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A.aSTRACT

Two Macsea aulacta and one Macsea j~~~ monkey. w~~e trained

to press a key for food pellets on a dif ferential reinforce—

aent of tow rate (DIL) schedule which required consecutive

f key—press responses to be spaced at least 20 sec apart in

order to produce reinforcement. When behavior had stabilts.d,

the monkeys were adm inistered either 0.0, 0.05 . 0.10, 0.25 , or

0.50 mg/kg of cocaine i.v. dur ing daily sessions. Cocaine

produced a bi—coaponent , dose—dependent effect. lma.dtately

following cocaine infusion there was a doss—rela ted complete

cessation of responding which began and ended abruptly .

Following this post-infusion pause , a dose-related behavioral

disruption in th. for. of shortened inter-response times was

observ ed .
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INTRODUCTION

The manner in which cocaine functions to establish

and maintain an operant response has been studied exten-

sively . In general , drug self—administration studies have

shown that operant response patterns associated with cocaine

reinforcement are characteristic of those typically observed

with other stimulant-class drug reinforcer. (e.g. , d—aaphet—

amine, mathamphetamine, and pipradol)~ ’2’3’4. By compari-

son, only limited research has been conducted to asses s the

ef f ects of cocaine on operant behavior maintained with food

or water reinforcement5 ’6 ’7 ,

A sensitive operant behav ioral basel ine is achieved by

requir ing tha t food reinforcement be contingent upon the

occurrence of the first response emitted after some f ixed

minimum time interva l has elapsed since the preceding

response . Should a response occu r befor e the minimum inter-

val , th. interva l is begun aga in . This schedule is termed

different ia l reinforcemen t of low respon se rate (DRL) .

Stimulant class drugs have been shown to produce a biphasic

effect on DRL response rate ~~~~~~~ In general , low doses of

stimulants typically reduce the t im. between responses , while

higher doses increase inter-resp onse t ime.. At very high

doses , the behavioral disruption induced by stimulant drugs

1
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take s the form of sporadic pauses alternat ing with sporadic

bursts of respond ing .

We now report an experiment in which th. effects of i.v.

I cocaine on previously established DRL behavior were inveati—

gated .

I
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Animals

Two adult Macaca aulatta and one sale adult Macaca j ava

monkeys,, each weighing approximately 6.0 kg, served as subj ects.

Both Macaca mulatta (Ti and V2) had extensive behavioral and

drug experience. However , neither monkey had prior exper-

ience on the baseline task or with cocaine. The Macaca java

(C3) had a prior history of cocaine self—administration.

A.ll monkeys were drug free for three months preceding base-

line training for  this experiment. Exper imental session s

were schedu led seven days a week at the same time daily .

The anima ls were maintained at their ad ] ibitua body we ights but

were fed only once a day at the end of the exper imental

session.

Apparatus and Drua

Each monkey was fitted with a Plex ig las helme t which

serv ed as a catheter protection system. Af t er each animal

had adapted to this restraint , it was surgically prepared

with a chronic indwell ing venous catheter of si liconized

rubber using a sterile tec hnique . The catheter was anchored

to deep muscle tissue in the neck with the proximal end

passing through the internal jugLlar vein and terminating in

the right atrium of the heart. The distal end was passed

S.
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subcutaneously to the top of the head where it exited

through a stab wound. This end of the catheter was then

connected to a set of fittings in the helmet which allowed

the catheter system to be capped or temporarily coupled to

an inf usio n pump during experimental sessions . The infusion

pump was sat to deliver 1.0 ml. of solution over 55 sec .

Dur ing exper imenta l sessions the monkeys were restrained

in a pri mate chair and connected to an infusion pump which

was located inside a large ventilated , sound-attenuating

chamber . A stimulus -response panel containing two horizon-

tally aligned translucent response keys (5.1 cm x 5.1 cm)

and a food well located 13.5 cm below the right key was

mounted on the primate chair. The right response key was

illu minat ed with a green 3-watt lamp . Reinforcement cons isted

of a 300 ag banana pellet delivered into th. f ood well.

