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. . Abstract ' M

The negative-reinforcing effects of dl-cyclazocine and naloxone
were examined in morphine dependent and post—depéndent Squirrel mon-

keys. Five adult, male squirrel monkeys (Saimiri sciureus) were

'trained to emit 10 responses (FR 10) terminating“a écheduie—complex
6f liéﬁt and masking noise associated with brief, intravenous inject-
iqns‘of naloxone (.01 mg/kg/inj} and gi—cyclazociﬁe (.003 mg/kg/inj).
Animals had an experimental histo;y_df training to escape or avoid
electric-shock presentation and intravenous drug injections. &hen

the monkeys received a chronic intramuscular injection of morphine
(10 mg/kg) one hour preceding daily sessions, respocnding to'eséape

or avoid naloxone was ﬁe;l maintained. In two determinations, dl-
'qyclézocine injections were éscaped or avoided but in a third, mor;
injections were delivered. When morphine pretreatment was disconti-
nuéd, post-dgpehdent animals tolerated injectiohs of naloxone or di-
cyclazocine. = The nega£ivé—réinforcing capaeity of these drugs with
morphine-antagonist effects evidently depended upon whether or not
monkeys were morphine dependeént. It was sqgéested that both a redu- -
ced grade of physidiogical dependence and the small dﬁse of dl-cycla-
zocine were responsible for the tmf%rance to dl-cyclazocine observed

after protracted experimental manipulations.
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INTRODUCTION

Opiate dependence continues to be a major problem throughouf
. the world‘and has had an incfé;singlimpact on individual health
and well-being as well. as on sociefy as a Qho{g (Fink, Freedﬁan,
Resnick & Zaks, 1973; ‘the World Health Organization, 1975}. A
drug is said'to.brodgce'physioiogical dependence when an absti-
hencé syndréme is observed ﬁpon withdrawal from the drug. Beha-
vioural dependeﬁce, on the éther hand, is a condition of compulsive
drug-taking without an observable aSstinence syndrome when the
drug is removed. Both kinds of depeﬁdence are characteriggﬁ by
compulsive drug-seeking behaviour. In fact, dependence was first
studied'using the oﬁhates J(morphine) for which an abstinence
syndrome as well as widespéead nop—medicai self-administration in

*

man had been commonly recognized. Research in areas as diverse

. as law enforcement, education and medicine has accelerated in an
attempt to understand and élleviaée this.complex pFoblem {(Schuster
& Balster, 1973). 1In the past 17 yeérs, experimental psychologists
haviicbntributed to this work by developing techniques-for,tﬁe |
scientific study of thé'ph%;macological and behavioural aspects
of drug depenéence. The general ggkls of behavioural pharmacology
have been (a) to construct a laborato;y model of dependence

(including the underlying physiological and psychological mecha-

nisms) and (b) to improve prediction of abuse potential of new

~




drugs as substitutee are sought that have the potent analygesic
effects of ﬁorphine without dependence—producing'properties
(Schuster & Balster, 1973; Goldberg, l915; Kelleher & Goldberg{
1976) . . A '
Fundamental to the achievement of these goalsihes teen the
application of operant oonditioning techﬁiques developeé by B.F.
Skinner to toe st&dﬁ'of drug-behavibur interactions.in animals.
The operant model, in which behaviour is controlled by ite ccnse-—

-

quences, can be applied to a vast range of behaviours (Kelleher

& Goldberg, 1976) and has prov1ded behavidural pharmacology with

the methodology for objective measurement( of the environmental

~ 4"

and biological variables involved in drug-taking and drug-seeking

behaviour (Pickens, 1977).

Also of importance forithe'study of the behavioural agpects

of drug dependenoe, has been the develdpment of techniques allowing

-

experimental animals to self-adminis drugs {Thompson & Schuster
1969) ‘ Weeks (1961) flrst described intravenous self-administra-
tion in rats while Deneau, Yanaglta and Seevers (1969) and Schuster
and Thompson (1964) developed 1ntravenous self-administration
methods for rhesus monkeys. Uszng this procedure, expermmental
animals can control,‘by a behav1our such as lever pressing, the
delivery of drugs from an infusion pump. connected to an implanted,’
chronic-intravenous catheter.

The Valldlty of infra-human prlmate research in drug depen-‘

dence assumes the generallzatlon of results to man. The World

g »
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Health Organization (WHO) has regognized primate reseatch as the
.app;opriate pre-clinical method of drug-dependence evaluation.
This was b#ased on the finding that many drugs'commoﬁly'gtﬁsed by
mamyare alsq self-administered by labofatory animals (Schuster &
Thompson, 1969; WHO, 1975). In addition to tﬁe e;hical'advan-

tages of using animal subjects, such research® allows greater expe-

rimental control while reducing reliance upon mentalistic constructs

to ex;}ain drug-dependence (Schuster & Villarreal, 1968; Schuster

& ThoWlpson, 1969).

The extent to which drugs are self-administered is a measure’

1

of their reinforcing properties (Schuster & Thompson, 1969), MOﬁﬁ"”

keys self-administer certain psychoactijgre drugs which are therefore

~3
described as being positively reinforcing or maintaining the beha-

wiour leading to their delivery. Schuster and Thompson 11969) have

reviewed in det

- -
asses of drugs that are self-administered

by various species of experimental animals.. They include: narcotic

'analgésic drugs, sedative-hypnotics, psychomotor-stimulant drugs_'

and some minor tranquillizing agents. P

Just as drugs can serve as positive reinforc$rs'maintaining J

self-administration, they can also.be aversive. Drugs- function as
aversivé stimuli in two ways: (a) as a punisher, a drug\inﬁusion
suppresses responding leading to its delivery; and (b) as a

- negative reinforcer, a drug maintains behaviour that either termi-

nates the infusion (escape) or delays its presentation (avoidance).

-
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Hoffmeister and Goldberg (1973) found that chlorpromazine (an anti-

psychotic phenothlaZLne) was not self—adminiséered by‘rhesus mon-

.keys in experlments in Whlch several drugs were cross- substltuted

for cocaine. They cencluded that chlorpromazine had a ‘punishing
effect. In the same experiment, 1m1pram1ne (a trlcycllc antl de-
pressant) appeared to have no effect on behaviour and was therefore

considered to be nelther'positivelydkn:negatively reinforcing. 1In

. other research, Goldberg, Woods and ‘Schuster (1971) found that

morphlne dependent rhesus monkegs escaped or av01ded lnjectlons of

-

nalorphine (a mixed morphlne agonlst—antagonlst) and na;oxone {a

potent morphiﬁé}ﬁﬁtagonist).

,Mu;h;pf,the-self—administration‘research has focused on the
positive—relnforc1ng propertles of psychoactive drugs while only
recently have. studle?jbegun td}assess the negative- relnfor01ng
properties. Holz and Gill (1976) have rev1ewed the results of this
recent area of study. They will be presented in detall in the
final section of the Review of the Literature, (Chapter I).

The generals purpose.df research presented here was to continue

investi?etion of the aﬁersive properties of drugs using the self-

“administration procedure within the fraQerrk of the operant analysis

" of behaviour, dl-Cyclazocine was,seledted as the experimental drug.

to be studied in terms of its aversive Properties. dl ~-Cyclazocine
‘is a mixed morphlne agonlst antagonist drug that has been used cli-
nically in the treatment of hercin addicts (Martin, Fraser, Goro-

detzky & Rosenberg, 1965; Fink et al., 1973) but has not beer’

' " ' ,r
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C
hhorouéhly investigated- in a pre-clinical setting. Resulté of

v . : - '

two pieces of research suégested-thé ;ork reported in this thesis.,
In the first, Hoffmeister and Wuttke (1973) found that cyclazocine
(.01 to .0025 mg/kg/inj) generated’ané maintained escape/avoidance
behaviour in drug-naive rhesus monkeys; that is,‘animals with no
history of drug self-adminisération and not presentlv dependent
on mgrphine. This was a unigue finding since morphine antagonists
o?“mixed agonist—antagoﬁists are'@eﬁerally only aversive in morphine—'
depéndent organisms (Woods, Downs & Carney, 1975; Kandel & Schuster,
1977). Tﬁe second regearch of interest‘was by Tang and Morse (1576)
who found tﬁaf‘nglorphine (.01, .02 and .04 mg/kg/inj)} maintained
highly consistent escape/avoidance resovonding in.mofphineAdenendent
rhesus mbﬁkeys. Of. key importance though was that such responding
was not maintained in the same animaig while they wefe in a post-
devendent étate. In other words, once morphine was withdrawn and
the abstinence syndrome had diminished, animals n; longer respcnded
to escape’gz-avoid injections of nalorphipe. The two sets of resulfs;
that is, Hoéfmeistér and~Wuttke.(1973) and Tang and Morse (1976)
apnegred to be at odds in as much as cyclazociné and nalorphine are

both mixed morphine agonist-antagonist drugs. Since cyclazociﬁé had

not been studied in morphine-dependent monkeys (Holz & Gill, 1976) or

~ - -

in post-dependent monkeys, the present research was designed (a) to
replicate Hoffmeister and Wuttke's work (1973) with cvclazocine:; (b)
to explore the role of morphine dependence in the maintenance

of cyclazocine escave/avoidance behaviour; and finally (c) to




o ) - ‘ ' . xi#
compare thesg resuitslwith fhbse of nélo#one,la weii-known'morphine
éntagdhisf. - :: - . -

fn summary, the present research in Behaviourél pharmaéology
was designed to continue the investigation of the aversive properties
" of drugs; specificaily to‘study the éffects of morphine’dependence
nd post—dependenée 6n the aversive;pfoperties of dl-cyclazocine.
As such, thls work was 51tuated W1th1n the larger framework of the
operant analysis of drug -behaviour interactions and opiate depen-
dence. The' specific ressarch questions will be presented at the -
conclusion of the Review of the Literature which follows in Chapter 1.
.Chapter II describes the e&perimental procedure and methods of
data‘agqhisition. ~ Chapter III contains the experimental results

and the discussion and conclusion are found in Chapter IV.




CHAPTER I - - | o

REVIEW OF THE LITERATURE . Tk

Before reviewing the'reseéfch concerhéd sp;cific§lly with '
the aversive properties of drugs, a brief‘exposé of the béhavi;';
oural pharmacoloQY literature pertinent to the work presente&l

. here will-be given. Such an exposé will not beiig any way
exhaustive but will attempt to give both the rationale for the
experimental procedure as Qell as the necessary background against
which results can be meaningfully interpreted. This information
will be présen£ed in several.sections including: Operant Condi-
tioning Techniques, fhe Determinants of Drué Action, Drug Self-

Administration, The Behavioural Effects of Morphine and Morphine-

Agonist and Antagonist Drugs, and the Aversive Properties of

Drugs.

Operant Conditioning Techniques ) - . S
The application of operant conditioning techni&hes developed

by B.F. Skinner and his associates (Skinher, 1938; Ferster & Skinner,

1957) to studies of dru behaviou; interactions was established

during the 1950's (e:g.,-D ws, 1955). At this t;me; the synthesis

- Y

of psychoactive drugs was|acceleratin eginning with the discovery

of major tranquillizers; ch asp ¢ 1prpromazine{ While drug-

screehing research had been condu d since the 1920's the methodo-
lodﬁlwas unsysteﬁatic and results fragmentary (Pickens, 1977). As
] ;

<
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a éesulé, Séveral-important papers called fof thetdevelopment of

,behaviourélnphérmaéoldgy as’ a basic medical science applying oper-

PP

. . \/ -
-ant’ ﬁrinciples~to the behavioural component of the drug-behaviocur. -

"interaction (Dew;, 1958; Sidman, 1959;

Skinner, 1959)}.

>0peiant‘techniques provided a means of establishing and mea-

.surlngaabehav1ouralbasellnesen51t1ve to drug effects, against

which the results of experimental manipulations could be compared

(Sidman, 1960; Pickens, 1977). Typically, the behéviour measured

-

was .performed in a restricted experimental area and met the require-
i

ments of being (a) appropriate to the organism (e.g., key-pecking

for pigeons and lever-pressing for rats and monkeys); (b) easily

repeated by the organism; and (c) readily counted by automatlc

equipment (Kelleher & Morse, 1968). In addition to furnlshlnq a

" method for measuring behaviour, operant techniques were valuable

in that the principles of operaht conditioning had been shown to

be relevant and generalizable across species and behaviours (XKelleher

& Morse, 196B; Kelleher & Goldberg, 1976).

The primary principle was that the f}equency of occurrence of

an operant or behaviour was controlled by its consequent event.

This event was called a reinforcer when the behaviour it followed

increased in frequency. Reinforcers could increase the fregquency

of behaviour, leadlng to their delivery

(as in positive reinforcement)

as well as behav1our leadlng to their termination or postponement

(as in negative relnforcement). Another event known as punishment

controlled behaviour by suppressing th% frequency of future

)
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occurrence of the behaviour. Various events had been shown t{:::////.
act as reinforcers under suitable conditions.’ These included

.

food and water presentation, the delivery of electric=-shock and

the &elivery of drug injections. When d;ﬁg injections were con-
sidered as consequent events (either as reinforcers or punishers)
according to the operan% model, their role in the maintenance of
self—agpinistratidn behaviour could bé analysed functionally in

the same manner as for other events that coritrol behaviour (Kelleher
& Goldberg, 1976; Spealman & Goldbefg, 1978). It is within this
operaﬁt framework, then, that the present research using drug
injections has been designed.

While thé consequent event itself is a key determinant of be-
haviour, the schedule governing its occurrence is at least as‘impor—
tant (Kelleher & Morse, 1968). The ruies stipulating the sequen-
tial and temporal relaﬁionship betwéen a behaviour and its reinfor-
cement are known as schedules of reinforcement (Kelleher & Goldberg,
1976). Each schedule engenders a characteristic patéérn of respon-
ding (Kelleher & Morse, 1968) thégtmust;be taken into account when
studying the reinforcing properties of drugs and théir self-adminis-
tration. The importance of schedules as well as other determinants
of drug acﬁibnifor behaviour will be considered in the following

- J
section,
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The Determinants of Drug Action

Traditionally, drugs that affect behaviodf’ﬂéﬁe been classi-
fied as either stimulants Or-depressants-and their inherent pro-
perties have been called upon to explain their effects. In recent
years, however, such an account of the behavioural efﬁect of drugs
has not been supported by the research. In fact, preoccupation
with the inherent properties of drugs may have encumbered under-
standing of drugs as reinforcefs, (Kelleher & Morse, 1968; Kelleher
& Goldberg, 1576; Spealman & Goldberg, 1978). The usual technigue
of holding environmental variables constant, masked the importance
of such variables in the determination of drug action. Behavioural
pharmacology has- focused on environmentalxévents and has found that
under appropriate conditions, drugs formally classified as stimu-
lants could increase or decrease responding while those regarded as
depréssants could alsc increase or decrease responding. The change
in responding depended upon the ongoing rate and pattern of schedule-
controlled behaviour (Kelleher & Morse, 1968).

Of all the environmental factors, the schedule-controlled rate
and pattern of responding was found to be a primary determinant
of drug action. As noted in the previous-section, schedules were
the rules establishing the temporal and sequential ¥elationsﬁip
between a behaviour and its reinforcement. They have been commonly
claiégfied according to whether the reinforcer follows a given

number a responses (ratio schedules) or follows the first response

pe



. after a given period of time has elapsed (interval.schedulgs)

. (Spealman & Géldberg, 1978). Under both regimes the response or
time requirement could be fixed or variable. Dews (1953) was

the first to show experimentally the differential effect of ;

a drug, dependent on the schedule 4jof reinforcement. Food-deprived
pigeons were trained to peck at an illuminatéd key in an experi-
mental chamber. Under the first schedule, every 50th reséonse was
reinforced by access té food (FR 50). Under the second, the first
response after 15\minutes produced access to food (FI 15'). Two

-~

animals worked on eéch schedule. Control behaviour was typical
of patterns engendered by fixed-ratio and fixed-interval sbhedﬁ&es
in that the FR 50 produced a steady, high response—réte while the

FI 15' preduced a long pause after reinforcement and then a progres-
sive increase in rate of response throughout the interval. When
baseline sehaviour Qas established, the effect of pentobarbital
sodium, a sedative-hypnotic (.25 - 5.6 mg* i.m.) was studied. The

1 mg dose significantly increased responding under the FR 50 sche-
dule but significantly decreased responding under the FI 15' sche-
dule. In addition, a dosage of pentobarbital was found (.5 mg)

that increased responding under the fI 15' ‘condition. The assump-
tion then, that pentobarital sodium depressed behaviour did not bear
out in Dews research. Although Yarge enough doses would undoubtedly
suppress responﬁiﬁg, the effects of behaviourally active doses would
be better understood by considering~EHE°réte of ongoing responding,

a schedule-determined characteristic of behaviour. In a later
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experiment, Dews (1958) went on to show thatvthe effect of a

e psychémotor—stimulant drug, methampﬂgtamine, was ‘also dependent
upén schedule-controlled rate of responding.. ‘When an FI 15°
schedule maintained a low rate of_respondinq, methamphetamine (.25
mg i.m.) ingreased responding over saline coﬂtrol. The same dose
had no such stimﬁlaét action on behaviour maintained at a higher
rate by an FR 50 schedule and a variable-interval, one minute (VI 1°')
schedule. A larger dose (1 mg i.m.) of methAmphetamine decreased
responding under all three schedules. .

This pioneering work by Dews provided the framework for subse-

quent investigations of the parameters of schedule-controlled pat-

v
.

terns of responding that modify drug effects. ‘Kelleher and Morse
(1968) have reviewed the vast number of studies in this area. Foé‘
prgsent purposes a prief resumé of the research results will be
given. Dews original work {1955) has been supported using other
species; drugs and types of reinforcers. Results confirmed that a
single drug dose will differentialiylaffect rates andhpatternﬁ’of
responding engendered by different schedulss and maintained bf the
same reinforcer. In addition, the parameters of-a single schedule
can modify drug effects. For examplé Morse (1962) repoited that

.~ the higher doses of amobarbital, a sedative-hypnotic (10 mg i.m.)
decreaséa responding more under the FR 33 schedule in which the
control response rate was high, than under the FR 330 schedule

which maintained a low control rate. This provided an example of



the importance of the rate of baseline'responéing. This varlable

is a major component of the schedule of relnforcement and a prin-

01ple determlnant of dqu action.

