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CHAPTER I 

INTRODUCTION 

Cocaine i s a n a t u r a l l y o c c u r r i n g a l k o l o i d ob ta ined f rom 

the coca leaves of the shrub E r y t h r o x y l o n coca. I t s 

chemical nomenclature ( i n Chemical A b s t r a c t s ) i s 8 -azo-

b i c y c l o <3 .2 .1> o c t a n e - 2 - c a r b o x y l i c a c i d , 3 -benzoy1oxy-8-

methyl methyl es te r <1 -R- (exo-exo)> (F i gu re 1 ) . The coca 

shrub no rma l l y grows i n western South America and i s a lso 

c u l t i v a t e d i n Java and Mexico. The use of coca ine i n man 

extends over severa l c e n t u r i e s . Accord ing to Inca r e c o r d s , 

i n South America some 3,000 years ago coca leaves were g iven 

as a reward f o r spec ia l se r v i ces (Cohen, 1975) . Coca leaves 

were a lso used to inc rease s tamina, and when food was 

sca rce , the leaves were used as a d i e t a r y supplement . 

Cocaine was f i r s t c h e m i c a l l y i s o l a t e d f rom coca leaves 

i n 1860, and s h o r t l y t h e r e a f t e r , one of the f i r s t s c i e n t i f i c 

s t ud ies on the s u b j e c t i v e e f f e c t s of cocaine was conducted 

by Sigmund Freud. Since t h a t t ime coca ine has r e t a i n e d i t s 

p o p u l a r i t y as the drug of cho ice over a l l o ther types of 

r e c r e a t i o n a l d rugs . Standard s u b j e c t i v e q u e s t i o n a i r e s , 

i n c l u d i n g the P r o f i l e of Mood Sta tes (POMS) have 

c o n s i s t e n t l y r e p o r t e d the s t i m u l a t o r y and euphor ic e f f e c t s 

of coca ine (Fischman, Schus te r , and Hatano, 1983a; Fischman, 

1 
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Schus te r , J a v a i d , and Hatano, 1983b). These s u b j e c t i v e 

e f f e c t s are s i m i l a r to those produced by amphetamine, and i n 

comparison s t u d i e s , cocaine and amphetamine cannot be 

d i f f e r e n t i a t e d (Fischman and Schus te r , 1982) . Other 

s u b j e c t i v e e f f e c t s desc r ibed by humans i n c l u d e inc reased 

scores on sca les of " p l easan tness " (Resn ick , Kestenbaum, and 

Schwar tz , 1977) , " h i g h " (Fischman et a l . , 1983a; Fischman et 

a l . , 1983b) , and " s t i m u l a t i o n " (Fischman et a l . , 1983a; 

Fischman et a l . , 1983b). Decreased scores have been 

r e p o r t e d f o r "hunger" (Resnick et a l . , 1977) and " s e d a t i o n " 

(Fischman, 1977) . 

The euphor ia ob ta ined from cocaine i n j e c t e d 

i n t r a v e n o u s l y peaks app rox ima te l y 3-5 minutes a f t e r 

i n j e c t i o n , and i s d i s s i p a t e d w i t h i n 30-40 minutes ( J a v a i d , 

Fischman, and Schus te r , 1978) . S i m i l a r l y , s u b j e c t i v e 

e f f e c t s r e p o r t e d a f t e r i n t r a n a s a l a d m i n i s t r a t i o n of coca ine 

are q u i t e s i m i l a r t o those a f t e r i n t r avenous 

a d m i n i s t r a t i o n , but are less i n tense (Resnick et a l . , 1977) , 

have a s lower onset of a c t i o n (15-20 m in . ) (Van Dyke, J a t l o w , 

Lingerer, Barash, and Byck, 1979) , and are of longer d u r a t i o n 

(60-90 m i n . ) ( J a v a i d et a l , 1978) . Cocaine can be a lso 

adm in i s t e red o r a l l y , or smoked as the base, and the e f f e c t s 

of these rou tes of a d m i n i s t r a t i o n are s i m i l a r t o those of 

cocaine adm in i s te red i n t r a n a s a l l y (Perez-Reyes, D i G u i s e p p i , 

Ondrusek, J e f f c o a t , and Cook, 1982) . 

Whi le t h e r e have been numerous s t u d i e s i n v e s t i g a t i n g 



the sub jec t i ve e f f e c t s of cocaine in humans, there have been 

few s tud ies of these e f f e c t s using animal models. A major 

f a c t o r l i m i t i n g p r e - c l i n i c a l measurement of s u b j e c t i v e 

aspects of cocaine dependence has been a lack of a s u i t a b l e 

methodology f o r t e s t i n g such ques t ions . By d e f i n i t i o n , 

sub jec t i ve e f f e c t s are not d i r e c t l y v e r i f i a b l e by 

experimenter observa t ion , and because of the dangers of 

anthropomorphism, animal i n v e s t i g a t i o n s of s u b j e c t i v e events 

are p a r t i c u l a r l y d i f f i c u l t . However, Lai and Emmett-Oglesby 

(1983) have r e c e n t l y argued tha t s u b j e c t i v e events can be 

tes ted exper imen ta l l y i n animals i f behav iora l responses can 

be made s p e c i f i c a l l y con t ingent upon de tec t i on of the 

sub jec t i ve occurrence by the t e s t s u b j e c t . For example, 

sub jects can be t r a i n e d to use the i n t e r n a l d i s c r i m i n a t i v e 

s t i m u l i (IDS) a r i s i n g from drug i n j e c t i o n s as the basis f o r 

choosing which of several p o t e n t i a l responses i s c o r r e c t . 

When only two responses are a v a i l a b l e , the response emi t ted , 

be i t human-verbal or an imal -choice behav io r , reso lves to 

"yes, the s t imulus i s p resen t , " or "no, i t i s n o t . " The 

q u a l i t a t i v e nature of such a b inary dec is ion can then be 

q u a n t i f i e d through the method of popu la t ion a n a l y s i s ; t ha t 

i s , the percent of sub jec ts r e p o r t i n g the presence of the 

sub jec t i ve event i s a f u n c t i o n of the s t imulus i n t e n s i t y 

(Swanson, and Kinsbourne, 1978). In the past decade, many 

i n v e s t i g a t i o n s have shown tha t s u b j e c t i v e events a r i s i n g 

from drug a d m i n i s t r a t i o n can be detected using 



d i s c r i m i n a t i v e s t i m u l u s methodology, and where d i r e c t 

comparisons have been made, drug e f f e c t s thus measured are 

c l a s s i f i e d i n p a r a l l e l ( e . g . , L S D - l i k e , n a r c o t i c - 1 i k e ) by 

humans and animals ( C h a i t , Uhlenhuth and Johanson, 1984; 

Glennon and Rosecrans, 1981; G r i f f i t h s , Roache, A t o r , Lamb 

and Lukas, 1985; Schuster and B a l s t e r , 1977) . 

Cocaine as a D i s c r i m i n a t i v e S t imu lus 

The r e l a t i o n s h i p between a p a r t i c u l a r s t i m u l u s and the 

r e s u l t i n g behav io ra l response has been e x t e n s i v e l y ana lyzed . 

The term " s t i m u l u s c o n t r o l of behav io r " has emerged to 

r e l a t e these concep ts . One such s t i m u l u s i s the 

d i s c r i m i n a t i v e s t i m u l u s , where one set of behav io rs i s 

r e i n f o r c e d under one set of c o n d i t i o n s ( e . g . , presence of a 

drug) and a second set of behav iors i s r e i n f o r c e d under 

another set of c o n d i t i o n s ( e . g . , absence of a d r u g ) . For 

example, r a t s can be t r a i n e d to d i s c r i m i n a t e an i n j e c t i o n of 

cocaine from s a l i n e us ing an operant procedure where 

responses on one l eve r are r e i n f o r c e d w i t h food reward on ly 

i n the presence of coca ine , and responses on the second 

l eve r are r e i n f o r c e d on l y i n the presence of s a l i n e . 

Var ious schedu l i ng c o n t i n g e n c i e s of r e i n f o r c e m e n t can be 

employed which p rov ide s e n s i t i v e behav io ra l base l i nes 

aga ins t which the drug e f f e c t s can be measured. For 

example, a f r e q u e n t l y used r e i n f o r cemen t con t i gency i s the 

f i x e d - r a t i o schedule (FR). The FR schedule r e q u i r e s t h a t a 



behav ior i s r e i n f o r c e d a f t e r a s p e c i f i e d number of responses 

rega rd l ess of t i m e . For example, a FRIO schedule of bar 

p ress ing would r e q u i r e a r a t to press the bar ten t imes 

before a food reward would be g i ven . Other schedu l i ng 

c o n t i g e n c i e s i n c l u d e v a r i a b l e - r a t i o (VR), where a behav ior 

i s r e i n f o r c e d a f t e r a random number of responses; f i x e d -

i n t e r v a l ( F I ) , where a behav ior i s r e i n f o r c e d a f t e r a 

des igna ted t ime p e r i o d ; and v a r i a b l e - i n t e r v a l ( V I ) , where a 

behavior i s r e i n f o r c e d a f t e r a random t ime i n t e r v a l . 

Coca ine 's e f f e c t on operant responding depends on the r a t e 

of ongoing respond ing . For example, coca ine tends to 

inc rease low ra tes of respond ing us ing a f i x e d - i n t e r v a l 

schedu le . However, coca ine tends to decrease or leave 

unchanged h igh r a t e s of responding such as the f i x e d - r a t i o 

schedule (Seiden and D y k s t r a , 1981) . For t h i s reason the 

f i x e d - r a t i o schedule i s a popular con t i gency schedule w i t h 

drug d i s c r i m i n a t i o n p rocedures . 

Another impo r tan t f e a t u r e of the d i s c r i m i n a t i v e 

s t i m u l u s produced by cocaine i s the r e l a t i o n s h i p of lower 

doses of cocaine compared to the cocaine t r a i n i n g d rug , 

which i s commonly c a l l e d s t i m u l u s g e n e r a l i z a t i o n . S t imu lus 

g e n e r a l i z a t i o n i s cons idered to r e f l e c t pe rcep tua l 

s i m i l a r i t y of the t e s t s t i m u l u s to the d i s c r i m i n a t i v e 

s t imu lus ( C o l p a e r t , 1978) . For example, i n r a t s t r a i n e d to 

de tec t 5 mg/kg coca ine , when lower doses of coca ine are 

t e s t e d f o r coca ine l eve r s e l e c t i o n , t he re i s a dose-
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with lower doses of cocaine. Eight rats were tested at all 

poi nts. 



8 

dependent r e l a t i o n s h i p such t h a t decreas ing doses of coca ine 

produce a decrease i n c o c a i n e - l e v e r s e l e c t i o n ( F i g u r e 2 ) . 

These data suppor t the hypo thes is t h a t the s t i m u l u s produced 

by coca ine i s o r d e r l y and r e l a t e d to i t s p h y s i c a l i n t e n s i t y . 

S p e c i f i c i t y of Cocaine as a D i s c r i m i n a t i v e S t imu lus 

One of the major s t r e n g t h s of the drug d i s c r i m i n a t i o n 

procedure i s t h a t the s t imu lus produced by coca ine i s 

assoc ia ted w i t h s p e c i f i c pharmaco log ica l a c t i o n s . The major 

pharmaco log ica l a c t i o n s produced by coca ine are i t s 

a n e s t h e t i c , v a s o c o n s t r i c t i v e , and euphor ic p r o p e r t i e s . 

Barry (1974) has proposed t h a t the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of drugs may be used to c l a s s i f y them s ince 

c l o s e l y r e l a t e d substances t y p i c a l l y produce s i m i l a r 

d i s c r i m i n a t i v e cues. Fo l l ow ing t h i s r a t i o n a l e , once the 

d i s c r i m i n a t i v e s t i m u l u s of coca ine has been e s t a b l i s h e d , 

o ther drugs can be s u b s t i t u t e d , and the t e s t s u b j e c t s w i l l 

s u b s t i t u t e f o r drugs w i t h CNS s t i m u l a n t p r o p e r t i e s s i m i l a r 

to coca ine . For example, i n one s tudy ( C o l p a e r t , Niemegeers 

and Janssen, 1978a), r a t s were t r a i n e d to d i s c r i m i n a t e 10 

mg/kg coca ine from s a l i n e and a v a r i e t y of drugs was t e s t e d 

f o r s u b s t i t u t i o n f o r the coca ine d i s c r i m i n a t i v e s t i m u l u s . 

Resu l ts i n d i c a t e d t h a t amphetamine-type drugs such as 

m e t h y l p h e n i d a t e , nom i fens ine , d-amphetamine, and 

methamphetamine would s u b s t i t u t e f o r the coca ine s t i m u l u s . 

Other s t u d i e s which have con f i rmed these r e s u l t s i n c l u d e 



s u b s t i t u t i o n of amphetamine ( C o l p a e r t , Niemegeers and 

Janssen, 1978b; D 'Me l lo and Sto le rman, 1977) , and 

methy lphen ida te (Ho and S i l ve rman , 1978; Emmett-Oglesby et 

a l . , 1983) f o r the coca ine s t imu lus (Table I ) . Converse ly , 

drugs such as LSD, morph ine, and p e n t o b a r b i t a l ( J a r b e , 

1984) ; THC (Jarbe 1981) ; oxazepam (de la Garza and Johanson, 

1981; im ip ram ine , f e n f l u r a m i n e , s t r y c h n i n e or ca tepresan 

would not s u b s t i t u t e f o r the cocaine s t i m u l u s (Tab le I I ) . 

Thus, coca ine and amphetamine possess s i m i l a r d i s c r i m i n a t i v e 

s t imu lus p r o p e r t i e s , and the s p e c i f i c i t y of the cocaine 

s t imu lus suppor ts B a r r y ' s (1974) hypo thes is t h a t the 

d i s c r i m i n a t i o n paradigm cou ld q u a n t i t a t i v e l y assess a d r u g ' s 

pharmaco log ica l e f f e c t s and c l a s s i f y them accord ing to 

s i m i l a r d i s c r i m i n a t i v e s t imu lus p r o p e r t i e s . 

To lerance to the S u b j e c t i v e E f f e c t s of Cocaine 

There has been much c o n t r o v e r s y as to whether the 

pharmaco log ica l ac t i ons of cocaine are s u b j e c t to t o l e r a n c e . 

To lerance o f t e n develops upon repeated a d m i n i s t r a t i o n of 

d rugs , and i s u s u a l l y desc r ibed as a decreased d r u g - e f f e c t 

r e l a t e d to a p r i o r h i s t o r y of drug a d m i n i s t r a t i o n 

( G o l d s t e i n , Aronow and Kalman, 1974, Goodman and G i l l m a n , 

1985) . To lerance can a lso be desc r ibed as the phenomenon 

whereby a g rea te r amount of drug i s r e q u i r e d to o b t a i n a 

response whose i n t e n s i t y i s s i m i l a r to t h a t of the o r i g i n a l 

response ( C o l p a e r t , 1978) . T y p i c a l l y , when a p a r t i c u l a r 
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TABLE I 

REPRESENTATIVE LIST OF DRUGS THAT SUBSTITUTE FOR COCAINE 

Amantadi ne 
Apomorphine 

Bromocrypt i ne 
Pi r i bedi1 

Methy lpheni date 
Nomifensine 

^j-amphetami ne 
Methamphetami ne 

D i e t h y l p r o p i o n 
Phentermi ne 

Phend imet raz i ne 
Phenylpropanolamine 

Cathi none 
Benzoy lnorecognine 

Norcocai ne 
T rany lcypromi ne 

Pheni p r a z i ne 
Deprenyl 

P a r g y l i ne 
Ni alami de 
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TABLE II 

REPRESENTATIVE LIST OF DRUGS THAT DO NOT SUBSTITUTE FOR 

COCAINE 

I soproternol 
Epi nephri ne 
Propanolol 
Practolol 
Salbutamol 
Atropi ne 
Morphi ne 
Fentanyl 

LSD 
Mescali ne 
Imiprami ne 

Des i prami ne 
Chiorodi azepoxi de 

L i docai ne 
Procai ne 

Fenf1urami ne 
Hydroxyamphetami ne 
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dose i s adm in i s te red r e p e a t e d l y , t o l e r a n c e i s g r a p h i c a l l y 

assessed as a decreased e f f e c t of t h a t dose and/or a s h i f t 

to the r i g h t of the e n t i r e d o s e - e f f e c t cu rve . However, w i t h 

respec t to coca ine , i t i s apparent t h a t repeated 

a d m i n i s t r a t i o n per se does not guarantee t o l e r a n c e . 

To lerance to cocaine in man has been r e p o r t e d on ly 

r a r e l y . There have been severa l anecdota l r e p o r t s 

sugges t ing t h a t t o l e r a n c e may deve lop , s ince s u b s t a n t i a l 

amounts of coca ine , up to 10 gm per day, have been used by 

ch ron i c cocaine use rs . Because the minimum l e t h a l dose of 

cocaine i s app rox ima te l y 1.2 gm, these r e p o r t e d inc reases i n 

drug a d m i n i s t r a t i o n were sugges t i ve of a t o l e r a n c e 

phenomenon, a l though p robab ly th rough a me tabo l i c mechanism 

(Ca ldwe l l and Seever, 1974; J a f f e , 1975) . Fischman and 

Schuster (1982) r e p o r t e d t h a t acute t o l e r a n c e to coca ine 

developed i f p a t i e n t s s e l f - a d m i n i s t e r e d 32 mg cocaine w i t h i n 

a one-hour p e r i o d . In t h i s s t u d y , the d i s c r i m i n a b i 1 i t y of 

cocaine was t e s t e d every 15 minutes by us ing the P r o f i l e of 

Mood Sta tes and a s u b j e c t i v e e f f e c t s q u e s t i o n n a i r e . The 

data i n d i c a t e d t h a t as ch ron i c a d m i n i s t r a t i o n of coca ine 

c o n t i n u e d , p a t i e n t s de tec ted a decrease i n eupho r i a . Th is 

s tudy was extended i n 1985 (Fischman, Schus te r , J a v a i d , 

Hatano and D a v i s ) , i n which 8 s u b j e c t s r ece i ved an 

i n t r a n a s a l p re t r ea tmen t of p lacebo or 96 mg of coca ine . 

