number of rears and in the number of 
steps climbed by animals (p<0.01). This effect was reversed 
by RO 15-4513, since mice treated with a combination of 
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FIG. 1. Ethanol (1 g/kg) administered IP 20 min before testing 
tended to increase all the behavioral parameters that were recorded. 
RO 15-4513, dosed at 2.0 mg/kg, antagonized these effects. When 
given alone, RO 15-4513 (2.0 mg/kg) significantly reduced the time 
spent by mice in the lit box. Op<0.05; Oep<0.01: treated mice 
versus controls. AJko<0.01: ethanol (1 g/kg) combined with RO 
15-4513 (2.0 mg/kg) versus ethanol (1 g/kg) mice. 

ethanol and RO 15-4513 did not significantly differ from con- 
trols while they differed from ethanol treated mice (p<0.01). 
When RO 15-4513 was administered alone, it produced a 
slight, but not significant, increase of both parameters.  

Proconvulsant Effects o f  RO 15-4513 

A dose of 39 mg/kg of pentylenetetrazol did not induce 
tonico-clonic convulsions in the 14 mice injected. In con- 
trast, this drug administered 2 minutes after RO 15-4513 at a 
dose of 2.0 mg/kg induced full tonico-clonic convulsions in 7 
out of 14 mice. These two groups significantly differ 
(chi2=6.85, p<0.01).  

D I S C U S S I O N  

In accordance with previous studies [2,13], ethanol 
caused disinhibitory effects on the behavior of  mice con- 
fronted with a light/dark choice procedure and with the stair- 
case test. These effects closely resemble those obtained with 
benzodiazepines [1, 5, 12]. RO 15-4513, at a dose of 2.0 
mg/kg, completely reversed these effects. Furthermore, when 
given alone, this drug induced a significant decrease in the 
time spent by mice in the lit box without significantly affect- 
ing neither the transitions between the light box and the dark 
one nor the behavior in the staircase test. Therefore, it can 

be suggested that, dosed at 2.0 mg/kg, RO 15-4513 exhibited 
only slight anxiogenic properties when compared,  for in- 
stance, to the effects of the benzodiazepine receptor  inverse 
agonist fl-CCM that reduced the time spent by mice in the lit 
box as well as the behavioral parameters in the staircase 
[1,2]. Support for this hypothesis is that no significant effects 
on the locomotor activity were found when RO 15-4513 was 
administered at 2.0 mg/kg, while this drug significantly de- 
creased locomotion at higher doses (3.0, 6.0 and 12.0 mg/kg). 
Massotti [11], using electroencephalographic investigations, 
noted that low doses ofproconvulsant  drugs such as FG 7142 
and /3-CCE elicited changes in EEG similar to those ob- 
served after administration of bicuculline, but that higher 
doses can paradoxically induce an hypersynchronous corti- 
cal pattern, the animals showing muscle relaxation and head 
drop. It is likely that the reduction of locomotion induced by 
high doses of RO 15-4513 in the present study can be related 
to a postictal prostration insofar as we previously found that 
the high doses of RO 15-4513 induced full tonico-clonic sei- 
zures in all mice treated with a subconvulsant dose of pen- 
tylenetetrazol [13]. In contrast, the dose of 2.0 mg/kg seems 
to present less pronounced proconvulsant properties since 
only 7 out of 14 mice exhibited full tonico-clonic seizures 
when treated with a subconvulsant dose of pentylenetet-  
razoi. This can explain why at this dose RO 15-4513 did not 
reduce locomotion of mice. The findings of the present study 
are in agreement with those observed by Lister [8] showing 
that RO 15-4513, given alone at doses of 0.75, 1.5 and 3.0 
mg/kg, significantly reduced exploratory head-dipping in 
mice confronted with the holeboard test, without altering 
locomotor activity. Insofar as RO 15-4513 at these doses did 
not modify locomotion, it can be suggested that this drug 
induced an inhibitory action on the behavior of animals by 
exhibiting opposite effects of those of benzodiazepines.  Fur- 
thermore, since we previously observed a postictal depres- 
sion after higher doses of RO 15-4513, we suggested that the 
ability of this drug in reversing some of ethanol's actions can in 
some cases depend on its depressive properties. According 
to this, the antagonistic effects of  RO 15-4513 against ethanol 
can be considered as an additive action rather than an inter- 
active one per se. The present results are similar to those 
obtained by Koob et al. [7] with the well known inverse 
agonist FG 7142 and to those we observed with the 
/3-carboline,/3-CCM [2]. 

