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I. INTRODUCTION AND OVERVIEW

-

The successful treatment of psychopathology by chlorpromazine in the
1950's initiated wvarious attempts to develop sensitive, reliable methods for
use with animals that could evaluate and predict the clinical efficacy of psy-
chotherapeutic compounds. At first, many of these tests consisted of activity
or locomotor measures to evaluate sedation, ataxia and mQSCUIar impairment.
Other tests of taming or aggression were used to assess the potential anti-
aggressive and fear-reducing actions of drugs. However, many of these proce-
dures were not objective, dose-response functions were difficult to establish,
and they were often not capable of clearly distinguishing classes of drugs
which had different clinical actions. Tests employing such unconditioned behav-
iors were gradually supplemented by procedures invelving conditioned behavior.
The use of conditioned avoidance methods, for example, in which animals were
allewed to avold shocks by climbing a rope or pressing a lever dﬁring a srimu-
lus period preceding the delivery of foot shaock, were the first procedures
widely wused to assess the effects of antipsychotic compounds (Cook and
Waidley, 1957; Courvoisier et al., 1933). Generally, these drugs decreased
responses occurring during the pre=shock stimulus (i.e., avoidance responses)
but did not impair respenses to shock (escape responses). The avoidance proce-
dure fulfilled many of the c¢riteria deemad essential for assessing pre-
clinical drug effects in animals: 1t was sensitlive to variations in dose
levels, it was objective and, further, was rcapable of differentiating among
compounds from different pharmacological classes. For example, barbiturates
and other sedative hypnotics decreased responding during both the pre=-shock
stimulus and shock presenmtation.

With the discovary of compounds that were effective in the treatment of
anxiety and depression, the need for additional diverse behavioral methods to

assay these drugs was heightened still further. Concomitantly, as research



focusing on the neurqpharmacolugical mechanisms wunderlying the effects of anti-
psychotic drugs increased, thereby identifying and clarifying the potential
role of dopamine, so did the number of gnimal models used to evaluate those
effects., Thus, research involwving the blockade by antipsychotic drugs of
apomorphine- and amphetamine—induced stereotypy also became established models
for determining potential efficacy of antipsychotic drugs. More recently,
techniques for identifying and localizing neurotransmitters in various brain
regions, Ctogether with radiolabelled ligand procedures for identifying recep-
tor populations, have spawned additional methods for establishing newer animal
madels basad on iesions and brain stimulation techniques.

AL present, a wide variety of behavicral, neuropharmacological and neuro-
physiological procedures are wused to evaluate the éfficacy and mechanisms of
action of psychotherapeutic compounds. In general, these procedures are com-
plementary in that there is,'Eor the most part, good agreement across the dif-
ferent procedures in the identification of drugs with particular therapeutic
effects, On occasion, however, compounds are discoveraed that do not show the
same “profile™ yet are elinically effective agents {e.g., the novel antipsy-
chotic compound clozapina). When this ocgurs, it reveals one of the recog-
nized shortcomings of all these procedures: novel compounds with different
mechanisms of action, yet similar therapeutic efficacy, are aot likely to be
detected. There is no easy or currently available solution to this problem
(Eison, 1984). When such ecompounds are discoveraed, however, they raise new
and exciting questions. Ultimately, such discoveries may not only resulr in
the development of drugs with even greater selectivity, but they may also clar-
ify the mechanisms underlying the psychopathological disorder being treated,

as well as the basic processes by which pharmacological treatments alter the



course of the disorder. This appears to be the case with buspirene, a novel
clinically effectivé“anxiolytic which differs substantially from other antianx-
iety agents. Unlike other anxiolytic drugs, buspirone 15 not 4an anticonvul-
gant or sedat{ve—hypnotic; it does not bind to gamma aminobutyric acid (GABA)
receptors in the central nervous system, nor is it a muscle relaxant. As
y

such, research with buspirone promises to yield valuable information for the
understanding and treatment of anxiety and the neurobiolegical and psychologi-
cal processes involved in this disorder.

This chapter briefly reviews various animal models used in the evaluation
of drugs with anxiolytic activity. A number of reviews have appeared recently
which critically and thoroughly evaluate various methods and procedures wused
to assess and predict the efficacy of compounds with potential elinieal util-
ity (Crawley, 1985; Liebman, 1985; Treit, 1985). The majority of this chap-
ter, therafore, 1is devoted to summarizing recent research on buspirone using
hehavioral moadels so that the actions of this novel and intriguing compound
can be integrated and synthesized with extant information on traditional anxio-
lyties.