S i x t y minutes l a t e r 16, 32 or 48 mg of coca ine were i n j e c t e d 

i . v . Cocaine plasma l e v e l s were determined p e r i o d i c a l l y 
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over a 2-hr per iod and both card iovascu la r e f f e c t s and 

verbal repo r t of drug e f f e c t s , using P r o f i l e of Mood States 

and s u b j e c t i v e ques t i onna i r e , were moni tored. The plasma 

concent ra t ions of cocaine were always r e l a t e d to the dose 

admin is te red. However, when i . v . cocaine was given a f t e r 96 

mg i n t r anasa l p re t rea tment , both heart ra te and the 

s u b j e c t i v e e f f e c t s were d imin ished compared to the con t ro l 

group. These r e s u l t s suggested tha t there i s a decrease in 

p h y s i o l o g i c a l and s u b j e c t i v e e f f e c t s of cocaine when 

admin is tered repeated ly in humans. 

Tolerance to the D i s c r i m i n a t i v e St imulus Proper t i es of 

Drugs 

The problem of whether to le rance develops to the 

d i s c r i m i n a t i v e s t imulus p rope r t i es of drugs has been an area 

of much con t rove rsy . For example, York and Winter (1975) 

t r a i n e d ra t s to detect 80 mg/kg sodium b a r b i t a l from s a l i n e . 

During t r a i n i n g , a d d i t i o n a l d a i l y doses of b a r b i t a l (240 mg) 

were admin is tered f o r 8 days. Tolerance developed to the 

hypnot ic e f f e c t , but not to the d i s c r i m i n a t i v e s t imu lus 

p rope r t i es of b a r b i t a l . However, Hi rschorn and Rosecrans 

(1974) t r a i n e d ra t s to d i s c r i m i n a t e 10 mg/kg morphine and 4 

mg/kg d e l t a - 9 te t rahydrocann ibo l from s a l i n e . During 

t r a i n i n g , a d d i t i o n a l morphine or d e l t a - 9 te t rahyd rocann ibo l 

i n j e c t i o n s were given as doses up to 16 t imes the t r a i n i n g 

dose f o l l o w i n g a t r a i n i n g session f o r a per iod of 2 months. 
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Results i nd i ca ted tha t a d d i t i o n a l i n j e c t i o n s of 40 or 80 

mg/kg, but not of 8 or 160 mg/kg of morphine decreased 

morphine lever s e l e c t i o n . S i m i l a r l y , a d d i t i o n a l i n j e c t i o n s 

of 32 mg/kg, but not of 8 or 16 mg/kg d e l t a - 9 

te t rahydrocann ibo l decreased d e l t a - 9 te t rahyd rocann ibo l 

lever s e l e c t i o n . Fo l lowing t e s t i n g , naloxone was i n j e c t e d in 

the morphine group, and wi thdrawal symptoms occur red. These 

data were the f i r s t data demonstrat ing to le rance to the 

s t imulus e f f e c t s of morphine and d e l t a - 9 t e t r a h y d r o c a n n i b o l , 

r e s p e c t i v e l y . 

In another exper iment , Co lpaer t , Kuyps, Niemegeers, and 

Janssen (1976) t r a i n e d ra t s to d i s c r i m i n a t e 0.04 mg/kg 

fen tany l from s a l i n e . During the course of t r a i n i n g dose-

e f f e c t data were determined f o r var ious doses of f en tany l 

(0.0025-0.02 mg/kg) , and s u b s t i t u t i o n t e s t s were conducted 

w i th morphine (2 .5 -20 mg/kg). I t was found tha t al though 

0.04 mg/kg fen tany l i n j e c t i o n s were r e g u l a r l y cont inued as 

par t of the t r a i n i n g sequence, the dose -e f f ec t curves f o r 

both fen tany l and morphine d id not s i g n i f i c a n t l y decrease 

a f t e r four months of t r a i n i n g . Never the less, s i g n i f i c a n t 

to le rance to the ra te decreasing as we l l as to the analgesic 

e f f e c t of f en tany l had developed, but none of the sub jec ts 

showed any sign of phys ica l dependence a f t e r naloxone 

a d m i n i s t r a t i o n . These data were i n t e r p r e t e d as evidence 

tha t to le rance does not develop to the d i s c r i m i n a t i v e 

e f f e c t s of na rco t i c drugs. Colpaert et a l . (1976) suggested 
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f o u r a l t e r n a t i v e s a c c o u n t i n g f o r t h e c o n t r a d i c t o r y r e s u l t s . 

O n e a r g u m e n t is t h a t t h e t r a i n i n g d r u g , f e n t a n y l , m a y 

p r o d u c e l e s s t o l e r a n c e t h a n m o r p h i n e , or t h a t t h e a m o u n t of 

n a r c o t i c d r u g s i n j e c t e d d u r i n g t h e c o u r s e of t h e e x p e r i m e n t s 

w a s too low to p r o d u c e a n y t o l e r a n c e at a l l . S e c o n d , t h e 

t o l e r a n c e to m o r p h i n e ' s s t i m u l u s p r o p e r t i e s is r e l a t e d to 

t h e i n d u c t i o n of d e p e n d e n c e d e m o n s t r a t e d by w i t h d r a w a l 

s y m p t o m s f o l l o w i n g n a l o x o n e a d m i n i s t r a t i o n . C o l p a e r t a r g u e d 

t h a t m o r p h i n e d e p e n d e n c e m a y d i s r u p t d i s c r i m i n a t i v e 

r e s p o n d i n g . T h i r d , t h e o c c u r r e n c e of t o l e r a n c e to t h e 

s t i m u l u s p r o p e r t i e s of f e n t a n y l and m o r p h i n e m a y be r e l a t e d 

to an a d a p t i v e l e a r n i n g p r o c e s s . T h a t is, by i n c r e a s i n g 

a d d i t i o n a l d o s e s of m o r p h i n e h i g h e r t h a n t h e t r a i n i n g d o s e , 

t h e s u b j e c t s m a y be l e a r n i n g to a t t e n u a t e to t h e h i g h e r 

m o r p h i n e d o s e as p a r t of an a d a p t i v e l e a r n i n g p r o c e s s . 

F o u r t h , t h e t o l e r a n c e o b s e r v e d in H i r s c h o r n and R o s e c r a n s 

( 1 9 7 4 ) s t u d y m a y r e l a t e to t o l e r a n c e to s t a t e - d e p e n d e n t 

l e a r n i n g e f f e c t s b e c a u s e in the a b o v e s t u d y , t h e m e a s u r e m e n t 

of l e v e r s e l e c t i o n c o n s i s t s of t h e p e r c e n t a g e of r e s p o n d i n g 

on t h e m o r p h i n e - a p p r o p r i a t e l e v e r , a s s e s s e d d u r i n g an 

e x t i n c t i o n t r i a l ( C o l p a e r t , N i e m e g e e r s and J a n s s e n , 1 9 7 6 ) . 

S h a n n o n and H o l t z m a n ( 1 9 7 6 ) and M i k s i c and Lai ( 1 9 7 7 ) , 

in a s i m i l a r e x p e r i m e n t a l d e s i g n , t r a i n e d r a t s to 

d i s c r i m i n a t e m o r p h i n e f r o m s a l i n e . In b o t h s t u d i e s , h i g h 

d o s e s of m o r p h i n e w e r e a d m i n i s t e r e d in a p e r i o d d u r i n g w h i c h 

t h e a n i m a l s w e r e w i t h d r a w n f r o m t r a i n i n g . In t h e S h a n n o n 
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and Holtzman (1976) s tudy, 10 mg/kg morphine, s a l i n e , or 

17.5 mg/kg pen toba rb i t a l were i n j e c t e d every 12 hours f o r 

three days. Redeterminat ion of the dose -e f f ec t curve fo r 

morphine was s i g n i f i c a n t l y s h i f t e d to the r i g h t , whereas the 

dose -e f fec t curve f o l l o w i n g chronic sa l i ne or pen toba rb i t a l 

a d m i n i s t r a t i o n was not s h i f t e d . S i m i l a r l y , in the Miks ic 

and Lai (1977) s tudy, i nc reas ing amounts of morphine were 

admin is tered (10 mg/kg were increased by 10 m g / k g / i n j e c t i o n 

d a i l y u n t i l a te rmina l dose of 110 mg/kg was reached on the 

11th day) . At the end of chronic a d m i n i s t r a t i o n , a l l 

animals were tes ted f o r morphine lever s e l e c t i o n and 

analgesia ( t a i 1 - w i t h d r a w a l la tency--See Janssen, Niemegeers, 

and Dory, 1963). Resul ts i nd i ca ted both to le rance to the 

d i s c r i m i n a t i v e s t imu lus of morphine and to the analgesic 

ac t i on of morphine. These r e s u l t s were considered as 

evidence tha t to le rance develops to the na rco t i c cue since 

to le rance developed f o l l o w i n g chron ic a d m i n i s t r a t i o n of 

morphine, but not p e n t o b a r b i t a l . These data f u r t h e r support 

the hypothesis tha t the d i s c r i m i n a t i v e s t imu lus p rope r t i es 

of na rco t i c drugs are r e l a t i v e l y s p e c i f i c . 

Co lpaer t , Niemegeers, and Janssen (1978) in two f u r t h e r 

experiments attempted to determined whether to le rance 

develops to the phys i o l og i ca l ac t ions under l y ing the 

d i s c r i m i n a t i v e s t imulus p rope r t i es of na rco t i c analgesic 

drugs. In the f i r s t s tudy, ra t s were given d a i l y exposure 

to 0.06 mg/kg fen tany l f o r 30 days before they were t r a i n e d 
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to d i s c r i m i n a t e 0.04 mg/kg f e n t a n y l f rom s a l i n e . Resu l ts 

i n d i c a t e d t h a t , as compared to c o n t r o l g roup, t h e r e was no 

inc rease i n e i t h e r the number of t r a i n i n g sess ions to 

c r i t e r i o n , or i n the ED50 f o r g e n e r a l i z a t i o n of f e n t a n y l 

doses lower than the t r a i n i n g dose. In a d d i t i o n , the 

exper imen ta l group f a i l e d to show an inc rease of omiss ion 

e r r o r s ( r e p o r t i n g s a l i n e i n the presence of the f e n t a n y l 

t r a i n i n g dose) . In the second s t u d y , i n r a t s w i t h a 10-

month h i s t o r y of 0.04 mg/kg f e n t a n y l d i s c r i m i n a t i o n , 

a d d i t i o n a l i n j e c t i o n s of i n c r e a s i n g ( 0 . 0 6 - 0 . 1 6 mg/kg) 

f e n t a n y l doses f o l l o w e d r e g u l a r t r a i n i n g sess ions . Resu l ts 

i n d i c a t e d t h a t t he re was no inc rease of e r r o r s r e p o r t i n g 

s a l i n e i n the presence of the t r a i n i n g dose, and no e f f e c t 

on the g e n e r a l i z a t i o n curve f o r f e n t a n y l . Based on these 

r e s u l t s , Co lpaer t concluded t h a t the t o l e r a n c e observed 

i n p rev ious exper iments i s an a r t i f a c t , f o r by t e r m i n a t i n g 

t r a i n i n g and i n j e c t i n g h igh doses of the t r a i n i n g d rug , the 

sub jec t s may a c t u a l l y be l e a r n i n g to a t t end to the h igher 

magnitude of these doses. 

In another expe r imen t , W i t k i n , D y k s t r a , and Car te r 

(1981) t r a i n e d pigeons to d i s c r i m i n a t e i n t r a m u s c u l a r 

i n j e c t i o n s of 1 .0 mg/kg morphine from wa te r . F o l l o w i n g 

d o s e - e f f e c t g e n e r a l i z a t i o n s tud ies w i t h v a r i o u s doses of 

morphine ( 0 . 1 - 5 . 6 mg/kg ) , a s i n g l e i n j e c t i o n of 10 mg/kg 

morphine s h i f t e d the morphine d o s e - e f f e c t curve to the 

r i g h t ; thus these data demonstrate acute t o l e r a n c e to the 
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d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of m o r p h i n e . T o l e r a n c e 

to the m o r p h i n e s t i m u l u s was r e v e r s i b l e w i t h i n f i v e days of 

the s i n g l e i n j e c t i o n of m o r p h i n e . T o l e r a n c e did not d e v e l o p 

to the e f f e c t s of m o r p h i n e on r e s p o n s e r a t e . The a u t h o r s 

c o n c l u d e d that t o l e r a n c e may o c c u r for d i f f e r e n t b e h a v i o r a l 

e n t i t i e s , and the m a g n i t u d e of t o l e r a n c e that d e v e l o p s m a y 

d e p e n d on the a m o u n t of drug a d m i n i s t e r e d and the b e h a v i o r 

being m e a s u r e d . F u r t h e r m o r e , they a r g u e d that t o l e r a n c e to 

the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of o p i o i d s has 

p a r a l l e l s with the s u b j e c t i v e e f f e c t s of o p i o i d s and w i t h 

o p i o i d s e 1 f - a d m i n i s t r a t i o n and a b u s e . For e x a m p l e , M a r t i n 

and F r a s e r ( 1 9 6 1 ) , in t h e i r s t u d y of e x - n a r c o t i c a d d i c t s , 

d e m o n s t r a t e d p r o n o u n c e d t o l e r a n c e to the s u b j e c t i v e 

i n t e n s i t y of h e r o i n or m o r p h i n e w h e n s u b j e c t s w e r e g i v e n 

p r o g r e s s i v e l y larger d o s e s of t h e s e d r u g s . T o l e r a n c e also 

a p p e a r s to d e v e l o p d u r i n g s e l f - a d m i n i s t r a t i o n of o p i o i d s . 

D e n e a u , Y a n a g i t a and S e e v e r s ( 1 9 6 9 ) r e p o r t e d i n c r e a s e s in 

d a i l y i n t a k e of m o r p h i n e over a p e r i o d of w e e k s in r h e s u s 

m o n k e y s . L i k e w i s e , o p i o i d abuse in man is o f t e n 

c h a r a c t e r i z e d by an e s c a l a t i o n in dose with r e p e a t e d 

a d m i n i s t r a t i o n ( J a f f e , 1 9 8 0 ) . 

T o l e r a n c e to the D i s c r i m i n a t i v e S t i m u l u s P r o p e r t i e s of 

Cocai ne 

With r e s p e c t to c e n t r a l n e r v o u s s y s t e m s t i m u l a n t s , a 

s i m i l a r c o n t r o v e r s y has a r i s e n c o n c e r n i n g t o l e r a n c e to their 
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d i s c r i m i n a t i v e s t i m u l u s , a l though the re have been fewer 

s t ud ies i n v e s t i g a t i n g t o l e r a n c e to CNS s t i m u l a n t s compared 

to o p i o i d s . McKenna and Ho (1977) t r a i n e d r a t s to 

d i s c r i m i n a t e 10 mg/kg cocaine from s a l i n e . Subsequen t l y , 

t r a i n i n g was h a l t e d and a subgroup of r a t s was i n j e c t e d 

w i t h 20 mg/kg/8hr coca ine f o r 7 days, w h i l e the second 

subgroup of r a t s was i n j e c t e d w i t h s a l i n e . F o l l o w i n g 

ch ron i c a d m i n i s t r a t i o n , d o s e - e f f e c t data were rede te rm ined 

f o r s e l e c t i o n of the cocaine l eve r f o l l o w i n g 2.5 and 5 .0 

mg/kg coca ine . Resu l ts i n d i c a t e d t h a t t he re was no 

s i g n i f i c a n t d i f f e r e n c e i n the coca ine l eve r s e l e c t i o n be fo re 

and a f t e r repeated a d m i n i s t r a t i o n of s a l i n e ; however, t he re 

was a s i g n i f i c a n t decrease i n coca ine l eve r s e l e c t i o n be fo re 

and a f t e r repeated a d m i n i s t r a t i o n of coca ine . 

Co lpaer t (1978) argued t h a t the methodology 

demons t ra t ing t o l e r a n c e observed w i t h coca ine i s s i m i l a r to 

the methodology demons t ra t i ng t o l e r a n c e to morphine (Shannon 

and Hol tzman, 1976; M iks i c and L a i , 1977) where t r a i n i n g i s 

h a l t e d , and h igh doses of drug are adm in i s t e red w i t h o u t 

t r a i n i n g ; thus Co lpaer t (1978) concluded t h a t the animals 

are being r e t r a i n e d to a h igher magnitude of the drug 

s t i m u l u s . C o l p a e r t , Niemegeers and Janssen (1978) r e p o r t e d 

t h a t s e n s i t i v i t y to the cocaine d i s c r i m i n a t i v e s t i m u l u s 

remained cons tan t f o r 8 months. These r e s u l t s are s i m i l a r 

to the Co lpaer t et a l . (1976) s t u d y , where f e n t a n y l 

s e n s i t i v i t y d i d not d i m i n i s h a f t e r 4 months of t r a i n i n g . 
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Thus, Co lpaer t argues t h a t t o l e r a n c e does not occur to the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine . 

A s i m i l a r r e p o r t concern ing t o l e r a n c e to the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of d-amphetamine was 

desc r ibed by B a r r e t t and L e i t h (1981) . In t h i s exper iment 

th ree groups of r a t s were t r a i n e d to d i s c r i m i n a t e t h ree 

doses of d-amphetamine ( 0 . 5 0 , 1 . 0 , or 1.5 mg/kg) f rom 

s a l i n e . F o l l o w i n g comp le t ion of the d o s e - e f f e c t curve f o r 

g e n e r a l i z a t i o n of va r i ous doses of ^ -amphetamine, t e s t i n g 

was h a l t e d and s u b j e c t s were i n j e c t e d c h r o n i c a l l y w i t h d-

amphetamine i n e s c a l a t i n g doses f o r 4 days (1 mg/kg 

i n i t i a l l y , f o l l o w e d by increments of 1 mg/kg every 8 hours , 

so t h a t the f i n a l i n j e c t i o n was 12 mg/kg, t o t a l l i n g 78 mg/kg 

f o r the e n t i r e reg imen) . D o s e - e f f e c t data were 

rede te rm ined , and the d o s e - e f f e c t curve f o r g e n e r a l i z a t i o n 

to d-^amphetami ne was s i g n i f i c a n t l y s h i f t e d to the r i g h t . 

