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Behavioral Studies with Anxiolytic Drugs. Ill. Antipunishment
Actions of Buspirone in the Pigeon Do Not Involve
Benzodiazepine Receptor Mechanisms'
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ABSTRACT

Buspirona, a clinicilly effective anxioiytic, has not shown robust
effects consistently in procedures uzed traditionally with rodents
and nonhuman primates to avaluate potential antianxiety activity.
When key packing by pigeons was maitttained by food and was
punished aitemnately under one componant of & multiple schedute
by the presentation of electric shock (conflict procedure), buspi-
rore (0.03-10.0 mg/kg i.m.) produced increases in punished
responding that wera up to 30 times those of the control re-
sponse rate. These doses did not affect or decreased unpun-
ished responding. A buspirona analog, MJ 13805 (gepirone)
produced effects similar to busipirone, although unpunished
rasponding was slightly more sensitive to the rate-decreasing
effects of MJ 13805 than to thoze of buspirona. A metabolite of
buspirone, 1-pyrinidinyl piperazine (1-PP; MJ 13853), did not

affect key pecking across a wide dose range (0.01-3.0 mg/kg
i.m.), although slight decreases in both punished and unpunisheq
responding occurred at the highest dosa. Increases in punished
responding with buspirone were not affected by the benzodiaze-
pine receptor antagonist Ao 15-1788 (0.01-0.1 mg/kg i.m.). [*H]
Diazepam binding to pigeon cerebrum or cerebellum /i vive was
not altered by buspirona, or did buspirone, MJ 13805, or 1.
pyrimidinyl piperazine displaca [*Hjflunitrazepam binding in vitro
at pharmacologicaily relevant concentrations, These findings
confirm previous work demonsgtrating marked rate-increasing
effects of buspirone on punished responding in the pigeon,
extend such effecta to the buzpirone analog MJ 13808 and
indicate that the effects of buspirone are not mediated through
the benzodiazepine receptor complesx,

Buspirone  (8[4-[4-(2-pyrimidinyl)- l-piperazinyl]butyl]-8-

-.azaspiro[4.5] decane-7, 9-dione), iz a novel nonbenzodiazepine

antiapxiety agent with a number of unique properties. In con-
trast to mosat anxiolytics, buspirone lacks anticonvulsant, sed-
ative-hypnotic and muscle relaxant properties (Riblet et al,,
1983; Rickels et al.,, 1982; Stanton et al, 1981). Furthermore,
buspitone appears to be inactive in benzodiazepine or GABA
binding assays (Riblet ef 2/, 1982; Stanton et al, 1981), al-
though evidence for some activity (in vive) at the benzodiaze-
pine-GABA ionophore complex has been detnonstrated (Oakley
and Jones, 1984; Garattini et al., 1982; Weissman et af., 1984a),
The distinct pharmacological profile of buspirone is further
emphasized by the findings that buspirone may affect both
dopaminergic and serotonergic systems (Glaser and Traber,
1983; Hjorth and Carlsson, 1982; McMillen and Mattiace, 1983;
Skolnick et al,, 1985; Taylor et al., 1982),

Although clinically effective as an antianxiety compound
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(Goldherg and Finnerty, 1979, 1982 Rickels ot al,, 1982), bus.
pirone is far less efficacious than other anxiolytica (e.g., the
benzodiazepines chlordiazepoxide and diazepam) in traditional
punishment procedures using rats or squirrel monkeys that are
predictive of anxiolytic action in man (J, E. Barrett and J, M.
Witkin, in preparation: Lippa et al., 1977; Sepinwall and Coolk,
1978; Weissman et al., 1994a). Recently, it has been demoan-
strated that, in pigeons, buspirone produces marked increases
in punished responding that are comparable to those ohtained
after benzodiazepines (Witkin and Barrett, 1986). These in-
creases were not altéred by coadministration of the dopami-
nergic compounds apomorphine or haloperidol, suggesting that
the dopamine system does not contribute directly to the an-
tianxiety or anticonflict actions of buspirone in this spegies.
The present experiments further examined the effects of
buspironé on punished behavior of pigeons with specific em-
phasie on the potential involvement of benzodiazepine receptor
mechaniams mediating these effects. Both behavioral studies,
focusing on the possible antagonism of the effects of buspirone
by the apecific benzodiazepine receptor antagonist Ro 15-1788,
and in vivo and fn vitro tieurcpharmacological studies were