It is appropriate to comment briefly om the concept of an "animal medel,"
a term which sghould not be used without adequately understanding that, with
regard to psychopathology, no animal methed curreatly in use faithfully
"models'" or mimics a diseass. At baest, the affects of drugs on behavior under
certain procedures correlate quite well with clinical effects in humans. How-—
ever, there may be little or no relationship between the '"model' used to pre-
diet clinical outeome and the disease process itself. Thus, there is no clear
reason why drug effecrs under procedures using avoidance conditioning should

predict antipsychotic efficacy. In & strict sense, then, the proredures are



not models but are, instead, assay systems or methods with correlational but

not isomorphie relevance.
II. ANIMAL MODELS IN PRECLINICAL PSYCHOPHARMACOLOGY OF ANTIANXIETY DRUGS

A. BRehavioral Models

As with procedures used to evaluate chlorpromazine, methods for cesting
| antianxiety drugs have evolved considerably ovar the more than 20 years that
have elapsed since the introduction of chlordiazepoxide and diazepam. Gener—
ally, two approaches to the behavioral study of anxiolytic drug actions have

baen used. One method involves the uwse of wunconditioned behavior where a

particular response is selected fotr study that is normally part of the aai-
mal's repertoire.  Usually, these involve exploratory of locomotar activity,
eating, drinking or, perhaps aggression elicited by shock or isolation. Alter-
natively, warious conditioning procedures have also often been employed in
which behavior is conditioned or established by arranging for certain conse-
quences Lo follow behavioral responses, Typically, these methods use punished
or conflict behavier or drug diserimination procedures. This section will
highlight the major methodologies used to evaluate the preclinical anxiolytie
actions of compounds, particularly as these methods have been used to evaluaste
the effects of buspirone.

1. Unconditioned behaviors

a. Eatlng and drinking: It has been known for some time Ethat benzodi-

dzepinas -increase the intake of food and water (Randall et al., 1960).
These effects occur in non—deprived and deprived animals, as well as in ani-
mals pre-fed with a highly palatable diet (review by Cooper and Estall, 1985).
However, this effect 1is not pharmacologically spacific  because non-

benzodiazepine compounds such as cyproheptadine and chlorpromazine also



incraase food consumption (Mansbach et al., 1984). Increases in eating pro-
duced by the benzodiazepines are, however, mediated through the benzodiazepine
raceptor sincé the benzodiazepine antagonist Ro 15-1788 (Hunkeler et al.,
1981)  and the inverse agonist B=CCE (ethyl G-carboline-3-carboxylate)
reverse diazepam~induced eating but not that produced by cyproheptadine or
chlorpromazine. Although increases 1in consummatory behavior with amxiolytic
drugs occur in several different species and across a wide range of condi-
tions, the occurrence of these effects with non-anxiolytic agents would appear
to limit the utility of consummatory behavior as a method capable of differen-
tiating compounds effective in the management of anxiety.

b. Aggression: Early research suggested that  benzodiazepines acted to
decrease apgressive responses (Randall et al., 1960) and, quite frequently
the taming or anti-aggressive effects of drugs have been used initially to
characterize various compounds. For example, buspiroene has been rveported to
inhibit aggressive behavior in rhesus monkeys (Tompkins et al., 1980}, How-
ever, several studies conducted within the past few years have indicated that
the effects of benzodiazepines on aggression are quite wvariable. At least
part of the  wvariability is attributable to the fact that aggression is not a
unitary behavior but depends very much on the contaxt Ln which it occurs and
on the methods wused to produce it (Rodgers and Walters, 1985; Treir, 19853).
Consequently, anxiolytic drugs have been shown to increase or decrease agpres-
sion depending on a host of factoerg. Further recearch which blends detailed
ethological analyses with suitable behsvioral rtechniques could clarify many
issues but, at present, it appears that anti-aggressive effects of drugs are
not 4 suitable means of delineating compounds that might be effective in treat-

trrer HHRI‘ET‘U_



¢. Exploratory activity and social bahavior: A oaumber of procedurszs

bssed on exploratory activity and/or social behavior have been proposed and
examined for their ability to provide sensitive, selective means for evaluat-
ing the anxiolytic actions of drugs (Crawley, 1985; File 1985a,b). These
models are derived in part from the rendency of rodents to explore novel envir-
oonants. Two of the more recent tests have a0 added feature of manipulating
the level of illumination to study the frequency of crossings between bright
and dark portions of a compartment (Crawley, 1985) or the effects of illumina-
tion on éocial interaction (File, 1985a,b). Under these test coaditiens benzo-
diazepines increase the number of movements betwaen compartments in wmice apnd
also elevate measures of social interaction between rats under levels of high
illumination. The effects seen with the light-dark transition procedures
appear best suited for mice in that a number of rat straing do not show high
baseline lavels of exploratory behavior, nor does diazepam increase transition
scores (Crawley, 1985)., Additianally, stimulant; such as amphetamine produce
effects comparable to those of the benzodiazepines, thereby necessitating a
further test for non-specific increases in general locomoter activity. Com-
pounds. which both inerease transitions and locomotion arg, therefore, consid-
ered stimulants rather than anxiolytics.