Other experlments with drugs; such'as, chlorpromazine and am-

.

phetamine have 1nvestlgated the effect of holding constant the rate

-and pattern of contrphl behaviour while varying the reinforcing -

event. The presentation of food, water, heat and intracranial sti-
mulation have all been used as reinforcers in these studies. The
drug effect on behaviour appears to be independent of the type of
reinforcer. This finging ig equally true when behaviour is contrél—
led by negative reinforcement (the termination or postponement of
noxious stimuli). CooE;and Catania (1964) produced comﬁérable
patterns of responding in monkeys working under fixed-interval scﬁe—
dules of either food presentation or elecfric—shock termination.
Chlorpromazine and imipramine decreased rates of re5pond1nq w1th both
re1nforc1ng events, while certain doses of amphetamine, meprobamabe
and chlordlazepoglde increased rates of responding with both.

The consistent conclusiocn then is that despite traditioﬁal .
assumptions regarding the- inherent properties of drugs, their effects
onlbehaviour depend on the schedule-controlled rate and pattern of
responding and are‘generally independént of the reinforcing event.

Not to be overlooked in determining drug.action is the effect

of various drug dbses on behaviour. Most drugs modify behaviour

over a narrow range of doses’'and a single graded effect is rare

.although this has been foun@ for simple in-vitro preparations

N




" (Kelleher & Morsey, 1968). Since large enough doses of any drug

will eliminate responding it is essential in studying drug-beha-
viour interaétions to establish dose—effeét curves for a variety
of drugs over.severa% schedule—contrblled-patterns of responding

(Kelleher & Morse, 1964).
Tﬁe experiments noted in'this section have dealt with the

effects of acute drug injections on behaviour maintained by some
other event such .as food presentation or postponement of electric-

.@;;Eh\\‘z?is type of work can be contrasted with self-administra-
‘tion studies in which Fhe drug itself is the reinforcing event
maintaining the behaviour. Schedule-controlled responding .is also
important in self-administration research and will be discussed in

the follow1ng section,
2

Drug Self-Administration

A distinctive feature of drug dependence (both human and animal)
is the persistent malntenance of behaviour leadlng to self- admlnls—
tration of the drug (Kellehe: & Goldberg, 1976; Spealman & Goldberg,
1978). Recent technol?gical advancee that allow experimental ani- .
mals'to.self—administer'dfugs have enhanced the laboratory ﬁodel of
drug dependenee and furthered understanding of both drug-seeking
behaviour and the reinforcing properties of drugs (Schusﬁer &
Thompson, 1969). Schuster and Thompson (1969) have reviewed.the

early self-administratioﬁ work im which the oral route of drug
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delivery predominated. In one metﬁod, animals were typically
* water-deprived prior to being-éiven a ;hoice of solutiors to drink
unéer varying conditions; such as, environmental stress. 1In
addition, Falk (1961) observed that laboratory animals could be,
induced to self-administer drugs via adjunctive drinking. He
discovered that rats trained oh intermittent schedules of food
'~ reinforcement developed patterns of excess drinking during beha-

viourdl-{esting sessions although they had not been fluid-deprived.

., called schedule-induced polydypsia, has alsc been

obskerved in monkeys (Schuster & Woods, 1966). There are, however,
. everal major disadvantages to this route of administration. Posi
tion preference, degree of water deprivation and -variability in
time and amount~of drug absorption may all éoﬁfound results. Addi-
tionally, there is no record of the distribﬁtion or pattern of drug .
intake over time. Other routes of self-administration including -
inhalation (Goldstein,’ 1971)and intragastric have to date not beeﬁ
as thorouéhly investigated as intravenous drug-taking behaviour.
Most recent work uses the intravenous self—administ?atioh tech-
nigue first reported for use with rats by Weeks (1961). An ind&el—
ling-chronic venous catheter is cénnected to a drug injection pump
which can be operated by the animals in the.experimgntal chamber;
This arrangement has also been described for rhesus monkeys and
squirrel'honkeys, {Schuster & Thompson, 1964;"Yanagita, Deneéu &

Seevers, 1969; Stretch & Gerber, 1970).
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Under suitable conditions, rats and monkeys have been shown .
to self administer several compounds’ of the classes of drugs illi-
citly self- admlnlstered by man: narcotic analgesic drugs;,Sedative
hypnotics including elcohol{ psychomotor stimulante; and eome~minor
tranquillizing agents (Schuster & Thompson, 1969). There is evi-
dence that other drugs with psychoactlve nropertles do not support
compulsive drug- taking behav1our They are the halluc1nogens,
malor tranqullllzers and certain narcotlc compounds with mixed
morphlne agonlst—antagonlst effects (Holz & Glll 1976)‘

The conditions or variables influencing. the pattern and fre-
quency of drug self- admlnlstratlon include (a) schedule of rein-
if cement; (b) drugAdose and direct effects of the drug and (c)
the animal's history of drug experience and current status of phy—'

51olog1cal dependence.

Schedules of reinforcement. Spealman and Goldgerg (1978) re-

viewed the literature concerning the control of self-administration
L "

by schedules of reinforcement. They concluded tth,seQ:dule—control—
led rates and patterns of responding were more impdrran than in-

trinsic drug properties in determining the effect of a drug en
behaviour, ‘

Providing certain conditions were met, it was possible to
produce the rates, and patterns of respondlng characterlstlc of each
type of schedule when a drug acted as the coﬁgequent evei%. But on the

fiked—ratio schedule for example, a high drug dose coﬁbl d with

/
frequent infusions could result in an accumulatlon ?f the drug

7
-

-



whldndlsruptedbehav1our. However, sdhedule~control could be
" improved by u51ng the lower behavmourally—actlve doses and limjiting
the occasions of drug avallablllty (Spealman & Goldberg, 1978).
For example, under an Fl?}o schedule of ‘P:ocalne ( 003 mg/kg/
lnj) self admlnlstratlon with 1ntake llmlted to 48 1n]/se551on, o™

rhesus mOnkeys responded at a raie of one 1ever—press/sec which is

comparable:to the rate engendered by other reinforcers under the
same schedule (Downs & qudé, l?j4)uf . “
As witﬁ behavipuf controlldd by othep events, rate of responding

for ‘drug selﬁ—gdministrétion varies directly with the size of the

ratio requirement,’ over a lgrge-range of ratios (Schuster & Thompson,

L}

o dules varies in length dlféctly with the ratio and drug dosage

[

1969). The pause after reiyforcement characteristic o%ratidsche-

{higher ratlos and doses produ01ﬁg longer pauses). While the fixed-

" ratio séhedule_has been studied mostlextensively, schedule-control
has also been demonstrated Qith progreSsive—ratio, fixed-interval,
varieble—intervai and"éecond-oraer schedules of drug self-administra-
L tion (Spealman & Goldberg, 1978}. The powerful effect of schedule-
control waq‘demonétrated by Goldbefg and Kelleher (1976). They

studied’

¢ effect of increasing the doges of cocaine on self-admi-

e

haviour in rhesus.monkeys under a multiple fixed-inter-

nistration
'val 5 min, fixed-ratio 10 schedule. Alternating components of the

.schedule wepe separated by a 60 sec time-out. At doses of cocaine -
above .1 mg/fg/inj, rates of responding decreased in the fixed-ratio

component to below those of the fixed-interval which itself was not
£, .
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disrupted.. A siﬁgleldose of cocaine, ffherefore, had a different
behéviourél effect deéending on the schedule of reinforcement.
These resultg suggested that the fixed-interval schedule was more
stable to the rate—decreasing effects- of high doses 6f cqgaine
than was the fixed-ratio. |

Drug dose and direct effects .of the drug. A second varlable

to be considered when evaluating self—admlnlstratlon behaviour is
"drug dosage. Schuster and Thompson {1969) reviewed dose-effect +
results for several classes of compounds. Responding for morphihe
under a variable-interval schedule resulted in an inverted "V"-
shaped curve as the dose incmeased from .Oi—l.O mg/kg/inj,so‘that
maximal response rates occurred far the intermediate doses. For

. : . ] . ' 3
the psychomotor stimulants,(cocaine, d-amphetamine and methampheta-

- mine) however, there was an inverse relation between doses and

response rates across all self- admlnlstered doses.
' A confounding variable 1n studying the reinforcing propertles

drugs was the direct effects of the drug. These.effects are

" callkd non-specific since rthey disrupt ongoing behaviour including

“ant being.measured.(Schuster & Balster, 1973). As noted in o
the previous section, large-doses of any drug will incapacitate the
$animal and resulf in cessation of beﬁgviour. Bht’evep behavioarally-
active doses, if accumulated and metabolized slqwly,.will disrupt

behavicur and mask the reinforcing efficacy of the drug.

For example, Deneau, Yanagifa and Seéevers (1969) described.the

> w

~ behavioural and somatic-toxic effects of cocaine and amphetamine

®
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self-administration in rhesus monkeys. When each lever-prgss
resulted in a drug injection with 24 hr access, drug accumulation

produced among other symptoms: stereotypy, tremors and gross:‘

-

"ataxia. 1In the case of cocaine, grand-mal convulsions were also

-

‘observed. In contrast, when dose 'and schedule of cocaine self-

administration were controlled, stable responding without disruption

by direct effects was maintained (Stretch, 1977).

Much research has focused on ways of minimizing non-specific
drug effects. Limiting the total number of infusions per session

and using in;erval schedules gives the experimenter more control

a
)

over total drug intake. Interposing time-out periods (during which
? > N ‘ .

the drug is not available) between drug trials-dlso reduces cumula- -

tive drug effects. However, these methods provide'ohly moderate

. control for short-acting compounds (Kelleher & Goldberg, 1976).

Schuster and Balstexr (1973) have suggested that the use of rate of

r

1] .
response as the dependent variable is_not a foolproof indication

. -

of the refhforcing efficacy of.a drug. For example, under an FR

" 10 schedule of morphine self-administration, rhesus monkeys res-

- .ponded at only low rates for .any dose. However, morphine maintained

high rates of responding when the schedule limited the frequency

of injections (Spealman & Goldberg, 1978)., Rgte of response can
also be'misinterpreéed when cqmpéring reinforcing properties of |
diffefént drugs. »Schuéter and Balster (1973) found ;ﬂét for rhesus
monkeys. responding on a 24 h;‘procedurq th;‘hféhest\rate.of respond-

ing was for codeine (.05 mg/kg/inj) followed by propdxyphene, whereas



-
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morphine (.01 - .05 mg/kg/inj) was self-administered at the lowest
overall rate. Their data suggested that high doseévgf mofphine
are less reinforcing than the lowest codeine dose. This of codrse did.
.not <correspond with human;élinical data and pointed out that direct
‘drhg effecrs can easily confound interpretation of a_drug‘s function
as a reinforcer. ) '
' An alternate approach to the rate of response as the dependent
varlable is use Pf choice procedures ;nd measurement of the relative
rates of respondlng to two or more drugs or doses of the same drug.
As in 51ngle schedules, the average rate of respondlng on both |
ley?rs would be partlally iﬁf&fenced by direct drug effects. How-
. ever relative rates of responding would allow an estimate of the
control of the reinrorcing events themselves (Kelleher & Golgberg,
1976} . Stﬁéles using choice procedures'ﬁ th cocaine.indicated |
that reséonding is maintained by the higher drug doses (Spealman
& Goldberg, 1978). This procedure aprears \Eaful for evaluatlng
high drug doses that under other schedules characterlstlcally

LY
decrease respondlng -

Drug history. jzhe drug ﬂ)story and curtent status of phy51olo—
gical dependence are also critical variables .in self-administration
behaviour. ‘' Previous experience with a drug can- alter resbonding

subsequently controlled by scheduled injections of that drug

(Spealman & Goldberg, 1978). Experimental subjects may respond at

higher rates and lower doses to a drug with which they have had

-

considerable self-administration experience. Furthermore, experience
. w




with one drug can affégt responding maintained by another. For
example, Schlichting,.dbldbefg, Wuttke and Hoffmeister (1971)

found that rhesus monkeys on én FR 10 schedule of d-amphetamine
self-administration responded at.  higher rates and with a more
stable pattern when they had a history of cocaine“self-administra-
tion than when responding had.been previously maintained by pento-

barbital or codeine. o -

T

~

Drugs can also exert differential effects depending on the

‘current conditions of their self-administration (Spealman &

oldberg, 1978). If the experimental animal is'bhysiolqgically)
Al_ﬂependent, the reinforcing effect of the druglis amplifieq, asla
 £unction of time gince the last drﬁg delivery (Schuster & Thompson,
\1969). In addition, the morphine-dependent monkey will terminate
énjectionsof the morphine antagonists pentagécine or propiram while
#on—dependent animals will self-administer.the same:doses (Goldberg,

| o

%offmeister & Schlichting, 1972). There is an extensive literature
cbncerning self-administration of morphine and its antagonists

under various conditions of dependence which is immediatly applicable
to tﬁe present research’aqd is therefore presented in a separate
sectﬂpn. Suffice i%}to sax for this sectio; that drug dependence

is another of the circumstances that affect seif-adminispration

behaviour.

In summary, the pattern and rate of responding to self-adminis-

ter psychoactive drugs has been shown to be dependent upon



16

»

.»;‘,.,t -

environmental factors r'ather than simply on inﬁérent-properties of
the compounds.

Assessment of a drug's reinforcing efficacy must be carefully
and cautiously interﬁrb£ed considering the non-specific, drug
effects and limitations of the fate of responding as the dependent

variable.

Behavioural Effects of Morphine and Mixed Morphine Agonist-Antagonist
Drugs

A brief éverview will be presented here of the major pharmaco-
logicgl characteristics of'morphine and drugs wi;h morphine-antago-
nist propertiés. Ng™ attempt has been made to provide an exhaugtive
account of the phérmacological mature ‘of such compounds. This inform-

- L
ation is available elsewhere (Root, 1963; Martin, 1967; Goldstein,

Aronow & 'Kalman, 1974; Goth, 1976).

As noted in the Introduction, behavioural‘phgrmacoloéf édvanced
rapidly as :rseparate scientific discipling largely in response to a
need for the understanding of human opiate dependence and for the
egvelopment of analgesic drugs devoid of dependence-prodﬁcinq proper-
ties. . The recent.investigations of self-administration behaviour

“in non-human primates have continued to elucidate the drug-behaviour

interaction of morphine-agonist and antagonist drugs.
Morphine is an alkaloid found in opium, the dried juice of the

poppy plant, Papaver somniferum. Morphine was isolated in 1803 and

& -
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remains the most important narcotic-analgesic drug (Goth, 1976).
"Narcotic analgesics are defined by their ability to suppress signs
of abstinence in morphine~dependent subjects, as well as to -produce
morphine-like prhysiological dependence when administered chronically
(Villarreal, 1973). Some other natural ang synthetic narcotic anal-
gesics are codeiqe, diacetylmorphine (heroin) and meperidine (Demerol).
The analgesic.éffect of these drugs is found in classes of drugs
Other than the ‘opiates, hénce the definition of narcotic analgesics
in terms of physiological dependence and abstinence. 1In humans,
morphine (10-15 mg s.c.) produces drowsiness and euphoria as well
as anxiety and nausea in some subjects (Goth, 1976}. 1It is a potent
analge51c for all modalltles of pain and has widesoread'centrél A
nervous system effects, of which respiratory depression and pupillary
constriction are most characteristic. Large doses of morphine can
result in death due to respiratory failure. 1In addition to the
central-depressant effects, morphlne can be ex01tatory in certaln
‘circumstances (Goth, 1976; Holtzman, 1976). The effects of a single
therapeutic éose last four to six hours whereas its metaboliém taﬁ%s
much longer, with the half-1ife being approximately 34 hours (Goth,
1976) . ' . . . A . -
Villarreal {1973) has described the effects of acute doses of .
morphine given to drug-naiv; moﬂkeys. They inelﬁde: central nervous
system depression resembling intoxication, characterized by reduction

[~

of spontaneous activity and some loss of postural tone; reduction of
- ‘\\

spontaneous. blinking with the animal insteaé, staring into space;



the syndrome (Schuster & Balster, 1973} Wﬁo, 1975).
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and marked reduction 0f responsivgness to stimqli. Large dosés
can result in coma and/or respiratory arrest. There is a notable
similarity, then, in the physiological effects of morphine in
humans and non-human primates.