B a r r e t t and L e i t h (1981) concluded t h a t the data demonstrate 

t o l e r a n c e to the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of d-

amphetamine, and they f u r t h e r c a t e g o r i z e d t o l e r a n c e i n t h i s 

paradigm as a "pharmacodynamic" t o l e r a n c e compared to 

" p h a r m a c o k i n e t i c " or " l e a r n e d " t o l e r a n c e . 

In the l a b o r a t o r y (Wood, Lai and Emmett-Og1esby, 1984) , 

r a t s were t r a i n e d to d i s c r i m i n a t e the s t i m u l u s p r o p e r t i e s of 

10 mg/kg coca ine ( F i g u r e 3 ) . Using a procedure s i m i l a r to 

McKenna and Ho (1977 ) , t r a i n i n g was suspended, and coca ine , 

20 mg/kg, was i n j e c t e d every 8 hours . To lerance developed 
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p r o g r e s s i v e l y to the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of 

c o c a i n e ( F i g u r e 4). A f t e r 6 d a y s of c h r o n i c a d m i n i s t r a t i o n , 

r e d e t e r m i n a t i o n of d o s e - e f f e c t data d e m o n s t r a t e d t o l e r a n c e 

to the d i s c r i m i n a t i v e s t i m u l u s of c o c a i n e ( F i g u r e 5). A f t e r 

t e r m i n a t i o n of c h r o n i c a d m i n i s t r a t i o n of c o c a i n e , w i t h o u t 

f u r t h e r t r a i n i n g , the t o l e r a n c e was lost at the same r a t e at 

w h i c h it was a c q u i r e d . T h u s , t h e s e data s t r o n g l y s u g g e s t 

that t o l e r a n c e does o c c u r to the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of c o c a i n e . 

In a p r e v i o u s i n v e s t i g a t i o n , the e f f e c t of c o c a i n e on 

the b e h a v i o r a l v a r i a b l e s of t i m e to o b t a i n f i r s t 

r e i n f o r c e m e n t and r e s p o n s e rate w e r e also r e c o r d e d . C o c a i n e 

d o s e - d e p e n d e n t l y p r o d u c e d a d e c r e a s e in r e s p o n s e r a t e and 

t i m e to the f i r s t r e i n f o r c e m e n t . C h r o n i c a d m i n i s t r a t i o n of 

c o c a i n e , 20 m g / k g / 8 - h r for 6 d a y s , p r o d u c e d no t o l e r a n c e or 

s e n s i t i z a t i o n to the d i s r u p t i v e e f f e c t of c o c a i n e on 

r e s p o n s e r a t e or t i m e to the first r e i n f o r c e m e n t ( F i g u r e s 6 

and 7). T h e s e r e s u l t s a g r e e with the W o o l v e r t o n , K a n d e l , 

and S c h u s t e r s t u d y ( 1 9 7 8 a ) , w h i c h r e p o r t e d no t o l e r a n c e to 

the d i s r u p t i o n of r e s p o n s e r a t e on a FR 20 s c h e d u l e 

f o l l o w i n g c h r o n i c c o c a i n e a d m i n i s t r a t i o n ; h o w e v e r , t h e s e 

r e s u l t s d i s a g r e e with the a b o v e s t u d y s i n c e no t o l e r a n c e was 

found for t i m e to f i r s t r e i n f o r c e m e n t , w h e r e a s W o o l v e r t o n et 

al. r e p o r t e d t o l e r a n c e for the d u r a t i o n of p a u s e of f i r s t 

lever r e s p o n d i n g . P o s s i b l e e x p l a n a t i o n s for the the lack of 

t o l e r a n c e that was o b s e r v e d for t i m e to the first 
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Figure 3. A c q u i s i t i o n of d i s c r i m i n a t e d responding of 5 

mg/kg coca ine . Abscissa: 110 t o t a l t r a i n i n g sessions as 

shown as 55 sessions wi th s a l i n e and 55 sessions wi th 

coca ine . O r d i n a t e : percentage of r a t s s e l e c t i n g the 

cocaine-1 e v e r . The (X) i n d i c a t e s the % of r a t s s e l e c t i n g 

the cocaine lever f o l l o w i n g a 5 . 0 mg/kg i n j e c t i o n of 

coca ine; (O) i n d i c a t e s the % of r a t s s e l e c t i n g the cocaine 

lever f o l l o w i n g an i n j e c t i o n of s a l i n e . Lever s e l e c t i o n was 

def ined as the lever in which the f i r s t 10 responses 

occurred in the session. N = 16. 
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100-1 

4 6 2 
DAY OF COCAINE TEST 

F i g u r e 4 . G e n e r a l i z a t i o n of 5 mg/kg of c o c a i n e t o the 

s t i m u l u s f o r c o c a i n e b e f o r e and d u r i n g c h r o n i c 

a d m i n i s t r a t i o n of c o c a i n e . A b s c i s s a : l e f t h a l f , number o f 

days of c h r o n i c a d m i n i s t r a t i o n of 20 .0 m g / k g / 8 - h r ; r i g h t 

h a l f , number o f days a f t e r c h r o n i c a d m i n i s t r a t i o n of coca ine 

was t e r m i n a t e d . O r d i n a t e : pe r cen tage o f r a t s c o m p l e t i n g 

the f i r s t 10 responses on the c o c a i n e - l e v e r a f t e r a 5 mg/kg 

dose of c o c a i n e . E i g h t r a t s were t e s t e d a t a l l p o i n t s . 
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Figure 5. Dose-effect data for the detection of 

cocaine before (0) and after (>̂ ) 20 mg/kg/8-hr of cocaine 

During chronic administration, dose-effect data were 

redetermined on days 7,8, and 9. N = 8 at all points. 
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r e i n f o r c e m e n t i n c l u d e the d i f f e r e n c e in the d u r a t i o n of drug 

e x p o s u r e . T h i s w o u l d r e q u i r e that a longer d u r a t i o n of 

c h r o n i c a d m i n i s t r a t i o n of c o c a i n e w o u l d be n e e d e d to p r o d u c e 

t o l e r a n c e to the b e h a v i o r a l e f f e c t s of c o c a i n e . A l s o , 

a l t h o u g h the d u r a t i o n of p a u s e of first lever r e s p o n d i n g and 

t i m e to f i r s t r e i n f o r c e m e n t are r e l a t e d b e h a v i o r s , t h e y may 

be d i f f e r e n t i a l l y a f f e c t e d . T h u s , t h e r e m a y be a d i f f e r e n c e 

b e t w e e n the d e v e l o p m e n t of t o l e r a n c e to a s u b j e c t i v e e f f e c t 

( d i s c r i m i n a t i v e s t i m u l u s ) and to a b e h a v i o r a l e f f e c t . 

In c o n c l u s i o n , t h e r e s e e m s to be s o m e c o n t r o v e r s y 

r e g a r d i n g the d e v e l o p m e n t of t o l e r a n c e to the d i s c r i m i n a t i v e 

s t i m u l u s p r o p e r t i e s of d r u g s . T h e r e are m a n y f a c t o r s w h i c h 

a p p e a r to d e t e r m i n e w h e t h e r t o l e r a n c e does or d o e s not 

d e v e l o p . For e x a m p l e , p a r a m e t e r s such as w h e t h e r c h r o n i c 

a d m i n i s t r a t i o n o c c u r s d u r i n g t r a i n i n g , or after t r a i n i n g is 

h a l t e d ; the a m o u n t of drug a d m i n i s t e r e d ; the f r e q u e n c y of 

a d m i n i s t r a t i o n ; and the t r a i n i n g drug i t s e l f , all seem to 

a f f e c t the d e v e l o p m e n t of t o l e r a n c e . With r e s p e c t to 

c o c a i n e , t h e r e are l i t t l e data as to w h e t h e r t o l e r a n c e 

d e v e l o p s ; t h e r e f o r e , one of the aims of t h i s r e s e a r c h is to 

i n v e s t i g a t e , p a r a m e t r i c a l l y , s o m e of the p a r a m e t e r s w h i c h 

a f f e c t the d e v e l o p m e n t of t o l e r a n c e to the d i s c r i m i n a t i v e 

s t i m u l u s p r o p e r t i e s of c o c a i n e . A n o t h e r aim of t h i s 

r e s e a r c h is to e x p l o r e s o m e of the b e h a v i o r a l v a r i a b l e s 

a f f e c t i n g c h r o n i c c o c a i n e a d m i n i s t r a t i o n . 
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Role of Neurotransmitters in the Discriminative Stimulus 

Properties of Cocaine 

Cocaine is known to affect various central 

neurotransmission processes due to its interfence with 

reuptake, indirect release of neurotransmitters, or 

mimicking neurotransmitters at the receptor sites. 

Consequently, alterations of neurotransmitter function are 

thought to mediate specific pharmacological effects of 

cocaine. The neurotransmitter systems most often implicated 

as playing a significant role in cocaine's action include 

dopamine, noradreneline, 5-hydroxytryptamine, and 

phenylethylamine (Groppetti and Di Giulio, 1976). Because 

of these considerations, investigations of the possible 

neurochemical mechanisms involved in producing the 

discriminative stimulus properties of cocaine have been 

studied. The ultimate aim of such research is to uncover 

the neural processing through which a drug can act as a 

discriminative stimulus (Colpaert, 1978). 

Ross and Renyi (1967) provided evidence that cocaine 

inhibited dopamine uptake in brain slices. Similarly, 

Farnebo and Hamberger (1971) showed that cocaine increases 

the electrical field stimulation which correspond to 

increased labeling of tritiated dopamine from neostriatal 

brain slices. These data suggest that an inhibition of the 

transmitter uptake and/or an increase of release from 

dopamine terminals may cause this effect. In vitro studies 
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F i g u r e 6 . E f f e c t o f c o c a i n e on t h e t i m e t o o b t a i n 

r e i n f o r c e m e n t b e f o r e and d u r i n g c h r o n i c a d m i n i s t r a t i o n o f 

c o c a i n e . A b s c i s s a : dose o f c o c a i n e or s a l i n e ( S A L ) . 

O r d i n a t e : t i m e t o c o m p l e t e 10 responses r e s u l t i n g i n 

r e i n f o r c e m e n t . R e s p o n s e - r a t e d a t a o b t a i n e d f o r v a r i o u s 

doses o f c o c a i n e b e f o r e (0 ) and d u r i n g c h r o n i c t r e a t m e n t 

w i t h 20 m g / k g / 8 - h r f o r 6 days o f c o c a i n e . N = 8 . 
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Figure 7. Effect of cocaine on response rate before 

and during chronic administration of cocaine. Abscissa: 

dose of cocaine or saline (SAL). Ordinate: number of 

responses per unit time resulting in reinforcement. 

Response-rate data obtained for various doses of cocaine 

before (0) and during (A) chronic treatment with 20 mg/kg/8-

hr for 6 days of cocaine. N = 8. 
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have a lso demonstrated inc reases i n c o n c e n t r a t i o n s of b r a i n 

dopamine f o l l o w i n g coca ine a d m i n i s t r a t i o n ( P a t r i c k and 

Barchas, 1976) . 

Several s t u d i e s have used the d i s c r i m i n a t i v e s t i m u l u s 

procedure to examine the r o l e of dopamine i n p roduc ing 

s t imu lus g e n e r a l i z a t i o n w i t h cocaine as a cue ( C o l p a e r t , 

Niemegeers and Janssen, 1976; McKenna and Ho, 1980; 

C o l p a e r t , Niemegeers and Janssen, 1978b). These exper iments 

have used the r a t i o n a l e t h a t i f amphetamine and coca ine 

produce i n t e r c h a n g e a b l e s t i m u l u s p r o p e r t i e s , and i f these 

two drugs i n d i r e c t l y i nc rease b r a i n dopamine, then d i r e c t 

dopaminerg ic r e c e p t o r agon is t s should a lso mimic the coca ine 

s t i m u l u s . 

Apomorphine i s presumed to mimic the i n t r i n s i c a c t i o n 

of endogenous dopamine at the dopamine r e c e p t o r s i t e s 

( C o l p a e r t , Van Bever and Leysen, 1976; Creese and Seeman, 

1982) . In severa l exper iments us ing coca ine as a 

d i s c r i m i n a t i v e s t i m u l u s , apomorphine s u b s t i t u t e d 100% f o r 

the cocaine s t i m u l u s , and the dopamine recep to r a n t a g o n i s t , 

h a l o p e r i d o l , b locked the s u b s t i t u t i o n of apomorphine f o r 

coca ine i n r a t s (Co lpae r t et a l . , 1978b; McKenna and Ho, 

1980; Sto lerman and D ' M e l l o , 1981) , and pigeons ( J a r b e , 

1984) . S i m i l a r l y , o ther dopaminerg ic r ecep to r agon i s t s have 

s u b s t i t u t e d f o r the cocaine s t i m u l u s , i n c l u d i n g p i r i b e d i l , 

b romocryp t ine and amantadine (Co lpae r t et a l . , 1978b) . 

Blockade of the cocaine s t imu lus by the dopaminerg ic 
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recep to r a n t a g o n i s t , p imoz ide , and the amine d e p l e t o r , 

r e s e r p i n e , have a lso been desc r ibed (McKenna, Ho and 

Eng1er t , 1978) . Fu r the rmore , c e n t r a l dopamine d e p l e t i o n by 

6-hydroxydopamine on the dl^amphetami ne d i s c r i m i n a t i v e 

s t imu lus i n r a t s has been r e p o r t e d to a t t e n u a t e amphetamine 

l eve r respond ing . A s i m i l a r decrease f o r the d e t e c t i o n of 

cocaine has a lso been r e p o r t e d f o l l o w i n g a d m i n i s t r a t i o n of 

the amine d e p l e t o r a l p h a - m e t h y 1 - p a r a - t y r o s i n e (McKenna and 

Ho, 1980) . These data s t r o n g l y suggest t h a t a c e n t r a l 

dopaminerg ic mechanism i s i n v o l v e d i n med ia t i ng the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine . 

There has been some c o n t r o v e r s y as to whether coca ine 

produces s i g n i f i c a n t no rep ineph r i ne r e c e p t o r i nvo l vemen t . 

For example, i n v i t r o s t u d i e s have demonstrated no change 

(Ca l l i ngham and Cass, 1962) , s l i g h t r e d u c t i o n ( H i g u c h i , 

Matsuo and Shimmamoto, 1962) and s l i g h t inc reases (Pradhan, 

Roy and Pradhan, 1978) i n no rep ineph ine c o n c e n t r a t i o n s 

f o l l o w i n g coca ine a d m i n i s t r a t i o n . Based on data f rom drug 

d i s c r i m i n a t i o n s s t u d i e s , i t has been suggested t h a t 

no rad rene rg i c and ad renerg i c mechanisms p lay a minor r o l e i n 

the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine . In drug 

s u b s t i t u t i o n s t u d i e s , b e t a - a d r e n e r g i c - r e c e p t o r a g o n i s t s , 

i s o p r o t e r n o l and sa lbutamol do not s u b s t i t u t e f o r the 

cocaine s t i m u l u s (Co lpae r t et a l . , 1978) . S i m i l a r l y , the 

a lpha-2 r e c e p t o r agon is t c l o n i d i n e a lso does not s u b s t i t u t e 

f o r the coca ine s t i m u l u s (McKenna and Ho, 1980) . In 
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exper iments a t t e m p t i n g to b lock the coca ine s t i m u l u s , 

n e i t h e r the a l p h a - r e c e p t o r a n t a g o n i s t s , phento lamine and 

phenoxybenzamine, nor the b e t a - r e c e p t o r a n t a g o n i s t s , 

p r a c t o l o l and p ropano lo l have a t t enua ted g e n e r a l i z a t i o n of 

the coca ine s t i m u l u s (Co lpae r t et a l . , 1978; McKenna and Ho, 

1980) . 

I t has been r e p o r t e d t h a t cocaine produces decreased 5-

hyd roxy t r p tam ine (5-HT) s y n t h e s i s ( G r o p p e t t i and Di G i u l i o , 

1976) , and i n h i b i t i o n of 5-HT uptake i n the b r a i n (Fr iedman, 

Gershon, Ro t rose , 1975) . The decrease i n 5-HT has been 

assoc ia ted w i t h an inc rease i n coca ine - i nduced s t e r e o t p y i c 

behav ior (Roy, Bha t t acha ryya , Pradhan and Pradhan, 1978) . 

However, the r o l e of 5-HT i n med ia t i ng the d i s c r i m i n a t i v e 

s t imu lus p r o p e r t i e s of cocaine appears to be m i n i m a l . For 

example, £ - c h l o r o p h e n y l a l a n i n e (5-HT d e p l e t o r v i a 

i n h i b i t i n g t yp tophan hyd roxy lase ) adm in i s t e red to r a t s 

t r a i n e d to d i s c r i m i n a t e coca ine d i d produce marked 

behav io ra l d i s t u r b a n c e s (decreased respond ing and 

h y p e r a c t i v i t y ) , but d i d not a l t e r c o r r e c t l eve r respond ing 

f o l l o w i n g cocaine or s a l i n e a d m i n i s t r a t i o n . In another 

expe r imen t , p re t r ea tmen t w i t h the 5-HT p r e c u r s o r , 1-

typ tophan be fo re coca ine i n j e c t i o n was t e s t e d i n coca ine -

d i s c r i m i n a t e d r a t s . Tryptophan s i g n i f i c a n t l y inc reases 

b r a i n 5-HT l e v e l s ( F e r n s t r o n and Wurtman, 1971) , but i t d i d 

not a f f e c t coca ine d i s c r i m i n a t i o n respond ing . S i m i l a r l y , 

exper iments assess ing the e f f e c t s of b l o c k i n g the 5-HT 
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recep to r s i t e s a lso f a i l e d to a l t e r cocaine d i s c r i m i n a t i o n . 