In the social interaction test, morphine produces effeces partially compar-
able to those of the benzodiazepines. Consistent with itz atypical profile
vnder other procedures, buspirone has no effect (File, 1985b). Thus, although
effects &E various drugs 'in modals based an expleratory behavior appsar to cotr-
rglate reasonably well with anxiolytiec activity, problems with species or phar-
macological specificity or the need for multiple test procedures indicate that

these results must be cautiously interpreted. Additionally, adaptation or



habituation to the testing apparatus, and the possible heterogeneous nature of
the behaviors involved (e.g., the social interaction test appears to provide
undifferentiated measures of both affiliative and aggressive behavier) nust

also be considered in interpreting results using these procedures.

7. Conditioned Behaviors

a. Punishment or conflict procedures: The first test to be employed

widely and reliably to assess anxiolytic activity was that developed by Geller
and Seifter (1960). These investigators studied the effects of wvarious com-
pournds on the lever—pressing responses of rats that were established and main-
tained by food delivery. In certain segments of the experimental session, a
distinctive stimulus was presented during which responses preoduced both food
and shock. In the absence of drugs, responding during the stimulus period was
suppressed or punished, an outcome that frequently has been termed "conflict”
behavior. Geller and his ‘celleagues demonstrated that drugs with sedative-
hypnotic and anxiolytic effects (e.g., meprobamate, pentobarbital and chlordi-
azepoxide) increased punished behavior, whereas other drugs which lacked these
effects, such as chlorpromazine and amphetamine, did not. This basic methodol-
ogy, with some wvariations, was wvalidated in extensive studies (Cook and
Sepinwall, 1975; Sepinwall and Cook, 1978) and studied sysltematically
{MeMillan, 1975). The increases in punished responding were not due to analge-
sia, general stimulation, muscle relaxation, or to the anticonvulsant actions
of these agents. For the wmost part, antianxiety compounds produced similar
effects on punished bahavior of all species studied, including humans (Beer
and Migler, 1975; Fischman et al., 1977).

As was true with antipsychotic drugs, wvarious neurotransmitter systems

were suggested to play a role in anxiolytic drug action. The current emphasis



remains on systems involving GABA and serotonin (5-HT), although the precise
machanisms and ‘;pEciEic contribution of these systems ramain unclear
(Sepinwall, 1983). Additicnally, modified behavioral techniques were promoted
because they- provided a wmore rapid means of evaluating potential anxiolytie
drug activity. One method which has been lwidely adopted since itg initial
report by Vogel et al. (1971) utilizes water-deprived rats which are allowed
timed aceess to a water spout after which they receive shock with each lick.
As under the Geller-Seifter procedure, most compounds whieh alleviate clinical
anxiety attenuate the suppression of drinking produced by lick-contingent
shock. However, this procedure may screan for drugs which affect deprivatién-
induced fluid consumption more than for effects on punished behavior per sze
{Leander, 1983). For example, isoproterencl increases punished licking
alrhough it is5 not an effective anxiolytic (Patel and Malick, 1980). None the
less, «this procedure has the distinct advantage of not requiring any specific
training nor does it require the time-consuming esrablishment of stable
baselines.

For the most part, procedures used with animals to prediet anxiolytic act-
ions in humans have been quite effective. However, there are exceptions. Per-
haps most notable are many of the sercfonin antagonists (e.g., cyproheptadine,
methysergide and mianserin) which increase punished responding in animals
(Brady and Barrett, 1985), but apparently are not uniformly effective in the
treatment_of anxiety in humaas. It is interesting that methysergide has
recently been shown to alleviate benzodiazepine-resistant anxiety in humans
that was apparently produced by exposure co high environmental cations
(Gianini et al., 1983). It remains almost certain that anxiety is not a

unitary condition and that it can ba differentiated in several ways (sae



Section IIc, this chapter). Further research will undoubtedly clarify the
ralative contributiéns of various environmental conditions and neurotransmit-
ter systems involved in the expression and treatment af various disorders now
only globallylcharacterized as anxiety.

b. Procedures using other conditioned behaviors: Trait (1985) has

]

recently reviewed the results of studies which have examined the effects of
anxiolytic drugs on conditioned taste aversions and on conditioned defensive
burying. Conditioned taste aversions, developed by pairing a novel solution
with the injection of a drug such as lithium chloride, have been shown to
diminish with the administration of many anxiolytics but, as yet, it has bekn
difficult to separate the attenuating effects from _the general tendency of
these compounds to elevare drinking. Thus, the utility of such procedures
remains uncertain at present. The second procedure, that of conditioned defen-—
sive burying, occurs with rats that have been shocked with a sﬁationary prod;
under conditions where bedding material is available rats will bury the pred.
A number of anxiolytic compounds produce dose-dependent decreases in Dburying,
wheraas most nonanxiolytic drugs do not. One advantage of this procedure 1s
that no specific deprivation is involved, thereby obviating the frequent criti-
cism that drug effects are due to an appetite-enhancing or dipsogenic effects.
It is also apparently easily established but, unfortunately, may be too spe-
cies specific to test for generality. Furthermore, additional research 15 nec-
essary to more adequately differentiate between the effects produced by anti-
paychotic drugs and anxiolytics.