The drug used was cocaine hydrochlorid, dissolved in

0.92 physiological saline. Solutions were prepared in

concentrations which allowed the appropriate dose to be

contained in 0.3 ml of solution . A flush solution of

sodium heparin and saline (100 units/al) was used to push

the drug solutio n through the catheter system into the monkey .

The heparin/salin. flush solution was also used for nondrug

con t rol inj ec t ions .

4
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Procedure

i. nonkeys were trained to press the response key with

reinforcements mad. available according to a 20 sec different ial

reinforcement of low response rate (DPI. 20) schedule . Under

the DPI. 20 schedule , reinforcement was delivered only for a

response that followed the imed iately precedin g respons e by

20 sec or more .  If a response followed the preceding response

by less than 20 sec th. interval timer was reset and the 20

sec interval was reinitiated . Daily sessions were as follows.

The monkey was transported to the experimental apparatus ,

restrained in the primate c hair , and connected to the

infusion apparatus. Illumth.atton of the response key signalled

the start of the session . After 25 reinforcements had been

obtained. th. infusion pump was operated so as to deliver 1.0

ml of flush solution over a 55 sec infusion duration to the

monkey . Daily sessions we re terminated when monkeys Ti and V2

had obtained 150 reinforcmu.nts, or when 125 reinforcements

had been obtained by monkey C3. A reduced session criterion

for  monkey C) was implemented after repea t ed attempts failed

to obtain stable performance in this animal beyond 130 rein-

forcements.

The monkeys were run on the baseline task until a stability

criter ion was achiev ed . The criterion consisted of at least

5
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three consecutive sessions where med ian inter-response t imes

did not vary by more than . 5~ . Subsequent t~ ac hieving

stability on the basel ine task , ios .s ~ caine were adnin—

istered during ~aily infusions . A-li animals received 0.05 ,

3.1). 3.25 , and 3.50  mg~~~ ~ cocaine. ~~~~ sessirns were

varied with respect to dosage and -are separated by at least

three co ns.c utive nondrug s es a ns which met the baseline

stabi lity criter ion.
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RZSULTS

In this experiment either cocaine or control solution

was infused i~~.diately after the animal had obtained 25

reinforcements. After nondrug control injections. latencies

f o r  the first post—infusion response were less than 50 sec .

aowev.r , all doses of cocaine above 0.05 ag/kg produced an

i~~ediate cessation of responding which lasted for longer

than 50 sec. The actual durations of these cocaine-induced

post-infusion pauses an presented for individual animals

in Figure 1. As can be seen therein , a morzx.acL14 ~.ncrsase

in the duration of the post-infusion pause was obta ined in

each monkey as a function of increasing cocaine dose.

Responding follow ing the post—infusion pause began

abruptly and was maintained throughout the rema inder of the

exper imenta l session . Figure 2 presents the mean number of

second. and th. mean number of responses needed to obtain

successive blocks of 25 reinforcements once responding

resumed following drug infusion . As depicted for th. present

DPI. schedule in Figure , an overall time increase accompanied

by an incr ease in responses reflect a shortening of inter—

response time. (IRIs ), while a time increase and a constant

or reduced number of responses indicate a lengthening of IRIs.

S-i
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Fig. 1. Duration of post-infusion pause for individual

monkeys as a function of cocaine dose . Post—infusion pauses

of less than 30 sec were within the nondrug control range

.8
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Fig . 2. Mean time and mean number of responses required by

the three monkeys to obtain su ccessive b locks of 25 reinforce—

m.nts following infusions of different doses of coca ine. The

mean times for reinforcements 1-25 were corrected for cocaine—

induced post-infusion pauses.

