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BECKER, H. C. AND R. L. HALE. R015-4513 antagonizes the anxiolytic effects of ethanol in a nonshock conflict task at doses 
devoid of anxiogenic activity. PHARMACOL BIOCHEM BEHAV 39(3) 803-807, 1991.--RO 15-4513 is a partial benzodiazepine 
inverse agonist that has been reported to antagonize some of the biochemical and neurobehavioral actions of ethanol. However, 
whether this antagonistic action of RO15-4513 is dependent on the drug exerting its intrinsic (inverse agonist) properties is unclear 
at present. The purpose of the present study was to examine whether RO15-4513 was capable of antagonizing the anxiolytic 
effects of ethanol in a nonshock conflict task at doses that, by themselves, do not reveal the compound's intrinsic anxiogenic 
properties. The consummatory conflict task employed (negative contrast) involves quantifying how animals respond to an abrupt, 
unexpected reduction in reward (sucrose solution), and is particularly sensitive to the effects of anxiolytic agents, including etha- 
nol. As previously demonstrated, depressed consummatory behavior engendered by reward reduction was significantly alleviated 
by ethanol (0.75 g/kg). This anxiolytic effect of ethanol, however, was antagonized dose dependently by RO15-4513 (0.1875-3.0 
mg/kg). Only the highest dose of RO15-4513 (3.0 mg/kg) showed evidence of further response suppression. Lower doses of 
RO15-4513 tested did not exert an anxiogenic effect when given alone. Thus the antagonism of EtOH's anxiolytic (contrast- 
reducing) effects occurred at doses of RO15-4513 (0.375-1.5 mg/kg) that did not exhibit any intrinsic anxiogenic activity. As 
such, these results suggest that RO15-4513 interacts with the anxiolytic effects of ethanol in a nonadditive fashion in this test 
situation. 

Ethanol RO15-4513 Benzodiazepine inverse agonist Anxiety Consummatory negative contrast Rats 

RO15-4513 (ethyl 8-azido-5,6-dihydro-5-methyl-6-oxo-4H- 
imidazo-[1,5a][1,4] benzodiazepine-3 carboxylate) binds with high 
affinity to central benzodiazepine (BDZ) recognition sites and 
possesses a pharmacological profile characteristic of a partial in- 
verse agonist [e.g., (10)]. In recent years, this compound has 
received a great deal of attention due to its reported ability to 
antagonize several (but not all) biochemical and neurobehavioral 
actions of ethanol [for reviews, see (29,37)]. While these stud- 
ies have served to substantiate an involvement of the GABA/ 
benzodiazepine/chloride channel receptor complex in mediating 
some of the behavioral effects of ethanol (EtOH), the mecha- 
nism by which RO15-4513 antagonizes these EtOH actions re- 
mains unclear. Moreover,  the specificity of  this effect is 
controversial as well. For example, some studies have shown 
RO15-4513 to be capable of antagonizing barbiturate effects (9, 
11, 12, 23, 25, 27, 31), while others have found the antagoniz- 
ing effects of RO15-4513 to be relatively selective for EtOH (24, 
33-36). In some cases, higher doses of RO15-4513 were re- 

quired to antagonize the effects of barbiturates than that for eth- 
anol (21,24). Likewise, conflicting results have been generated 
from studies examining whether other partial BDZ inverse ago- 
nists share this property of antagonizing EtOH actions [e.g., (2, 
6, 11, 20, 22, 26-28, 32, 33, 35)]. 

Another unresolved issue pertains to whether RO15-4513 an- 
tagonizes EtOH effects in an interactive or additive fashion. That 
is, it is unclear whether RO15-4513 antagonizes EtOH effects 
only at doses that behaviorally express the intrinsic (inverse ag- 
onist) properties of the compound. This is particularly evident in 
studies examining the ability of RO15-4513 to antagonize the 
anxiolytic actions of EtOH. For example, some studies have 
demonstrated an antagonism of EtOH's anxiolytic effects at 
doses of RO15-4513 which were behaviorally devoid of inverse 
agonist (anxiogenic) activity (20,35). In contrast, other studies 
have indicated that RO15-4513 antagonizes the anxiolytic effects 
of EtOH only at doses that, when given alone, reveal the com- 
pound's intrinsic anxiogenic properties (7, 23, 27, 30). Similar 
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mixed results have been obtained with other related BDZ inverse 
agonists [e.g., (8, 22, 27, 28)]. At present, an explanation for 
these discrepant results is not apparent, although several proce- 
dural differences including species, doses of ROt5-4513 and 
EtOH tested as well as the tests of anxiety employed remain 
possibilities [e.g., (7)]. 