3, Drug Discrimination Meodels

One of the more recent methods to attract widespread experimental atten-

tion has been the drug discrimination procedure. Developed originally to
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study state-dependent learning and the use of drugs as discriminative stimuli
(Overton, 1984), the focus and utilization of this method has shifred somewhat
from the analysis of stimulus control to that primarily of drug classifica-
tion. In sﬁort, this procedure involves establishing a drug as a discrimina-
tive stimulus by reinforcing one response in the presence of the drug {e.g.,
after i.m. administration) and a diff;rent response in the drug's absence
(e.g., after saline). Once established as a discriminative stimulus, the dose
of the training drug can be varied or other compounds can be substituted to
determine whether those compounds exert control that is similar to cthe train-
ing drug (generalization) or to saline. For the most part, there iz gaod
agreement with this procedure; drugs within the same pharmacological c¢lass or
related c¢lasses produce similac bebavioral control when substituted for the
training drug. Additionally, pharmacelogically specific antagonists are usu-
ally capable of blocking the discriminative control established by the drug,
thereby yielding effects comparable to those found afrer gsaline administration
(Sehuster and Balster, 1977). Such findings are generally viewed as indica-
ting that drug discrimination procedures allow statements about receptor—
mediated drug actians.

Recently a model has been proposed that uses compounds which produce behav-
loeral and physiclogical effects similér to those of anxiety. Lal and Emmett-
Oglesby (1983) have summarized research in which pentylenetetrazol was used as
the training drug. Although a convulsant at high doses, lower pentylenetetra-
zol dosés have been reported Lo be anxiogenic in humans (Redin and Calhoun,
1870). Animals trained to discriminate pentylenetetrazol from saline
responded to other putative anxiogenic compounds such as the methyl ester of

beta~carboline~3~carboxylic acid (8-CCM) by responding on the lever corre-
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lated with the administration of pentylenetetrszol. Further, withdrawal froam
chronic diazepam administration, induced by administration of Ro 15-1788, or
simply by cessation of diazepam injecfions, also produced regponding similar
te that proauced by the pentylenetetrazol stimulus. Finally, discriminarions
developed by pentylenetetrazol are decreased in a dose-dependent manner by
anxielytic drugs. L

At the present time, it does not appear that buspirone has been studied in
pentylanetetrazol-trained animals. However, in squirrel monkeys respoading
under 5C£edu1e5 of food eor shock presentation, buspirone dees not bleck or
reverse the effects of B~CCE {(unpublished studies); effects of R-CCE are,
however, blocked by chlovdiazepoxide {Barrett et al., 1985). Since there is
generally good agreement between drug antagonism and drug discrimination stud-
tes, it would appear that buspirone would not block a discrimination based on
pentylenatetrazol and, again, would show atypical effects for an anxiolytie.

Studies focusing on buspirone ag a training drug have found it difficule
to establish a discrimination because of buspirona's rate-decreasing effects
at the higher doses required to be effective as a discriminative stimulus
(Hendryl et al., 1983). Neverthaless, ipn animals ttained with 0.75 mp/kg bus-
pirone, & dose that did not produce substantial response disruption, there was
no generalizarion to either oxazepam or pentobarbital when these drugs were
substituted for buspirone. With animals ¢trained o discriminate oxazepam,
which was mare easily established as a diseriminative stimulus than was buspir-
one, th;re was also no evidence of generalizatipn of the stimulus properties
of buspirone although there was for pentobarbital. Similarly, baboons and

rats trained to discriminate either lorazepam or pentobarbital from saline

also showed no generalization to buspirone (Ator and Griffiths, submitted).
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Thus, in these procedures designed to mimic either the subjective effects of

anxiety or the stimuli correlated with anxiolytic drugs, buspirone again pre-
sents an atypical profile.

E. Neuruﬁhysiological and Neuroanatomical Models

Research directed towards better understanding the various mechanisms con-—

.

tributing to anxiolytic drug action has also been directed towards the develop-
ment of neurophysiclogical and neurcanatomical models. Although relatively
little research has been conducted with buspirone using these methods,
advances in related areas that have identified regional distribution of recep-
tors and sites of drug action suggest that these procedures will be used
increasingly in the future. Two of the major methods will be digcussed, focus-
ing on i} the function of the locus coeruleus in anxiety and ii) studies using

electrical stimulation of the brain.