9
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For example, when animals were infused with coca ine at a dose

of 0.05 mg/kg neither the amowat of t ime nor the number of

responses required to obtain the first block of 25 reinforce-

ments differed from baseline . However , there was an increase

in both time and number of response for the second and thir d

bloc k of 25 reinforcements. For the fourth block of 25 reinforcements

both time and response number again reflected baseline condi-

tions. Thus, at 0.05 ag/kg a cocaine—induced behavioral

disruption , in th. form of shortened IRI s, began to occur

mid-way through the session and dissipated prior to the end

of the session.

At doses of 0.10 and 0.25 ag/kg. a drug-induced decresae

in IRI s occurred across the fir st three blocks of 25 reinforce-

ments. The magnitude of this effect gradually lessened up to

the f inal block of reinforcements where behav ior returned to

basel ine conditions . Finally, when cocaine was infused at the

highest dose of 0.50 ag/kg there was a shortening of IRIs

thcoughout the session . However , as can be seen in Figure 2,

the behavioral disruption at this high dose did not proceed

in an orderly manner. Visual inspection of c~~ilative response

records obtained at the 0.30 ag/kg dose revealed bursts of

responding mixed vith sporadic pauses of varied duration which

began to occur during the second block of 25 reInforcements.

10
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DISCUSS IOI~

The data obtained in the present experimen t reveal a

bi-component, do se—dependent e f fec t  of cocain . on food

maintained operant behavior. l ediately following coca ine

infusion there was a dose—r elated comp lete cessa t ion of

responding which began and terminated abruptly . Once resumed,

resp onding continued throughout the session but evidenced a

dose—rela ted behavioral disruption in the form of shortened

IRIs .

Th. rather dramatic pause in ongoing behavior following

cocaine infusion appears to be a unique general characteristic

of cocaine—behavior interac tions . Nearly all publ ished

research on the self—a dministration of coca ine has found that

dose—related period s of non—respond ing fellow drug infusion
1’6.

Additionally, several researchers have reported that the

infusion of cocaine produces a dose—related pau. in the

performance of a food or water reinforced operant response5’6’7.

The manner in which drugs and behavior interact is

typically influenced by the nature of the exper imental situ-

ation and , to a large extent , by the schedule of reinforcement.

However , the cocaine—induced post—infusion pause appears to be

little influenced by variables othe r than drug dose and is not

a reliably observed characteristic of other (
~IS stinulant drugs.

U
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On the other hand, the cocaine—induced shorten ing of IRIs

obtained in this experiment is in complete accord with the

effects of other stimulant drugs on DRL behavior8’9.

To date , the majority of published research dealing with

cocaine and behavior has used a drug self-administratio n

procedure. Under this procedure opiates , barbit urates and

sti mulants ire easily distingu ished by: the manner in which

organisms acqu ire the responses terminating in drug reinforce —

aent , the patterning of drug administration , and the behavior

exhibited when the drug is withheld . Coca ine self—administration

closely resembles the self—administration of other CNS stimulants.

However , cocaine differs from other 04S stimulants with respect

to the biochemical mechanisms which produce its behavioral

effec t s10 . The post—inf usion pause data obtained in this

exper iment suggest that there may also be some qualitative

dif ferenc~~ between cocaine-behavior interactions and those

drug-behavior interactions found with other Q~S stimulants.

One possible explanation for the obtained results would be

in terms of cocaine ’ s ef fec ts  on the CIS. Coca ine stimulates

the CNS from above do~~werd . Following cortical stimulat ion,

an inc rease in cocaine dose result s in stimulation of lover

motor centers. Indeed , higher centers can be in a stage of

post— s t imu lation depression while lover centers are in a

12
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stage of exci tat ion11 . The sequential nature of CI4S sti~~—

lat ion by cocaine may be taken as analogous to the sequential

behavioral effects found in this study . Such an analogy would

imply that the post—infusion pause reflects initial cortical

stimulation and the subsequent effects on behavior reflect

increased involvement of stimu lat ed lower centers.