The purpose of the present study was to examine whether 
RO15-4513 could antagonize the anxiolytic actions of EtOH in 
a nonshock conflict task at doses that did not, themselves, pro- 
duce an anxiogenic effect. Toward this end, a wide range of 
RO15-4513 doses were tested against an effective anxiolytic 
dose of EtOH in a consummatory conflict task, referred to as 
negative contrast. This task involves the quantification of how 
animals respond to an abrupt, unexpected reduction in reward 
(sucrose solution). More specifically, animals downshifted from 
a preferred (32%) to a less preferred (4%) sucrose solution con- 
sume substantially less of the latter than unshifted controls that 
have only experienced the less preferred 4% solution. Animals 
experiencing this negative contrast effect may be considered to 
be in an approach-avoidance conflict situation [e.g., (3,13)]. 
That is, while the 4% sucrose solution is relatively not as re- 
warding as that previously experienced by shifted animals, it 
does, itself, have some intrinsic rewarding property since un- 
shifted animals readily consume it. The fact that depressed con- 
summatory behavior  engendered by reward reduction is 
accompanied by elevated plasma levels of corticosterone pro- 
vides physiological support for the notion that the negative con- 
trast task is aversive or anxiogenic (16). Moreover, the suppressed 
behavior exhibited by downshifted subjects is selectively allevi- 
ated by anxiolytic drugs including benzodiazepines (1, 5, 19), 
barbiturates (15), as well as EtOH (3,4). Appropriate control 
groups indicated that the contrast-reducing or anxiolytic action 
of these compounds could not be attributed to a generalized ap- 
petite-stimulating effect or to rate-dependency and state-depen- 
dency drug effects (19). Other drugs such as neuroleptics, 
antidepressants, anticholinergics, and antihistaminergics do not 
produce similar effects (1,14). Clonidine and serotonergic agents 
have generally produced negative results as well (17,18). Re- 
cently, the GABA/BDZ/chloride channel receptor complex has 
been implicated, at least in part, in mediating the anxiolytic ef- 
fects of EtOH in this task since EtOH's actions have been shown 
to be potentiated by the indirect GABA agonist valproate and 
antagonized by the chloride channel blocker picrotoxin (3). 

METHOD 

Subjects 

Drug-naive male Sprague-Dawley rats (Charles River Labo- 
ratories, Raleigh, NC) were individually housed under a 12-hour 
light/dark cycle for a minimum of two weeks prior to being 
used. Following this acclimation period, the rats (approximately 
75 days of age) were maintained at 82% of their normal free- 
feeding body weight for the remainder of the experiment by sin- 
gle daily feeding; water was continuously available in the home 
cage. 

Apparatus 

Subjects were tested in five identical metal cages (24.5 x 
17.5 x 18 cm) configured to receive a drinking spout 7 cm above 
the floor on one side of each of the cages. A graduated cylinder 
was placed outside the chamber such that the orifice of the 
drinking spout was centered in the hole and flush with the out- 
side wall of the cage. The testing cages and drinking tubes were 
individually housed in sound-attenuating chambers equipped with 

dim red light and speakers delivering white noise. Licking re- 
sponses were monitored and recorded by programmed solid-state 
circuitry (Coulbourn Instruments, Lehigh Valley, PA). 

Procedure 

Subjects were randomly assigned to two groups: shifted and 
unshifted. Shifted rats received brief dally access to a 32% su- 
crose solution for 10 days, and then a 4% solution for fc}ur post- 
shift days. The remaining animals served as unshifted controls, 
receiving 4% sucrose on all 14 days of the experiment. Thus, 
during the postshift period, all animals received the same reward 
(4% sucrose). The difference between shifted and unshifted 
groups was that only the former group had prior experience with 
a more preferred reward (32% sucrose). The 14 dally sessions 
were 5 minutes in duration, timed from the first lick. Following 
the first postshift day session (day 11 of testing), shifted and 
unshifted rats were matched on the basis of their first postshift 
day lick rates and then further separated on the basis of drug 
treatment. On the second postshift day, subjects were injected 
with RO15-4513 (0-3.0 mg/kg) followed by an injection of ei- 
ther saline or 0.75 g/kg EtOH. The RO15-4513 and EtOH injec- 
tions were administered IP 6 and 5 minutes prior to testing, 
respectively. 

Drugs 

RO15-4513, a generous gift from Dr. W. E. Haefely (Hoff- 
mann-La Roche; Basel), was suspended in distilled water to 
which 1 drop of Tween-20 per 10 ml was added and injected in 
a volume of 1 ml/kg. EtOH (95%) was mixed with saline to 
yield a 15% (w/v) solution and administered in a volume of 5.5 
ml/kg. Sucrose solutions (w/v) were presented at room tempera- 
ture and prepared from commercial grade cane sugar and tap 
water, 24 hours prior to each session. 