FPurthermore, for both humans and experimental animals of
various species, tolerance develops to the central-depressant éffects
of morphine (Goth, 1974; McMillan, 1974; Kelleher & Goldberg, 1976).
For humans, this means that progressively larger doses are required
to obtain the same subjective effects so that tﬁe dose required for
effective analgesia in a tolerant subject may be oﬁe that would be
lethal to a-non—tolerant subject. In laboratory aﬂimals, an initial
dose of morphine that depressés; for example, the rate of responding

¢
for food reinforcement, will have no such effect after repeated

trials, so that responding returns to the baseline rate (Schuster
& Balster, 1973; McMillan, 1974; Adam-Carri&re, Merali & Stretch, .
1978} . %

bependence is a_phenomenon separate from tolerance but-is also

characteristic of the opiatés and observed in both humans and expe- '

. « .
rimental animals. -Physiolo¥ical‘dependence is inferred when (a)}
abrupt sation of clronic drug delivery results in the abstinence
syndrome and when (b) further administration of the drug relieves
The abstinence syndrome is a group of specific symptomsénd

signs observed during drug withdrawal of a dependent organism or

S

-

f
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as a consequence of precipitated abstinence (iﬁitiated by an acute
dbse of an antagonist drug). Seevers (1936) d;veloped a detailed
checklist of abstinence signs and grades of severity of the syndrome
Deneau (1956) revised this original c1a551f1catlon so that it was
possible to distinguish between eight grades of severity of absti-
nence. Briefly, some of the signs of abstinence in a dependent
grganisnlare: piloerection, emesis, diarrhea, miosis'and hyper—-
reflexia (Villarreal, 1973; Woods, Downs & Carney, 1975). lVillar—
feal and his colleagues have used the checklist in the investigation
of the dependence-producing capacity of some 900 compounds felated
to the narcotic analgesics. It had been determined that drugs

which suppressed the signs of abstinence were themselves capable

.
of producing morphine-like physiological dependence whern chronical-

‘ly administered (Villarreal, 1973). In villarreal's ﬁrocedure (the ~

single-dose suppression test), chronic morphine administration was

abruptly withdrawn from rhesus, monkeys and a single dose bf.an expe- "

rimental drug was delivered in order to observe its ability to-
reliave the abstinence syndrome. Drugs that suépressed abstinence
had high dependence—p;oduciﬁg properties,

=A1thohgh tolerance and physiological dependence are Well-knowh
phenémena that ﬂave been assessed for many pharhacological compounds,

the mechanisms of action have not been conclusively determine&f,/

"Goldstein et al. (1974) explained that there are two kinds of

theories of tolerance and dependence. The first assumes that the

drug-receptor interaction remains the same as in non—to%grant and/or
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non-dependent organisms, while the drug effects are compensated

for in other biochemical pathways or neuronal systems. For example,
it has been hypothesiZzed that the primary drug effect activates
various neural or hormonal pathways whose function it is to produce
effects opposite to those of the drug. .Homeostasis is thereby

restored. Inatolerant orqanlsm a higher drug dose would be neces-

sary to dlsrupt the homeosta51s belng malntalned by lncreased

stimulation of the variocus compensating pathways. Furthermore,

_withdrawal of the drug would result in symptoms associated with

excess output of these pathways (e.g., the excitatiog'observed upon
withdrawal from morphine).

The second type of theory of tolerance and dependence has been
labelled the."enzyme;expansion theory". 1In contrast to the theory
above, the enzyme- expan51on theory assumes that the drug produces
changes in the drug-receptor interaction. To 111ustrqte, in an
attempt to maintain normal functioning at the synapse, enzyme pro-
ductioﬁ is increased to offset'a drug—ihduced depression of synaptic
fir;ng.‘Asmqreenzyme is‘ptoduced, an increasing amount of drug is
required to produce the samé depressant effect (i.e.,'tolerance).
When the drug is withérawn the excess enzyme would not be immediateiy
inhibited, causing the excitatory effect observed in the abstinence
syndrome. . ‘ . s '

_While both theories apbear to account for both tolerance and
the physiological disruption of withdrawal in drug-dependence crga-
nisms, it hes, as vyet, het been ‘established which truly explains

the two phenomena. ' .
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A 'third event observed:;n regard to ‘bsychoactive drugs is
behavioural (or psychic) dependence. This is definéd as the volun-
tary 1n1t1at10n and maintenance of drug self- admlnlstratlon w1th;ut
the observatlon of physiological disruption upon withdrawal (Deneau,

*Yanagita & Seevers, 1969; Schuster & Balstgr, 1973). Schuster and
Balster (1973) ﬁoted that both physioclogical and behavioural depen-
dence E;édispose the organism to self-administeér opiates and can
result in compulsive drug-seeking and -self-administration. Society
labels this behaviour as drug abuse when either physiological or
behavioural disrﬁptions'dangerous to the individual or';o éoqiety
ensue. ) ‘ -

One area of study in the control of opiate dependence has been
with drugs displaying morphine;antagonist proverties. These are
substances with chemical structures that are a modification'of the
basic structure of morphine. Substitution of the methyl group of
the basic nitrogen of narcotic analéesiCS by an allyl group, has
.yielded antagonists such as N—allylnormorphinei(naiorphine) and N-
allylnorox;morphone (naloxoﬁe), (Fink ét\?l., 1973; Blumberg & Dayton,
1973). Other N- cyclopropylmethvl substitutions have produced the
N-methyl 6, 7 - benzomcrphans, cyclazocine and pentazocine (Villar-
real, 19735. -These and ofher antagonists are characterized by their
ability to counteract the cehffal—depressant effects of ngrcotic
agonists, and to precipitate an acute abstinencé syndrome in oviate-

dependent organisms. They are however, ineffective against non-

narcotic .depressants like the barbiturqﬁeS'and alcohel.

]
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An experimental clinical treatmeet for epiate depnendence made
use of antagonist actions. During extinction oF drug-seeking beha-
viour, the. ;ellef ©of protracted, conditioned abstlnence symptoms by
narcotics was blocked by the admlnlstratlon of antagonists. By
this method self-administration Qf opiates, it was hypothesized,;ould
'have no reinforcing effect and.would therefore decrease in fre%
quency and finally disappear, (Martin et al., 1965; Flnk et al.
“1973). A complication in this procedure was that antagonlsts had
direct effects of their own and most were better describeq as
mixed agonist-antagonists.

Neloxone is the only relatively "pure" antagonist showing no
ant1noc1cept1ve activity in animals and basically no analgesic
activity in man (Blumberg & Dayton, 1973) Furthermore, Ja51nsk1,
Martin and Heartzen (1967) demonstrated that in human subjects
naloxone did not produce morphine-1like subjectlve effects or physio-
loglcal dependence. Naloxone has consequently been the drug of
choice 1n-the treatment of acute respiratory depression due to a
narcotic overdose. . ;

The drugs with mixed agonist—antagonist properties have been
cla551f1ed into two groups according to the type of agonist activity
displayed (Vlllarreal 1973, Jasinski, 1977). In the first are
drugs like profadol and propiram that:have morphine-like agonist'
effects, are dependence—producing and therefore an abstinence syn-
drome is'observed upon their withdrawal or during precipitafed:

abstinence. In the second group are nalorohine and cyclazocine-like

e e V. - - ————
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mixed agonist-antogonists. The central nervous system effects of
‘these drugs differ from those of morphine in that there is a strong
musple relaxant effect without severe reSpiratory depression or
reduced responsiveness te.environmental stimuli. “For example,

while monkeys gradually develoéed tolerance to .5 mg/kg of cyclazo-
cine s.c. every 6 hrs, withdrawal of the drug or naloxone 1nject10ns
produced only yawning and self scratching behaviour lasting 8-10
days (Villarreal, 1973). fThis suggested a very low level of p io-
logical dependence, different from the morphine variety: In hum
studies, Jasinski (1977) reported that nalorphine and cyclazocine
were experienced differehtly from the opiates. Subjects classified
nalorphine and cyclazocine with the barbiturates and alcoheol because
of their sedative, drunken and disorienting effects. Morphine—Like
euphoria was not subjectively experienced. Tolerance to and ohysical
dependence on nalorphine and cyclazocine were demonstrated]mn:con51s—
tent with pre clinical experiments, the w1thdrawalsyndromehms not
morphine-like. Human subjects reported a lack of concern over thev
mild sSymptoms and did not engage in drug- seeklng behaviour (Martin
et al., 1965). The difference between the agonist effects of these
antagonlsts and those of morphine was further exemplified by-the
fact that while both nalorphine and cyclazocine precipitated absti-
nence in morphine-dependent subjects, neither successfully suppressed
N‘lthdrawal symptoms, (Jasinski, 1977). A basic principle of beh

giqyral pharmacology has been that the more potent a drug's éain—

»
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~-relieving properties, the greater llabll;yy it has for producing

morphine-like physiological depen €nce (Vlllarreal 1973- Goldsteln'
et al., 1974). Cyclazocine ma§ be an exceptlon to tﬁls rule since
it has active analgesic properties (Fink et al » 1973) but appa-
rently does not produce morphine-like physiclogical dependence.
Studles of the potential viability of cyclaz001ne as an anal-
ge51c as well as a morphine- -antagonist in the treatment of drug
dependence have shown that the drug has dysphoric and psychotiomi-
metic effects in both opiate-dependent and opiate-naive human sub-
jects, (Martin & Goredetzky, 1965; Jasinski, Martin & Sapira, 1968;
Fink et al.,°1973). These side-effects however, may be antaqonlzed
by naloxone (Jasinski et al. s 1968; Fink et al., 19737. Aas noted
in the Introduction, preclinical work with Eyclazocine has been .
much less extensive than investigations of nalorphine and naloxone,
although there has been evidence of its clinical usefulness. The -
relative positive—reinforcing or aversive properties of cyclazocine
have not been conclusively demonstrated. .
In summary, opiate dependence has been a major focus of beha-.
vioural pharmacology research. Recent investigations of the role of
narcotic¢ antagonists and drugs with mixed agonist- antagonist proper-
ties (e g., cyclazoc1ne) indicate a possible role for these compounds
in the treatment of drug dependence. However, further pre—clinicel

work is necessary to elucidate the drug-behaviour interactions of

mixed agonist- antagonists and to establish their relatlve positive

and/or negative- reinforcing prooertles.
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The -Aversive Prdperties of Drugs

Until recently, drug'self—administration research focused on
the investigation of.drugs‘as events that maintained responding
leading to their delivery. In opérant terms this process is known
as positive reinforcemenﬁ. In this section, work-on the negative-
reinforcing propeftiés.of drugs will be reviewed. The emphasis
will be oé the aversive properties of naloxone, nalorphine and
cyclazoéine'iﬁ morphine-devendent, vost-dependent and morohine-
na"% monkeys, although referendé will be made to research with

ther classes of drugs. |

During some of the work done to assess the abiiity of yarious
drugs to maintain seif—administration behaviour, it was evident
that certain substances apgeared to have a punishing effect on
drugikaking behaviour while others were neutral’ (neither nositivély ;qJ‘

P
reinforcing nor aversive). Deneau et al. (1969) found that when

chlorpromazine (.1 and .5 mg/kg/inj) was crosé-substitutedvin rhesus
‘monkeys trainég.to éelf—adﬁinister morphiné, respoﬁdin; decreased 4
altogether. Fimilar‘results were.obtained for nalorﬁhine, for nalor-
pﬁine-morphiné mixtu;e; mesdalin4 ané saIiPe. Hoffmeister and Gold;
gérg‘(1973)_fdund'thét whilé‘rheéus mqn%eﬁsconsistently self—adqinis—>
tered d—amphétamine'and morphinqq’imipraming (.05 = .5 mg/ka/inj)
failed to maintain rates of responding different from_tﬁose seen 7.
Quring saline substitution. ' Response rates when chlorpromazine

(.05--..5 mg/kg/inj) was substituted were markedly suppressed. Thevy

concluded that chlorpromazine had aversive or ounishing oroperties

LA | N |
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and that imipramine was neutral. Holz and Gill (1976) reviewed

N

-~
"-.assess drugs that failed to maintain self-administration. A puni-~

q;begﬁ&e;earch in which standard substitution tests were used to
shing effect was commonly inferred if there was a more rapid'de:\
“cline in response rate than would be observed when saline was sub-‘
. stituted. Such §uﬁbression of res?onding, however, might have
', bgén caused by factors other than aversive properties of the drug;
. such as, direct rate-depressing or behaviourall&-disruptive effects.
% :f; addition, it was difficult to detefmihe whether a drug was simply

neutral in effect or was indeed aversive.

.
-

Recent work has used a direct method of analyzing a drug's

negative-reinforceing propertieé. When responding is maintained
by the termination of drug injections (eécape) or the termination
of a stimulus associated with the injections (avoidance), the drug
ié said to function as. a negative reinforcer. The procedures used

. to studyAthe negative-reinforecing properties.of'drugs are modifica-
tions of operant techniques originally designed to study ré%ponding\
maintained by escape from or avoidance of electric-shock (Goldbef&,'
1975). The point to note is that sqpedule—controlled behaviour can
be maintained by a number of events including termination of various
stimuli; fqr exatple, bright light, ioud noise and intense heat (Holz .
& Gill, 1976) as wellyas electric-shock’ and drug injections. .Such

stimuli are defined as aversive not because they are subjectivély
R ?

unpleasant, but because of their effect 6n the future occurrence of
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behaviour which terminatés or avoids their presentation.J’Since
expefimehtal animals will respond to produce electric-shocks (é.g.,
Stretch; 1972) and will continue to self-administer drdgs with se- B
vere side effects (Deneaﬁ et al., 1969), it is evident that conse-.
quent events éannot casually be described as positive or aversive
according to subjective evaluation. Studies of negative reinforce-
ment (e.g:, Azrin, Holz & Hake, 1962) have shown that under appro-
priate conditiops, rates and patterns of responding to terminate
various stimuli can be similar to résponding engendered by comparable
schedules of pbsitive reinforcement; such és, food preséntation.
Goldberg, Hoffm?ister} Schlichting and Wuttke (1971) were the
first to use the negétive—reinforcemeht paradigm with drug injections
as the aversive event. Rhesuslmonkeys were maintained in a morphine~
dependent state by automatic morphine injections delivered every
four hours through a ven¢us catheter. Oﬁelhour after a morphine
injection, animals were tégted under a discrete avoidance/éscape
schedule. A 10 sec drug injection was delivered every 30 sec but
could be escaped or avoided by coﬂplétiop of an FR 10 responée ¥equi-
rement which was followed by a 60 sec time-out. Injectiéns of the
narcotic antagonists nalorphine (.01 - .05 mg/kg/inj) and naloxcne
(.0001, .0005 and .001 mg/kg/inj) were escaped or avoided, while
- saline injections_were tolerated. Nalorphine and naloxone therefore,
_were considefea to be aversive. Subsequent investigations of the -

- -’

negative-reinforcing properties of nalorphine and naloxone in morphine-
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dependent monkeys confirmed these first results. Tang and ﬁorse
{1976) stﬁdied the role of morphine~dependence and fixed-ratio
schedules in-zke maintenance of nalorphine escape/avoidance.

Rhesus monkeys, previously tra¥ned to self-administer morphine,
were injeétedvdaily with mqrphine klO hg/kg/i.m.) to maintain phy-
siological dependerice. Animals were tested aaily under a stimulus-
complex similar_to the oneAused in the preseﬁt Eesegrch. Nalor-
'phiné iﬂjections were scheduled to occur evefy.20 sec and after 5
injections an automatic 60 sec time-cut was programmed. Completion
of the fixed—rapio réquifement (FR 3 or FR 30) before injections
began, constituted‘avoidance and .resulted in the 60 sec time-out.
-Injections already begun could be terminated by the same number of
responses and this eécape was also followed:by time-out. More than
85% of nalorphine (.01 mg/kg/inj) injections were escaped or avo%gsd
under both FR 3 and FR 30 scheﬁules. Response rates were higher for
the FR 30 regime and .fewer injections were tolerated. Larger nalor-
phine doses of .02 and .04 mg[kg/inj did not proauce an§ major
changes in response raté or number of inﬁections received. When
morphine pretreatment waé discontinued, responding to escape or
avoid nalorphine (.01 and .03 mg/kg/inj) diminished to near zero
under both FR 3 and FR 30 schpaules. There was fuféhgr indication
pf'ﬁhe iﬁportgnpe of the degree of mgﬁfhine dependence for escape/
avOidancg behaviour. Monkeys normally received several nalorphine

injections at the beginning of each session before starting to

respond. But when a pre-session nalorphine injection was givemn,
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responding began immediately-and continued tnroughout the sessicn'
.even .though salinef5§§>being delivered intravenously in place of
nalorphine. The authors concluded that the withdrawal state pro-
duced by nalqrphlne was the major 1nf1uence on behaviour to termi-
nate nalorphine injectiont or stlmull associated with nalorphlne
- even when saline was substltuted The Dresence or absence of
morphlne dependence was therefore considered the underlylng factor
in éhe aver51veness of nalorphine.
' Kandel and Schuster {(1977) also sfudied nalorphine in morphine-
dependent and post—dependent monkeys. They used an escape-only -
par;algm and a contlnuous (rather than discrete-trials) 1n]ect10n
of nalorphlne (.001 or .002" mg/kg/lo sec). Animals were allowed'
four, one hou; periods of -morphine self-administration daily to
maint/ain physiclogical dependence. Drug-escape trials began 2 hours
after a morphine self—administnation sessdon. Nalorphine was
consistently escaped under FR 1 and FR § schedules of drug termina-
tion. When morphine self-injection sessions were gradually elimina-
ted over one week\\xéEpondlng to escape nalorphlne injections conti-
nued for approximately one month. Little change was observed when
the dose of nalorphine was incre.sed‘to .004 or .005 mg/kg/10 sec.
Kandel and Schuster suggested that the maintenance of escape behaviour
mlght be due to an increased sensitivity of post dependent animals
to the aver51ve propertles of the antagonist. while results of the

-

several experiments agreed, Rhat nalorphine was escaped or avoided



in morphine—dependent monkeys, there were discrenancies in observa-
tions for post- dependeAt animals keeplng in mind that the experi-
mental procedures were not 1dent1cal acros? studies. Hoffmelster
and Wuttke (1973) also found that nalorphine was escaped/avoided in
non- dependent rhesus monkeys. Their subjects, however, Ygre\mor-
phine-naive and had been trained to escape/av01d electric-shock pre-
sentations before intravenous drug 1njectlon trlals began. In addi-
tion, they used much higher doses of nalorphine (.01 - .5 mg/kg/inj)
~ than Kandel and Schuster (1977). Hoffmeister and Wuttke concluded
that certain psychopharmacological effects of nalorphine were pPro-
bably responsible for its aversive properties in the non—deoendent
monkeys. In the same experiment, injections of cocaine, codelne,
pentazocine and Propiram fumarate (all .05 mg/kg/inj) were tolerated,
as were injections of naloxone (.l - .005 mg/kg/inj) Cyclazocine
(.01 - .0025 mg/kg/in3) generated and malntalned escape/av01dance
behaviour similar to nalorphine. A smaller dose of cyclazocine
(.0001 mg/kg/lnj) was tolerated somewhat more than saline injectioens
as a control procedure. The authors noted that while monkeys did
not salivate or vomit when injection of cyclazocine were delivered,
they were very sedated for the first few‘sessions when' drug intake
was high. Despite sedation, the animals did begin to av01d cycla-
Zocine rellably on the second or third day of drug trials. This was
the only published report of work with cyclazocine (using the nega-

tive-reinforcement paradigm). This drug is also the only morphine

»



—

31
" antagoni;t, amongst those that have been investigatedin a negative- '
reinforcement pProcedure, that has not been studied in moréhine-deﬁ
pendent monkeys'(Holz & Gill, 1976). The research reported here
was degigned to elucidate the nature of cyclazocine escape/avoidance
with morphine-dependent and post-dependent subjects.