1. Locus ecoeruleus: Electrolytic lesions and electrical stimulation of

the noradremergic nucleus locus coeruleus were found to produce changes in the

behavior of monkeys {Macaca arctoides) suggesting that this area of the

hrain was involved in the expression of anxiety (Redmond, 1977; Redmond and
Huang, 197%). For example, stimulation of the leecus coeruleuws produced a
cluster of behaviors such az opening and closing of the mouth, scratching and
vawning that have been characterized as conflict, fear or anxiety. Bilateral
lesions of the locus coeruleus, on the othet hand, decreased the occurrence of
these behaviors. Additional support for a role of the locus coeruleus in
anxlety was sugpested by pharmacological experiments. Drugs such as the
alpha-2 adrenergic¢ antagonists piperoxane and yohimbine, which block autorecep~
tors and, presumably, increase impulse flow in the locus coeruleus, produce

effects comparable to those found with electrical stimulation. Other drugs,
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such as clonidine, which stimulate alpha~2 adrenerpic receprtors and limit acci-
vity in the locus‘coeruleus. as well as the ©benzodiazepines and morphine,
reduce the frequency of behaviors characterized as anxiety.

Although reservations have been expressed about the specificity and selec-
tivity of the lesion and pharmacologicak studies implicating the locus coery-
leys in anxiery (Mason and Fibiger, 1979}, s few studies have examiped the
effects of buspirone on locus coeruleus activity. In one experiment {Sanghera
et _al., 1983), diazepam decreased the firing rate of 1locus coeruleus cells,
vhereaas buspirone increased impulse flow. This study alse examined the
effects of diazepam and buspirone on the major wmetabolite of nnrepinephrkne
J=methoxy=~4—hydroxyphenylglycol sulfate (MOPEGFSDA). Diazepam decreased
MOPEG-80, in forebrain, whersas buspirone slightly increased levels of this
mecabolite. In further research, the metabolite of buspireone [L{=2 pyrimidyl)
piperazine or !-PP] and a buépirone analegug (MJ 13BD5) also increased locus
coeruleus impulse flow (Sanghera and German, 1983). Trulsoen and Henderson
(1984) have also demonstrated that buspirone increases Iocus coeruleus neu-
ronal activity in vitro. Taken together, these findings reaffirm the unique
propertigs of buspirone in propesed animal models of anxiety, Further, these
results suggest that reductions Lo the activity of noradrenergéc neurons in
the locus coeruleus are not uniformly related ro actions of anxiolyvtic drugs.

2. Electrical stimulation of the brain: A number of investigators have

recently proposed that brain stimulatioa studies may help clarify mechanisms
underlying suxiety and anxiaolytic drug activity (Graeff, 1984, 14986;

Liebman, 1985). Techniques employing electrical brain stimulaticn  were

proposed gome time &go as heing potentially useful in screening compounds for

anxiolytie drug action (Olds ot al., 1956). Electrical stimulation of the
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brain can elicit a wide variety of behaviors ranging from feeding and drinking
to sexual activit;, defensive aggression and withdrawal (0lds, 1962). It has
also been known for some time that brain stimulation can maintain responding
when it fallows a particular response, thereby serving as a reinforcer. Fur-
ther, brain stimulation can alse maintain‘responding when it is withdrawn .or
terminated and can suppress responding depending on the localization of the
alectrode (Dlds, 1960). Thus, electrical stimulation of the brzian, like other
salient events, can function in multiple ways and can produce diverse behav-
ioral effects (Barrett and Katz, 1981: McKearney and Barrett, 1978; Morse and
Kelleher, 1970, 1977).

Early experiments with electrical stimylation of the brain demonstrated
that many anxiolytic compounds ware capable of elevating the threshold
required to produce components of apgressive behavior (Malick, 1970; Panksepp,
1971). Other initial scudies also demonstrated that chlordiazepoxide could
inerease the latency of lever-pressing behavior that switchad off eleetrical
stimulation delivered o brain sites that were able to maintain responding by
the presentacion as well as termination of stimulation of these sites
{(Panksepp er al., 1971). Subsequent resesarch by Graeff and his colleapues
{reviews by Graeff, 1984, 149B6) has shown that chiordiazepoxide alse increases
the latency of lever pressing that turns off continuous electrical stimulation
of the dorsal periaqueductal gray. Additionally, chlordiazepoxide Iincreases
food- or water-maintained vtesponding that has been suppressed by brief elec-
trical stimuli delivered to ghe dorsal periaqueductal gray following each
response. Although these results parallel these found with more traditionatl
punishment studies, this is not always the case. FD? example, Morato de