RESULTS 

As illustrated in Fig. 1, response (lick) rates on the second 
postshift day for rats shifted from a more preferred (32%) to a 
less preferred (4%) sucrose solution were significantly depressed 
in comparison to unshifted controlg that only experienced the 
smaller 4% sucrose reward, F(1,142)=33.23, p<0.0001. This 
negative contrast effect, however, varied as a function of drug 
treatment, F(6,142) = 2.17, p<0.05.  Subsequent analysis with 
Fisher's Least Significant Difference test indicated that EtOH 
(0.75 g/kg) reliably increased responding in shifted rats (p<0.01) 
without significantly influencing the unshifted (control) response 
rate. The net effect was an elimination of the differential re- 
sponse rate between shifted and unshifted groups. Moreover, this 
anxiolytic (contrast-reducing) effect of EtOH was antagonized by 
pretreatment with RO15-4513 in a dose-related fashion. That is, 
while the lowest dose of RO15-4513 (0.1875 mg/kg) was with- 
out effect, higher doses (0.375-3.0 mg/kg) significantly antago- 
nized the contrast-ameliorating action of EtOH (p<0.01) .  
Importantly, RO15-4513 significantly reversed the effects of 
EtOH on shifted rats without altering the response rates of un- 
shifted controls. 

Similar results were obtained when data from shifted and un- 
shifted groups were expressed as percent of the control (vehi- 
cle+saline) response rate. As can be seen in Fig. 2 (right 
panel), EtOH (0.75 g/kg) increased responding in shifted rats 
(approximately 45% above the control response rate), while 
having a minimal effect on unshifted responding. A significant 
interaction between shift and drug conditions indicated that the 
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FIG. 1. Mean---SE lick (response) rate in 5-minute test session for 
shifted and unshifted groups as a function of drug condition. Numbers 
in bars represent group size. tp<0.01: significantly differ from saline- 
shifted group; *p<0.01: significantly differ from vehicle + EtOH-shifted 
group. 

anxiolytic effect of ETOH was antagonized dose dependently by 
RO15-4513, F(6,142)= 2.71, p<0.02. In fact, the contrast-ame- 
liorating effects of EtOH were completely reversed by doses of 
0.375-3.0 mg/kg RO15-4513. It is important to note that the 
antagonizing effects of RO15-4513 against EtOH were produced 
at doses that did not significantly alter unshifted control respond- 
ing. Hence, the observed antagonism cannot be attributed to a 
general depressant effect of the drug. 

The effects of RO15-4513 given alone are presented in the 
left panel of Fig. 2. As can be seen, only the highest dose of 
RO15-4513 (3.0 mg/kg) showed any evidence of response sup- 
pression. Although this effect was only marginally significant, 
F(5,115)=2.05, p<0.08, separate analyses of shifted and un- 
shifted subjects that received vehicle or 3.0 mg/kg RO15-4513 
revealed that this dose did produce an anxiogenic effect. That 
is, 3.0 mg/kg RO15-4513 reliably decreased the response rate of 
shifted and unshifted rats, F(1,39)=7.38, p<0.01. While the 
interaction term was not significant, the suppression of respond- 
ing was greater in shifted animals than unshifted subjects. This 
is supported by separate analyses of shifted, t(20) = 2.11, p<0.05, 
and unshifted groups, t(19)=1.78, p=0.1 .  Lower doses of 
RO15-4513 did not even marginally influence responding in ei- 
ther shifted or unshifted groups. Thus, the antagonism of EtOH's 
anxiolytic (contrast-reducing) effects occurred at doses of 
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FIG. 2. Mean_SE percent of control (saline) response rate for shifted 
and unshifted groups as a function of RO15-4513 dose. Left panel: sa- 
line-injected groups (RO15-4513 treatment alone); fight panel: EtOH-in- 
jected groups (EtOH + RO15-4513 treatments). 

RO15-4513 (0.375-1.5 mg/kg) that did not exhibit any intrinsic 
anxiogenic activity when given alone in this test. 