. Goldberg's et al. (1971; fesearch results with naloxone were
also confirmed by subsequent experiments. Downs and Woods (1975)
for example, found tha morphine-dependent rhesus monkeys reliably
escaped or eséaped/avoided injections of naloxone (.0001 -~ .02 mg/
kg/ing) on an FR 30 schedule. 1In the escape-only segment of the
experiment, ;esponses rates to escape'; continuous drug injections

.were-dose related. The largest ang smallest do;eé of naloxone pro-
duced the léwest response rates while an intermediate dose was esca-
ped at high rates of responding. Small doses of naloxone apparently
failed to have aversive effects while large doses resulted in gradual -
accumulation of the drug which disrupted behavibur by the end of the
session so_thatvresponding diminished or became erratic. When
-animals wegg;tested under a discrete-trial vrocedure with an'avoidance
contingency, they avoided almost all injections so that little na-
loxone was accumulatgd and the dose—relafed performance was not as
clear, o~

While it seemed generally true that morphine~dependent ﬁonkeys
would avoid or escape non-contingent injections of morphine antago-

BN

nists, results were cautiously interpreted . since some investigations
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have shgwn that such animals will élso press a lever to obtaiA anta-
+gonist injections. Downs and Woods (1976) reported that morphine-
dependeﬁt rhesus honkeys responded to produce ngloxone injections

for at least a limited period of time under a second-order schedule.
The animals had been.responding to avoid naloxone under an fR 30,
escape/évoidance procedure when the .schedule was changed. Under the
second—oraer regime, each 30:}espon5e fixea-ratio component‘waS'foL-.
lowed by a brief (1.5 sec) f;ash of the houselight. Ten such compo-

I
nents produced .002 mg/kg/inj of naloxone/hﬁd\a 60 sec time-out.

Subjecfs responded at high rates fop_Eygrblock;»bf sessions (8 and
iO days respectively), separated by control days during which the na-
loxone pump was disconnected and reéponding abruptly decreased. When
naloxone was made available for a third determinétibn however, res-
ponding was maintained at low rates with little naloxone being deli-
vered. The authors speculated that the decrease in responding was
comparable to that found for similar fixed-ratio schedules of response-—
produced electric-shock; but that perhaps responding would be main-
tajined indefinitely under a fixed-interval schedule.as it is «under
condfbtions.of electric-shock presentation.

While much of the work coné¢erning the negative-reinforcing pro-
perties'of drugs has focused on nalorphine and naloxone,.other mor—
phine antagonists have been studied, as have drugs belonging to classés

other than the narcotic analgesics and their antagonists. Briefly,

pentazocine and propiram fumarate {both weak morphine antagonists
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with strong agonist properties) were escaped or avoided by morphine-
deggndent monkeys but were tolerated more, than ‘saline in morphine-
naive monkeys (Hoffmeister and Wuttke, 1373). The hallucinogens,
lysergic acid aiethylamide (LsD) and {1-(2,5-dimethyloxy-4-methyl-
" phenyl) 2-propylamine hydrochloridel} (STP) support;d escape/avoidance
responding iﬁ non-dependént rhesus monkeys (Hoffmeister, 1975; Hoff-
" meister & Wuttke, 1976). Chlorpromazine, the phenothiazine deriva—.
tive, '(a major tranquilizer) was avoided 6; escaped b;-non-dependené
monkeys while imipramine (a trycfclic anti—Aeprégﬁant drug) was tole-
rated at levels éomparable to saline (Hoffmeigter and Wuttke, 1976).
Pentobafbital, codeine and cocaine were all tolerated more than saline
by non-dependent animals under a nqggtive-reinforcement schedule
(ﬁoffmeister and Wuttke, 1973; Hoffmeister and Wuttke, 1976). Per-
phenazine (another major trandquilizer), studied in post—dependént
rheéus monkeys, was reliably escéped in an escape—oply paradigm '
(Kandel & Schuster,.1977). |

~Generally, drugs shown to be aversive to rhesus monkeys in
the negative—reinfordéﬁent procedure are the same ones that are not
abused by man. Heroin addicts certainly avoid narcotic antagonists
that produce the abstinence syndrdme and dislike the psychotomimetic
side-effects of nalorphine and cyclazocineM While chlorpromazine
is a frequently used tranquilliéer, patients find it disagreeable
and self-maintenance of the dryg programme is often a problem; Drugs

which are abused, such as pentobarbital, codeine and cocaine are not



escaped or avoided by rhesus monkeys. The hallucinogéhs seem to
be the solitary exception to this general pattern. ~They are not
tolerated by experimental animals but have been self-administered

by humans. However, the widespread use of LSD in the 1960's may

have been a relatively short-lived cultural pheénomenon. The abuse
of LSD is associated with the acute psychotoxic effects and does
not resemble compulsive abuse. Theré has been no evidence to de-
mPnstrate that LSD has pharmacclogical pro erties that are reinforcing.
This review of the averfive properties of.drugs has cancentrated
on naloxone, nalorphiné and cyclazocine as they are most pertinent
to the present research report. While few studies hacg been published‘
concerning cyclazocine, much more work has been‘dOne with nalorphine.
This has been reviewed here due to the similarities between nalor-
phine and cyclazocine. The issue.of why certain drugs are aversive
has not been conclusively determined. Some reéearch supports the
idea of the importance of morphine depen@ence.while others have
found certain antagonist drugs to be aversive ingthe absence of
morphine~-dependence. Even thoubh research ha;'demonstrated that
certain drugs can function as negative reinforcers, the experimental
conditions, brevious drug history and schedule parameters must be
further investigated in an attempt to understand the process.
The objectives of the experimental work reported here can be
stated as follows: (a) to examine, in squirrel monkeys, Hoffmeister

and Wuttke's finding (1973) that cyclazocine exhibited negative-

SN
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reinforcing properties in’ rhesus monkéys with no history of expo-

sure ¢to morphine, (b) to explore the role of Phine dependence
and post-depeﬁdence in the maintenance of cyclazocine escape/avoi-
dance behaviour, and, (c) to compare the reéults of (b) above with

those for naloxone, a potent morphine antagonist. )



~

CHAPTER II

METHODS -

N
Subjects

" Five adult, male squirrel monkeys (Saimiri sciureus) desig-

nated 221, 222, 223, 224‘and 225, weighing 500-600 gm were used.
The animals were housed in pairs in a temperature and humidity-
controlled colony room with.free access to food, water and vitamin
supplements except during experimental sessions when they were
removed individually to behavioural-testing cubicles. None of the -
animals had participated'ie previous experiments; each animal
completed preliminary training anaktpe pilot work described below.
Monkey 223 was removed from the experiment at the end of the

pilot study due to inability to retain implanted catheters. Mon-
key 225 died shortly after beginning the main experiment; the
probable cause of death was a chronic respiratory infectign. :Re-
sults, therefore, w1ll be presented for all fiveranimals’ for pre-
liminary training and pllOt work and for three animals (221, /522

and 224) for the main experiment.
~

Apparatus
Each monkey was tested‘daily in a small, primate restraining
chair (BRS/LVE} inéids\f ventilated, but eeund—attenuating cubicle.

The response lever was located above thd waist lock, 8-10 cm in

front of the seated monkey. A cue lamp (BRS/LVE 111-05) was
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-sitnéted above the response lever; provisign was made for a white
hquseli@ht and low level (75 dB) masking noise in each cubicle.
Each lever-press closed a microswitch, constituting a response for
.recording purposes. Experimental conditions were controlled by
standard relay, timing and counting.equipment located in an adja-
cent room. Responses and electric-shock presentations or drug

injections were tabulated by digital counters and plotted by a

//Gerbrands -cumulative~response recorder. Intravenous injections

of drugs or control solutions (e.g., saline or the vehicle in

which dl-cyclazocine was dissolved) were delivered by a Sage Model

341 syringe driver. - . "

Procedure

Preliminary training. Under a discrete-trials electric-shock

escape/évoidance procedure, the monkeys were trainéd to complete a
fixed-ratio requirement of 10 lever-presses (FR 10). The onset of
a white houselight and masking nois% signalled the vresentation,
after 30 sec, of a red light associated with intermittent electric-
shocks, at an.znténsity of 5 ma, each of .25 sec duration for a
total of 10 sec. Shocks were delivered to a shaved porﬁion of the
monkey's tail. Completion of 10' responses during the first "30 sec
terminated the houselight and sound, aboiding'electric—shock pre-
sentation and producing a 60 sec tiﬁe—out. Completion of 10 res-
ponses after shocks hag begun terminated the houselight, red cue

3

light and shocks (designated as an escape) producing the 60 sec
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time-out. During time-out, lights and noise were switched off,
no electric-shocks were delivered and responses had no programmed
consequences. Each session terminated aftar 50 min or 50 shocks,
whichever came first. After responding stabilized over 12 sessions
so that electric-shocks were delivered only infrequentlyf electric-
shock presentation was discontinued and over 15 consecutive ses-
siens fixed-ratio responding was subjected to egperimental extinc-
tion. The extinction precedure marked the end of preliminary trai-
ning.

Catheter impldntation. Using procedures described by Stretch

and Gerber (1970) subjects were surgicelly fitted with an intra- =,
venous catheter. PVC tubing (.38 mm I.D., .76 mm O.D.) was in-
serted under pentobarbital anesthesia into the external jugular or
femoral wvein. Each catheter was sealed with a stylet wire and .
rested in a pouch on the back 0of the leather vest worn by each
animal at all times as g means of achieving catheter protection.
Throughout the'experiment'it was necessary to replace catheters due
to blocking or rejection, requiring a_geriod'of at least seven aéys
for the.surgical work and subsequent post-operative recovery.
During this period, experimental sessions were not condueted. The
number of consecutive sessions under any condltlon, therefore,
occa51onally varied betwe\n anlmals although the sequence* of treat;
ments was identical. I~

Pilot work. Pilot work was undertaken initially to replicate

. — .
Hoffmeister and Wuttke's study (1973} of the aversive properties of
- A
1 -
. 1
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dl4cyclazodihe. After evalﬁoting‘the initial'résults-of éﬁms work
the protocol was revised in favour of another methodology u51mg)Ei

the procedure deséribed by Tang and Morse (1976) whlch<§%lowed

further exploratien of the aversive propertles of dl-cyclazocine.
; ' ' . ' _— . o

While this DilOt work was not the major focus of the research pre-

sented.here, it is nevertheless’ descrlbed in suff1c1ent detail to
substantiate the finding thdt Hoffmelster andimlttke s results (1973)
were diﬁficulﬁ to replicate in th% squirrel monkev. In addition,
such a descrlptlon provides essential 1nformatlon on the experimen-
tal hlstory of each animal prlor to part1C1patlon 1n the main
experlment., ' ' - ' ' f
Followiﬁg catheter implantation and post-cperative recoﬁerv,
the monkeys were exposed to a schedulo of disoretentrials Tdeftical
to that of the preliminary electric-shock escape/avoidance proce-
dure except rhat eleotric—shock presentation was replaced by non-

contingent saline injections. Later, as described bélow, saline

injections were replaced by drugs with morphine-antagonist oroperties.

The onset of the white houselight and masking-noise signalled the

) deliverg after 30 sec,of a 10 sec drug injection (.25 cm3 of solu-

tion) accompanied By a red light. If the ¥R 10 response require-
ment was completed during the first 30 sec, the injection was avoided

r

light and noise were switched off, automatically instituting(a 60 sec

time-out period. The time-out period comld likewise be initiated

by escaping the injection if the response requirement was completed

before the drug injection-ended. .An automatic time-out was iq?osed

~
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following the injection if the monkéwg failed to compléte the FR 10
Sequirement. Each experimental‘sesslon lasted for 50 min or until
SOinjectionshad‘Béen delivered, whichevet came first.  Each drug
or control solution was availablé for six consecut&ve sessions or
until a criterion was met. In the first manipu}ation saline was
injected through the catheter until at least 70% of the inje&tions
' were tolerated over six consecutive ééssions. This- provided a
measure of baseline responding and a control for naloxone vehicle.
Subsequently, naloxone (.Oi" mg/kg/inj) was substituted for saline‘
until the same criterion.was met. dl-Cyclazocine vehicle was then
substituted for naloxone,t&‘provide a control for dl-cyclazocine.
Finally, dl-cyclazocine (.005 mg/kg/inj) was made available.

Due to the failure of the animals to respond to avoid or escape
g;fcyclazocine‘(.oos mg/kg/inj) it became evident that Hoffmeister
and Wuttke's results (1973) were not susceptible to replication in
the séuir;el monkey. In addition, lever-press respondiné was seve-
rely suppresséé?\\ﬁefore the protocol chahge to the Tang and Morse
(1976) procedure could be made and the main experiment bequn, it was

essential to have evidence that lever-pressing behaviour was again

&

established as part of the animals' behavioural iegfrtoire. Rather

). - & .
than return to the electric-shock escapg’avoidance training to re-

;ﬁgtate léver—pressing in already-catheterized monkevs, a orocedure
using response-contingent intravenous injections of cocaine hydro-
chloride (.015 or .03 mg/kg/inj) as a reinforcer was adopted for

this purpose.

—— s ot —— e e = et b e e
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Main experiment. Trainin O terminate a schedule-complex

associated with brief injections off naloxone (.01 mg/kg/inj) began.
-For this procedure, each monkey refeived a daily intramuscular

injection of morphine (10 mg/kg) 60 min before behaviourgl
testing. Chronic daily administration Sf morphine preceeding indi-
vidual sessions was uggpgtaken to establish physioloéical dependence;’
discog}inuation of daily morphine pretreatment as an experimental
manipulation enablea comparison of the relative aversivehess of

drugs with morphine-antagonist properties in morphine-dépendent and
post-dependent monkeys.

Dur;ng experimental sessions, injections of naloxone were deli-
vered every 20 sec after the onset of a green light and low-level
masking noise, Eachzggection duration was 1 sec and .15 cm3 of
drug was delivered. Fo;lowing the precedure of Tang and Morse (1976),
five -such injections, in the absence of responding, completed the time-
in period and were followed by an automatic time-out of 60 sec
during which the 1ight and noise were switched off and resvonding
had no scheduled consequences. Ong complete cycle, theréfore, had

- a total duration of 100 sec. Under é fixed-ratio 10 schedule (FR 10),
10 lever-press responses were required. to terminate the light and
.masking, noise to produce the 60 seci;;me-out.‘ Monkeys could there-
fore avoid injecéioﬁs if the FR response—requireﬁent was comnleted
duriﬂg the first 20 sec of the cycle, or escape from injections by

completing the requirement after the sequenée of 5 injections had

begun. At the end of the time-outfperiod, the light and noise were
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presented agaih and ghe‘cycle was repeated. Each experimental
sessaon lasted 100 min or until 100 1nject10ns had been dellvered
¢

Once responding to termlnate the naloxone stimylus- comolex -
under the FR 10 schedule was well—malntalned and stable, sequences
of consecutive sessions were conducted in which: * (a} morphlne
pretreatment was discontinued; (b) morphine pretreatment was re-—
instated and saline was substituted for naloxone; {c}) dl-cyclazo-

cine injections 1.003 mg/kq/lnj) were substituted for naloxone

'under circumstances in which morphine pretreatments ‘were given or

discontinued; and, (d} injections of the vehlcle 1n which dl-

cyclazoc1ne was dissolved were substituted for dl-cyclazocine as a

-control procedure. Since different numbers of consecutive sessions

under the various conditions were given to each of the monkeys,

results will be presented on an individual basis.

‘Drug Preparation

Morphine sulphate and naloxone hydrochloride were diséolved in
and diluted with .9% saline solution using sterile procedures,'
doses are expressed in terms of the salts. dl-Cyclazocine base was
dissolved in three parts-of B8.5% lactic acid and two part 1.0 N

sodium hydroxide following the procedure described by Holtzman

(1976) . _ _ \

Data Anmalysis

Preliminary training {shock escape/avoidance). For each animal,

the mean number of responses made, shocks avoided, escaped and/or
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_delivéred were calculated for the first and second six-day periods.

For the condition of experimental extinction of responding, the mean

v

number of escape and avoidance responses as well as the mean total
responseg were determined for each animal in the absence of electric-

shock presentation.
i L
-

Pilot work (discrete-trials drug escape/avoidance. The results

of this work will be presented briefly in terms of the mean number
of injecfions completeé per session for all animals ?ogether (witﬁ
the{standard deviation and standard error of the mean) over all
sessions for eaﬁh experimental condition.

- J .
” Main experiment. The mean number of injections delivered per-

_session and mean response rate .per second (plus the standard devia-
tion and standard error of the mean) under consecutive sequences of

experimental conditions were calculated for each monkey individually.
» : i,




CHAPTER III
RESULTS

The present chapter contains the results of the experimental

manipulations descrjbed in Chapter II. The data are divided into

‘three @istinct sections corresponding -tc the threé'major procedu-

L
res detailed in the ‘methodology. They are: results of the Preli-

minary Training (Electric-Shock Escape/Avoidance); data obtaine

from the Pilot Work (Discrete-Trial Drug Escape/Avoidande); and

finally, the results of the Main Experiment (Stimulus-Complex

Termination). Discussion of the experimental findings follows in
: hY

Chapter 1V. ' .