Cavrvalho gt al. (1981) have shown that, in contrast to their effects on
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behavior suppressed by peripheral punishment (i.e., footshoek or tailshock),
the serotonin antagonists cypruhéptadine and methysergide do not increase
responding suppressed by periaqueductal gray stimulation. Furthermore, amphec-
amine also increases punished responding suppressed by periaqueductal gray
gtimulation, a Ffinding which also econtrasts with the effects of this drug on
behavior punished by peripherally-delivered shock. Research using electrical
stimularion of the brain has yet to be e#plnred systematically and extensively
using various sites and compounds with a view towards the development of a
suitable animal model. Additional studies are required to document the pharma-
cological and regional specificity of many of the findings now being reported.
For example, as in the case with benzodiazepines, opiates have also been
shown to black lever pressing maintained by ascape from periaqueductal gray
stimulation (Jenck et al., 1983; Kiser and German, 1978). 1t would be neces-
sary to demonstrate pharmacological specificity between these compounds unless
one is interested in possible interrelationships betwegen nociceprion and anxi-
2Ly, Finally, to the extent that results with these models do not parallel
elinical effeets, thay may be of limited wtility. Nevertheless, such proce-
durges may aid inm the clarification and understanding of drug action.

¢. Psychopbarmacological Models

The discovery of compounds capable of producing behavioral states charac-—
terized by an anxiety-like syndrome that are blocked by both the benzodiaze-
plnes and-benzodiazepine-receptor antageonists has had considerable Impact in
the develppmant of thepretical and pharmacelogical approaches to the under—
standing and treatment of anxiety. Recently, Insel et al. (1984) have out-
lined models of auxiery based on compounds that induce anxiety-like conditions

which are differentially antagonized by various agents. For example, the ben-
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zodiazepine receptor-mediated mgdel is based on the induction of elevated
heart rate, bleod -pressure and cortisol levels by B-CCE or FG=7142., These
effects are blocked by diazepam and Ro 15-1788. A noradrenergic model, how-
ever, L& ba;ed on yohimbine-induced increases in plasma MHPG, the appearance
of "alarm'" behaviors and, as mentioned earl}er, by increased firing of the
locus coeruleus. These effects are antagonized by clonidine. 1Insel et al.
(1984) have also proposed models of anxiety based on sodium lactate (blocked
by imipramine) and caffeine (blocker wunknown), both of which are mediated
through different receptor systems with sites of action currently unknown.
The proposed psychopharmacelogical models remain to be examined in greatér
detail but may be useful in delineating more precisely the varicus pathophysio-
logical and neurcpharmacological substrates now only globally subsumed under
the term "anxiety." It will be of considerable interest to evalyare Che
effects of buspirone on these different psychopharmacological models of anxi=-
ety. If, in facr, as information now suggests, buspirone exerts its main
actions through non=traditional substrates, the proposed models must be
extended to encompass still another mechanism through which anxiery is
manlfested.
IIT. BEHAVIORAL EFFECTS OF BUSPIRONE

A. Punishment Studies

Most research on the behavioral effects of buspirone as 2 potential anxio-
lytie cnwpound has focused om its effects on punished or conflict behaviar. As
a whole, the data on buspirone's effects on punished behavior are somewhat
inconsistent. Initially, buspirone was reported to produce increases in pun-
ished responding of cynomologus monkeys and rats at doses (0.5=5.0 mg/ kg,

intramuscular) that were equipotent to those of diazepam (Geller and Hartmann,
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1982). In addition to producing marked anticonflict activity shortly after
administration, buspirone effects persisted for nearly two weeks. Although
some subsequent animal studies have also reported increases in suppressed
behavior by buspirone, none have reported such long-lasting effecrs nor have
the effects of buspirone usually been comparable in mhgnitude te those of the

.henzodiazepines (see below). At present, the lengthy duration of action and
efficacy of buspirone found in the Geller and Hartmann study appears to be
either idiosyncratie to the cynomologus monkey or to certain procedures or con-
ditions unique to this particular expariment,

Despite its proven clinical efficacy (see Tunicliff et al., and
Robinson, chis volume), buspirone has not uniformly produced increases in pun-
ished responding ({Sanger et al., 1985; Sepinwall, 1985). Further, when
increases do occur, at least with rats and monkeys, they are generally not com-
parable in magnitude to those of the benzodiazepines. For example, in one
study with squirrel monkeys (Weissman et al., 1984), every 30th lever-press-
ing response produced a pellet of food. 1In the presence of a white light, no
other consequence occurred; however, during a red light, every 30th response
alse produced a mild, brief electric shock to the tail which suppressed
responding. Buspirone increased the low punished response rates to approxi-
mately 300 percent of control at the most effective dose (3.0 mg/kg) and,
except at the highest dose (30 mg/kg), had relatively little effect oa unpun—
ished rgSpOnding. In comparison, the benzodiazepine midazolam produced
lnereases in punished responding to over 2000 percent of control at doses that
did not markedly alter unpunished hehaviar.