D I S C U S S I O N  

As previously indicated, an issue under continued debate is 
whether antagonism of EtOH's anxiolytic actions by RO15-4513 
represents an interactive or additive mechanism. In the former 
situation, RO15-4513 would be predicted to antagonize EtOH 
effects at doses devoid of its intrinic inverse agonist properties, 
while in the latter situation, antagonism of EtOH would be ex- 
pected to occur at doses of RO15-4513 which produce its intrin- 
sic pharmacological profile (the anxiogenic effects of the drug 
merely subtracting from the anxiolytic action of EtOH). Results 
from the present study appear to support the former interpreta- 
tion. This is in agreement with studies employing other tests of 
anxiety such as the staircase task (7) and operant conflict proce- 
dures (20,35). In addition, a related partial BDZ inverse agonist 
(RO15-3505) has been shown to reverse the anxiolytic effects of 
EtOH at doses that were devoid of intrinsic activity in the stair- 
case and two chambered light/dark choice procedures [(8); but 
cf. (28)]. Further, anxiogenic agents other than BDZ inverse ag- 
onists (e.g., picrotoxin, pentylenetetrazol) were found to antago- 
nize the anxiolytic action of chlordiazepoxide in the defensive 
burying task without exhibiting intrinsic activity (38). However, 
these findings contrast with those from several studies indicating 
that the ability of RO15-4513 and related compounds to coun- 
teract the anxiolytic effects of EtOH is related to their intrinsic 
anxiogenic properties exhibited in various tests of anxiety, in- 
cluding the plus-maze (27,28), the two chambered light/dark 
choice (7, 8, 30), and operant conflict procedures (12,22). At 
present, there is no apparent explanation for these discrepant re- 
suits. 

Lister (27) has suggested that some testing conditions are not 
sensitive to anxiogenic drug action. Thus a drug may antagonize 
the anxiolytic effects of EtOH by virtue of its BDZ inverse ago- 
nist properties even though it may not exhibit anxiogenic activ- 
ity in a particular task. In the present study, however, the 
negative contrast procedure does appear to be sensitive to the 
anxiogenic effects of RO15-4513. While lower doses of RO15- 
4513 did not significantly influence responding in shifted and 
unshifted groups, the highest dose tested (3.0 mg/kg) resulted in 
further response suppression in shifted subjects. This dose also 
decreased responding (to a lesser extent) in unshifted animals, 
an effect that may be, at least in part, attributable to the drug's 
anxiogenic properties [e.g., (22)]. In addition, another related 
BDZ inverse agonist, FG 7142, has been found to dose-depen- 
dently produce an anxiogenic profile in the negative contrast task 
(unpublished data). More specifically, relative to controls, doses 
of 5 and 10 mg/kg FG 7142 produced a 16% and 28% decrease 
in shifted responding while only reducing unshifted response 
rates by 6% and 13%, respectively. Therefore, the fact that 
RO15-4513 was capable of antagonizing the anxiolytic effects 
of EtOH at doses that did not produce an anxiogenic response 
when administered alone is not likely related to the test condi- 
tions being insensitive to such an effect. 

This is not to suggest, however, that the antagonism of 
EtOH's anxiolytic effects was unrelated to the intrinsic or phar- 
macological effects of RO15-4513. Rather, the results indicate 
that, under the present testing conditions, antagonism of EtOH 
can occur at doses of RO15-4513 that do not produce an ob- 
servable anxiogenic effect when the drug is administered alone. 
Indeed, it may be that under some conditions lower doses or a 
smaller fractional receptor occupancy is required for BDZ in- 
verse agonists to antagonize EtOH actions than that required to 
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produce an overt pharmacologic effect related to its intrinsic 
properties. The results of the present study would appear to be 
congruent with such an interpretation. It should also be noted 
that, in most published studies on the interaction of RO15-4513 
and the anxiolytic effects of EtOH, doses below 1.5 mg/kg 
RO15-4513 were not examined. Therefore, it is not possible to 
compare the results of this study with those of previously pub- 
lished studies. 

It has also been suggested that the ability of RO15-4513 to 
reverse some of EtOH's actions may be related to its proconvul- 
sant and associated depressive properties (7,30). In the present 
study, however, RO15-4513 did not produce a general depres- 
sant effect. That is, the drug reversed the effects of EtOH on 
shifted animals, but did not significantly influence the response 
rate of unshifted controls. Thus, while the proconvulsant action 
of RO15-4513 has been clearly established [e.g., (10, 31, 32)], 
depressant effects associated with this intrinsic property would 

not appear to explain the ability of the drug to reverse the anxi- 
olytic effects of EtOH in the present study. 

In summary, results from this study have demonstrated that 
RO15-4513 is capable of antagonizing the anxiolytic effects of 
EtOH in a nonshock conflict task (negative contrast) in a dose- 
dependent fashion. Moreover, the antagonism of EtOH's anxi- 
olytic action in this consummatory conflict test was apparent at 
doses of RO15-4513 that did not reveal its inverse agonist (anx- 
iogenic) properties at the BDZ receptor complex. While these 
data are suggestive of a nonadditive interaction between the 
drugs, an explanation for the above cited discrepant results re- 
lated to this issue remains unclear. 
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