However,  for different reasons, the question seems to be 
more complex. First,  we observed that RO 15-4513 was able 
to counteract the anxiolytic effects of ethanol in the staircase 
test at a dose that was devoid of  intrinsic properties. There 
are some clear similarities between this later result and those 
we obtained using another inverse agonist, RO 15-3505, in 
the staricase test as well as in the light/dark procedure [2]. 
Lister [9] also reported that FG 7142 had antagonistic effects 
at low as well as high doses but was devoid of intrinsic prop- 
erties alone at low doses. Treit [19] observed that low doses 
of  picrotoxin and pentylenetetrazol are able to counteract 
the anxiolytic effects of  chlordiazepoxide in the defensive 
burying test without exhibiting intrinsic effects. Finally, we 
noted that RO 15-4513, at a dose of 3.0 mg/kg, presents in- 
trinsic effects in the light/dark procedure,  but not in a run- 
ning wheel test, while it antagonize s ethanol 's  effects in both 
situations [13]. This may lead us to suggest that it is not 
absolutely necessary to observe obvious intrinsic effects 
with the inverse agonists so as to observe antagonistic prop- 
erties against ethanol. For  example, Treit [19] in his recent 
study also suggested that the different animal paradigms of 
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anxio ly t ic  d rug  effects  are not  equal ly  sens i t ive  to the  possi-  
ble anx iogen ic  effects  of  b e n z o d i a z e p i n e  r ecep to r  inverse  
agonis ts .  Second ,  the re  are conf l ic t ing da ta  c o n c e r n i n g  the  
ability of  inverse  agonis ts  in revers ing some of  e thano l ' s  ef- 
fects .  Fo r  example ,  Suzdak  et  al. [16] r epo r t ed  tha t  F G  7142 
did no t  r eve r se  the  an t iconf l ic t  ef fects  of  e thano l  in the  Vogel 
test ,  whe rea s  K o o b  et  al. [7] found  such  effects .  M o r e o v e r ,  
Bone t t i  et  al. [4] o b s e r v e d  only  a slight ac t iv i ty  o f / 3 - C C M  
agains t  e thano l  in the  ho r i zon ta l  wire test ,  while  we found  
tha t  the  same  drug  comple t e ly  r eve r sed  the  anxio ly t ic  effects  
of  e thano l  [2]. Final ly ,  whi le  Suzdak  et  al, [16] have  d e m o n -  
s t ra ted  tha t  RO 15-4513 was able  to r educe  the  level of  seda-  
t ion  induced  by  a high dose  of  e thanol ,  we did not  o b s e r v e  
such  effects  [13]. T a k e n  toge the r ,  t hese  da ta  suggest ,  there-  
fore,  t ha t  the  effects  of  the  in te rac t ion  b e t w e e n  the inve r se  
agonis t s  and  e thano l  can  d e p e n d  in part  on  the  behav io ra l  
pa rad igms ,  species  o f  an imal  as well as doses  used.  

In conc lus ion ,  the  p r e s en t  da ta  suggest  tha t  some of  the  

an tagon is t i c  p roper t i e s  of  RO 15-4513 aga ins t  e thano l  might  
be  due to a func t iona l  oppos i t ion  of  behav io ra l  effects .  
N e v e r t h e l e s s ,  the  ques t ion  r ema ins  open  w h e t h e r  inverse  
agonis t s  act  in an addi t ive  or in an  in te rac t ive  m a n n e r  in the i r  
an tagon is t i c  p roper t i e s  aga ins t  e thanol .  A l though  Suzdak  et  
al.  [17] recen t ly  s h o w e d  tha t  e t hano l  is able  to s t imula te  
G A B A / b a r b i t u r a t e  r e c e p t o r - m e d i a t e d  C1- t r a n s p o r t  in rat  
b ra in  s y n a p t o n e u r o s o m e s ,  the  exac t  m e c h a n i s m ( s )  for  this  
ac t ion  is u n k n o w n  and  tha t  can  expla in  in par t  why  it is 
difficult  at th is  t ime  to a c c o u n t  for  the  an tagon is t i c  p roper t i e s  
of  b e n z o d i a z e p i n e  inve r se  agonis ts  aga ins t  e thanol .  

ACKNOWLEDGEMENTS 

We thank Dr. W. Haefely (Hoffmann-La Roche, Basel) for a gift 
of RO 15-4513. This work was supported by a grant from Institut de 
Recherches Scientifiques Economiques et Sociales sur les Boissons 
(IREB, Paris) and by a Fondation de France fellowship. 

R E F E R E N C E S  

1, Belzung, C. ; Misslin, R. ; Vogel, E. ; Dodd, R. H. ; Chapouthier, 
G. Anxiogenic effects of methyl-/3-carboline-3-carboxylate in a 
light/dark choice situation. Pharmacol. Biochem. Behav. 
28:29--33; 1987. 