The 5-HT r e c e p t o r a n t a g o n i s t s , c i n a n s e r i n , c y p r o h e p t a d i n e , 

and methyserg ide decreased r a t e of r espond ing , but d id not 

a t t e n u a t e coca ine d i s c r i m i n a t i o n ( C o l p a e r t , Niemegeers and 

Janssen 1976; McKenna and Ho, 1980) . T h e r e f o r e , i t i s 

suggested t h a t 5-HT i s not the major n e u r o t r a n s m i t t e r 

i n v o l v e d i n med ia t i ng the coca ine s t i m u l u s . 

Phenethy1 amine i s an endogenous t r a c e amine whose 

behav io ra l e f f e c t s i n animals have been r e p o r t e d to mimic 

amphetamine (Jackson, 1972; Reisner and Jones, 1977; 

B r a e s t r u p , 1977) . I t has been proposed t h a t phenyethy lamine 

i s an endogenous amphetamine which mediates the a c t i o n s of 

amphetamine- re la ted compounds ( B o r i s o n , Mosnaim and S a b e l l i , 

1975; Chuang, Karoum and Per low, 1981) . C o l p a e r t , 

Niemegeers, and Janssen (1980) suggested t h a t 

phenyethy lamine may be r e s p o n s i b l e f o r med ia t i ng the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine . In t h a t 

s t udy , r a t s were t r a i n e d to d i s c r i m i n a t e 5 .0 mg/kg coca ine 

f rom s a l i n e . Drugs which i n h i b i t e d the enzyme monoamine 

ox idase type B g e n e r a l i z e d to the cocaine s t i m u l u s . Since 

phenyethy lamine i s a p r e f e r r e d s u b s t r a t e f o r t h i s enzyme, 

Co lpaer t concluded t h a t phenethy lamine may be r e s p o n s i b l e 

f o r med ia t i ng d i s c r i m i n a t i v e s t imu lus p r o p e r t i e s of coca ine 

and p o s s i b l y o ther c e n t r a l nervous s t i m u l a n t s . 

Huang and Ho (1974) r e p o r t e d t h a t i n r a t s t r a i n e d to 

d i s c r i m i n a t e amphetamine, n e i t h e r phenethy lamine ( 1 . 0 mg/kg) 



33 

nor i p r o n i a z i d , a MAO i n h i b i t o r , s u b s t i t u t e d f o r 

amphetamine. In c o n t r a s t , Goudie (1982) t r a i n e d r a t s to 

d i s c r i m i n a t e 30 mg/kg phenethy lamine from s a l i n e . 

S u b s t i t u t i o n t e s t s w i t h coca ine and amphetamine demonstrated 

t h a t p a r t i a l s e l e c t i o n of the phenethy lamine l eve r occur red 

f o r both d rugs . R e c e n t l y , Wood et a l . (1984) t r a i n e d r a t s 

to d i s c r i m a t e coca ine , 10 mg/kg (Table I I I ) . Phenethylamine 

s u b s t i t u t e d p a r t i a l l y (60%) f o r the cocaine s t i m u l u s at h igh 

doses, w i t h maximal s u b s t i t u t i o n o c c u r r i n g at 80 mg/kg. 

Chronic a d m i n i s t r a t i o n of cocaine r e s u l t e d i n t o l e r a n c e to 

the d i s c r i m i n a t i v e s t imus of coca ine ; however, t h e r e was a 

lack of c r o s s - t o l e r a n c e between cocaine and phenethy lamine . 

Whi le t he re i s some suppor t t h a t phenethy lamine may p lay a 

minor r o l e i n the coca ine s t i m u l u s , t he re i s no ev idence f o r 

invo lvement i n the med ia t i on of t o l e r a n c e . 

The mechanism med ia t i ng t o l e r a n c e to the d i s c r i m i n a t i v e 

s t i m u l u s p r o p e r t i e s of coca ine i s u n c l e a r . A l t hough , t he re 

i s i n d i r e c t ev idence t h a t dopamine i s the n e u r o t r a n s m i t t e r 

i n v o l v e d i n the cocaine s t i m u l u s , t he re have been no 

exper iments t e s t i n g t h i s h y p o t h e s i s . In a recen t r e p o r t , 

N ie lsen and Schee l -Kruger (1986) r e p o r t e d t h a t d-amphetamine 

adm in i s t e red d i r e c t l y i n t o the nucleus accumbens g e n e r a l i z e d 

to the s t i m u l u s p r o p e r t i e s of d-amphetamine t r a i n e d by 

i n t r a p e r i t o n e a l ( i . p . ) i n j e c t i o n . These r e s u l t s demonstrate 

t h a t 1) the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of 

amphetamine are c e n t r a l l y media ted, 2) the d i s c r i m i n a t i v e 
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TABLE III 

SUBSTITUTION AND CROSS-TOLERANCE TO COCAINE 

Drug Dose 
(mg/kg) 

% Rats selecting 
cocaine lever 

Number 
of rats 

Nonto1erant 

methamphetami ne 0.32 43 7 
methamphetami ne 0.625 71 7 

phenethy1 ami ne 40.0 0 5 
phenethy1 ami ne 80.0 60 5 

Tolerant 

methamphetami ne 0.32 20 10 
methamphetami ne 0.625 38 8 

phenethylami ne 40.0 30 10 
phenethylamine 80.0 50 4 
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s t imulus produced by amphetamine may be mediated in a 

s p e c i f i c b ra in reg ion . 

Because of the s i m i l a r i t i e s between the s t imu lus 

p rope r t i es of amphetamine and cocaine (D 'Me l lo and 

Stolerman, 1977; Huang and Ho, 1974), i t may be poss ib le 

tha t the d i s c r i m i n a t i v e s t imulus p rope r t i es of cocaine are 

mediated in s p e c i f i c b ra in s i t e s . Since Nie lsen and Scheel-

Kruger (1986) repor ted tha t amphetamine admin is tered in the 

nucleus accumbens genera l i zed to the d i s c r i m i n a t i v e s t imu lus 

p rope r t i es of amphetamine, i t i s a n t i c i p a t e d tha t the d i r e c t 

a d m i n i s t r a t i o n of cocaine may also be ac t i ve in the nucleus 

accumbens. 

Summary 

Recent ly , drug d i s c r i m i n a t i o n methodology has 

es tab l i shed tha t animals and humans detect the s t imu lus 

p rope r t i es of drugs in p a r a l l e l . Furthermore, recent 

evidence i nd i ca tes tha t the d i s c r i m i n a t i v e s t imu lus of a 

drug i s r e l a t e d to the sub jec t i ve e f f e c t s experienced in 

humans. In t h i s procedure, by d i f f e r e n t i a l l y r e i n f o r c i n g 

separate behav io rs , i t i s poss ib le to t r a i n sub jec ts to emit 

one behavior a f t e r i n j e c t i o n w i th a drug, and a d i f f e r e n t 

behavior when i n j e c t e d w i th s a l i n e . With respect to 

coca ine 's s t imulus p r o p e r t i e s , the pa t te rn of drugs tha t 

s u b s t i t u t e f o r the cocaine s t imulus suggests tha t the cue 

p roper ty of cocaine i s r e l a t e d to i t s abuse p o t e n t i a l as a 

CNS s t i m u l a n t . The experiments repor ted here used drug 
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d i s c r i m i n a t i o n methodology to i n v e s t i g a t e to le rance to the 

d i s c r i m i n a t i v e s t imu lus p rope r t i es of cocaine. Using food 

as a r e i n f o r c e r , r a t s were t r a i n e d to press one- lever when 

i n j e c t e d w i th coca ine, 10 mg/kg, and a d i f f e r e n t lever when 

i n j e c t e d w i th s a l i n e . A f t e r t r a i n i n g the d i s c r i m i n a t i o n and 

e s t a b l i s h i n g the g e n e r a l i z a t i o n curve fo r the de tec t i on of 

cocaine, t r a i n i n g was ha l t ed , and to le rance was produced by 

i n j e c t i n g cocaine, 20 mg/kg/8-hr f o r 7 days. This procedure 

has been shown to s h i f t the dose -e f f ec t curve f o r the 

de tec t i on of the cocaine s t imulus approx imate ly t w o - f o l d to 

the r i g h t . In one ser ies of exper iments, the e f f e c t of 

d i f f e r e n t dosing regimens on the development of to le rance 

was t es ted . In another set of exper iments, c ross - t o l e rance 

p r o f i l e s of amphetamine-type drugs was determined. These 

c ross - t o l e rance experiments tes ted the hypothesis tha t 

amphetamine-type drugs w i th less abuse p o t e n t i a l than d-

amphetamine w i l l show a greater degree of c r o s s - t o l e r a n c e . 

Another set of experiments i n v e s t i g a t e d the r o l e of 

dopamine receptors in the development of to le rance to the 

s t imulus p rope r t i es of cocaine. The hypothesis tes ted i s 

tha t chron ic a d m i n i s t r a t i o n of a dopamine-receptor agonist 

w i l l produce to le rance to the s t imulus p rope r t i es of 

cocaine. Another set of experiments i n v e s t i g a t e s the r o l e 

of the nucleus accumbens, p r e f r o n t a l c o r t e x , and the 

s t r i a t u m in the de tec t i on of the cocaine s t imu lus . These 

experiments employ a b i l a t e r a l cannu lu l a t i on technique to 
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d i r e c t l y adm in i s te r coca ine i n t o areas of the b r a i n t h a t are 

r i c h i n dopamine nerve t e r m i n a l s . A f i n a l set of 

exper iments i n v e s t i g a t e d the r o l e of c h r o n i c a d m i n i s t r a t i o n 

of coca ine , 20 m g / k g / 8 - h r , on behav io ra l parameters 

( locomotor a c t i v i t y and s t e r e o t y p y ) . I t was hypothes ized 

t h a t the drug d i s c r i m i n a t i o n procedure can d i f f e r e n t i a t e the 

s u b j e c t i v e and behav io ra l aspects of coca ine . 

The s i g n i f i c a n c e of these exper iments i s t h a t s ince the 

d i s c r i m i n a t i v e s t i m u l u s produced by coca ine i s s i m i l a r to 

the s u b j e c t i v e e f f e c t s of cocaine i n man, the drug 

d i s c r i m i n a t i o n procedure may be a v a l i d methodology to 

1) assess the abuse p o t e n t i a l of va r i ous p o t e n t i a l 

psychomotor s t i m u l a n t s , and 2) serve as a n e u r o b i o l o g i c a l 

assay to determine the mechanism of a c t i o n of psychomotor 

s t i m u l a n t s . 



C H A P T E R II 

M E T H O D S 

S u b j e c t s 

M a l e h o o d e d r a t s of the L o n g E v a n s s t r a i n ( C h a r l e s 

R i v e r B r e e d i n g L a b o r a t o r i e s , I n c . , W i l m i n g t o n , M A ) w e r e u s e d 

in all e x p e r i m e n t s . T h e y w e r e h o u s e d i n d i v i d u a l l y in a 

l a r g e r o o m of c o n s t a n t t e m p e r a t u r e (21 + 1 ° C ) . T h e r a t s , 

i n i t i a l l y s i x t y d a y s old and w e i g h i n g b e t w e e n 2 5 0 and 2 7 5 g , 

r e c e i v e d a_d 1 i bi turn f o o d ( P u r i n a Rat C h o w ) u n t i l b o d y 

w e i g h t s w e r e s t a b l e at 3 2 0 + 1 0 g . T h e r e a f t e r , b o d y w e i g h t s 

w e r e m a i n t a i n e d at 3 2 0 +5g by l i m i t i n g d a i l y a c c e s s to f o o d ; 

w a t e r w a s f r e e l y a v a i l a b l e . 

A p p a r a t u s 

D i s c r i m i n a t i o n t r a i n i n g w a s c o n d u c t e d in s t a n d a r d 

o p e r a n t c h a m b e r s ( C o u l b o u r n I n s t r u m e n t s I n c . , C o l u m b u s , O H ) . 

E a c h c h a m b e r w a s h o u s e d in a l i g h t - and s o u n d - a t t e n u a t i n g 

box t h a t w a s f a n - v e n t i 1 a t e d . On o n e wall of the c h a m b e r a 

h o u s e l i g h t w a s m o u n t e d c e n t r a l l y a b o v e a f o o d c u p , w h i c h 

w a s l o c a t e d b e t w e e n t w o r e s p o n s e l e v e r s . F o o d r e w a r d (45 mg 

p e l l e t s , B i o - S e r v I n c . , F r e n c h t o w n , N J ) w a s d e l i v e r e d by a 

p e l l e t d i s p e n s e r . R e c o r d i n g of l e v e r r e s p o n s e s and 

s c h e d u l i n g of r e i n f o r c e m e n t c o n t i n g e n c i e s w e r e p e r f o r m e d 

t h r o u g h T R S - 8 0 M o d e l III m i c r o c o m p u t e r s and p r i n t e r s ( R a d i o 
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drug appropriate lever 

FOOD 
saline \ 

appropr iate 

Figure 8. Illustration of a standard two-lever operant 

chamber. One lever is reinforced after administration of 

cocaine, 10 mg/kg, the other lever is reinforced after 

saline, 1 ml/kg. The rats need to press the appropriate 

lever ten times for food reinforcement. 
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Shack, For t Worth, TX) connected to the chambers th rough LVB 

i n t e r f a c e s (Med A s s o c i a t e s , East F a i r f i e l d , VT). The 

mic roprocessors were programmed to execute b e h a v i o r a l 

sessions and gather data us ing an OPN program developed by 

Emmett-Og1esby, Spencer and A r n o u l t , 1982; Spencer and 

Emmet t -Oglesby, , 1985. Th is so f tware program, OPN, executes 

i n Z-80 assembly language, p e r m i t t i n g r e a l - t i m e c o n t r o l of 

up to 8 s t a t i o n s per computer , and w i t h i t s modular 

ar rangement , r e a d i l y pe rm i ts f l e x i b l e schedu l i ng of operant 

c o n t i ngenc i es. 

P r e l i m i nary T ra i ni ng 

I n i t i a l l y , the r a t s were p laced o v e r n i g h t i n the 

operant chambers, and they were t r a i n e d to press a l eve r 

us ing food reward . U t i l i z i n g OPN, t h i s t r a i n i n g c o n s i s t e d 

of a s e r i e s of components w i t h a p r o g r e s s i v e l y i n c r e a s i n g 

schedule of r e i n f o r c e m e n t . I n i t i a l l y , i n the f i r s t 

component, each l eve r press was r e i n f o r c e d (CRF; con t inuous 

r e i n f o r c e m e n t schedule) f o r 50 r e i n f o r c e m e n t s i n 60 m inu tes . 

I f t h i s c r i t e r i o n was ach ieved, the r a t s were esca la ted to 

the second component. In the second component, every second 

press was r e i n f o r c e d (FR2; F ixed Rat io 2) f o r 50 

r e i n f o r c e m e n t s i n 60 m inu tes . S i m i l a r l y , i f t h i s c r i t e r i o n 

was met, the s u b j e c t s were f u r t h e r esca la ted to the t h i r d 

and f o u r t h components where every f i f t h and t e n t h press on 

e i t h e r l eve r was r e i n f o r c e d , r e s p e c t i v e l y . The r a t s 
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remained on the FR 10 schedule of reinforcement for the 

duration of the overnight session. If the subjects did not 

press the required fifty reinforcements in the 60 minute 

time period, they remained on the same component until they 

successfully reached this criterion (See Appendix A). 

The second overnight session was similar to the first 

overnight session. However, there was no time contigency 

and the number of reinforcements on the lower FR schedules 

was shortened so that only 10 reinforcements were required 

to move to the final FRIO component. On the third overnight 

session, the procedure was shortened to two hours, and the 

lower FR schedules were again used, with the initial 

component consisting of a FR2 schedule for 5 reinforcements, 

followed by a FR 5 schedule for 5 reinforcements, to a final 

FRIO schedule for 50 reinforcements. However, in this 

session, saline was injected intraperitoneally (i.p.) 15 

minutes before placing the subjects in the operant chambers. 

For the first two operant chambers, lever presses on the 

right lever resulted in the delivery of food reinforcement, 

and responses on the left lever were recorded, but not 

reinforced. Alternately, for the next two operant 

chambers, only responses on the left lever were reinforced. 

This pattern of alternation of correct saline lever 

selection was established for the thirty-two operant 

chambers. On the fourth shaping session, cocaine (10 mg/kg) 

was injected i.p., 15 minutes presession. The same schedule 
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as the third session was used, but the saline lever was 

extinguished and did not produce food reinforcement, and the 

other lever resulted in the delivery of food. The fifth 

training session was similar to the third training session, 

except that following saline injection, only an initial FR5 

schedule for 5 reinforcements preceded the final FRIO 

schedule for reinforcements on the saline-correct lever. On 

the sixth shaping session, following cocaine injection, the 

same schedule as the fifth training session was used, except 

that only responses on the cocaine-correct lever were 

rei nforced. 

Pi scrimi nation Training 

Following initial training, subjects were trained to 

press one of the levers after cocaine injection and the 

other lever after saline injection. For this training, 

saline or cocaine, 10 mg/kg, was injected i.p., 15 min 

before each 10-min session. After cocaine injection, only 

FRIO responses on one of the levers (the cocaine lever) were 

reinforced; responses on the saline lever were recorded but 

not reinforced. Similarly, after injection of saline, only 

FRIO responses on the saline lever were reinforced, and 

responses on the cocaine lever were recorded but not 

reinforced. There were equal numbers of cocaine and saline 

training sessions, which were presented in an irregular 

sequence so that no condition occurred in more than three 

successive training sessions. No cue other than the effect 
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of the drug was available to guide appropriate lever 

se1ecti on. 

Only responses emitted before obtaining the first 

reinforcement were used to determine which lever was 

selected, and the first lever on which 10 responses occurred 

was considered the selected lever. Discriminative control 

was defined as 10 successive sessions of correct-lever 

responding in which when saline was injected, 10 responses 

were emitted on the saline lever with fewer than 10 

responses on the cocaine lever, and when cocaine was 

injected, 10 responses occurred on the cocaine lever with 

fewer than 10 responses on the saline lever. Once this 

criterion had been achieved, tests were conducted whenever 

the correct lever was selected for four consecutive 

sessions. 