Pretiminary Training (Electric-Shock Escape/Avoidance)

Results of the discrete-trials FR 10 electric-shock escape/

avoidance traihing are shown in Table 1. Data are divided into

-two blocks: one shows the first six days during, which the acqui-

sition of escape/avoidance behavior took place; and the second
illustrates ‘the final si# days“of stable behavior. By the end of
training, all animals avoided én average of more than 49 of the

50 shocks available during each sessiog._ Monkeys 221, 222, 223
and 225 reduced the average nﬁmbe; ofléscapes from shocks'begun

as well as ‘the average‘npmbé; of shocks delivered by the final six

sessions. Monkey 224, on the other hand, avoided all shocks

I
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Table I

Mean Number of Responses Made and Shocks
Delivered® per Session during fhe Electric-Shock
Escape/Avoidance Procedure )

Responses
Monkey - -
Shocks .
‘Delivered Avoidance Escape Total
First six days
221 13.8 38.7 , 11.3 11z.0
222 .8 49.3 U7 91.0
223 1.8 . 48.3 1.7 188.3
224 0 50.0 ) 0 155.7
225 .2 49.8 .2 200.2
* Second six daysb
: 221 .3 49,7 T .3 93.5
, 222 .3 49.8 .3 69.0
223 -3 49.8 .3 174.5
224 0 50.0 4] 118.8
225 .3 49.8 .3 183.3

a . .
The maximum number of shocks per session was 50.

The means for monkeys 222, 223, 224 and 225 are .
based on four sessions.
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throughout the training. A reduction of the average total number
of responses per session was seen for each animal by the time that .
stable behaviour had been established.

Table 2 shows the data for the extinction period divided into
(a) the first 10 days during wﬂich béhaviour was in transition from
a csndition of non-contingent electric—shéck presentation to one
without electric-shock; and (b) the final five days of stable beha-
viour. During thejfirst ten days the mean number of avoidance
responses increased substantially for monkeys 221, 223 and 225 over
those of the final six days of electric-shock escape/avoidance (see
Table 2). Mean avoidance responses for monkeys 222 and 224 showed
a minor decrease. The mean number of escape responses however,
showed a clearly detectable increase for all animals during the
first 10 days of extinction. o

Subsequehtly, for the final five days of extinction ;he mean
number of avoidance responses dropped by between 45.9% and 86.7?
from the first 10 days. Corresponding decreases in mean escape
responses ranged from 6.4% to 71.4%. As the mean fotal responses
also decreased from between 32.2% to 75.4% from the first 10 days
it was evident.that responding had undergone experimental extinction.

.Rebresentative Fumulative recordings of electric-shock escape/
avoidance and extipction of responding for monkey 221 are presented
in Figure 1. A and B show the sécond and final days of electric-

shock escape/avoidance fespectively. Each diagonal stroke on the
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Table 2
Mean Number of Responses Made per Session
During Extinction of Responding to
Escape/Avoid Electric-Shock
Responses
Monkey Avoidance Escape Total
First 10 days '
221 84.1 8.3 104.0
222 42.4 - 7.8 63.4
223 119.9 . 19.4 199.9
224 33.2 4.2 51.2
225 89.1 10.9 126.9
Final five days
2212 35.0 7.3 [ 58.0
222 11.2 3.8 27.4
223 66.0 12.6 135.6
224 6.4 1.2 12.6
225 48.2 10.2 74.6

a : .
The means for monkey 221 are based on four sessions.

4
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Figure 1

]
Cumulative-response recordings for monkey 221, showing res-

ponding to escape/avoid electric-shock presentation and perform-
ance during experimental extinction of)responding. A and B repre-
sent days 2 and 12 of electric-shock eQEape/avoidance training.

C and D represent days 1 and .14 of extinction of responding.

Each diagonal stroke on éhe cumulative recording indicates an
avoidance response. Each downward stroke of the event pen réfers
to the beginning of time-in whﬁie an upward stroke marked com-

mencement of time-cut.

-
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cumulative recordiné was an aGoidance response (completion of the
FR 10 requirement au}ing the first 30 sec of ‘time-in). .Each down-
ward stroke of the event pen marked the beginning of time- -in, while
each upward Stroke marked commencement of the 60 sec tlme -out. A
shock delivered was therefore’ 1nd1cated by an extended time- -in
period. Escape responses were not lndlcated on the recording.

A  shows that on the second day of training, monkey 221 made only
12 avoidance responses and received 12 shocks during the first half
of the session (to the left of.the arrow) but completed 25 avoidance
responses and received only one shock during the remainder of the
session, By the final day of training (B) 50 avoidance responses
were made .and no shocks delivered. 'Grapha C and D show the first
and final days of experimeﬁtal extinction of responding. On these
- graphs’ the diagonal strokes on the cumulative recording represented
eéscape responses. C shows.that on the first day of extinction,
escape responses were made to’the first four trials, whereafter
eéscape responding became sporadic until the final five trials. By
the final day (D) when shocks were no longer delivered, only five
' escape responses were made 1nterm1ttentlfgver the 50 mln session.
Comparable recordings werée collected for all animals ‘during preli—
minary trglning.

1 .
Pilot Work {Discrete-Trial Drug Escape/Avoidance)

In Table 3 are the results of substituting for electric-shock,
[+

the various drug and control solutions in the FR 10 drug escape/
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Table 3

Mean Number of Injections Completed
per Session? During the Drug
Escape/Avoidance Procedure

Drug or Control Solution . . Injections Completedb\
Saline : .45.8 £ 4.4 (SD); SEM = .8 (30)
Naloxone (.0l mg/kg/inj) 3.9 + 7.5 (SD); SEM =14 (29)
dl-Cyclazocine Vehicle 46.8 = 2.0 (SD); SEM = .4 (24)
dl-Cyclazocine (.005 mg/kg/inj) 39.3 £147 (Sh); SEM =3.8 (15)

N T
a X

The total number of injections available was 50.
b Numbers in parentheses indicate the number of sessions
completed for each drug or control selution; SD refers
to one standard deviation; SEM refers to the standard
error of the mean. .

R

®
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avoidance procedure. Shown are the mean number of injections
compléted-per session for the final six days of each condition * .
out of a mgximum possible 50 injections per session. The numbers
;ééiesent,the mean‘for all .animals and sessions taken togetherQ

1 . v

for each condition. The data clearly show that non-contingent
injections Efinaloxone (.01 pg/kg/inj), dl-cyclazocine (.005 mg/
kg/inj) as well as saline and dl-cyclazocine vehicle were tolera-J
ted; that is, none of these drug manipulations xéinstated lever-—
press responding to termlnate the drug—stlmulus complex.” The're—
latively greater variance in number of injections comoleted for
naloxone and dl-cyclazocine was due to the performance of monkey"
221. This animal consistently escapea or avoided more injectiohs
of both drugs’than any of the other monkeys. .
Figure 2 contains representaﬁive cumulative records for the i
pilot work céllected from monkey'222 and shows the following condi-
tions: A - saline; B - ,naloxone (;Ql mg/%g/inj); C - dl-cyclazocine
vehicle; and D - dl-cyclazocine (.005 mg/gé/inj). There was(%o
responding under conditions of saline, d ﬁ lazocine vehicle or
di-cyclazocine substitution during which ail infusions were tolera-
ted. This animal made seven avoidance responses during the session

shown when naloxone substitution was made. Comparable cumulative

recordings were collectéd for each ani@al.during the pilot work.
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Figure 2 .

Representative cumuiﬁtive recorthgS'for the pilot work\.
collected from monkey 222. A- demonstrates a.seséion in which
saline injections were delivered and no responses were'made to
terminafé‘%r postpone‘fhemj B~ a sessién-ﬁn_yhich 7 avoidance
Xxesponses were made to postpone injections of naloxene (.01 ng/
kg/inj) which were otherwise tolerated. £~ dl-cyclazocine
vehicle wés(delivered' in the absence of 'respor;din% as was dil-

cyclazocine in record D, ' - *

« o
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Main Experiment .

Results will be initially presented for each animal separately
over the sequence of conditions of morphine—dependencé and post-
dependence. Subsequently, a comparison will be made acrdss animals
and representatingcumulative recordings of the various experimental
manipulations®will be shown.

Results are given in graphical f&rm (e.g., Fig 3) with data points
referring to the mean number of injectiogs delivered peé session
tSEM on one graph, and the mean number of responses per second *SEM
on‘another. Two points were plotted for each experimental manipula-
tion. The first datum point Fepresents the mean for the first five
days or tran51t10n period while the second refers to the mean of
the remaining sessions (the number of which varied over différeﬂt
conditioms). These two data points allowed evaluation of the beha-
vioural effects of introducing and discontinuing morphlne pretreat-
ment several times throquout the experiment. The first: five ses-
sions after a change in pretreatment procedure marked a transition
period that, in'thg case of discontinuihgVpretreatment, was.character-
ized by the ﬁorphine abstinence syndrome. The severe state of with-
drawaf disrupted all behaviour inecluding lever-press responding.
After approximately five days thé abstinence syndrome was no longer
observed and lever-pressing behav1our generally stabilized with the

anlmal in a post-dependent state. This stable behaviour is then
\ .
presented in the second datum point. Similarly, behaviour was dis-

rupted when morphine pretreatment was reintroduced. The transition

Al g ——— P o L - e s —————— L.




period was marked by the gradual development over several days of
physiological dependence on and tolerance to mornhine. By separa-
ting out the transition periods then, the effects of the stable
state of eithgr morphine-dependence or post-devendence on termina-
tion of a drugsstimulus complex could be observed.

- Two data points were likewise presented for each manipulation
during which a different drug or control-solution substitution was
eonducted, while either morphine—dépendence or post4dependence was
maintainéd. .

Figure 3 contains graphs showing for ﬁonkev 221 the effects of
ﬁorphine pretreatment and absenge of pretreatment upon the mean rate
of responding (upggr graph) and mean total numbgr,of non-cohtingent
injections delivéred per session (lower graph) during the sequence
cf consecutive experimental manipulatfons.

In Table 1 of theyAppendix are found the corresponding standard
deviation, standard error of the mean and number of sessioﬁs fo® eaclt

"datumpoint. . ’ | ‘ »

A- Morphine pretreatment; naloxone (.91 mg/ka/inj). During the

first five sessions of morphine bretreatment (A, 1) monkey 221 pro-
duced an average .6 responses/sec and tolerated 20 inj/session of

naloxone. Responding stablllzed at .5 resnonses/sec on the averaqe,

L 3
with 32.3 inj/session being completed (A,2). Variability of respon-

ding decreased during the final 8 sessions,

B- No morphine pretreatment; naloxone (.01 mg/kg /inj) . When

morphine pretreatment was withdrawn, responding began to decrease

<




i s b e L

-

Figure 3

Graphs” showing for monkey 221, the resvonses/sec (upper graph)

and total injectioﬁs (lower graph} for consecutive sessions of sche-

dule-complex termination. Data points refer to the mean * SEM for

<

. a, o . .
observations of each experimental condition. Numbers appearing on

the horizontal axes refer, for each condition designated by a letter,

to the first five sessions in every instance above the numeral 1,

/

and a variable number of additional consecutive sessions above the

numeral 2.

Condition

Condition -

Condition

Conditioq

!
!

Gonditigh
[l
/

Condition

. Condition

Condition

Condition

Condition

Condition:

A:

J:

‘K:

morphine 10 mg/kg; naloxcne .01 mg/kgAinj
l: 5 sessions 2: 8 sessions
i “ ' :
-no morphine pretreatment; naloxone .01 mg/kg/inj
1l: 5 sessions 2: 5 ifssions

naloxone .0l mg/kg/inj
2: 12 sessions

morphine 10 mg/kg;
l: 5 sessions

morphine 10 mg/kg; saline

l: 5 sessions .2: 5 sessions

S
morphine 10 mg/kg; dl-cyclazocine .003 mg/kg/inj
1: 5 sessions 2: 5 sessions /;b
morphine 10 mg/kg; dl-cyclazocine vehicle

1: 5 sessions 2: 5 sessions

morphine 10 mg/kg; dl-cyclazocine

.003 mg/kg/inj
l: 5 sessions 2:

5 sessions

no morphine pretreatment; dl-cyclazocine .003 mg/kg/inj
l: 5 sessions 2: 5 sessions

morphine 10 mg/kg; dl-cyclazocine .003 mg/kg/inj

1l: 5 sessions 2: 10 sessions
-
morphine 10 mg/kg; naloxone .01 mg/kg/inj

l: 5 sessions 2: 2 sessions

no morphine pretreatment; naloxone .01 mg/kg/inj .
: 5 sessions 2: 11 sessions
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immediately and dropped from .4 to .2 responses/sec (B,1 & B,2).
During transition, a mean of 46.0 naloxone injections wa5 completed
with great variability, compared to 96.6 for the remaining sessions

of stable behaviour.

C- Morphine pretreatment; naloxone. (.01 mg/kag/inj). When
morphine pretreatment was reinstéted, respondiﬁg to escape/avoid
naloxone did not change initially (.2 responses/sec) and a mean of
83.0 inj/session was tolerated (C,1). This transition period was -
marked By considerable variability in perfofmance. While responding
increased to .6 responses/sec and only 41.5 inj/sessionvof naloxone
were completed during the final 12 sessions (C,2); variébility of

-gerformance was still evident.

D- Morphine pretreatment; saline. When saline was substituted

for naloxone as a control procedure, monkey 221 made no r®sponses
to escape/avoid the injections throughout the 10 sessions. All

100 inj/session were tolerated (D,1 & D,2).

E- Morphiné pretreatment; dl-cyclazocine (.003 mq/kg/inﬁ). When
saline injections were replaced with dl-cyclazocine, resvonding to ‘
escape/avoid quickl? increased to .6 responses/sec while only 21.8
inj/session were completed (E,1). After this transition period,
responding remained at the same rate‘(although with more stability)

~~and injections-completed decreased to 12.0 per sessicn. .

F- Morphine bretreatment; dl-cyclazocine vehicle. To control

for the possible effects of gl—dyclazocine'vehicle, this solution

w
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was substituted for gifcyclaiocine under conditions of morphine pre-
treatment. Responding immediately decreased, stabilizing at .l res-
'ponses/sec'(3,2); all 100 ianseséion were tolerated for the dura-
tion of the substitution (10 sessions).

G- Morphine pretreatment; dl-cyclazocine (.003 mg/kg/inj). A

second gl-cyelazocine substitution was made, reproducing condition E.
Monkey 221 increased escape/avoidance responding to .f responses/sec
(G;l), and mainﬁeined,a rate of .6 responses/sec (G,2) after the
transition period. Initially, 10:0 inj/session of glfcyclazocine
were tolerated (G,l) increasing to an a&erage of %4.§ during the
final five sessions (G,2). This stable behaviour was comparable

to that observed for condition E when glhcyclazocine was fifst

introduced. ' !

H- No morphine pretreatment; dl-cyclazocine (.003 mq/kg/inj).

In this manipulation, morphine pretreatment was discontinued. During
withdrawal, responding to escape/favoid gl—cyciazocine was highly
variable with responding decreasedd;o .3 responses/sec and an av-
erageof 72.6 inj/session toleﬁated (H,1). For the eemaining five
sessions however, 1ever—bressinq further diminished to a constant .1

responses/sec W1th all 100 1nj/se551on beinag dellvered

I- _Morphine pretreatment dl-cyclazocine (.003 mg/kg/inj).

Morphine pretreatment was reinstated so that conditions similar 40
. !
E and G were in force. Responding to escape/avoid dl-cyclazocine

increased slightly to .3 responses/sec during. transition (I,l) and

settled at that rate during the final 10 sessions (I,2). Initially,

N
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74.0 inj/session were tolerated (1,1), decré;sing minimally to 65.7
per session (I,2). A clearly greater number of injections of dal-
cyclazocine were tolerated on reinstatement of morphine-dependence
than during E and G, and responding was maintained at only half of
the previous rates. . ] -

J- Morphine pretreatment; naloxone (.0 mg/kg/inj). 1In order

to further explore the failure of monkey 221 to respond to escape/
avoid dl-cyclazocine at the previous rates, naloxone was substituted
for dl-cyclazocine while continuing morphine-dependence. TIn contrast
to the response to dl-cyclazocine 4in condition I), naloxone was
escaped or avoided with behaviour similar to that during the original
naloxone substitutiohs (A and C). Monkey 221 inc;eased lever—preésing
to .5 responses/sec during tansition while tolerating 32.6 inj/session
(J,1). Reépohding was fixed-at an average of .§ resbonses/sec for

’ LY

the remaining two sessions with only 15.2 inj/session completed.

K- No morphine pretreatment; naloxone (.01 mg/kg/inj). As a

final det®mination oftrg}nfluence of morphine-dependence and post-
dependence on drug escape/avoidance;behaviour, morphine was with-
drawn while non-contingent injections of naloxone were delivered.
During the withdrawal state (K,1), responding increased to .9 res-
ponses/sec and few naISESHE—IEEEEtiéﬁs we;e-tolerated (12.4 inj/
session): As the abstinence syndrome subsided, lever-pressing dimi-
nished to .3 responses/sec and 71.7 inj/session of naloxone were
compieted during the remaining 11 sessions. The final six days of
this condition were characterized by toleration of all 100 inj/

-

7
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session, indicating that the behaviour was comparable to that of
condition B,2 during which naloxone was also delivered while
monkey 221 was in a stable post-dependent state.

In summary, for monkey 221, the pattern of results showed that

"naloxone was tolerated when morphlne Pretreatment was withdrawn but

escaped/av01ded fOllOWlng morphine pretreatment. dl-Cyclazocine

was likeqise tolerated when the animal was in the rost-dependent
state. When morphine pretreatments were given, monkey 221 responded
to escape/avoid gi-cyclazoéine during'the first two determinations
of this condition but not during a third. Injections of saline and
dl-cyclazocine vehlcle were consistently tolerated durlng sessions
following morphine pretreatment.