13

5-

_ _ _  --S-S ------ —- - -—-.--- —-



— - __- - - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

- - -— - -~~ ~~~~~r r ~~~ ~ —. .- -. — -~~W’ ‘- --

L.ITERATUR .E CITED

1. Dougherty, J. and Pickens , R. Fixed-interval, schedules

of intravenous cocaine presentation in rats. J~~rnal of

the Experimental Analysis of Behavior , 1973, 20: 111—118.

2. Pickens, R. and Thompson, I. Simple schedules of drug self—

adm aistration in animals. Drug Addiction. Experimental

Pharmacology, 1972, 1: 107—119.

3. Thompson, I. and Pickens, &. Stimulant self—administration

by animals: Some comparisons with operant self—administration.

Federation Proceed ings, 1970 , 29: 6—11.

4. Woods , .1. H. and Schuster , C. K. Reinforcement properties

• of morphine , cocaine and SPA as a function of unit dose .

Th. internationa l Journal of the Addictions , 1968 , 3: 231—237.

5. MacPhail, K. C. and Seiden , L. S. T ime course for the effec ts

of cocaine on f ixed—ratio water-reinforced responding in rats.

Puy chophar.acologia, 1975 , 44: 1—4.

6. Picken s, K . and Thompson, I. Cocaine reinforced behavior

in rats: Effects of rein forcement magnitude and fixed—ratio

size. The Journal of P~armacology and Exparimental

Therapeutics, 1968, 161 : 122—129.

7. ~~aon, H. C. and Schuster , C. K. Interactions between

atropine, chlorprosasin. and cocaine on food reinforced

behavior. Pharmacology Bioch l,erry ~nd Behavior, 1973, 3: 363—376.

14

- a-.

-- - —,-~~ —- - .S.-~~~~ ~__ ~_. -- -,— - -—-_ -5--,---— - .5—-—-— —-—- - — -a-—- • , —— - —



P 
r 

~~~~~~~~~~~~~~ 

- -. S “ ~~~~~~~~~~~~~~

1 8. Dews , P. 8. and Horse , W. H. Behavioral pharmacology.

Annual Rev iew of Pha rmacology, 1961 , 1: 145—174.

9. Singer, 0. J., Key , H. and Blackman, 0. 8. Differential

effects of chiordiazepoxide and d-aaphetamine on respond ing

maintained by a DRL schedule of reinforcement.

Psychopharmacolpgj.e, 197 4, 38: 139—171.

10. King, J. L., Carl, J. I.. and Lao, I.. Cocaine and amphetamine

modification of cerebral energy metabolism, in vivo.

Psychopharmacologia, 1975, 44: 43—45.

11. Goodman, 1.. and Gilman, A. The pharmacological basis of therapeutics.

4th edition. MacMillan, New York: 1970.

15 

——--5— —
5 5- -

__________________ 5 — ———  ~~~~ ——



I • ‘—- .- ~ -~~~~~~~~~ _ - _ _ ~~~~ __ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ 
-

Distribution of this doc~~ent is unlimited

j

~ -~~~~~~~~ -—- --~~ --- - — -- - - —~~- -— - -~~~~~ — -~~~~~~~~-- - — - - .-——~~~~~~~~ - —



_ _ _ _ _ _ _ _ _ _ _ _ _ _  - —--~~~~~~~~~-~— -—--—~~~~~~~ - ---‘- --- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

R U

- 

DIS TRIBUTION LIST

4 copies HQDA (SGRD-SI)
Fort Detrick
Frederick , MD. 21701

12 copIes Defense Documentation Center (DX)
AITh : DDC-i DIM
Cameron Station
Alexandria , Virginia 22314

1 copy Dean
School of Medicine
Uniformed Services University of the
Health Sciences
4301 Jones Bridge Road
Bethesda , Marylan d 20014

1 Copy Superintendent
Academ y of Health Sciences, US Army
ATTN: AH$-CQN
Fort Sam Houstøn, Texas 78234

5-

_ _ _ _ _  —~~~ 
,
~~~~~ —-