Pi scrimi nati on Testi ng 

The testing procedure was identical to the training 

procedure, except that 10 responses on either lever produced 

food reinforcement, and sessions were conducted only until 

one reinforcement was obtained or 10 min had elapsed. For 

all test sessions, drugs were injected 15 min pretest, and 

the lever on which 10 responses were first emitted was 

recorded as the selected lever. 

During chronic drug administrati on, dose-effect curves 

were determined by drug discrimination tests performed 8 hr 
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a f t e r a p rev ious dose of d rugs . Immedia te ly a f t e r these 

t e s t s , r a t s were i n j e c t e d w i t h a supplemental dose of 

cocaine to m a i n t a i n a cons tan t l e v e l of ch ron i c drug 

a d m i n i s t r a t i o n . For example, i f the ch ron i c dose was 20.0 

m g / k g / i n j e c t i o n and the t e s t dose was 10.0 mg/kg, r a t s would 

r e c e i v e a supplemental i n j e c t i o n of 10.0 mg/kg of coca ine . 

Chronic I n j e c t i o n 

Except where no ted , ch ron i c a d m i n i s t r a t i o n of coca ine 

c o n s i s t e d of a d m i n i s t e r i n g coca ine , 20 m g / k g / 8 - h r , f o r at 

l e a s t 7 days. In p rev ious i n v e s t i g a t i o n s , t h i s regimen has 

been found to r e l i a b l y s h i f t the d o s e - e f f e c t curve to the 

r i g h t f o r the d e t e c t i o n of the coca ine s t i m u l u s , thus 

demonstr at i ng t o l e r a n c e to the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of coca ine (McKenna and Ho, 1977: Wood, Lai and 

Emmett-Oglesby, 1984) . Dur ing t h i s a d m i n i s t r a t i o n , animals 

are w i t h h e l d f rom t r a i n i n g . 

Drugs 

The f o l l o w i n g drugs were ob ta ined from t h e i r r e s p e c t i v e 

sources ; coca ine HCL (Mai 1 i n c k r o d t I n c . , S t . L o u i s , M .O . ) ; 

apomorphine HCL, d-Amphetamine s u l f a t e , d i e t h y l p r o p i o n HCL, 

f e n f l u r a m i n e HCL, morphine s u l f a t e , naloxone HCL, 

phentermine HCL, s u l p i r i d e (Sigma Chemical Co. , S t . L o u i s , 

M0); phenmetrazine HCL (Boehr inger I nge lhe im , R i d g e f i e l d , 

CT) ) ; methy lphen i date (CIBA-Geigy, Summit, NJ) ; SKF-38393 

(Smi th , K l i n e & French, P h i l a d e l p h i a , PA); p i r i b e d i l (Les 
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L a b o r a t o i r e s S e r v i e r , G idy , F rance ) ; and, h a l o p e r i d o l 

(Janssen Pha rmaceu t i ca l s , Beerse, Be lg ium) . A l l drugs were 

d i s s o l v e d i n 0.9% s a l i n e , except f o r s u l p i r i d e and SKF-

38393. For these drugs a minimum volume of l a c t i c ac id was 

added to the s o l u t i o n to s o l u b i l i z e these compounds. A l l 

i n j e c t i o n s were adm in i s te red i . p . . 

Experiment 1; The Role of T r a i n i n g Sessions and Number of 

Food Rei n f o r c e r s on Acqui r i ng Cocaine D i s c r i m i n a t i o n 

Hooded r a t s of the Long Evans s t r a i n were shaped 

accord ing to the procedure d iscussed i n the above 

p r e l i m i n a r y t r a i n i n g s e c t i o n . Four groups of r a t s were 

t r a i n e d to de tec t coca ine , 10.0 mg/kg. In the f i r s t group 

(N = 3 2 ) , t r a i n i n g sess ions were conducted d a i l y , f i v e days 

per week. In the second group (N=32), an e x t r a t r a i n i n g 

sess ion ( e i t h e r s a l i n e or coca ine) was conducted a f t e r a 

s a l i n e sess ion . In the t h i r d group, t r a i n i n g sess ions were 

conducted d a i l y (N=26), f i v e days per week, and the number 

of r e i n f o r c e r s per sess ion was reduced from 50 to 25. 

S i m i l a r l y , i n the f o u r t h group (N=25), supplemental sess ions 

of coca ine or s a l i n e were conducted a f t e r s a l i n e sess ions 

and the number of r e i n f o r c e r s per sess ion was reduced f rom 

50 to 25. 

Experiment 2: E f f e c t of Cocai ne Dose on the Development of 

To!erance f o r the Pi s c r i m i n a t i v e S t imu lus Produced by 

Cocai ne 



46 

Initial dose-effeet data for the generalization of 

cocaine (2.5, 5.0 and 10.0 mg/kg) were determined in eight 

rats. Subsequently, training was halted, and the rats were 

chronically injected with cocaine (20 mg/kg/8-hr). On days 

7, 8 and 9 of cocaine administration, the dose-effect curve 

for the detection of the cocaine stimulus was redetermined. 

After this determination, chronic injections were 

terminated, and the rats were neither trained nor tested for 

7 days, after which they were retrained for at least 25 

sessions. 

When initial sensitivity to the cocaine training dose 

was reestablished, the entire procedure was repeated with a 

chronic dose of cocaine (10 mg/kg). After testing and 

retraining, the procedure was repeated for 5 mg/kg/8-hr. 

However, when the training dose was tested on day 7 of 

chronic administration of the latter dose, the percentage of 

subjects selecting the cocaine lever was unchanged. 

Therefore, the injection procedure was continued for one 

more week, and the cocaine dose-effect curve was 

redetermined on days Fourteen through Sixteen. 

Experiment 3: Effect of Duration of Chronic Admi ni stration 

of 20.0 mg/kg of Cocai ne on the Development of To!erance for 

the Cocai ne Cue 

Initial dose-effect data for the generalization of 

cocaine (2.5, 5.0 and 10 mg/kg) were determined in 16 rats 
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naive to the t o l e r a n c e procedure . Subsequen t l y , t r a i n i n g 

and t e s t i n g were h a l t e d , and they were ass igned to two 

groups. Both groups were i n j e c t e d w i t h coca ine (20 mg/kg /8 -

h r ) . The coca ine d o s e - e f f e c t curve was rede te rm ined i n one 

group on days 7 th rough 9 of ch ron i c a d m i n i s t r a t i o n and i n 

the o ther group on days 14 th rough 16 of ch ron i c 

admi n i s t r a t i o n . 

Experiment 4: Time Course f o r the Recovery f rom To lerance 

A f t e r Termi n a t i o n of Chronic Cocai ne 

I n i t i a l d o s e - e f f e c t data f o r the g e n e r a l i z a t i o n of 

cocaine 2 . 5 , 5 .0 and 10 mg/kg) were determined i n 24 r a t s 

na ive to the t o l e r a n c e p rocedure . Subsequent l y , t r a i n i n g 

was h a l t e d , and the animals were i n j e c t e d w i t h coca ine (20 

mg/kg) f o r 12 days. The cocaine d o s e - e f f e c t curve was 

rede te rmined on days 7 th rough 9 . A f t e r t e r m i n a t i o n of 

ch ron i c i n j e c t i o n , recove ry f rom t o l e r a n c e was assessed by 

t e s t i n g cocaine l eve r s e l e c t i o n a f t e r i n j e c t i o n of the 

t r a i n i n g dose (10 .0 mg/kg) . These t e s t s were conducted once 

every 3 days f o r 18 days, and no i n j e c t i o n s , t r a i n i n g or 

t e s t i n g occur red on i n t e r v e n i n g days. S t imu lus c o n t r o l was 

con f i rmed 2 days a f t e r t h i s p o r t i o n of the exper iment was 

t e r m i n a t e d , when s a l i n e i n j e c t i o n produced 14 of 21 s a l i n e 

l eve r s e l e c t i o n s . 

Exper iment 5: To lerance and Cross-To!erance C h a r a c t e r i s t i cs 

of A n o r e c t i c Drugs 
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Rats were assigned to s i x subgroups of 8 s u b j e c t s each. 

Using one subgroup f o r each d rug , i n i t i a l d o s e - e f f e c t data 

were ob ta ined f o r coca ine g e n e r a l i z a t i o n ( 2 . 5 - 1 0 mg/kg) and 

s u b s t i t u t i o n of d i e t h y l p rop ion ( 0 . 3 2 - 2 . 5 mg /kg ) , 

f e n f l u r a m i n e ( 1 . 2 5 - 5 mg/kg ) , me thy lphen ida te (1 .25 -10 

mg/kg) , phenmetraz ine (0 .64 -10 mg/kg) , and phentermine 

(0 .64 -10 mg/kg) f o r the cocaine t r a i n i n g s t i m u l u s . 

Subsequent l y , t r a i n i n g was h a l t e d , and a l l r a t s were 

i n j e c t e d w i t h coca ine , 20 mg /kg /8 -h r f o r 7 days. On days 7-

9, g e n e r a l i z a t i o n and s u b s t i t u t i o n data were rede te rm ined 

f o r a l l drugs t e s t e d . Dur ing g e n e r a l i z a t i o n and 

s u b s t i t u t i o n t e s t i n g , a dose of one of the drugs was g iven 

at the t ime of a r e g u l a r l y scheduled i n j e c t i o n of coca ine , 

20 mg/kg ( i . e . 8 hr a f t e r a p rev ious dose of c o c a i n e , 20 

mg/kg ) , and s u b j e c t s were t e s t e d 15 minutes l a t e r . 

O the rw ise , the r a t s con t i nued to r e c e i v e the 20 mg/kg dose 

of cocaine every 8 hours du r i ng these t e s t s . A f t e r dose-

e f f e c t curves were rede te rm ined , ch ron i c i n j e c t i o n s of 

cocaine were h a l t e d , and s u b j e c t s were not t r a i n e d or t e s t e d 

f o r at l e a s t 14 days. S t imu lus c o n t r o l was demonstrated by 

t e s t i n g the d i s c r i m i n a t i o n of the t r a i n i n g dose of coca ine 

(10 mg/kg) and s a l i n e . 

Experiment 6: E f f e c t of Chronic Admi n i s t r a t i o n of d-

amphetami ne on the Detect i on of Cocai ne and d-amphet ami ne 

When i n i t i a l s e n s i t i v i t y to the coca ine cue was 

r e e s t a b l i s h e d i n r a t s used i n exper iment 1, 14 r a t s were 
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assigned to two groups of seven each, one to be used i n d-

amphetamine t es t s and one to be used in cocaine t e s t s . 

I n i t i a l dose -e f f ec t curves were determined fo r the 

s u b s t i t u t i o n of d-amphetamine (0 .32 , 0.64 and 1.25 mg/kg), 

and the g e n e r a l i z a t i o n of cocaine (2 .5 , 5.0 and 10.0 mg/kg) 

to the cocaine t r a i n i n g s t imu lus . Subsequent ly, t r a i n i n g 

and t e s t i n g were h a l t e d , and both groups were i n j e c t e d w i th 

d-amphetamine (2 .5 mg /kg /8 -h r ) . On days 7 through 9, d-

amphetamine and cocaine dose -e f fec t curves were 

redetermi ned. 

Experiment 7: E f f e c t of Morphi ne Dependence on the 

Pi sc r im i na t ion of Cocai ne 

I n i t i a l dose -e f f ec t data were determined in e igh t r a t s 

f o r the g e n e r a l i z a t i o n of cocaine (2 .5 , 5.0 and 10.0 mg/kg) 

to the cocaine s t imu lus . The e f f e c t of morphine (5 mg/kg 30 

min presession) on the de tec t i on of the cocaine t r a i n i n g 

dose (10.0 Img/kg) was also t es ted . Subsequent ly, t r a i n i n g 

was ha l t ed , and morphine dependence was produced by 

i n j e c t i n g inc reas ing doses of morphine f o r 9 days. On days 1 

and 2, ra t s received 10.0 mg/kg/8 h r ; on days 3 and 4, r a t s 

received 20.0 mg/kg /8 -h r ; and on days 5 through 9, r a t s 

rece ived 30.0 mg/kg /8 -h r . On days 7 through 9, the cocaine 

dose -e f f ec t curve was determined as in experiment 1, except 

tha t r a t s rece ived a postsession i n j e c t i o n of morphine (30 

mg/kg) ra the r than cocaine. A f t e r the l a s t cocaine t e s t , 
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a l l r a t s r ece i ved naloxone (0 .64 mg/kg) and were observed 

f o r s igns of n a r c o t i c w i t h d r a w a l . 

Experiment 8^ To lerance and Cross-To le rance C h a r a c t e r i s t i e s 

Of Popami ne Receptor Agoni s ts T o The D i s c r i m i n a t i v e S t imu lus 

P r o p e r t i es of Cocai ne 

T h i r t y - t w o naive r a t s were assigned to 4 subgroups of 8 

r a t s . Using one subgroup f o r each drug t e s t e d , i n i t i a l 

d o s e - e f f e c t data were ob ta ined f o r the g e n e r a l i z a t i o n of 

cocaine ( 2 . 5 , 5 .0 and 10.0 mg/kg ) , and the s u b s t i t u t i o n of 

apomorphine ( 0 . 6 4 , 1.25 and 2.5 mg/kg) , p i r i b e d i l ( 2 . 5 , 5 . 0 , 

10.0 and 20.0 mg /kg ) , SKF 38393 ( 5 . 0 , 10 .0 , 20.0 and 4 0 . 0 ) , 

and amantadine ( 1 0 . 0 , 20 .0 , 40.0 and 80.0 mg/kg) f o r the 

cocaine t r a i n i n g s t i m u l u s . Subsequent l y , t r a i n i n g was 

h a l t e d , and a l l r a t s were i n j e c t e d w i t h coca ine , 20 mg/kg 

every 8 hours . On days 7-9 of ch ron i c coca ine 

a d m i n i s t r a t i o n , g e n e r a l i z a t i o n and s u b s t i t u t i o n data were 

rede te rmined f o r coca ine ( 5 . 0 , 10.0 and 20.0 mg /kg ) , 

apomorphine ( 1 . 2 5 , 2.5 and 5 .0 mg/kg ) , p i r i b e d i l ( 5 . 0 , 10 .0 , 

20.0 and 40.0 mg/kg ) , and SKF 38393 ( 1 0 . 0 , 2 0 . 0 , 4 0 . 0 , and 

80.0 mg/kg) us ing the same r a t s i n which i n i t i a l d o s e - e f f e c t 

data were de te rmined . Dur ing g e n e r a l i z a t i o n and 

s u b s t i t u t i o n t e s t i n g , a dose of one of the drugs was 

s u b s t i t u t e d f o r a r e g u l a r l y scheduled i n j e c t i o n of 20 mg/kg 

of coca ine , and s u b j e c t s were t e s t e d 15 minutes l a t e r . 

O the rw ise , the r a t s con t i nued to r e c e i v e the 20 mg/kg dose 

of coca ine every 8 hours du r i ng these t e s t s . A f t e r dose-
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e f f e c t data were rede te rm ined , ch ron i c i n j e c t i o n of coca ine 

was h a l t e d , and s u b j e c t s were not t r a i n e d or t e s t e d f o r at 

l e a s t 14 days. S t imu lus c o n t r o l was demonstrated by t e s t i n g 

f o r d i s c r i m i n a t i o n of the t r a i n i n g dose (10 .0 mg/kg of 

coca ine) at t h i s t i m e . 

Experiment 9: The E f f e c t s of Chronic Admi ni s t r a t i on of 

Ha lope r i dol and S u l p i r i d e and Cocai ne on the Pi s c r i m i n a t i ve 

S t imu lus P r o p e r t i e s of Cocai ne 

S ix teen r a t s were assigned to two subgroups of 8 r a t s . 

Using one subgroup f o r each d rug , i n i t i a l d o s e - e f f e c t data 

were ob ta ined f o r the g e n e r a l i z a t i o n of coca ine ( 1 . 2 5 , 2 . 5 , 

5 .0 and 10.0 mg/kg ) , and the s u b s t i t u t i o n of h a l o p e r i d o l 

( 0 . 0 8 , 0 .16 , 0.32 and 0 .64) and s u l p i r i d e ( 1 0 . 0 , 2 0 . 0 , 40 .0 

and 80.0 mg/kg) f o r the cocaine t r a i n i n g s t i m u l u s . 

H a l o p e r i d o l and s u l p i r i d e was adm in i s te red one hour p r e - t e s t 

sess ion . Subsequent l y , g e n e r a l i z a t i o n of coca ine ( 2 . 5 - 1 0 . 0 

mg/kg) was determined one hour f o l l o w i n g i . p . 

a d m i n i s t r a t i o n of a dose of h a l o p e r i d o l ( 0 . 0 8 , 0 . 1 6 , 0.32 

and 0 . 6 4 ) , or s u l p i r i d e ( 1 0 . 0 , 2 0 . 0 , 40.0 and 80 .0 mg/kg) . 

Subsequent ly , t r a i n i n g was h a l t e d , and a l l r a t s were 

i n j e c t e d w i t h coca ine , 20 mg/kg every 8 hours , but each 

i n j e c t i o n f o i l owed a d m i n i s t r a t i o n of e i t h e r s u l p i r i d e , 20 

mg/kg, or h a l o p e r i d o l , 0.64 mg/kg. On days 7-9 of c h r o n i c 

a d m i n i s t r a t i o n , g e n e r a l i z a t i o n of cocaine ( 5 . 0 , 10.0 and 

20.0 mg /kg ) , was rede te rm ined . 
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Experiment 10: The E f f e c t s of Chronic A d m i n i s t r a t i o n of 

Hal ope r i dol and Sul p i r i de on th_e Pi scr imi n a t i ve St imu l us 

P r o p e r t i e s of Cocai ne 

S ix teen r a t s were assigned to two subgroups of 8 r a t s . 