Figure 4 illustrates the main experiment results for mohkey 222,
Each condltlon is represented by two data points with three except-
ions (B, H and I) that will be noted below. Table 2 of the Appendix
contains the standard deviation, standard error of the mean and

number of sessions for each condition.

A- Morphine pretreatment; naloxone (.01 mg/kg/in7j). During

the first five sessions of morphine Pretreatment, monkey 222 respon-. t\“
ded to escape/avoid naioxone injections at .9 responses/sec, whilé
tolerating an average'of 21.6 inj/session (A,1). There was a nota-

ble variation in performance aﬁong different sessions. . For the

final five sessions lever-pressing decreased to .7 reséoﬁses/sec

and 32.6 inj/session were completed (A,2). vVariability diminished

-
to a minor degree.



Figure 4

Graphs showing forﬁmonkey 222, the responses/sec (upper graph) .
and~total injections {(lower graph) for consecutive sessiohs of sche--
dule-complex termination. Data points.refer to the mean * §§§ for
observations of each eﬁperimental condition. Numbers appearihg on

" the horizontal axes refer, for each condition designated by a letter,
to the first.five sessions in every ins;ance above the numeral 1, and

a variable number of additional consecutive sessicns above the nume-

ral 2.

Condition A: morphine 10 mg/kg; nalokone .01l mg/kg/inj
1l: 5 sessions 2: 5 sessions

Condition B:nomorphine pretreatment; naloxone .01 mg/kg/inj

l: 12 sessions 2: 7 sessions (asterisk denotes
3: 7 sessions : FR 30)

Condition C: morphine 10 mg/kg; naloxone .0l mg/kg/inj
l: 5 sessions 2: 5 sessions

Condition D: morphine 10 mg/kg; saline
' l: 5 sessions 2: 5 sessions

Condition E: morphine 10 mg/kg; gi-cyclazoc1ne 003 mg/kg/ini
l: 5 sessions 2: 5 sessions

Condition F: morphine 10 mg/kg, dl-cyclazocine vehicle
1l: 5 sessions 2: 5 sessions

Condition G: morphine'lo.mg/kg; dl- cyc@azoc;ne .003 mg/kg/lnj

- l: 5 sessions . 2: 3 sessions
'Qh : ‘ ’ .
Condition H: no morphine pretreatment; gifcyclazocine .003 mg/kg/inj
: _ 1l:. 5 sessions ' ‘«2:° 16 sessions
o ‘ 3: 10 sessions (asterisk denotes FR 30)

Condition I: morphine 10 mg/kg; dl-cyclazocine .003 mg/kg/inj
: 1l: 3 sessions (asterisk denotes FR‘Q€)

»
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B- No morphine pretreatment; naloxone (.01 mg/kg/inj). When

morphine pretreatment was discontinued, responding to escape/avoid
naloxone increased to .9 responses/sec and only 11.2 inj/session
were delivered (B,l). These .results represent 12 se551ons during
which monkey 222 continued to escape/avoid naloxone even after the
usual . five-day recovery from the w1thdrawal syndrome. In order to
assess whether continued respondlngwes-éue to the aversiveness of
naloxone or simply to persistence of lever-pressing in this animal,
the fixed-ratio requirement was increased from FR 10 to FR 30 for
seven session'(B,Z). Responding decreased to a mean of .8 responses/
sec with high variabiliEX in performance; 60.9 inj/session Qere
tolereted on the average, again with high variability. For a final
series of seveh sessions (B,3) the fixed—ratio requirement was

returned to FR 10. Responding diminished further to a more constant
oy

.5 responses/sec; 78.9 inj/session of naloxone were completed (with

variability still evident).

-

c- Morphine pretreatment; naloxone (.01 mg/kg/inj}. wWHen

morphine pretreatment was reintroduced, escape/avoidiage/responding
increased to .9 responses/sec (C,1) ang stahIiized at 1.1 responsee/
sec during the final five sessions of this conéition (C,2).  while

a mean of 12.2 inj/session was completed during transition (C,1),
only 8.2 were tolerated when behaviocur reached a steady state (C
There was con51derably less variation in performance for condltlon

-
Cc than for elther A or B.

o e e e m e e
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K

D- Morphine pretreatment; saline. Lever-pressing declined

quickly to .1 responses/sec when a saline control substitution was
made for naloxone; Monkey 222 tolerated 98.5 inj/session (D,1).
During the final five sessions responding increased to .2 responses/
sec while an average of 86.4 inj/session of saline were, completed:-
(D,2).

E- Morphine prétreatment; dl-cyclazocine (.003 mg/kqg/inj).

With monkey 222 still in a morphine-dependent state, dl-cyclazocine
was .substituted for.saline. Résganding to escape/avoid injections

increased to .9 reéSanes/sec with only 7.6 inj/session beiqs toler-
ated (E,l). Lever-pressing settled at .8 responses/sec_during |

the remaining five sessions; 9.2 inj/session of dl-cyclazocine were

cdmpleted:

&
F- Moxphine pretreatment; dl-cyclazocine vehicle. As a

.control.proceqPre, dl-cyclazocine vehicle was substitutgd while

monkey 222 continued tp‘réceive daily morphine infgbfions. Responding
immediatel& diminisheq to .1 resgonses/sec (F,1) and remained there
for the duration éf thé experimggtal manipulation (F,2). Whilé 97.8
inj/session wefe delivered during the first five sessions kF,l), -
this increased to 100 inj/session for F,2.

G- Morphine pretreatment; dl-gyclazocine (.003 mg/kg/inj).

In a second determination of escape/avoidance of dl-cyclazocine, the
‘transition period was characterized. by lever-pressing at .6 responses/
sec and 18.2 inj/session being éd$pleted {(G,1). For the ﬁ}nal three

days, responding increased to .8 respohses/sec while only S-inj/
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> session were tolerafed (G 2) These Yesults were comparable. to

‘p' those of etondition E ihZwhich m5nkey-222 worked to escape/avoid "
dl-cyclazocine while in a m rphine-depehdent state., fflﬁ' N
- : ’ - SN ‘

H- No morphine pretr@atment; dl-cyclazocine (.003 mg/kg/inj) .

During the first ‘five sessions after morphine prétreatment was

1,

. discontinued-.(H,1), resoondlng to escape/avord 1nject10ns remalned
-at a relatlvely hlgh rate (.8 responses/sec), while only 21. 0‘1n3/

séssion were- tolera d: For the. next 16 days (H,2) lever-pre551ng

-decreased to .4 responses/sec, w1th 44.7 inj/session being dellvered

-

Monkey 222 continued'to respond to escape or av01d more than 50%

of the dl-cyclazocine 1n3e3tlons, even after a normal Derlod of

recovery from the abstinence syndrome’ (as was seen in condition B,

w1th naloxone}. Therefore, contingencies eere altered_ae~before SO
—. - that 30 responses were required to escape_orfaVOrd drug injections.

During the lp sessions on the FR 50 schedule (H,3); responding

inoreased_to -6 responses/sec but inj/session tolerated reached an

r

average of 87.5. -
4 . . v, Lo

g 7:‘;—‘ Morphine pretreatment; dl-cYclazocine (. 003 mg/ko/inj)

For a final determjhation of relatlve aver51veness of dl- cyclazoczne,

morphine ' pretre

ent was relnstated . During three se551ons at
FR 30 (I, l) monRkey. 222 responded at 1. 2 responses/sec whlle tole-
rat;ng 42. 3 inj/session of dl~ cyclazoc1ne Althouqh thls-condltlon

waS\Higj;ar to E and G, results Here not comparable singe the anlmal
T “~
_was in ran51qton from a post- dependenb to a morphlne dependent

state and the euperlment was zermlnated due to tlme. conSldera‘L
t10ns,~before stable behaviour had been establlshed
. > Y

Al

. . . . . ¥
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In éumméry, for monkey 222, naloxone was tolerated whiie the

.

animal was in a post-dependent state and escaped or avoided when
sessions were preceeded by a morphfne injection. dl-Cyclazocine

was also tolerated in:the abstnce of morphine pretreatment. When

L

monkey 222 was morphlne dependent, dl-cyclazocine was escaped or

av01ded durlng two determlnatlons, a third was inconclusive because

of a llmlted.number of sessmons. On two occasions it was necessary .

to 'increase the fixed-ratio requirement.in order to demonstrate
- b}
-tolérance of nalokone and dl-cyclazocine in the post-dependent
. - \‘ -l . . —— . - . . -
state. Saline and dl-cyclazocine vehdicle were tolerated while the

animal was morphine-dependent.

Figure 5 shows the resuits of the main experiment for monhey
224, Table 3 of the Appendix contains thelstandard'deviation, stan-
dard error of the mean and number of sessions for each datum point
plotted on the graphs.

-~

A- Morphine pretreatment; naloxone (.01 mq/kq/lnj) For the

fr;st f1ve days of hmrphlne pretreatment,monkey 224 resp0nded with

.2 responses/sec whil tolerathg 47.8 1n3/seshlon of naloxone (A, 1).
During the remalnlnq elght sessions, the response rate increased to
'.3 responses/sec and average 1nj/sesslon beeame more stable at

27.3 (A 2).

B- No morphlne prefreatment, naloxone (.01 mq/kg/lnj) When
'morphlne was w1thdrawn, performancefwas erratlc durrﬁq transition
(B,l). Respondlng to escape/hvord naloxone lnjectlons remained at . |

-4 responses/&ec while 54.4 1nj/sé%slon were dellvered- When beha-

;.Cv10ur became stablllzed (B,2), respondlng decreased altogether and
,- )

‘all 100v1n3/5e551on were ‘tolerated. ,
- - . l-?-
L

.

hEY
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Figure 5

Graphs showing for monkey 224, the responses/sec (upper graph)
and total injections {lower graph) for consecutive sessions of sche-
dule-complex termination. Data points refer to the mean { SEM for
observations of each experimental condition. Numbers appearing on
the horizontal axes refer, for each condition designated by a letter,
to the first fivg sessions in every instance abové the numeral 1,

and-a variable number of additional sessions above the numeral 2.

' Cohdition A: morphine 10 mg/kg; naloxone .0l mg/kg/inj
l: 5 sessions 2: B sessions

Condition B: no morphlne pretreatment; naloxone .01 mg/kg/lnj
l: 5 sessions 2: 5 sessions

Conditioh C: morphine 10 mg/kg; naloxone .0l mg/kg/inj
l: 5 sessions 2: 12 sessions

GQondition D: morphine 10° mg/kg;. saline . _
' 1: 5 sgséions 2: 5 'sessions

Condition E: morphine 10 mg/kg; éifcyclazocine .003 mg/kg/lnj
1: ? sessions- 2: 8 sessions

Condition F: morphineqip mg/kg; glfcyclazopine vehicle
v . 1: 5 sessions 2: 5 sessions

Condition G: wmorphine 10 mg/kg; gifcyclaéocine .003 mg/kg/inj
l: 5 sessions 2: 2 sessiong®
Condition H: no/morphlne pretreatment dl- cycla2001ne .003 mg/kg/inj
1: 3 se551ons 2:7 5 gessions T '
-

Condition I: morphlne 10 mg/kg; dl-cyclazocine .003 mg/kg/inj

l: 5 sessions 2:. 19 sessions ~
' o
Condition J: morphine 10 mg/kgq naloxone .01 mg/kg/lnj N
: y 1: 5 se351ons 2: 2 sessxons
~. ¢
Condition K: no.morphine pretreatment; naleone .01 mg/kg/lnj
: l: 5 sessions 2: 6 séssions .

LN
]
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~

C- Morphine pretreatment; naloxone (.01 mg/kg/inj) Perform—

ance again was marked by high varlablllty durlng relnstatement of
morphlne dependence (C,1). Responding to escape/avoid naloxone was
at .2 responses/sec; a mean of 83.8 inj/session were completed

For the final 12 sessions, .6 responses/sec were made and only 24.3
1nj/se551on were delivered (C,2). This stable perforhance was
similar to that of A,2 in which the same experimental cdhditions
prevailed. |

a

D- Morphine pretreatment; saline.' While m;!ntalnlng morphlne—
k4

. dependence, a saline control substltutlon was made. Respondlng im-

)

’
mediately degreased.to .1 responses/sec {(D,1} and settled at'thia’

rate for the duration of the substitution (D,2). Initially, 100

_1n3/se551on of sallne were dellvered dropplng te 88 6 -for the. last

flve se§elons durlnq whlch tlme performance was also more varlable

B~ Morphine pretreatment dl-cycldzocine (.003 mg/kg/iri) .

When gi;cyclazoc1ne injections were delivered non-contingently,

monkey 224 produced during theltransition period, & mean of .5

responses/sec and tolerated 35 drug 1n3/se551on (E, 1) Escape/ *

avoidance behav1our was highly wvariable .during tran51tlon\a§ well

as the flg_y eight sessions. Responding decreased sllghtly to .4

responses/sec (E,2) during this last series of sessionsi)?ﬁ.s inj/,
A

se551on on the average were dellveqed ’

- . v

- P Morphlne pretreatment, dl- cyclazoclne vehicle. This‘oontrol—

solutlon substltutlon was carried out whlle monkey 224 was morphlne- -

dependent. An 1mmed1ate decrease 1nae§§hpe/av01dance respondlnq to

\ . : .

. . G . . ] e
. . . . .
. R . . ‘ :
. . . -
. .
b .
.
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.2 résponses/sec was observed.and 97.4 inj/session of glfCYC£gﬂ
Ut . '
zocine vehlcle were completed (F,l). The response rate remained

the same for the remaining five sessions although a mean of 91.8
inj/session were delivered.

. d‘? -
G- Morphine pretreatment; dl-cyclazocine (.003 mg/kg/inj).

A second determination was de‘of-respondind to escave/avoid dl- ' |
‘ cyclazoéine when sessions followed a morphine injection. As in
the initial deEerminatibn'ﬁE) responding Qas highly variable, par-
ticularly so for the datum point (G,2) which represented only two
sessions. For the fi:st five sessions (G,l); .l-requnses/se; -

?

y vere produced while 25.2 inj/sessidy of g;-cyclaéocine were tolera-

g -

Lt ~—— L. . p : . i
ted. Responding increased to .3 responses/sec for the final ses-

sions; 54 inj/session being completed (G,2).

H- ©No morphine pretreatment; dl-¢yclaéoéine (.003 mg/kg/inj) .

ypt Morphine injections were dis?oqtinued -whilefglfcyclazocine inject~
ions Fon?inugd to be delivered non—contingently. Lever-pressiﬁg 
diminished quickly to fl responses/sec during th abstinence.period Eb

. {({H,1) and stabilized at_O'reSponseé/secduring/Zi; final four ses-
gionsr(H,Z). Initiallyqr;onkeyNZZQ ;Qlerﬁfed 94.8QEQi/session of

dl-cyclazocine (H,1) but finally allowed all 100 injections to be
- 1 " )

-completed (HJZ)-wﬁile in the post-dependent sState.

I~ Morphine pretreatment; dl-byclazocine/4f65§fag/kq/inj5.
Pre—session‘mdrphine injections were reinstated™“for a third evalua-

tion of escape/avoidance responding for dl-cyclazocine. During
trénsitiozgio the morphine-dependent ‘state, monkey 224 produced no
\’ . . l '.‘. ' TU : " , ‘..
\‘ - B .

'



-_— e . - b

- 73
] . * ,E .
responses and tolerated all 100 inj/session (I,1). For a further
19 sessions, an average of .3 responses/sec were made to escape/
avoid dl-cyclazocine; 56.2 inj/sessMon were connleted (I,2). These
results for the stabilized sessionS'wérecomparable to the earlier
determination, gG,2, butshowedaigreater number of inj/session comple-
ted on the averagé than E, 1: E,2 and G,1. 1In addltlon‘/»arlablllty
of performance was con51derably lower for condition I than for the

previous similar conditions.

J- Morphine pretreatment- naloxone (.01 mg/kg/lnj) Since

‘monkey‘§;4 did not respond to escape/av01d more than 44% of the dl-
'cycla2001ne 1njectlons, .a subsequent naloxone substltutlon was made
to determine if thls .be&haviour was attributable to dl =cyclazocine
in partrcular,sr would alscnbe seen in response to naloxone inject-
1ons . The an1ma1 worked to escape/avold naloxone’at .5 responses/

sec for the duratlon of the experlmental manipulation (J,1 ‘& J, 2).

The average lnj/se551on tolerated was also relatlvely consxstent

the flrst five days and 43 for the f1na1 two da

throughout, with 41.2 naloxone 1nject10ns dellv red per se551on for
25‘ Variability in

performance was somewhat greater for the seconddatump01nt represen-
ting, as it digq, qQnly two sessions. Although monkey 224 responded
‘to escape or. avoid more naloxone 1n3ect10ns than cyclazoc1ne inject-

ions, more naloxone waa’EoIerhéed in thls substltutlon than in the

- P 0
" stable” se551ons of ‘A and c. ‘ T N
. -
hY

S K= ND morphlne pPretreatment; naloxone ( Ol mg/kg/ln}) When

‘morphine 1njectlons were dlscontlnued in a f1na1 series of se551onsf
-
. , .

|
-
y
7
.
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‘ .
eécape/avoidance behaviour immediately increased to 1 resnonse/sec
during the transition period (K,1l); an average of 35.6 inj/seesion
was J;olerated. As the abstinence syndrome subsided, respondinq'
decreased to .l responses/sec and 96.3 inj/session of naioxone were
completed (K,2). Both the.variability of the transitiqn period and-
stgbiliny of the final perfermance werehégmparable to condition B
in which merphine pretreatment-was withdrawn wpile naloxone inject-
ions continued to be delivered non—don%dngen?ly.