ABBREVIATIONS: BABA, y-sminobutyrl; aeid; 1-PP, 1-pyrimidinyl piperazine.
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Fig. 1. Curulative responss regords of controt perfotranca and affects
of busplrone (1.0 mg/kg) and chlordiazépoxide (CDAP, 30.0 mg/ka)
under the multiple schedule. Ordinates: cumulative responses; ab-
sclesae: time. Components in which responding was punishaed are de-
noted by a defiaction of the avert pen beneath each record. Food
dedivery is indicated by tha displacement of the responsa pan; shock
presentations are indicated by the momentary deflection of the avent
pen beneath each record, The pan'was reset to basefing at the end of
each 3-min component,
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Fig, 2. Dose-responge curves for chiordlazepaxide ang byspicone on
unpunished and punished responding. Unconnected symials an the left
represent gontrol measures =1 3.E, Figures are based on data fram §
pigeons with 7 to 12 contral measuras from sach subject. Horzontal
dashed line indicates no effect. Drug effects on punished rasponding are
indicated by filed symibols; effects on unpunished responding by open
symbols,
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chiordiszepoxide (100.0 mg/kg) decreased responding signifi-
cantly for all pigeons.

Figure 1 cshows cumulative response records that are typical
of affects of buspirone and chlordiazepoxide. Both drugs pro-
duced marked, sustamned increases in the rate of punished
responding with little alteration of unpunished responding.
Rates and patterns of responding under the two components
were very similar after drug administration. These effects ware
apparent at the beginning of each session and persisted
throughout the session,

The effects of buspirone on punished and unpunished re-
sponding were not altered by the benzodiazepine antagonist Ko
15-1788 (fig. 3). When administered alone, doses of 0.01 and
0.03 mg/kg of Ro 15-1738 produced marginal effects; the highest
dose (0.1 mg/kg) produced slight decreases in both unpunished
and punished rézponding. The combined administration of Ro
15-1788 and buspirone produced sffects on unpunished behav-
ior that were similar to those obtained with buspirone alone.
When combined with intermediate doses of buspirone (0.1-1.0
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Fig. 3. Dose-response curves for buspirone, Ro 15-1788 and their
interaction on punished and unpunished responding. Ungonnacted filked
symb0ls on et denote control pericrmance expressed as a percentage
of contrdl values, unconnectad open symbols represent affects of Ao
15-1782 alore. Data are based on 5 pigesns with at least 9 controd
measures from sach subject. Connected filed symbols are effects of
buspirane given alone or with the coadministration of saline; connected
symbals rapresent int2ractions of Ra 15-1788 with buspirone. Data from
punished responding are shown tn the upper paral: data fram unpunished
rasponding in the lower panal, .
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anxiolytic actions of buspirone (McMillen et al., 1983; Sanghera
and German, 1083; Temple et al., 1982}, However, in behavioral
studies conducted to date, it has nhot been possible to demon-
strate eithet a potentiation ot antagonism of buspirone's effects
on punished responding with dopamine agonists or antagonists
{Witkin and Barrett, 1986). Both the buspirone analog MJ
13805 and the buspirone metabolite 1-PFP have been reported
to be devoid of dopaminergic activity (Garattini et af., 1982;
MeMillen and Mattiace, 1983), .

In the present experiments, MJ 13805 and buspirone pro-
duced similar effects on punished responding in pigeons,
whereas 1-PP exerted little activity suggeating that, at least in
the pigeon, 1-PP does not appear to be an active metabolite. In
support of this finding, studies of plasma levels of 1-PP in
pigeons after buspitone or MJ 13805 administration have
shown that this species does not convert these compounds to
1-PP (D. Taylor, personal communication). The lack of activity
of 1-PP in the pigeon would appear to argue against the
explanation that buspirone’s effects may be due to the activity
of 1.PP without direct effects on the dopaminergic system
(Garattini et al, 1882).

At present, the mechanisms by which buspirone exetts its
anticonflict and anxiolytic activities remain elusive. Recently,
it has been suggested that serotonergic systems may be involved
in mediating the activity of buspirone (Eison et al., 1986; Glaser
and Traber, 1983; Hjorth and Carlsgon, 1982). However, both
hehavioral effects of buspirone remains ambiguous (J. M. Wit-
kin, J. E. Barrett, R. 8. Mansbach, G. T. Bolger, B. A. Weiss-
man and P. Skelnick, submitted manuscript). Nevertheiess,
parenterally administered buspirone has been shown to block
spomorphine-induced stereotypy, to inhibit the S-hydroxy-
tryptamine syndrome induced hy 5-methoxy-N,N-dimethyl-
tryptamine and to delay p-chloroamphetamine-elicited behav-
ior (Skolnick et al, 1984), Further studies of a combined
neurgpharmacological and behavioral nature are required to
elucidate the mechanisms of this unigue compound.
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