Using one subgroup f o r each d rug , i n i t i a l d o s e - e f f e c t data 

were ob ta ined f o r the g e n e r a l i z a t i o n of coca ine ( 1 . 2 5 , 2 . 5 , 

5 .0 and 10.0 mg/kg) . T r a i n i n g was h a l t e d , and one group of 

r a t s was i n j e c t e d w i t h h a l o p e r i d o l (0 .64 mg/kg ) , and the 

second group was i n j e c t e d w i t h s u l p i r i d e (20 mg/kg) d a i l y 

f o r 6 days. On days 7-9 of ch ron i c a d m i n i s t r a t i o n , 

g e n e r a l i z a t i o n of coca ine ( 1 . 2 5 - 1 0 . 0 ) were rede te rm ined . 

Rats con t i nued to r e c e i v e supplemental a d m i n i s t r a t i o n of 

h a l o p e r i d o l or s u l p i r i d e u n t i l t e s t i n g was completed. A f t e r 

d o s e - e f f e c t data were rede te rm ined , c h r o n i c i n j e c t i o n s of 

coca ine were h a l t e d , and s u b j e c t s were not t r a i n e d or t e s t e d 

f o r at l e a s t 2 months. 

Exper i ment 11: E f f e c t of Chroni c A d m i n i s t r a t i o n of 

Apomorphi ne, P i r i b e d i l , or_ SKF-38393 oil t j ie D e t e c t i o n £ f 

Cocai ne 

When i n i t i a l s e n s i t i v i t y to the cocaine cue was 

r e e s t a b l i s h e d i n r a t s used i n Experiment 10, 24 r a t s were 

ass igned to t h ree groups of e i g h t each. I n i t i a l d o s e - e f f e c t 

curves were determined f o r the g e n e r a l i z a t i o n of coca ine 

( 1 . 2 5 - 1 0 . 0 mg/kg) i n a l l r a t s and each group was t e s t e d f o r 

s u b s t i t u t i o n of apomorphine ( 0 . 6 4 - 2 . 5 mg /kg ) , p i r i b e d i l ( 2 . 5 

-10 mg/kg ) , or SKF 38393 ( 5 . 0 - 4 0 . 0 mg/kg ) , r e s p e c t i v e l y . 
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Subsequent ly , t r a i n i n g and t e s t i n g were h a l t e d , and each 

group was i n j e c t e d w i t h apomorphine (2 .5 m g / k g / 8 h r ) , 

p i r i b e d i l (20 m g / k g / 8 h r ) , o» SKF 38393 (40 .0 mg /kg /8h r ) f o r 

6 days us ing the same r a t s t h a t i n i t i a l d o s e - e f f e c t data 

were de te rmined . On days 7-12 of ch ron i c a d m i n i s t r a t i o n , 

apomorphine, p i r i b e d i l , SKF-38393, and coca ine d o s e - e f f e c t 

curves were rede te rm ined . 

Exper i ment 12; To!erance to the Pi s c r i nn n a t i ve S t imu lus 

P r o p e r t i e s of C o c a i n e Admin i s te red I n t r a v e n t r i c u l a r l y 

Cannu la t i on Procedure. Rats were cannu la ted 

b i l a t e r a l l y i n the l a t e r a l v e n t r i c l e s , us ing s t e r i l e 

s t e r e o t a x i c t e c h n i q u e . B i l a t e r a l gu ide cannulae assembl ies 

were made f rom #26 gauge s t a i n l e s s s t e e l hypodermic t u b i n g 

and 10 mm t e f l o n molds accord ing to the procedure of Czech 

and S t e i n (1984) . Cannulae were imp lan ted us ing c o o r d i n a t e s 

f rom Paxino and Watson (1982) . Non-per fo rming animals were 

imp lan ted w i t h the b i l a t e r a l cannulae i n the l a t e r a l 

v e n t r i c l e s , and the r e s u l t s v e r i f i e d h i s t o l o g i c a l l y f o r 

accuracy of the c o o r d i n a t e s be fo re any imp lan ts were made i n 

t r a i n e d r a t s . From bregma coo rd i na tes used f o r the l a t e r a l 

v e n t r i c l e s were A= -0 .8 , L = 1. 5, V = 3 . 0 . 

I n t r a v e n t r i c u l a r M i c r o i n j e c t i o n Procedure. M ic ro -

i n j e c t i o n s were made us ing #33 gauge cannulae which were 

i n s e r t e d i n s i d e the guide cannu lae . The i n j e c t i o n cannulae 

were a t tached to #22 p o l y e t h y l e n e t u b i n g us ing a c r y l i c g l u e . 
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TABLE IV 

Composition of Artificial CSF 

NaCI 2.025 g 
KCI 62.5 mg 
CaCIa 35.0 mg 
MgCIa 27.5 mg 
NaHCOs 440.0 mg 
NaHaPo 17.5 mg 
UREA 32.5 mg 
D-GLUCOSE ....152.5 mg 

Adjust pH to 7.2 
Bring total volume to 250 ml. 
Run through 0.45 micron millipore filter. 
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The i n j e c t i o n cannulae were cut 1 mm longer than the guide 

cannu lae, so t h a t when i n j e c t i o n occu r red , drug d i d not 

d i f f u s e back up the guide cannu lae. Once cannulae were 

i n s e r t e d , i n j e c t i o n s were made over a 30 second p e r i o d us ing 

a volume of 5u1 per s i d e . For these i n j e c t i o n s , the #22 

gauge t u b i n g was connected to a 5 u l Hami l ton s y r i n g e . 

Cocaine ( 2 0 . 0 , 4 0 . 0 , 8 0 . 0 , 160 .0 , and 320.0 ug) was 

d i s s o l v e d i n a r t i f i c i a l CSF prepared by t h i s l a b o r a t o r y 

(Table I V ) . Rats were p laced i n the operant chambers 5 min. 

f o l l o w i n g i n j e c t i o n and the l eve r on which 10 responses were 

f i r s t e m i t t e d was recorded as the s e l e c t e d l e v e r . In 

p r e l i m i n a r y d a t a , 5 minutes produced maximum g e n e r a l i z a t i o n 

to the coca ine t r a i n i n g s t i m u l u s . F o l l o w i n g g e n e r a l i z a t i o n 

t e s t i n g , t o l e r a n c e was induced us ing the same procedure 

desc r ibed above, and the d o s e - e f f e c t curve f o r 

i n t r a v e n t r i c u l a r a d m i n i s t r a t i o n of cocaine was rede te rm ined . 

E igh t r a t s were cannu la ted i n t h i s expe r imen t , and f o l l o w i n g 

t e s t i n g , r a t s were s a c r i f i c e d , and cannula placement was 

v e r i f i e d h i s t o l o g i c a l l y . One animal d ied du r i ng the 

exper iment and one cannula was imp lan ted s u p e r i o r to the 

v e n t r i c l e s . Data were t a b u l a t e d f o r on ly those animals 

which had accura te cannulae p lacements . 

Exper i ment 13: B ra in S i t es Med ia t i ng Coc ai ne D i s c r i m i n a t i v e 

S t i mulus 

S ix teen hooded r a t s of the Long Evans s t r a i n were 

cannu la ted b i l a t e r a l l y i n the p r e f r o n t a l c o r t e x , nucleus 
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accumbens, and caudate-putamen using s t e r i l e s t e r e o t a x i c 

t e c h n i q u e . Cannulae were imp lan ted us ing c o o r d i n a t e s f rom 

Paxino and Watson (1982) . Non-per fo rming animals were 

i n i t i a l l y imp lan ted w i t h the b i l a t e r a l cannulae i n the b r a i n 

s i t e s , and the r e s u l t s were v e r i f i e d h i s t o l o g i c a l l y f o r 

accuracy of the coo rd i na tes be fo re any imp lan ts were made i n 

t r a i n e d r a t s . From bregma, m i d l i n e and the dura as 

r e f e r e n c e , c o o r d i n a t e s f o r the c a n n u l a t i o n p r e f r o n t a l c o r t e x 

were A n t e r i o r = 2 .0 mm; L a t e r a l = 2 mm; and Ven t ra l 3 .0 mm; 

nucleus accumbens was A = 0 .2 mm; L = 3 .0 mm; and V = 5.5 

mm; and caudate-putamen was A = 0 . 2 ; L = 3 .0 mm; and V = 4 .0 

mm. A f t e r recovery f rom surgery and r e s t a b i 1 i z a t i o n on the 

p e r i p h e r a l d e t e c t i o n of coca ine , d o s e - e f f e c t data f o r the 

d e t e c t i o n of c e n t r a l l y adm in i s te red coca ine were determined 

as desc r ibed i n general m i c r o i n j e c t i o n t e s t i n g techn ique 

above. Rats were p laced i n the operant chambers 5 min. 

f o l l o w i n g i n j e c t i o n and the leve r on which 10 responses were 

f i r s t e m i t t e d was recorded as the s e l e c t e d l e v e r . 

Subsequent ly , t o l e r a n c e was produced as dec r ibed i n 

general Methods, and t o l e r a n c e v i a s p e c i f i c b r a i n s i t e s was 

t e s t e d . 

Experiment 14: Ana l ys i s of Locomotor A c t i v i t .y Fol 1 owi nq 6 

Days of Chronic Coc ai ne Admini s t r a t i on 

Locomotor a c t i v i t y was mon i to red us ing a D ig i scan 

Animal M o n i t o r i n g System (Omnitech E l e c t r o n i c s , I n c . 



57 

Columbus, OH) which c o n s i s t e d of i n d i v i d u a l a c r y l i c a c t i v i t y 

cages (40 X 40 X 30.5 cm) surrounded by r e d - f i l t e r e d 

h o r i z o n t a l and v e r t i c a l a c t i v i t y sensors , and a d i g i s c a n 

ana lyzer f o r c o l l e c t i o n of up to 23 locomotor v a r i a b l e s . 

The apparatus used 16 X 16 X 16 p h o t o c e l l a r rays to generate 

measures r e l a t e d to ambu la t ion (Sanberg, Hagenmeyer, and 

Henau l t , 1985) , and r e a r i n g (Sandberg, Moran, Kubos, and 

Coy le , 1984) . The apparatus a lso a l lowed f o r q u a n t i f i c a t i o n 

of the amount of t ime spent i n any of 9 f l o o r zones, or 

w i t h i n the cen te r zone and p e r i p h e r a l zones. Data 

c o l l e c t i o n , s t o r a g e , and a n a l y s i s were done us ing an IBMPC-

XT mic rocomputer . 

Twen ty -e i gh t na ive male Long-Evans hooded r a t s were 

used to assess locomotor a c t i v i t y . Rats were p laced i n the 

locomotor chambers 15 min. f o l l o w i n g drug a d m i n i s t r a t i o n . 

Locomotor a c t i v i t y was assessed at 5 min. i n t e r v a l s f o r 

20 m inu tes . I n i t i a l l y , the r a t s were h a b i t u a t e d to the 

locomotor a c t i v i t y chambers f o r 7 sess i ons . Subsequen t l y , 

coca ine ( 2 . 5 - 2 0 mg /kg ) , or s a l i n e was adm in i s t e red and 

s u b j e c t s were t e s t e d f o r locomotor a c t i v i t y . T e s t i n g was 

then h a l t e d , and coca ine , 20 m g / k g / 8 - h r , was a d m i n i s t e r e d to 

a l l r a t s . F o l l o w i n g c h r o n i c a d m i n i s t r a t i o n , locomotor 

a c t i v i t y was reassessed us ing the same drug doses desc r i bed 

above. 

Exper iment 15: Ana l ys i s of S te reo typy F o i l o w i ng 6 Days of 

Chronic Cocaine Admi n i s t r a t i on 
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The same r a t s used i n Experiment 14 were used to 

assess s t e r e o t y p y . S te reo typy was measured accord ing to the 

procedure of Ernst (1967) and G ianu tsos , Drawbaugh, Hynes 

and Lai (1974) . Animals were p laced s i n g l y i n the 

locomotor a c t i v i t y chamber which was made of p l e x i g l a s s 

s ides and wire-mesh t o p . They were observed and r a t e d 

accord ing to the f o l l o w i n g s c a l e . 

Score 

1. Normal S t a t i o n a r y Behav iors — Normal grooming and 

l i c k i n g w i t h minimal movement. 

2. Normal A c t i v i t y — Moving about cage, s n i f f i n g and 

r e a r i ng. 

3. Hype rac t i ve A c t i v i t y - - R a p i d , j e r k y movements around the 

cage w i t h marked r e a r i n g and s n i f f i n g 

4. S l ow-Pa t t e rn S t e r e o t y p y - - S l o w r e p e t i t i v e exagera ted 

movements of s n i f f i n g , l i c k i n g , and chewing 

5. F a s t - P a t t e r n Stereotypy- -Same as above w i t h inc reased 

i n t e n s i t y and h y p e r a c t i v i t y 

6. R e s t r i c t i o n of Movement--Subject remain ing i n the same 

p lace i n cage w i t h f a s t r e p e t i t i v e head and/or f o r e l e g 

movements ( i n c l u d e s l i c k i n g , chewing, or gnawing 

s t e r e o t y p y ) . 

The r a t s were observed f o r a 5 min. pe r i ods w i t h a 5 

min. i n t e r m i s s i o n s between o b s e r v a t i o n s . They were scored 

du r i ng 5 consecu t i ve o b s e r v a t i o n pe r iods d u r i n g the 45 min. 
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sess ion . 

Data A n a l y s i s 

Data are presented i n terms of percentage of s u b j e c t s 

s e l e c t i n g the coca ine l e v e r , which i s the percentage of 

s u b j e c t s e m i t t i n g 10 responses on the cocaine l eve r be fo re 

e m i t t i n g 10 or more responses on the s a l i n e l e v e r . As shown 

by Co lpaer t ( 1978 ) , FRIO d i s c r i m i n a t i o n respond ing produces 

bimodal data which should be presented and analyzed as 

quanta l d a t a . Drugs were cons idered to have p r o p e r t i e s 

s i m i l a r to the t r a i n i n g s t imu lus i f the percentage of 

s u b j e c t s s e l e c t i n g the cocaine l eve r was g r e a t e r than 80%. 

Reduced s e n s i t i v i t y to the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of cocaine was de f i ned as at l e a s t a 2 - f o l d s h i f t 

to the r i g h t of the dose necessary t o produce coca ine l eve r 

s e l e c t i on. 

The data based upon the the a c q u i s i t i o n of coca ine 

d i s c r i m i n a t i o n were analyzed by the Kolgomerov-Smirnov Two 

Sample t e s t which i s comparable to the pa ramet r i c Ch i -square 

t e s t . Data ob ta ined f rom locomotor a c t i v i t y and s t e r e o t y p y 

exper iments were compi led i n 5 min. b i n s . The averages and 

s tandard e r r o r s were t a b u l a t e d f o r each group. These data 

are con t inuous and were analyzed by repeated measures 

a n a l y s i s of va r i ance (Hayes, 1981) us ing a computer ized 

s t a t i s t i c a l package developed by M.L. Brecht and J .A . 

Woodward (General U n i v a r i a t e and M u l t i v a r i a t e A n a l y s i s of 
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V a r i a n c e , 1 9 8 3 ) . T h i s p rogram i s an i n t e r a c t i v e 

m i c r o c o m p u t e r p rogram t h a t p e r f o r m s g e n e r a l u n i v a r i a t e and 

m u l t i v a r i a t e a n a l y s i s of v a r i a n c e . 



CHAPTER I I I 

RESULTS 

Exper iment 1: A c q u i s i t i o n of s t i m u l u s c o n t r o l . 

Rats r e q u i r e d app rox ima te l y 60 sess ions of t r a i n i n g to 

d i s c r i m i n a t e cocaine (10 mg/kg) f rom s a l i n e and meet the 

c r i t e r i o n of s e l e c t i n g the c o r r e c t l eve r on 10 consecu t i ve 

sessions f o r both groups being t r a i n e d d a i l y (25 and 50 food 

r e i n f o r c e r s per sess ion , r e s p e c t i v e l y ) , and the group 

r e c e i v i n g an e x t r a t r a i n i n g sess ion f o l l o w i n g a s a l i n e 

t r a i n i n g sess ion us ing 25 r e i n f o r c e r s . The m u l t i p l e t r a i n i n g 

sess ion us ing 25 r e i n f o r c e r s per sess ion shor tened the t ime 

f o r coca ine d i s c r i m i n a t i o n , but t h i s e f f e c t was due to the 

inc reased number of t r a i n i n g sess ions per u n i t t i m e , r a t h e r 

than to an inc reased r a t e of l e a r n i n g per sess ion . When 

a c q u i s i t i o n was assessed as a f u n c t i o n of number of t r a i n i n g 

sess ions , no d i f f e r e n c e was found between the groups t r a i n e d 

by the two methods. However, the group r e c e i v i n g an e x t r a 

t r a i n i n g sess ion f o l l o w i n g a s a l i n e t r a i n i n g sess ion us ing 

f i f t y r e i n f o r c e r s per sess ion r e q u i r e d app rox ima te l y 30 

sessions of t r a i n i n g (F igu re 9 ) . Thus, t he re was a 

s i g n i f i c a n t t w o - f o l d inc reased r a t e of l e a r n i n g w i t h 

m u l t i p l e t r a i n i n g sess ions per day w i t h 50 r e i n f o r c e r s 

(Kolgomerov-Smirnov Two Sample t e s t , K(d) =12 .8 , n=32, p 

61 
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Figure 9. Acquisition of the cocaine discrimination, 

plotted by days of training. Abscissa: midpoints of 5-day 

bins. Ordinate: percent subjects meeting the criterion of 

10 correct lever selections. The (—) represents an extra 

training session (N = 32) following saline session using 50 

S ; (---) extra training session following saline session (N = 

25) using 25 S R ; (--) daily training session using 25 S R ; (••••) 

daily training session (N = 32) using 50 S R ; and daily 

training session (N = 26) using 25 S R . 
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F igu re 10. T r a i n i n g data f o r the a c q u i s i t i o n of 

coca ine as a d i s c r i m i n a t i v e s t i m u l u s . Absc issa : sess ions 

of t r a i n i n g of coca ine (10 .0 mg/kg and on 0.9% s a l i n e ( 1 

m l / kg ) O r d i n a t e : percentage of s u b j e c t s comp le t i ng 10 

responses on the cocaine l eve r be fo re r e c e i v i n g 

r e i n f o r c e m e n t . Each p o i n t rep resen ts the mean of f o u r 

a d m i n i s t r a t i o n s of coca ine (A) or s a l i n e (0) i n 48 r a t s . 
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< . 0 1 ) . For all g r o u p s of r a t s , t h e y w e r e t r a i n e d for 

a n o t h e r 30 s e s s i o n s , and by the o n s e t of e x p e r i m e n t s , the 

d i s c r i m i n a b i l i t y of c o c a i n e , 10 m g / k g f l u c t u a t e d b e t w e e n 90 

100* s e l e c t i o n of the c o c a i n e - a p p r o p r i a t e lever (for a 

typical c o c a i n e a c q u i s i t i o n c u r v e , S e e F i g u r e 1 0 ) . 