Table 1 summarizes the effects of buspirone on behavior using various pun—

ishmeat procedures and provides an analysis by species, dose and route of
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administration. There appear to be no consistent wvariables such as route,

dosage, or species which might account for the differences in buspirone's

Insert Table 1 about here

effects. Although degails of the shock inﬁensity or duration were not always
stated, in cases where they were comparable, effects were not necessarily
consistent. Even when buspirone increased punished behavior the effects were
generally rather weak. Obviously, these exceptions to the generally uniform
correspondence between anticonfliet activity and clinical amnxiolytic efficaey
are intriguing.

In contrast to the either weak acrtivity or lack of effects produced by bus-
pirone on punished behavior of rats and wmonkeys, effects obtained in White
Carneaux pipeons are extraordinarily robust (Figure 1), quite reliable and of
the same magnitude as those produced by the benzodiazepine, chlordiazepoxide
(Witkin and Barrett, 1986; Barrett et al., 1986)}. Buspirone, however, is at
least ten times more potent than chlordiazepoxide in this species (Figure 2).

Pigeons were studied under the same general procedures described for squirrel

Insert Fipure 1 about here

mankeys above. This procedure is a slight wvariation on traditional conflicc-
type procedures described in Section 2a of this chapter, and has been used
quite extensively to examine various drug effects. With pigeons, it appears
to be selective and sensitive to compounds having anxiolytic actions, even

those such as buspirone that are somewhat atypical and generzlly de naot exert

Insert Figure 2 about here
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substantial activity in other procedures of this type (e.g., the beta blockers

propranolol and atenclol also increase punished responding of pigeons, Durel

et al., submitted manuscript)}. However, compounds from other classes, such
as the psychomotor stimulants, opiate analgesics, and trieyclic antidepres—

sants, as well as the antipsychotiec drugs, do not produce increases in pun-
ished responding. Thus, when used with pigeons, this procedure may be quite
effactive in detecting unique, atypical anxiolytic agents (Barrett, 1985). The
precise reasons for this unique sensitivity to potentially novel anxiolytic
compounds rewain unelear at the present time.

In related studies with punished behavior of pigeons, we have found th;t
the buspirone analogue MJ 13805 (gepirone) also produced increases comparable
to those found with buspirone (Barrett et al., 1986). A buspirone metabo-
lite, 1-PP (MJ 13653), however, did not increase punished responding of pig-
gons and, in this species, doéﬁ not appear as 4 metabolite of buspirone or MJ
13805 (P, Tayler, personal communication), Comparisons of the effects of

buzpirone, MJ 13805 and 1=PP are shown in Figure 3.

Inserr Figure 3 about here

Since these effects in pigeons were in marked contrast to those reported
thus far with most other speclies, further behavioral and neurcchemical studies
(Waissman, this volume) were designed to determine the ©possible mechanisms
through which buspirane produces these effects.

B. Drug Interaction Studies

In view of the marked actions of buspirone on dopaminergic systems
(McMillen et al., 1983; Riblet et al., [984; Taylor et al., 1982), we

initially examined the effects of dopamine agonists snd antagonists alene and
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in combination with buspirone in pigeons {Witkin and Barrett, 1986). The
effects of buspirone on punished and unpunished behavior were unaffected by
either apomorphine (Figure 4) or haloperidel (Figure 35). However, the rate
dacreases produced by higher doses of apomorphine were reversed by doses of

buspirone that had no effect when administered alone. The lack of direcr

Insert Figure 4 about here

dopaminergic activity in mediating buspirone effects was also confirmed in
studies with the buspirone analogue MJ 11805 described above (Figure 3). This
compound, which has no significant effects on central dopamine systems, pro-

duced increases in punished behavior of pigeons that were comparable to those

Insert Figure 5 about here

of buspirone. Thus, data from behavioral sztudies do not substantiate the
direct involvement of dopamine in mediating the auxiolytic effects of
buspirone.

Effects of buspirone on punished bhehavier of pigeons also do not appear to
involve the benzodiazepine-GABA receptor complex. Although buspirone has been
reported to facilitate the binding of benzodiazepine ligands undar some condi-
tions (QOakley and Jones, 1983; Weissman, this volume)}, the benzodiazepine
teceptor antagonist Ro 15-1788 does not alter effects of buspirone on punished
behavior = of rats, pigeons or squirrel! monkeys (Barrett et al., 1986:
Welssman et al., 1984). Further studies with other drugs having relatively
selactive effects on serotonergic systems will provide additional information
but, at the present <time, it appears that buspirone produces its unique

actions through multiple neurotransmitter systems (Eison and Eison, 1984).
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Perhaps compounds with mixed actions would be best suited to Further analyze
the mechanisms involved in buspirone's effects.