2. Belzung, C.: Misslin, R.; Vogel, E. The benzodiazepine recep- 
tor inverse agonists /3-CCM and RO 15-3505 both reverse the 
anxiolytic effects of ethanol in mice. Life Sci. 42:1765-1772: 1988. 

3. Bonetti, E. P.; Polc, P.; Pieri, L. An azido analogue of the 
benzodiazepine antagonist RO 15-1788 (RO 15-4513) behaves as 
a partial inverse benzodiazepine agonist. Neurosci. Lett. 
[Suppl.] 18:30; 1984. 

4. Bonetti, E. P.; Burkard, W. P.; Gabl, M.; M6hler, H. The par- 
tial inverse benzodiazepine agonist RO 15-4513 antagonizes 
acute ethanol effects in mice and in rats. Br. J. Pharmacol. 
86:463P; 1985. 

5. Crawley, J. N.; Goodwin, F. K. Preliminary report of a simple 
animal model for the behavioral actions of benzodiazepines. 
Pharmacol. Biochem. Behav. 13:167-170; 1980. 

6. Hoffman. P. L.; Tabakoff, B.; Szabo, G.; Suzdak, P. D.; Paul, 
S, M. Effect of an imidazodiazepine, RO 15-4513, on the in- 
coordination and hypothermia produced by ethanol and pen- 
tobarbital. Life Sci. 4t:611-619; 1987, 

7. Koob, G. F.; Braestrup, C.; Thatcher Britton, K. T. The effects 
of FG 7142 and RO 15-1788 on the release of punished respond- 
ing produced by chlordiazepoxide and ethanol in the rat. Psy- 
chopharmacology (Berlin) 90:173-178; 1986. 

8. Lister. R. G. Interactions of RO 15-4513 with diazepam, sodium 
pentobarbital and ethanol in a holeboard test. Pharmacol. 
Biochem. Behav. 28:75-79; 1987. 

9. Lister, R. G. The benzodiazepine receptor inverse agonists FG 
7142 and RO 15-4513 both reverse some of the behavioral effects 
of ethanol in a holeboard test. Life Sci. 41:1481-1489; 1987. 

10. Lister, R. G.; Nutt, D. J. Is RO 15-4513 a specific alcohol 
antagonist'? Trends Neurosci. 10:223-225; 1987. 

11. Massotti. M. Electroencephalographic investigations in rabbits 
of drugs acting at GABA-benzodiazepine-barbiturate/picrotoxin 
receptor complex. Pharmacol. Biochem. Behav. 23:661-670; 
1985. 

12. Misslin, R.; Ropartz, P.; Mandel, P. Etude compar6e du di-n- 
propylac6tate et de l 'oxaz6pam sur l'activit6 spontann6e de la 
souris. C R Acad. Sci. Paris 281:1175-1178; 1975. 

13. Misslin, R.; Belzung, C.; Vogel, E. Interaction of RO 15-4513 
and ethanol on the behavior of mice: antagonistic or additive 
effects? Psychopharmacology (Berlin); in press. 

14. M6hler, H.; Sieghart, W.; Richards, J. G.; Hunkeler, W. 
Photoaffinity labelling of benzodiazepine receptors with a par- 
tial inverse agonist. Eur. J. Pharmacol. 102:191-192; 1984. 

15. Nutt, D. J. ; Lister, R. G. The effect of the imidazodiazepine RO 
15-4513 on the anticonvulsant effects of diazepam, sodium pen- 
tobarbital and ethanol. Brain Res. 413:193-196; 1987. 

16. Suzdak, P. D.; Glowa, J. R.; Crawley, J. N.; Schwartz, R. D.; 
Skolnick, P.; Paul, S. M. A selective imidazodiazepine 
antagonist of ethanol in the rat. Science 234:1243-1247; 1986. 

17. Suzdak, P. D.; Schwartz, R. D.; Skolnick, P.; Paul, S. M. 
Ethanol stimulated y-aminobutyric acid receptor-mediated 
chloride transport in rat brain synaptoneurosomes. Proc. Natl. 
Acad. Sci. USA 83:4071-4075; 1986. 

18. Thiebot, M. H.; Soubrie, P.; Simon, P.; Boissier, J. R. Dissoci- 
ation de deux composantes du comportement chez le rat sous 
l'effet de psychotropes. Application ~ I'etude des anxioly- 
tiques. Psychopharmacologia 31:77-90; 1973. 

19. Treit, D. RO 15-1788, CGS 8216, picrotoxin, and pentylenetet- 
razol: Do they antagonize anxiolytic drug effects through an 
anxiogenic action? Brain Res. Bull. 19:401-405; 1987. 