E x p e r i m e n t 2: T o l e r a n c e for C o c a i n e : D o s e . 

B e f o r e c h r o n i c a d m i n i s t r a t i o n , c o c a i n e ( 2 . 5 - 1 0 m g / k g ) 

w a s g e n e r a l i z e d to the c o c a i n e t r a i n i n g s t i m u l u s in a d o s e -

d e p e n d e n t m a n n e r . C h r o n i c a d m i n i s t r a t i o n of c o c a i n e , e i t h e r 

10 or 20 m g / k g / 8 - h r for 7 d a y s , r e s u l t e d in a 2 - f o l d shift 

to the right of the d o s e - e f f e c t c u r v e for the d e t e c t i o n of 

the c o c a i n e s t i m u l u s ( F i g u r e 1 1 ) . m c o n t r a s t , c h r o n i c 

a d m i n i s t r a t i o n of c o c a i n e , 5 m g / k g / 8 - h r for 14 d a y s , 

p r o d u c e d no shift in the d o s e - e f f e c t c u r v e . All s u b j e c t s 

m a d e lever s e l e c t i o n s at all d o s e s of c o c a i n e t e s t e d . 

E x p e r i m e n t 3: T o l e r a n c e for C o c a i n e : O u r a t i o n . 

W h e t h e r c o c a i n e (20 m g / k g ) was a d m i n i s t e r e d for 1 or 2 

w e e k s , the d o s e - e f f e c t c u r v e for the d e t e c t i o n of the 

c o c a i n e s t i m u l u s w a s s h i f t e d c o m p a r a b l y 2 - f o l d to t h e 

r i g h t . The dose that p r o d u c e d c o c a i n e - a p p r o p r i a t e lever 

r e s p o n d i n g w a s i n c r e a s e d from 10 to 20 m g / k g in both g r o u p s . 

T h u s , i n c r e a s e d d u r a t i o n of c o c a i n e a d m i n i s t r a t i o n b e y o n d 1 

week did not p r o d u c e a g r e a t e r d e g r e e of t o l e r a n c e ( F i g u r e 

1 2 ) . All s u b j e c t s m a d e lever s e l e c t i o n s at all d o s e s of 

c o c a i n e t e s t e d . 
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3 t imes d a i l y . Du r i ng c h r o n i c a d m i n i s t r a t i o n , d o s e - e f f e c t 

da ta were r e d e t e r m i n e d on days 7 , 8 , and 9 ( A V ) or on days 

14,15 and 16 ( • ) . N = 8 a t a l l p o i n t s . 



66 

W 100 
O = Pre-Chronic 

A = 7 Days 

n = 14 Days 

O 60 

2.5 5.0 10.0 
COCAINE (mg/kg) 

Figure 12. Dose-effect data for the detection of 

cocaine after 20 mg/kg/8-hr of cocaine. Dose-effect data 

were redetermined on days 7,8 and 9 <A) or on days 14,15 and 

16 (•) . N = 8 at al1 poi nts . 
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Exper iment 4 : Recovery f rom c o c a i n e t o l e r a n c e . 

B e f o r e c h r o n i c drug a d m i n i s t r a t i o n , 91% of t h e s u b j e c t s 

s e l e c t e d t h e c o c a i n e l e v e r when t e s t e d wi th t h e t r a i n i n g 

dose of c o c a i n e (10 m g / k g ) . A f t e r 1 week of c h r o n i c 

a d m i n i s t r a t i o n , 37% of s u b j e c t s s e l e c t e d t h e c o c a i n e l e v e r 

when t e s t e d wi th t h e t r a i n i n g d o s e . A f t e r 12 days f o l l o w i n g 

t e r m i n a t i o n of c h r o n i c c o c a i n e a d m i n i s t r a t i o n , 20 m g / k g / 8 -

h r , t h e p e r c e n t a g e of s u b j e c t s s e l e c t i n g t h e c o c a i n e l e v e r 

i n c r e a s e d p r o g r e s s i v e l y u n t i l 86% of s u b j e c t s made t h e 

c o r r e c t d i s c r i m i n a t i o n on day 18 f o l l o w i n g t h e l a s t c o c a i n e 

dose ( F i g u r e 1 3 ) . Thus t h e s u b j e c t s r e c o v e r e d t h e i r 

i n i t i a l s e n s i t i v i t y t o t h e c o c a i n e t r a i n i n g s t i m u l u s w i t h o u t 

r e t r a i n i n g . 

Exper iment 5: T o l e r a n c e and c r o s s - t o l e r a n c e f o r a n o r e c t i c 

d r u g s . 

P r i o r to c h r o n i c a d m i n i s t r a t i o n of c o c a i n e , r a t s t e s t e d 

wi th c o c a i n e ( 2 . 5 - 1 0 mg/kg) s e l e c t e d t h e c o c a i n e - a p p r o p r i a t e 

l e v e r in a d o s e - d e p e n d e n t manner . S i m i l a r l y , when 

d i e t h y l p r o p i o n ( 2 . 5 m g / k g ) , m e t h y l p h e n i d a t e (5 m g / k g ) , 

p h e n m e t r a z i n e (10 m g / k g ) , and p h e n t e r m i n e (10 mg/kg) were 

t e s t e d f o r s u b s t i t u t i o n f o r t h e c o c a i n e s t i m u l u s ( F i g u r e 

1 4 ) , r a t s s e l e c t e d t h e c o c a i n e - a p p r o p r i a t e l e v e r in a d o s e -

dependen t manner . The po t ency of t h e s e d rugs compared t o 

t h e c o c a i n e t r a i n i n g s t i m u l u s was d i e t h y l p r o p i o n > 

m e t h y l p h e n i d a t e > p h e n m e t r a z i n e = p h e n t e r m i n e . A f t e r 7 days 

of c o c a i n e a d m i n i s t r a t i o n (20 m g / k g / 8 - h r ) , t h e d o s e - e f f e c t 
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t e r m i n a t i o n of c h r o n i c c o c a i n e a d m i n i s t r a t i o n . Each p o i n t 

r e p r e s e n t s t h e p e r c e n t a g e of s u b j e c t s s e l e c t i n g t h e c o c a i n e 

l e v e r a f t e r 1 0 . 0 mg/kg of c o c a i n e . B, b e f o r e c h r o n i c 

a d m i n i s t r a t i o n ; D, day 7 of c h r o n i c a d m i n i s t r a t i o n . C o c a i n e 

( 2 0 . 0 m g / k g / 8 - h r ) was a d m i n i s t e r e d f o r 12 d a y s . Recove ry 

was t e s t e d a t 3 - d a y i n t e r v a l s . N = 2 4 . 
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curves for the detection of cocaine, methylphenidate, 

phenmetrazine, and phentermine shifted approximately 2-

fold to the right. The dose-effect curve for the detection 

of diethy1propion had also shifted to the right, but the 

magnitude of the shift was greater than 4-fold. 

Only one dose of fenfluramine (2.5 mg/kg) partially 

substituted for the cocaine stimulus (Figure 15). A larger 

dose of fenfluramine (10 mg/kg) was behaviorally disruptive 

and no rats made a lever selection during the test session. 

Chronic administration of cocaine failed to alter cocaine 

lever selection at the 2.5 mg/kg dose of fenfluramine. 

One week after this experiment, without further 

training or testing, rats were tested with saline and the 

training dose of cocaine (10 mg/kg) to assess the retention 

of stimulus control. Neither test result differed from 

previous baseline levels. 

Experiment 6: Tolerance for d-amphetamine and cross-

tolerance for cocaine. 

d-Amphetamine substituted for cocaine in a dose-

dependent manner with an approximate ED50 of 0.58 mg/kg 

before chronic administration of ^-amphetamine, d-

Amphetamine was approximately 8 times as potent as cocaine, 

since a dose of 1.25 mg/kg of d-amphetamine was equivalent 

to the training dose (10 mg/kg) of cocaine. After 7 days of 

chronic administration of d-amphetamine (2.5 mg/kg/8-hr), 
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Figure 14. Full substitution profiles of selected 

anorectics before and during chronic administration of 

cocaine. Abscissa: dose of test drug. Ordinate: percentage 

of rats completing the first 10 responses on the cocaine 

lever. Data demonstrate cocaine-1 ever selection before 

(open symbols) and during (closed symbols) chronic 

administration of 20 mg/kg of cocaine for 7-9 days. The 

data points represent (O) diethylpropion; (A) phenmetrazine; 

(O) phentermine; (O) methylphenidate. S = saline (1 ml/kg). 

Eight rats were tested at all points. 
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F i g u r e 15 . S u b s t i t u t i o n p r o f i l e of f e n f l u r a m i n e b e f o r e 

and d u r i n g c h r o n i c a d m i n i s t r a t i o n of c o c a i n e . A b s c i s s a : 

dose of f e n f l u r a m i n e . O r d i n a t e : p e r c e n t a g e of r a t s 

c o m p l e t i n g t h e f i r s t 10 r e s p o n s e s on t h e c o c a i n e l e v e r . 

Data d e m o n s t r a t e c o c a i n e - 1 e v e r s e l e c t i o n b e f o r e (open 

s y m b o l s ) and d u r i n g ( c l o s e d s y m b o l s ) c h r o n i c a d m i n i s t r a t i o n 

of 20 mg/kg of c o c a i n e f o r 7 - 9 d a y s . S = s a l i n e (1 m l / k g ) . 

E i g h t r a t s were t e s t e d a t a l l p o i n t s . 
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the d o s e - e f f e c t curve f o r the s u b s t i t u t i o n of c^-amphetamine 

f o r cocaine had s h i f t e d to the r i g h t 4 - f o l d w i t h an 

approx imate ED50 of 2 .5 mg/kg. In a d d i t i o n , t o l e r a n c e f o r 

d-amphetamine c o n f e r r e d c r o s s - t o l e r a n c e f o r coca ine ; the 

dose of cocaine t h a t produced 100% c o c a i n e - a p p r o p r i a t e l eve r 

respond ing was inc reased f rom 10 to 40 mg/kg (F i gu re 16 ) . 

Exper iment 7: E f f e c t of morphine dependence on the 

d e t e c t i o n of c o c a i n e . 

Given a c u t e l y , morphine (5 mg/kg) d i d not an tagon ize 

the cocaine t r a i n i n g s t i m u l u s ; seven of e i g h t s u b j e c t s 

s e l e c t e d the coca ine l e v e r . A f t e r a 1-week course of 

morphine a d m i n i s t r a t i o n i n e s c a l a t i n g doses, the d e t e c t i o n 

of the coca ine s t i m u l u s was u n a l t e r e d (F i gu re 17 ) . The 

a d m i n i s t r a t i o n of naloxone (0 .64 mg/kg) at t h i s t ime 

produced s igns of n a r c o t i c w i thd rawa l rang ing f rom d i a r r h e a 

to wet-dog shakes and t o o t h c h a t t e r i n g i n a l l r a t s , 

demons t ra t ing t h a t the morphine dos ing regimen produced 

n a r c o t i c dependence. 

Exper iment 8: To le rance and c r o s s - t o l e r a n c e c h a r a c t e r i s t i c s 

of dopamine r e c e p t o r a g o n i s t s . 

Comparable to the above s t u d i e s , coca ine (1 .25 -10 

mg/kg) produced dose-dependent g e n e r a l i z a t i o n to the cocaine 

s t i m u l u s . S i m i l a r l y , apomorphine ( 0 . 6 4 - 2 . 5 mg /kg ) , 

p i r i b e d i l ( 2 . 5 - 2 0 mg /kg ) , and SKF-38393 (5-40 mg/kg) 

produced dose-dependent s u b s t i t u t i o n f o r the coca ine 
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s t i m u l u s . The r e l a t i o n s h i p between potency f o r these 

dopamine recep to r agon is t s compared to the t r a i n i n g dose of 

cocaine (10 mg/kg) was apomorphine > p i r i b e d i l > SKF-38393; 

however, maximum s u b s t i t u t i o n f o r the cocaine s t i m u l u s was 

p i r i b e d i l > apomorphine > SKF-38393. Whereas p i r i b e d i l 

produced f u l l s u b s t i t u t i o n f o r the cocaine s t i m u l u s (94%), 

apomorphine (72%) and SKF-38393 (67%) produced on ly p a r t i a l 

s u b s t i t u t i o n (F igu re 18 ) . 

Chronic a d m i n i s t r a t i o n of coca ine (20 m g / k g / 8 - h r ) f o r 6 

days produced a 2 - f o l d s h i f t to the r i g h t of the dose-

e f f e c t curve f o r the d e t e c t i o n of coca ine . S i m i l a r l y , the 

e n t i r e d o s e - e f f e c t curve f o r p i r i b e d i l was a lso s h i f t e d 2-

f o l d to the r i g h t . However, the s u b s t i t u t i o n curve f o r 

apomorphine was s h i f t e d g rea te r than 4 - f o l d to the r i g h t 

such t h a t no dose of apomorphine produced coca ine -1 ever 

responding (doses h igher than 5 mg/kg produced no l eve r 

s e l e c t i o n d u r i n g the 15 min. t e s t s e s s i o n ) . In c o n t r a s t , the 

d o s e - e f f e c t curve f o r s u b s t i t u t i o n of SKF-38393 f o r the 

cocaine s t i m u l u s was not s h i f t e d f o l l o w i n g ch ron i c cocaine 

admi ni s t r a t i o n . 

Exper iment 9: E f f e c t s of c h r o n i c a d m i n i s t r a t i o n of 

s u l p i r i d e and h a l o p e r i d o l , and coca ine on the coca ine 

s t i m u l u s 

L i ke the p rev ious s t u d i e s , coca ine produced dose-

dependent g e n e r a l i z a t i o n to the cocaine s t i m u l u s . Pre-

t rea tmen t w i t h the dopamine recep to r a n t a g o n i s t , 
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F i g u r e 16 . C h r o n i c d - a m p h e t a m i n e p r o d u c e s t o l e r a n c e 

f o r t h e s u b s t i t u t i o n of d - a m p h e t a m i n e f o r c o c a i n e and c r o s s -

t o l e r a n c e f o r t h e s t i m u l u s p r o p e r t i e s of c o c a i n e , d -

Amphetamine s u b s t i t u t e d f o r c o c a i n e b e f o r e ( • ) and d u r i n g 

(A) d a y s 7 , 8 and 9 of d - a m p h e t a m i n e ( 2 . 5 m g / k g / 8 - h r ) . 

C o c a i n e was g e n e r a l i z e d t o c o c a i n e b e f o r e ( 0 ) and d u r i n g (A) 

days 7 , 8 , and 9 of cUamphetamine ( 2 . 5 m g / k g / 8 - h r ) . N = 7 . 
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F igu re 17. Morphine dependence does not a l t e r the 

d e t e c t a b i 1 i t y of the cocaine s t i m u l u s . Cocaine was 

g e n e r a l i z e d to the cocaine t r a i n i n g s t i m u l u s be fore (0) and 

du r i ng (£) days 7 ,8 and 9 of morphine a d m i n i s t r a t i o n . S a l , 

s a l i n e . N = 8 at a l l p o i n t s . 
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Figure 18. Full substitution profiles of selected 

dopamine receptor agonists before and during chronic 

administration of cocaine. Abscissa: dose of test drug. 

Ordinate: percentage of rats completing the first 10 

responses on the cocaine lever. Data demonstrate cocaine-

lever selection before (open symbols) and during (closed 

symbols) chronic administration of 20 mg/kg of cocaine for 

7-9 days. The data points represent (0) piribedil; (A) 

apomorphine; and, (•) SKF-38393. S = saline (1 ml/kg). 

Eight rats were tested at all points. 
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h a l o p e r i d o l , produced a s h i f t to the r i g h t of the coca ine 

g e n e r a l i z a t i o n curve ( F i g u r e 19 ) . P r e - t r e a t m e n t w i t h the 

s p e c i f i c D2 r e c e p t o r a n t a g o n i s t , s u l p i r i d e , produced a 

g r e a t e r s h i f t to the r i g h t of the g e n e r a l i z a t i o n curve f o r 

the coca ine s t i m u l u s ( F i g u r e 20 ) . Chron ic a d m i n i s t r a t i o n of 

coca ine (20 m g / k g / 8 - h r ) and h a l o p e r i d o l ( 0 . 6 4 m g / k g / 8 - h r ) or 

s u l p i r i d e ( 2 0 . 0 m g / k g / 8 - h r ) d i d not s h i f t the o r i g i n a l 

g e n e r a l i z a t i o n curve f o r d e t e c t i o n of the s t i m u l u s . As a 

c o n t r o l , the s u b s t i t u t i o n of h a l o p e r i d o l ( 0 . 0 8 - 0 . 6 4 ) and 

s u l p i r i d e (10-80 mg/kg) d i d not g e n e r a l i z e to the coca ine 

s t i m u l u s . 