C. Implications for Animal Models of Anxiety

Unlike most other clinically effective anxiolytic cbmpounds, buspirone
does  not appear to produce robust, reliable increases in punished responding

'

in any species except the pigeon. With regard to a satisfactory preclinical
screen or model for evaluating potentially novel anxiolytics, it appears that,
at present, the pigeon provides the requisite features. Both typical and
atypical anxiplytic agents produce increases in punishad behaviar in this
species, yet compounds that are non-affective anxiolytics do not. %1t is inter-
esting that ketamine also increases punished behavior of pigeons (Brandao et
al., 1980; Wenger, 1980), although these effects are much smaller than those
gbtained with pentobarbital, There appear te be ne reperts of anxiolytic
activity by ketamine, cthough it may be important that certain doses of both
buspirone and ketamine produce similar effects on gross behavior of baboons
(R, Lamb, personal communication). It may be the case that, although punished
behavior in the pigeon currently appears te be the mest sensitive and
selective model for revealing the potential asetioms of both typical and
atypical anxiolytics, newer cffective compounds may net preduce similar
effecrs.

Results with buspirone in the pigeon also suggest that this species may be
vseful in drug diserimination studies for probing compounds which might pro-
duce simifar di5criminativelstimu1us effects. As mentioned earlier, it has
been difficult ro wuse buspirone as a training drug because the high doszes
required to produce discriminative contrel alse result in large behaviaral

effects. The sensitivity of the pigeon's behavior to doses of buspitone as
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low as 0.03-0.1 mg/kg indicate that it should be relatively easy to develop
stimulus control with this compound., This would allow an additional means of

assessing the .system or systems through which busplirone produces its unique
effects.

Perhaps no single method will provide the necessary features for evalu-
ating new drugs. 1t may be necessary to develop a battery of tests based on
some of the procedures described in this Ehapter to provide the most suitable
means of prediecting anxiolytic drug action. In view of the multiple character-
istics and determinants of anxiety, it seems only appropriate to assume that .a
non-unitary pathological condition will not easily be modeled by & single test
or, perhaps, even a few tests. Progress in the treatment of anxiecy with phar-
macologically selective agents such as buspirone will aid in clarifying basic
behavioral and neurochemical processes invelved in this disorder. Designing
tests to gvaluate these newer agents will be a continuing challenge to psycho-
pharmacologists such that both clinical and preclinical research will profic
by thesge developments.

IV. CONCLUSIQNS

The discovery of buspirone as an effective anxiolytic essentially devoid
of most of the traditional bilochemical, physiclogical and behavioral charscter—
istics normally 4dssociated with this class of drugs has initiated an exciting
new phase ia the psychopharmacolapgy of anxiety. Together with the parallel
and substgntial developments in benzodiazepine receptor pharmacelogy, these
findings have generated new questicns, challenpged old assumprtions and created
tremendous research acfivity. The vigor associated with these efforts is
likely to radically revise our current concepts of anxiety and provide a bet-

ter wunderstanding of factors invelved in the eticology, assessment and treat-
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Figure Legends

Figure l: Illustrati;n of controi performances and effects of 0.1 mg/kg
buspirone in the pigeon. Each key-pecking response incremented the
pen; ever; 30th respense produced food delivery which i= indicated by
the diagonal stroke of the pen. Duriﬁg alternate 3-minute segments of
the session, the colors on the key changed from white to red to
denote, re;pECtively, whether each 30th response also produced shock.
Punishment components are indicated by the deflection of the pen
beneath each record for the 3=min period; shock deliveries are
indicated by deflections on both recordings.

Figure 2: Comparison of effects of buspirone and chlordiazepoxide on
punished and wunpunished behavior of the pigeon. Control pointg + ]
5.E. are indicated on the left by the uwnconmnected points. Ihe dashed

line denotes no change from control levels. {Adapted from Barrett et

al., 1986)

Figure 3: Effects of buspirone, MI=13805 and 1-PP on punished <(top) and
unpunished (bettom) behavior of pigeons. Control weasures, + |
5.E., are indicated on the left by the vunconnected points. (Adaprad
from Barrett et al., 1986)

Figure 4: Effects of buspirone and apomorphine alone and in combination an
punished and wunpunished behavior of pigeons. Fillied wunconnected
points on left represent control measures, + 1 S.E; open symbols

denote effects of apomorphine alone and in combination with buspirone.

(Adapted from Witkin and Barrett, 1986)
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Figure 5: Effects of haloperidol and buspirone alone and in combination on
punished and unpunished behavior of pigeons. Details as in Figure 4.
{Adapted from Witkin and Barrectr, 1986)

Figurg 6: Effécts of the Benzodiazepine receptor antagonist Ro 15-1788 and
buspirone alone and in combination on punished and unpunished behavior

of pigeons. Details are the same as those in Figure 4. (Adapted from

Barrett et al., 1986).
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