In summary, n?nkey 2é4 résponded to terminate the stimulus-
comnlex associated'with ini;sz{ons of naloxone while in a monphine_
dependent seate. In a thifd determination however, a relatively
greater number of naloxone injections was tolerated. Naloxone

-

injections were not eScaned or avoided when® the animal'was in a
' post;dependent state. Injecfions of élfcyclazocine were likewise
tolerated efter mofphine pretreatment was discontinued. While
morphdne—dependent, this animal generally escaped/avoided 40—80ﬁ~
of the dl-cyclazocine injecfioné. Hewever performance nas highly ‘-
variable for two of the three de erminetions. Injections of saline
and dl—cyclazoc1ne vehlcle were consistently tolerated while monkey_
224 was morphlne dependent 4
J’ The, general pattern of results for the three animals was the
same. All\monkeys responded to escape oréggshd non- contlngent
,1n3ect10ns of naioxone and dl- cyclaZOC1ne when experimental sessions

Iwere preceded . by a morphlne 1njectlon. When morphine was withdrawn . °

. . . - . . . . » .
. .
. o - 1 ] N
. D P 11
r . . .o : “ Lo e
v . . * ' ’
. . s ) °, o
. . . I'f
. N . . R
. .
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and a post-dependent state established, the(ghimals did not terminate
or avoid injections of eithe; drug. Both control solutionss(i.e.,
saline}and dl-cyclazocine vehicle)} were tolerated by all monkey
-while they wefe morphine-dependent. - d
/ ‘There were some notable individual differences in responding to
terminate the stimulus—comp;ex that prevailedfirrespective'of both
pretreatment regime and drug ' substitutions. 'qu example, in compa-
ring the upper graphs (responses/sec) for  the tgége animals (Figs
3, 4 and 5) it was evidént that the overali respon;e rate varied. The
lever-pressing of monkey 222 was almost twice as fréﬁuent as that of

. monkey 224 throughout the experiment, while monkey 22l‘résponded a£ -
*.rates between the other two. p _ ' -

Despite these individual differences in tendgncf to lever-press, -
resPénse rates'and inj/session completeﬁ were a&ikg for all animals
wheﬁ saline and'gl—cyc}azocine vehicle substitutions were conducted.

e Responding/typiéally‘décreased 4o between 0 and .2 responses/sec
while more fhan 86% of the injectiéns were tolerated. .

Results of.glféyclazocine escape/avoidance under conditions of
morphine-dependence revealed a consistent phehomenon across all three
animals. IMofg injections of dl-cyclazocine were_tolerated in the

A\

final determination (I) than in the'previousvtwo series (E & G).
: -

Monkeys 221 and 222 responded at between ,6-.B responses/sec allo&ing

.

only 5-14.6 inj/sessipn.}o be delivered during_conditiops.E,é and
. ¢

. . A o
G,2.- For datum point 172, 42.3-65.7 inj/session were tplerated w@ile
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»,

-

resp0nding decreased to .3 responses/sec for monkey 221. Monkey 222
on a hlgher respons —requirementpre?iTe (FR 30), lncreased reSpondlng
.to 1.2 responsesgﬁﬂ:?but still tolerated more drug injections. The
performance of monkey 224 ranged between .3-.4 responses/sec with-
considerable variation over the three determinations; the average
inj/session completed, increased_in the second determinatioe and
remained appioximately the same in the final series. ' This animal
generally tolerated the greetest number of injections of dl-cyclazo-
= -

cine throughout the experiment.

Pigure 6 contains representative cumulative recordings of theﬁv

Y

experimental conditions in which control-solution substitutions were
conducted. -A and B show typical sessions of saline and dl-cyclazocine
vehicle escape/avoidancé,respectiVely, for monkey 221. Each down-
ward deflection on the cumulatin recording marked the beginning of
the 60 sec time-out. Each upward defleetiOn marked time-in, during'
which the pen meved‘verticqlly with each rg 6;se. Each diagoeal

14

stroke of the event pen represented an injection begun. Both sessions
shown followed morphlne ;retreatment and all, 100 injections were
delivered. Monkey 221 did not produce any responses durlng the sallne‘
substltutlon- 21 responses were made durlng the dl-cyclazocmne vehicle
session. Records C and D show the performance of monkey 222 underl

' the same experimental - c0nd1t10ns. They illustrate the individual

differences in tendency to levér-press. This ¥nimal also allowed all

100 available injeftions-of hoth ealinef(c) agd.gifcyclazocine vehicie



-

Figure 6 . “
. (. - .¢ )

Representative cumulative-response recordings of experimental

sessions in which_control—solution substitutiors were conducted.

Each downward deflection of the cumulative recording pen marked the

’

commencement of the 60 sec time-out period. Each upward‘geflection
marked time-in. Each diagonal stroke of-the event pen represented

an injection begun. Records A and B show, the.quponse of monkey

221 to saline and dl-cyclazocine vehicle ihjectioné\respecti#aly.

3

All 100 injections were delivered in both sessions. Records_ C and
D show the performance of monkey 22é'tnder the same experimental
conditions and illustrate the individual differences in tendency to

lever-press. All 100 injections of saline (C) and gl—cyclazocine

vehicle (D) were delivered although monkey 222 produced many more

/

responses than -did monkey 221.°

-
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(D) to be dellvered In contrast with monkey 221 however, 342 and
405 responses were made during the tlme -in components of the resr
pective se551ons. .

Figﬁre 7 illustratgs the effects of morphine pretreatment and
.discontinuation of pretreatment on respondingﬁsg_hseape/avoid inject-
ions 6f naloxone. Record A for'monke§ 221 and C for monkey 224 show
the usual pattern of respdnding seen for all animals when morphine
;njections precedednlthe experimental sessions. A few_injections
were commonly delivered at or near the beginning of the session while
responding to-avoid subsequent injections was .orderly and cpnsistent
for the remalnder (the graphs form a straight 11ne) RecordsB and
D 1llustrate normal steady state ! performances observed when morphine
had been withdrawn and; nal6xone was delivered non-contingently. 1In
‘B, for ‘monkey 221, all 160 injections of naloxone were t@}eratedu
despite 473 time-~in responses. :In D;.nonkey 224 produced only 48
'respbnses while 100 injections were delivered.

In Flgure 8 are presehted cumulatlvefrecordlngs for monkey 221
showine experlmental manlpulatlons wmth dl- cyclazoc1ne under condi- '
tions of morphine pretreatment or dlScontlnuatlon of pretreatment.
Record A represents a performance typicai;of all aniﬁals dgr;ng the
first and secoid determinations of di-cyclazocine escape/avaidance;
lwhen morphine pretfeatﬁents were given; Several drug injections were
tolerated at the beginning of the session and then responding to avoid
further injections became steady and even. B illustrates the usual

results when morphlne pretreatment was discontinued and’ df‘cyclazo-

cine continued to be dellvered. In this ex3nple, monkey 221 made 209

K
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- ‘Figure 7

;q Cumulative—response recordings showing the performances of

monkeys 221 and 224 under condltlons in which morphlhe pretreatment

Dwas given, (A and C) jand then discontinued (B and D) whlle non-

cont1ngent-1n3ectlon aloxone (.01 mg/kg/inj)} were dellvered.

: ~ o _
jections preceded the session, monkey ZQi‘(A) and

v

monkey 224 (B) typlcally tolerated several naloxone injections at

tHe beglnnlng of the session and then resoonded steadlly to avoid

When morphine

. urther drug dellvery., When morphine was wlthdrewn, the: post-depend—

»
ent animéls.tolerated all 100-naloxone'injeotionsf' Monkey 221 (B)
.\ - continued to respond, while allowing injections to be delivered
. while the respondlng of monkey 224 (D) underwent experlmental',’/ :
' B LA . . f' "..t'
extlnctlon
. *
: i . : ; .
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: * Figure 8
o oo

. < u
Cumulative-response recordings for monkey 221 showing respond-

ing to escdpe or avord’lnjectlons of dl Cyclazoc1ne (.003 mg/kg/lnj)

. -

under conditi of morphine pretreatment or dlscontlnuatlon of
pretreatment.en:hpn morphine pretreatment was given (A) the animal
reliably avoided dl—cyclazoc1ne after rece1v1nq several injections

at the beglnnlng of the se551on Respondlng decreased when morphlne

pretreatment was dlscontlnued (B) so that all 100 d4l- cyclaZOC1ne
1n3ectlons were delivered. . Record C shows the ohange in responding
" that was observed during the third determination of the aversiveness

of di- cyc1a2001ne. More injections were tolerated when. the session

started and further drug 1njectlons were delivered con51stent1y

throughout the remaining trials. ; (‘\\‘\w-

L
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responses whlle allowlng all 100 injections to be completed Recoqg

C is included as an example of*£he change in respondlng noted pre-
g

vipusly; that is, the increase in numbe; of injections of gi—cycla-

zocikg delivered during the third determination of stimulus-complex

Stermination.. Typical of the .performances ofhali animals, monkey 221

produced 577 time-in responses while allowing 76 drug-injections’ to

be completed, even though the session followed a morphine pretreat-

-~

- ment.

‘A discussion of the preceding results of the main experiment as

well as those of the pfeliminary training and pilot work follows in

——

Chapter 1IV.
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CHAPTER IV
DISCUSSION AND CONCLUSIONS
4

To maintain continuity and for easy reference to the methods

and results chapters, the following discussion will be divided

into three seéctions: Preliminary Training (Electric-Shock Escape/

" Avoidance), Pilot Work (Discrete-Trials Drug Escape/Avoidance),

and the Main Experiment (Stimulus-Complex Termination).

-~

Preliminary Training (Electric-Shock Escape/Avoidance)

r

The eiECtric4shock escape/avoi&ance training before catheteri-
zation was undertaken in preparatien'for replicating Hoffmeister
and Wuttke's work (1973).  Their rationale for elecéric-snock trai-
ning was to\establish in the béhaﬁioﬁral;}epertoire, responding to
terminate an aversiye-stimulus. Oncellearned, this behaviour would .
generalize to drug injectibns (but not to saline) as a measure of .

the aver51veness of the drug. Hoffmeister consistently used electric-

shock training in research in which the experimental anlmal were
morphlne naive and had not been trained in drug self- admlnIZEEatlon-

that is, the monkeys were not malntalned in a morphlne deﬂendent

‘state nor had they prev1ously recelved any morphlne in thelr experi-

mental histories (Hoffmelster & Wuttkew 1974; Hoffmeister, 1975;

kY

. : —
Hoffmeister & Wuttke, '1976). For experiments in which morohine-
'J

dependence was a var1able,~electnlc-shock tralnlng was not used

1

Animals were‘typically trained to self-administer morphine until.
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tolerance and dependence deveibped. Pﬁysiological dependence was

then maintained either Q? programmed self-adminigfration sessions

or by daily intramuscular injections. The negative-reinforcement

schedule of‘druq—inj%ption termination was subsequently int;éduced
without pr;orftraining to terminate .an aversive stimulus (e.g.;.
Goldberg et al., 1971; Kanae; & échusterh 1977) . Since the fifst
gdal of the present research was to examine.tﬁe aversiveness of
dl—cyclazocine in squirrel monkeys phat had not previously received |
morphine, an electric—shdckAescape/avoidance procedure according to
Hoffmeister and Wuttke (1973) was adooted. The procedures were

—-~

identical exéeét that sessions were 50 minutes in length rather than
two hours and the monkeys were t;ained on an FR 10 schedule of sti-
mulus termination rather than FR 1.

As pré&@cted by Hoffmeister and'Wuttke's-resuits, animals relia-
bly escaped or avoided most of the scheduled electric-shock presen- .
tations within 12 days 6f training (Table 1). The mean number of
total responses decreased in the second six days as expected, as
reéponding came under discriminative control of thelstimulus complex.
When electric-shock presentation was discontinued, extincfion of
responding was established in approximately two wéeks, consistent
with éhe time taken -in Hoffmeister-and:Wuttke's study. When electric-

shocks were first discontinued, both avoidance and escape responding

generally increased as the animals attempted ‘to terminate the sti-

mulus light prgfiously associated with electric-shock. After sSeveral
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sessions of exposure to the extinction contingency however, respond-

i , L)
ing decreased as illustrated in Figure 1 (D).

] -

Pilbt Work (Discrete-Trials Drug Escape/Avdidance)

-

After the mqQnkeys had been trained to ter@inate electric-shock
or the red light conditioned—sﬁimulus,'and had been catheterized,
_sessions were begun in which arug injgctions replaced electric-shock
prééentation. As expected, injections of physiologigal saline .were
not aversive and were tolerated-by all monkeys. Likzbﬁse, the vehi-
clé in which dl-cyclazocine was dissolved was also tolerated. Con;
éistent with Hoffmeister and Wuttke (1973), injections of naloxone
(.01 mg/kg/inj) were not escaped orlavoided by the monkeys but were
tolerated somewhat leés than saline. ﬁowhs and ﬁoods (1976} were
the only investigators to show tha£ naloxone was escaped by'non-
-dependent rhesus monkeys. However, the drug doses neceésary to
support responding were over 1000 times greater than those maintainin'g
similar- behaviour in dependent animals. This was further evidence
of the fact that large enqugh doses of any drug will have the general
effect of aisruptiné behaviour.

When injections of dl-cyclazocine (.005_mg/kg/inj) were substi-
tuted for-glfcyclazocine'ﬁehicle in the present experiment, animals
continued to,toleréte drug injections at the same levels as for naloxone;

'tha.lt is, they tended to escape or-avoid a few more gl-cyclazécine injections
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than either saline or dl-cyclazocine vehicle. Doses of .01 and
.0025 mé/kg/inj of dl-cyclazocine were consistently'escaped or '
avoided b& Hoffmeister and Wuttke's animals. The dose used in the
present research falls between these two andAwould be expected to

be '‘aversive had it‘been used by Hoffmeister and Wuttke. They also
found that a dose of .001 mg/kg/inj was terminated but that the
smallest dose used, .0001 mg/kg/inj, was tolerated like saline. At
first'glanée, these results suggested that perhaps higher doses of
dl-cyclazocine might be necessary to initiate and maintain escape/
avoidance behaviour in‘the squi;rel monkey. Since it was ciear that
comparable doses of g;fcyclazociné were causing different results
in;rhesus and squirrel monkeys subjected to the samé experimental
procedure pexhaps a species-specific effect was a critical determi-
nant. Indeed, non-contingent injections of QL-T:clazocine had

different physiological effects in the two specips. Hoffmeister

and Wuttke rep

ed that thg drug injections did not produce saliva-
tion or vomitting in any of their rhesus monkeys but that the animals

were highly se d during the first few days, then began to .termi-

nate injections on the second or third day of experimental sessions.

In the present work however, under repeated injections of dl-cyclazoci-

ne, squirrel monkeys saljivated pfofhsely and vomitted, appearing to

be completely debilitated while in the experimental chamber. Reco-

] .
-

very took two to three hours after experimental ‘sessions terminated.

1

The strong muscle relaxant effect of the drug may have been so potent
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as to make 1ever—pressing behaviour virtually impos;ible so that .
respondlng did not begln even after several consecutlve se531qns.
Vlllarreal (1973) reported a similar effect when non-dependent
rhesus monkeys received injections of .5 mg/kg of cyclazocine s.c..
With this much higher dose, animals were totally immobile .in their
home cages for two to three hours; but with chronic injections,
tolerance developed to Eﬁese central-felaxant eff;cts. No evideﬂce
of tolerance to the severe effects of glféycla%pcine was seen in one

-,

animal tested fO{ four consecutive days in the current study. It
is not known whethef‘tolerance would have developed over an extended
period of exposuré to the drug. It could not be concluded then,
that dl-cyclazocine wés aversive'to morphine-naive rhesus monkeys
but not to_squirrei monkeys; and clearly, a higher drué dosé in the
squirfel-monkey would not have Thitiated escape or avoidance beha—;
viour, considering thé-debilitating direct muscle-relaxant effects.
On the-other hand, if a species-specific effecﬁfwas responsible for
the divergent observations, perhaps a lower d&se of cyclazocine
céuld be found that woﬁld maintain escape/avoidancé'but not produce
debilitating direct effects. A still lower dose might be tolerated
as it was in the rhesus monkey, again wifhout side effects.. Such
hypotheses remain to be tested. h

. Since dl-cyclazocine had not'been escaped or avoided by sqﬁirrel
monkeys as it had in rhesus monkeys, the Tang and Morse (1955) pro-

cedure was adepted to allow further exploration of the possiblé

aversive properties of this drug.
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Main Experiment (Stimolus—complex Termination)

. Experimental conditions were revised S0 that brief drug inject-
ions (of 1 sec duration) were scheduled to occur every 20 sec after
‘the onset of a green light and masking noise. Five injections, in
the absence of fixed-ratio responding, were followed by an automatic
60 sec time-out, Monkeys could either €scape or avoid injections
by completlng ‘the FR 10 requirement. Under these conditions the

.p0831ble aversive properties of dl-cyclazocine were compared to

. '

those of naloxone under conditions of morphine-dependence and‘post-'
dependence. k\\ .

Despite minor individual differences in tendency to lever—prees to
terminate the stimulus—complex, naloxone injections (.01 mg/kg/inj) were
reliably escaped/av01ded when the monkeys were morphine dependent. On

the other hand, saline- control injections were not terminated under

-
.« 0w

the same conditions of chronic morph:!.ne pretreatment, When morphine was
withdrawn and animals were in a stable, post-dependent state, naloxone
injections were tolerated like saline. Resultsstronglysuggestedthat
it was indeed the state of morphine dependence that determined whether
or not’ nalexone was aversive and not attributable merely to acutelmor-
phlne pretreatment This was indicated~by~experimental condition C

{see Fige 4, 5, and 6} when morphine dependence was re-established after
a period of post—dependence; During the transition to tolerance and
.dependence (C 1 more injections of naloxone were tolerated then when

the dependent state had stabilized (c,2). 1If dependence had not

been” a critical determinant of the aversiveness of naloxone,
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.were in agreement with those found for

Woods et a

dependent

o

there would have been an immediate response to terminate naloxone

injections after acute morphine pretreatment. .Thé present results

-

orphine-dependent rhesus

monkéys by ldberg et al (1971), Downs énd Woods (1975,.1976) and

. (1975) in which both disdrete and continuous injections

’

of naloxong were avoided or terminated This study has extended

previous finformation on naloxone aversiyeness to include the post-

When dl-cyclazocine injections (:003 mg/kd/inj) were delivered

without reference to behaviour, ‘they were toler‘ted when the animals

\

' »~
were in the stable, post-dependent state. Like the morphine-naive

1 . -
condition of the animals in the pilot work, post-dependence was not

conducive to maintaining stimulus-complex te:minati.L. It is inte~
resting to note here, that Kandel and Schuster (1979) found that in
post-dependent rhesus monkeys, Qpntinuou; injedtions of nalorphine ~
continued to be escaped for at least a month following morphine with-

H
drawal. Rather than attributing this behaviour to an inherent

aversive property of nalorphine, the authors concluded that an

-increased sensitivity to the negative-reinforcing properties of nalor-

phine developed as a result of previous morphine dependence. While
p;st;dependent squirrel ﬁonkeys tolerated gl;cyclazocine in the -
present experiment, they did not salivate profusely or vomit when

the dfug accumﬁlated (in contrast to the ﬁilot work) but did exﬁibit

the same strong, muscle-relaxant diredt effect. When morohine-~

/‘

\ | -

rd
.
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* dependence was established, glfoyclazocine injections were clearly_
aversive in experimental conditions E and G. The control solution,:
dl-cyclazocine vehicle was noﬁ responsible for the aversiveness of
dl-cyclazocine in the morohine—dependent monkey, since it was tole-
rated like saline. Similar to results with naloXone, theraversive-
ness of gl—cyclezocine seemed to be due to the presence or absende
of marphine dependence rather than to an inherently aversive proper-
ty of the drug itself. In‘addition, results suggested that einply
the presence of acute morphlne was not responsible for malntalnlng
stimulus- complex termination; phy51olog1ca1 dependence on mornhlne
-was 1mportant. This was seen in experimental conditien I when

morphine*dependence was re-established after a period o ost;depen-

dence. Monkeys 221:and 224 tolerated more dl—cyclaZOCLne d lng the
transition period than durlng the flnal sessions of stable mgrphine--
dependence (the experiment was terminated before monkey 2
this manipulation).. In this final determination of the aver
of gifcyclaiocine, the animals' behaviour chanoed SO that more
cyclazocine, was tolerated even though morphine-dependence had
establlshed and malntalned This suggested that perhaos after :pro-
tracted. expoeure, dl—cy&iazoc1ne injections were no longer as
aver51ve as they had been initially. Indeed, the monkeys were not
severely debilitated as. they had been during the pilot work when dl-
cyclazocine was’ flrst dellvered

The pattern of responding was also significantly different. Du-

ring the pilot work, the animals typicallf tolerated several drug

\

I

-

completed .
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injections at the beginning of each session, then avoided or eécaped

g;fcyclazocine for a few trials and finally tolerated all remaining
»

injections, belng unable to lever-press due to the. drug accumulation. y

In the main experlment {(condition I) this cessation of responding was
not seen. After tolerating the flrst few cyc;es of dl-cyclazocine.

delivery, responding began and remained at a steady rate. Completed
.

drug injections were: evenly epaced throughout the session. Failure

to escape or avoid most of the dl-cyclazocine injections could not be
eiplained by the direct'effeets of the ;drug. )

" In order to’determine whether or pot this failure to terminate
drug injections at previous rates was Specific to glfcyclazocin€;'
inﬁegtions of naloxone (.01 mg/kg/inj) were substituted in tWUlani-
mels. Responding to terminate the stimulus-complex immediately
increased fnom .3 responses/sec for dl-cyclazocine to LQ*}esponse/see
for naloxone.(monkey 221). Monkey 224 had also been respondipng at

.3 responses/sec to terminate dl-cyclazocine injections and increased
'th;s to .5 respenses/sec when naloxone, was substituted. The failure
to continue to terminate glfcyciazocine at previous rates then, did
not generalize to naloxone but was specific to the'effects ef glf,/
cyclazocine.

It has been well documenﬁed in human dlinical studies thet tole~
rance develops to the agonist properties of cyclazocine, including
the central depressant effect, subjective psychotomimetic changes,
rsomnolescence and 1rr1tab111ty {(e.g., Martin et al. 1965;.F1nk et al.,.

4

1973) 'No human or animal studies, to date,éhave reported tolerance

.



to the antagonist effects of thé drug. In Eact, Martin, Gorodeézky
: : ) A
and McClane (1966) found that in human subjects, tolerance did not
devwelop to the ability of cyclazocine to antagonize the pharmacolo-
gical actions of morphine. Subjects received chronic injectioné of
cyclazocine which qonéistently antagonized the toxic and euphoric
effeéts of large dbses of heroin and morphine. This of course w;;
a different experimental'procedure so that a direct comparison with
tly! negative-reinforcement pr.ocedur_e was not possible. Nevertheless,
it was evident that these results with the sauirrel monkey were
unique. Based on the assumption that morphine antagonist drqés a;e'
aversive in dependent organisms due to their ability to precipitépe‘
the ébé%inénce syndrome, the current results suégested that glfcycla—
. zocine did not continue to precipitate abstinence after prolonged
sequences of delivery and was therefore tolerated to a greater degree
in the morphine-dependent squirrel monkey. ‘

It was.possible that a higher doseiof cyclézocine might ha&e
beén more aversive and would have been eséaped or avoided. Prelimi-
nary results of”suéh observations with squirrel monkeys (Stretbh'
Note 1) sh wed that in morohlne dependent anﬁmals, respondlng was
rellably maintained so that most injections of dl- cyclazoc1ne (.01
mg/kg/lnj) were\av01ded or escaned. _ ’

When morphine was withdrawn, animals in a stable post- denendent
state continued to respond to terminate injections of glfcyclaZOCine

4 .
for an extended period. These observations were similar to those

-

mentioned above in which post-dependent rhesus monkeys continued to

escape nalorphine injectiong (Kandel & Schustexr,”1977).

-~
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The fact that .a lerger dose of dl—cyclazocine was consistently

escaped or ‘avoided in morphine-dependent anlmals suggested an expla-
nation to account for the decrease in aVersiveness of the 003 mg/kg/
inj dose. It was possible that over the six months of chronic morlz
phine pretreatment tolerance developed to the dose of morphlne'admr—-
nistered (10 mg/kg i. m ). . In effect the 1ow%§rade physmologlcal
dependence engenderedtw'thlsdose initially, might have dlmlnlshed
over time due to the well-documented characteristic of)toleranCe to

: ~- L :
the central—depressant'effects of morphine. If this was indeed the

case, than- ﬁﬁe level of morphlne—dependence would not have been suf-
f1c1ent to’ result in a severe abstinence syndrome when a small dose -
" of dl-cyclazocine was delivered. Naloxone, however, continued to be

-

aversive with this hypotHésized reduced degree of physiological de- ,
pendence. This may be explained by the fact that a much larger dose
of.naloxone was used (.0l as opéosed to .003 of dl-cyclazocine).

In the squirrel monkey, there is evidence that for equiqalent‘
doses, naloxepe is_g,much moge potent antagoniet of the suppressant

~

effects of morphine than is cyclazocine (Stretéh &\Henry,'Note 2).

So for the present researeh, a combinetion of the small se of dl-
cyclazocine and a possﬁh&g‘eiminished degree of morphine-depengence
might have resulted in an increased tolerance to dl-cyclazocine
injections in ﬁohkeys receiving chronic morphine'pretreatment. &t is
clear that further research is necessary to intestigate the effects

of both an increased dose of morvhine and increased doses of dl-cy-

‘clazocine. )
[ 2



That continued .ekposure to glfcyelazociﬁe resulted in increaseé
gpiérance of the érug iR mofphine—dependent squirrel monkeys is an
additional indication that Hoffmeister and Wuttke's (1973) eriginal
reeults foﬁ cyclaeocine in the ngive rhesus monkey were not consist-

ently applicable to the present ebservations. While dl-cyclazocine
1

has been shown to be aversive in morphine-naive rhesus monkeys and

was not self-administereq, it appeared.that its aversiveness was .

not as clear cut in the squ;rrel monkey. In comparison to the ﬁega¥

tivefreinforcfhg properties of naloxone, either a larger dose of dl-

" cyclazocjifie might be necessary to maintain equivdlent escape/avoid-

havior and/or a hlgher-qrade Dhy51olgg1cal dependence mlght

in sharpenlng the aver51veness of dl-cyclazocine.

To conclude, the research,was designed to investigate the nega-
tiye-reinforcing properties of dl-cyclazocine, a morphine-antagonist
drug witﬁ mixed agonist-antagonist effects. . Squirrel monkeys were
.trained on an FR 10 negative—reinfercement schedule to Eerminate
(escape or avoid) electric-shock presentations which were ‘then repla-
ced withldifferent drug and control-solution injections delivered
through a chronic intravenous catheter. Injections of saline, nalo-
xone (.01 mg/ké)inj), gl-cyclazeéine vehicle and gi—cyclazocine.(.oos
mé/kg/inj) did not maintain reséonding‘to terminate drug delivery.
Accumulation of' l-cyclazocine by repeated, tolerated injections

resulted in s rely debilitating dlrect effects that prevented further

lever-press ng to terminate subsequent.: 1n3ect10ns. Tolerance to

-
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these agonist efrects did ﬁot'develcp over tour consecutive‘sessions;
"It was suggested that whlle hlgher doses of dl-cyclazocrne would ’
certalnly not have initiated escape or avoldance respondlnq, lower
doses might have malntalned responding w1thout side effects. Expe-
_rimental conditions ;ere altered tb study the effect of morphlne
dependence . and post—dependence on‘the negative-reinforeing properties

. cf‘di—cyclazooine as compared to naloxone, a standard mornhine anta-
gonist, Monkeys con51stently escaped or avoided non- contlngent
injections of nalo;one (.01 mq/kg/lnj) while they were mornhlne
dependent (10 mg/kg im. daily). When morphine was withdrawﬁ, nalo-
xone was tolerated like ealine. dl-Cyclazocine (.003 mg/kg/inj) was
likewi;e tqlerated by animals in the post-dependent state. For two
determinations while morphine-dependent, monkeys terminated the Stl—
mulue}complex assocrated with dl-cyclazocine 1njectlons. During a

finall series, following sessions in which dl-cyclazocine was tolera-

. Y
“ted post-dependent monkeys, drug injections were tolerated to a.

much greater as hypothesized that a combination of a
reduced gradé ﬁt physiological dependence as well as the small dose

of di/gyclazoLlne/accounted for the increase in the number of dl-
cyclazocine injections dellvered when animals were receiving chronic
morphine pretreatmedt A specles —-specific effect might be responsible
for the observation that while dl- cyclazoclne was aversive in naive

rhesus monkeys,; present results 1ndlcated ®hat it did not have strong

negative-reinforcing properties in naive, or post-dependent squirrel




1. ., . . .
monkeys. These results must be interpreted ‘with caut:.on as dose- -

- a

effect curves remaln to be establlshed for the negatlve relnforc:Lng

properties of dl-cyclazne in morphlne—nalve,,morphlne—denendent

‘" and ,post-dependent squirrel monkeys. ' Q_-Cyclazoc_lne did not. apge_ar

-

to have intrinsic aversive properties for the sguirrel monkey.

Indeed, morphihe—dependence had to be established, b‘efo'ré di‘ug ‘inject-

R

ions were consistently terminated. ' : » : ,
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Table 1 -
Mean Number of Injections Completed and
Responses/Sec During Consecutive Experimental
Conditions of the Main Experiment for Monkey 221.
Lo
Condition n}njehti ns{Completéd . Responses/Sec Na
¢ b :
. . : 2
A 1 - 20.0 £ 17.5P; 7.8¢ " 6. .2; L1 5
2 32.3 £+ 8.9.; 3.2 L5 1; O 8-
B 1 46.0 # 37.1 ; 16.% 402 025 .1 5
2. 96.6 + 6.1 ; 2.7 2% ,1; o0 5 .
1 .B3.0 £°'17.2 ; 7.7 .2+ ,1; .1. 5
2 41.5 + 33.5 ; 9.7 .6+ .4; .1 12
D 1 100.0 = 0 : 0 0 °.0; 0 5
2 . 100.0 £ 0 .; 0 ‘0 0; O 5
E 1 21.8 £ 10.7 ; 4.8 .6 1; .1 5
. 2 12.0 £ 1.9 ; .8 .6 I; O 5
F 1 100.0 £ 0+ ; 0 0 0; O 5
\2 , 100.0 £ 0 - : 0 Lot 0; 0 5
1 16.0 =+ 2.3 : 1.0 7 EF 170 5
' "2 14.6 = 2.7 ; 1.2 .6 0; O .5
H 1 72.6-% 42.3 ; 18.9 .3 £ .4; .2 55
2. 10040 £ 0 - ; 0 .1 £ 0; 0 5
I 1 74.0 * 13.7 ; 6.1 .3 0; 0 5
2 65.7 + 18.4 ;. 5.8 .3 .2 0 ‘10
J 1 32.6 £ 10.4 ; 4.6 .5 1; 0 5
2 15.5 + 4.9 ; 3.5 .8 + .3; .1. 2.
K. 1 12.4 £+ 8.4 ; 3.5 L9 [ 3; .1 5
: 2 71.7 %+ 34.9 ; 10.5 .3 2 1 11

-

a .
N refers to-the number of sessions for each

v

condition.

\

bidepotes the standard deviation.

€ denotes the standard error of the mean.

4

r{.‘ 49
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N~ Table 2

b ]

Mean Number of Injections Completed and
Responses/Sec Duxing Consecutive Experimental
Conditions of the Maln Experiment r Monkey 222,

r

Condition Injections Compdeted Responses/Sec

Na

AL 21.6 * 29.90; 13.4° (90 .4; .2 5
2 32.6 £ 20.3 ; 9.1 7% .31 5

B 1 11.3 + 13.5 ; °3.9 .9 0+ .3; .1 12
2(FR30) 60.9 % 40.0 ; 15.1 .8+ .7; .2 7

3 78.9 + 29.6 ; 11.2 .5+ .2 .1 7

c 1 T 12.2 + 6.8 ; 3.0 L9+ L2; 1 5
2 8.2 + 2,2 ; 1.0 1.1+ 0; 0O 5

D 1 98.5-+ 3.1 ; 1.4 Wlx Ll; 00 oy 5
2 86.4 + 16.3 ; 7.3 2 .1 0y 5

E 1 ‘7.6 ¢ 2.4.; 1.1 L9+ .1; 0 5
s 2 9.2 + 3/0 ; 1.4 .8+ .1; 0 . 5
F 1 97.8.+ "¥W.9 ; 2.2 1+ J1;0 0 5
2 100.0 + 0 ;.0 .1+ 0; 0© 5

G 1 18.2 * 13.8 ; ¢6.2 .6+ .1; .1 5
2 5.0 + 2.6 ; 1.5 .8+ .2: .1 3

H 'l 21.0 + 17.4 ; 7.8. .8 + .3; .1 5
2 44.7 + 13.8 ; 3.4 40+ 1 00 16
3(FR30) 87.5 + 16.2 : 5.1 6t .2; .1 10

*+ 4.0 ; 2.3 1.2 + .1;: 0O 3

I 1(FR30) 42.3

4N r%fers to the number of sessions for each condition.

Wb denotes the standard deviation.

€ denotes the’standard error .of the mean.

"y ..
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2 ' Table 3
\\;\j'f .
Mean Number of Injections Completed and
Responses/Sec During [onsecutive Experimental
Conditions of the Main Experiment for Monkey 224.
- .
« Condition Injections Completed Responses/Sec Na
P -
Al 47.8 + 30.9P; 13.8€ .2t .1; 0 5
2 27.3 + 17.0 ; 6.0 40t L2; .1 8~
B 1 54.4 £ 37.9 ; 17.0 4 0% .3; .1 5
2 100.0 = 0O ; O 0 =+ : 0 - 5-°
c 1 83.8 + 22,7 ; 10.1 .2+ 1; .1 5
2 24.3 +* 16.0 ; 4.8 .6 = .2; .1 12
o D 1 100.0 £+ 0 ;0 12 .1; 0 ) 5
) 2 88.6 £ 16.3 ; 7.3 10 1; .1 * 5
E 1 35.0 + 40.7 ; 18.2 .5 % .3; .1 5
, 2 36.8 £ 40.7 ; 14.4 A4 £ .3; .1 8
’ F 1 97.4 + 5.8 ; 2.6 2 £ 0; 0 5 o
2 91.8 + 9.9 ; 4.4 .2 0;° 0 . 5
G 1 25.2 + 39.1 ¥17.5 12 .2; .1 5
o2 54.0 + 65.1 ; 46.0 3 .4; .3 T2
H 1 94.8 +* 11.6 ; 5.2 1 £ .,1; O 5
2 100.0 + O ;7 0 0+ 0; O 4
I 1 100.0°x 0 ;0 0+ 0; O 5
2 56.2 = 21.0 '; 4,8 L3 1; 0 19 -
’ J. 1 41.2 +# 12.3 ; 5.5 5% .3; 0 -5
: 2 43.0 =+ 14.1 ; 10.0 5% 01; L1 2
K 1 35.6 £ 31.9 ; 14.3 1.0 * .6; .3 5
2 96.3 * ?.0 7 3.7 w1 £ .1; 0 6
L 4 .
x - . "
. . - , '\\‘/
8 N refers to the ‘number of sessions for each condition..
5 . b denotes the standard deviation. - c .
s
~ © denotes the standard error of the mean. ' oo
"\ -
Ny -