Experiment 10: The e f f e c t s of chronic a d m i n i s t r a t i o n of 

ha loper ido l and s u l p i r i d e on the d i s c r i m i n a t i v e st imulus 

proper t ies of cocaine 

Cocaine produced dose-dependent g e n e r a l i z a t i o n to the 

coca ine s t i m u l u s . F o l l o w i n g 6 days of d a i l y a d m i n i s t r a t i o n 

of h a l o p e r i d o l ( 0 . 6 4 m g / k g ) , the d o s e - e f f e c t cu rve f o r the 

g e n e r a l i z a t i o n of coca ine f o r the coca ine s t i m u l u s s h i f t e d 

to the l e f t . S i m i l a r l y , 6 days of d a i l y a d m i n i s t r a t i o n of 

s u l p i r i d e a lso s h i f t e d the coca ine d o s e - e f f e c t cu rve to the 

l e f t to a l e s s e r degree than the s h i f t of the coca ine 

d o s e - e f f e c t cu rve f o l l o w i n g c h r o n i c h a l o p e r i d o l ( F i g u r e 21) . 

Experiment 11: E f f e c t s of chronic admin is t ra t ion of 

dopamine receptor agonists to the cocaine stimulus 

Cocaine ( 1 . 2 5 - 1 0 mg/kg) produced dose-dependent 
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F i g u r e 19. Chron ic a d m i n i s t r a t i o n of h a l o p e r i d o l and 

coca ine b locks t o l e r a n c e to the coca ine s t i m u l u s . A b s c i s s a : 

dose of c o c a i n e . O r d i n a t e : percen tage of r a t s c o m p l e t i n g 

the f i r s t 10 responses on the c o c a i n e - a p p r o p r i a t e l e v e r . 

Data show s e l e c t i o n of coca ine l e v e r o b t a i n e d be fo re (0 ) and 

d u r i n g ( • ) c h r o n i c p r e t r e a t m e n t w i t h h a l o p e r i d o l , 0 .64 

mg/kg, f o l l o w e d by c o c a i n e , 20 m g / k g / 8 - h r , f o r 6 days. (A) 

demonst ra te b lockade of the coca ine s t i m u l u s w i t h 

h a l o p e r i d o l , 0 .64 mg/kg. 
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F i g u r e 2 0 . C h r o n i c a d m i n i s t r a t i o n of s u l p i r i d e and 

c o c a i n e b l o c k s t o l e r a n c e t o t h e c o c a i n e s t i m u l u s . A b s c i s s a : 

dose of c o c a i n e . O r d i n a t e : p e r c e n t a g e of r a t s c o m p l e t i n g 

t h e f i r s t 10 r e s p o n s e s on t h e c o c a i n e - a p p r o p r i a t e l e v e r . 

Data show s e l e c t i o n of c o c a i n e l e v e r o b t a i n e d b e f o r e (0) and 

d u r i n g ( I ) c h r o n i c d a i l y p r e t r e a t m e n t w i t h s u l p i r i d e , 20 

m g / k g , f o l l o w e d by c o c a i n e , 20 m g / k g / 8 - h r , f o r 6 d a y s . (A) 

d e m o n s t r a t e b l o c k a d e of t h e c o c a i n e s t i m u l u s w i t h s u l p i r i d e , 

20 m g / k g . 
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F i g u r e 2 1 . C h r o n i c a d m i n i s t r a t i o n of h a l o p e r i d o l or 

s u l p i r i d e p r o d u c e s e n s i t i v i t y t o t h e c o c a i n e s t i m u l u s . 

A b s c i s s a : d o s e of c o c a i n e . O r d i n a t e : p e r c e n t a g e of r a t s 

c o m p l e t i n g t h e f i r s t 10 r e s p o n s e s on t h e c o c a i n e - a p p r o p r i a t e 

l e v e r . Da t a show s e l e c t i o n of c o c a i n e l e v e r o b t a i n e d b e f o r e 

( 0 ) and d u r i n g d a i l y t r e a t m e n t w i t h h a l o p e r i d o l ( A ) , 0 . 6 4 

m g / k g , or s u l p i r i d e ( • ) , 20 m g / k g , f o r 6 d a y s . 
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g e n e r a l i z a t i o n to the cocaine s t i m u l u s . S i m i l a r l y , 

apomorphine ( 0 . 6 4 - 2 . 5 mg/kg) , p i r i b e d i l ( 2 .5 -20 mg/kg) , and 

SKF-38393 (5-40 mg/kg) produced dose-dependent s u b s t i t u t i o n 

f o r the cocaine s t i m u l u s . S i m i l a r to the prev ious s t u d i e s , 

the r e l a t i o n s h i p between potency f o r these dopamine recep to r 

agon is ts compared to the t r a i n i n g dose of cocaine (10 mg/kg) 

was apomorphine > p i r i b e d i l > SKF-38393; and, maximum 

s u b s t i t u t i o n f o r the cocaine s t imu lus was p i r i b e d i l > 

apomorphine > SKF-38393. 

Chronic a d m i n i s t r a t i o n of apomorphine (0 .64 mg /kg /8 -h r ) 

and p i r i b e d i l (20 mg/kg) f o r 6 days produced a 2 - f o l d 

s h i f t to the r i g h t of the d o s e - e f f e c t curve f o r 

g e n e r a l i z a t i o n to coca ine . However, the d o s e - e f f e c t curve 

was not s h i f t e d f o l l o w i n g chron ic a d m i n i s t r a t i o n of SKF-

38393 (F igure 22) . 

Experiment 12: I n t r a v e n t r i c u l a r a d m i n i s t r a t i o n of c o c a i n e . 

Pr io r to ch ron ic a d m i n i s t r a t i o n , m i c r o i n j e c t i o n s of 

i n t r a v e n t r i c u l a r cocaine gene ra l i zed to the cocaine s t imu lus 

i n a dose-dependent manner, w i t h maximum g e n e r a l i z a t i o n 

o c c u r r i n g w i t h 40 ug cocaine i n j e c t e d on each s ide (80%). 

P r e l i m i n a r y r e s u l t s i n d i c a t e d t h a t maximum g e n e r a l i z a t i o n to 

the cocaine s t imu lus occurred 5 min. a f t e r i . v . t . 

a d m i n i s t r a t i o n , compared to 15 min. a f t e r i . p . 

a d m i n i s t r a t i o n (F igu re 23) . Doses h igher than 40 ug cocaine 

per s ide r e s u l t e d i n no lever s e l e c t i o n du r ing the 10 min. 
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F i g u r e 2 2 . C h r o n i c a p o m o r p h i n e , p i r i b e d i l , bu t no t 

SKF-38393 p roduce t o l e r a n c e f o r t he s t i m u l u s p r o p e r t i e s of 

c o c a i n e . Coca ine was g e n e r a l i z e d t o c o c a i n e b e f o r e ( 0 ) and 

days 7 , 8 , and 9 of apomorph ine ( A ) , 2 . 5 m g / k g / 8 - h r , 

p i r i b e d i l ( • ) , 20 m g / k g , or SKF-38393 ( Q ) , 20 mg /kg . N = 8 

f o r t e s t s w i t h apomorph ine and p i r i b e d i l . N = 4 - 5 f o r t e s t s 

w i t h SKF-38393. 
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t e s t s e s s i o n . F o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of 2 0 . 0 

m g / k g / 8 h r c o c a i n e f o r 6 d a y s , a s i g n i f i c a n t s h i f t t o t h e 

r i g h t o f t he d o s e - e f f e c t c u r v e was p roduced ( F i g u r e 2 4 ) . 

Maximum g e n e r a l i z a t i o n of c o c a i n e o c c u r r e d w i t h 160 ug 

c o c a i n e per s i d e or 320 ug c o c a i n e t o t a l . Doses h i g h e r 

t h a n 160 ug c o c a i n e per s i d e r e s u l t e d i n b e h a v i o r a l 

t o x i c i t y . 

E x p e r i m e n t 13: S p e c i f i c b r a i n s i t e s m e d i a t i n g t h e 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s o f c o c a i n e . 

Cannnulae p lacemen ts i n t he s p e c i f i c b r a i n s i t e s were 

h i s t o l o g i c a l l y v e r i f i e d ( F i g u r e 2 5 ) . I n t h e f i r s t t e s t 

s e s s i o n , i n t r a c e r e b r a l a d m i n i s t r a t i o n of a r t i f i c i a l 

c e r e b r o s p i n a l f l u i d a n d / o r t he r e s t r a i n i n g p r o c e d u r e 

p roduced g r e a t e r c o c a i n e - a p p r o p r i a t e l e v e r r e s p o n d i n g 

compared t o p r e v i o u s t e s t s w i t h s a l i n e . However , by t he 

t h i r d c o n s e c u t i v e h a b i t u a t i o n s e s s i o n w i t h a r t i f i c i a l CSF, 

t h i s e f f e c t was a b o l i s h e d ( F i g u r e 2 6 ) . 

Cocaine i n j e c t e d i n t h e n u c l e u s accumbens p roduced 

d o s e - d e p e n d e n t s e l e c t i o n of t he c o c a i n e - a p p r o p r i a t e l e v e r , 

w i t h 88% of s u b j e c t s s e l e c t i n g t h e c o c a i n e l e v e r a f t e r 10 ug 

c o c a i n e i n j e c t i o n s per each s i d e . I n c o n t r a s t , c o c a i n e ( 5 -

40 ug) i n j e c t e d i n t o e i t h e r t he c a u d a t e - p u t a m e n , or 

p r e f r o n t a l c o r t e x p roduced o n l y p a r t i a l c o c a i n e - a p p r o p r i a t e 

l e v e r r e s p o n d i n g ( F i g u r e 2 7 ) . Doses h i g h e r t h a n 40 ug 

c o c a i n e were b e h a v i o r a l l y d i s r u p t i v e , and r e s u l t e d i n no 

l e v e r s e l e c t i o n d u r i n g t h e 10 m i n . t e s t s e s s i o n . 
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F i g u r e 23 . Time c o u r s e f o r g e n e r a l i z a t i o n t o t h e 

c o c a i n e s t i m u l u s f o r i . c . v a d m i n i s t r a t i o n of c o c a i n e t r a i n e d 

by p e r i p h e r a l a d m i n i s t r a t i o n . A b s c i s s a : m i n u t e s p o s t i . c . v . 

i n j e c t i o n . O r d i n a t e : p e r c e n t a g e of s u b j e c t s c o m p l e t i n g 10 

r e s p o n s e s on t h e c o c a i n e l e v e r . D o s e - e f f e c t d a t a were 

d e t e r m i n e d f o r 80 ug ( 0 ) , 40 ug ( A ) , 20 ug ( * ) , and 10 ug 

O i n j e c t i o n s of c o c a i n e . E i g h t r a t s t e s t e d a t a l l p o i n t s . 
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F i g u r e 24 . D o s e - e f f e c t d a t a f o r t h e d e t e c t i o n of 

c o c a i n e a d m i n i s t e r e d i . e . v . w h i l e t r a i n e d by p e r i p h e r a l 

i n j e c t i o n of 10 mg/kg c o c a i n e . T e s t i n g o c c u r r e d 5 min . p o s t 

i . e . v . i n j e c t i o n . Data were d e t e r m i n e d (0 ) b e f o r e and a f t e r 

(A) c h r o n i c a d m i n i s t r a t i o n of 20 m g / k g / 8 h r c o c a i n e f o r 6 

d a y s . E i g h t r a t s t e s t e d a t a l l p o i n t s w i t h a t l e a s t 5 

making a l e v e r s e l e c t i o n . 
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Bregma 2-2 n»n» 

(K% 
(LI mm 

F i g u r e 25. Examples of i n j e c t i o n s i t e s f rom an ima l s 

r e c e i v i n g c o c a i n e i n t o e i t h e r t h e p r e f r o n t a l c o r t e x (upper 

s e c t i o n ) , t h e n u c l e u s accumbens (middle s e c t i o n ) , or t he 

c a u d a t e - p u t a m e n ( lower s e c t i o n ) . 
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F i g u r e 26. H a b i t u a t i o n to i n t r a c e r e b r a l a d m i n i s t r a t i o n 

of c e r e b r o s p i n a l f l u i d and /o r the r e s t r a i n t p r o c e d u r e . 

A b s c i s s a : number of h a b i t u a t i o n s e s s i o n s . O r d i n a t e : 

pe r cen tage of s u b j e c t s s e l e c t i n g the c o c a i n e - a p p r o p r i a t e 

l e v e r a f t e r i n t r a c e r e b r a l a d m i n i s t r a t i o n of .5 u l of CSF per 

s i d e . N = 22. 
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F i g u r e 27. D o s e - e f f e c t da ta f o r t h e d e t e c t i o n of 

coca ine a d m i n i s t e r e d i n t o s p e c i f i c b r a i n s i t e s w h i l e t r a i n e d 

by p e r i p h e r a l i n j e c t i o n of 10 mg/kg c o c a i n e . T e s t i n g 

o c c u r r e d 5 m in . pos t i n j e c t i o n . Data were d e t e r m i n e d f o r 

s u b j e c t s s e l e c t i n g tne c o c a i n e - a p p r o p r i a t e l e v e r a f t e r 

m i c r o i n j e c t i o n s i n t o the nuc leus accumbens (O) > p r e f r o n t a l 

c o r t e x (A), and caudate-pu tamen ( • ) . E i g h t r a t s t e s t e d a t 

a l l p o i n t s w i t h at l e a s t 5 making a l e v e r s e l e c t i o n . 
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F i g u r e 28 . H a b i t u a t i o n t o t h e l o c o m o t o r a c t i v i t y 

chambers f o l l o w i n g 6 days o f s a l i n e a d m i n i s t r a t i o n . 

A b s c i s s a : h a b i t u a t i o n days (20 m i n . s e s s i o n ) . O r d i n a t e : 

c u m u l a t i v e a c t i v i t y c o u n t s . The ( 0 ) r e p r e s e n t s h o r i z o n t a l 

a c t i v i t y , t h e ( • ) r e p r e s e n t s v e r t i c a l a c t i v i t y . 
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Exper iment 14: E f f e c t s of c h r o n i c a d m i n i s t r a t i o n of coca ine 

on locomotor a c t i v i t y . 

The an imals were h a b i t u a t e d t o the locomotor a c t i v i t y 

chambers f o r 6 s e s s i o n s . H o r i z o n t a l and v e r t i c a l a c t i v i t y 

was s i g n i f i c a n t l y reduced , as ana lyzed by one-way a n a l y s i s 

of v a r i a n c e , f o l l o w i n g 6 days of h a b i t u a t i o n (F = 4 . 3 7 9 , 

3 . 5 0 9 , P < r e s p e c t i v e l y ) ( F i g u r e 2 8 ) . Cocaine (5 

mg/kg) produced a s i g n i f i c a n t dose-dependent i n c r e a s e i n 

1ocomtor a c t i v i t y i n h o r i z o n t a l , but not v e r t i c a l movements. 

V e r t i c a l and h o r i z o n t a l a c t i v i t y were t a b u l a t e d i n 10 m in . 

b ins so t h a t the f i r s t ten minu tes would co r respond t o the 

10 m in . t e s t sess ion i n the operan t chambers. 

F o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of c o c a i n e , 20 

m g / k g / 8 - h r f o r 6 days , t h i s t r e a t m e n t d i d not produce a 

s i g n i f i c a n t s h i f t of the dose- response curves f o r both 

h o r i z o n t a l and v e r t i c a l a c t i v i t y i n e i t h e r t he 10 or 20 m in . 

b ins ( f o r s t a t i s t i c a l a n a l y s i s us ing ANOVA, see appendix 

B ) ( F i g u r e s 2 9 - 3 2 ) . S i m i l a r l y , c h r o n i c a d m i n i s t r a t i o n of 

s a l i n e d i d not produce a s i g n i f i c a n t s h i f t of the dose-

response curves f o r bo th h o r i z o n t a l and v e r t i c a l a c t i v i t y i n 

e i t h e r the 10 or 20 m in . b i n s ( f o r s t a t i s t i c a l a n a l y s i s 

us ing ANOVA, See A p p e n d i x ) ( F i g u r e s 3 3 - 3 6 . ) . 

Exper iment 15. E f f e c t s of c h r o n i c a d m i n i s t r a t i o n of coca ine 

on s t e r e o t y p y . 

Rats d i s p l a y e d a dose-dependent i n c r e a s e i n s t e r e o t y p y 

scores f o l l o w i n g a d m i n i s t r a t i o n of c o c a i n e . Dur ing the 
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F i g u r e 29. Horizontal locomotor activity does not 

c h a n g e f o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of c o c a i n e . 

A b s c i s s a : dose of c o c a i n e . O r d i n a t e : horizontal activity 

counts for the first 10 m i n u t e s e s s i o n . The (0) r e p r e s e n t s 

acute dose effect curve for c o c a i n e , the (I) r e p r e s e n t s the 

d o s e - e f f e c t c u r v e f o l l o w i n g a d m i n i s t r a t i o n of c o c a i n e , 20 

m g / k g / 8 - h r , for 6 days. 
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Figure 30. Vertical locomotor activity does not 

change following chronic administration of cocaine. 

Abscissa: dose of cocaine. Ordinate: vertical activity 

counts for the first 10 minute session. The (0) represents 

acute dose effect curve for cocaine, the (•) represents the 

dose-effect curve following administration of cocaine, 20 

mg/kg/8-hr, for 6 days. 
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Figure 31. Horizontal locomotor activity does not 

change following chronic administration of cocaine. 

Abscissa: dose of cocaine. Ordinate: horizontal activity 

counts for the 20 minute session. The (0) represents acute 

dose effect curve for cocaine, the (I) represents the dose-

effect curve following administration of cocaine, 20 

mg/kg/8-hr, for 6 days. 
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F i g u r e 3 2 . V e r t i c a l l o c o m o t o r a c t i v i t y does riot change 

f o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of c o c a i n e . A b s c i s s a : dose 

of c o c a i n e . O r d i n a t e : v e r t i c a l a c t i v i t y c o u n t s f o r t h e 20 

m i n u t e s e s s i o n . The ( 0 ) r e p r e s e n t s a c u t e dose e f f e c t c u r v e 

f o r c o c a i n e , t h e ( • ) r e p r e s e n t s t h e d o s e - e f f e c t c u r v e 

f o l l o w i n g a d m i n i s t r a t i o n of c o c a i n e , 20 m g / k g / 8 - h r , f o r 6 

d a y s . 



95 

6000 

5000 
</) 
H 
Z 
D 
O 
o 
>. 4000 
> 

H-
O 3000 < 
- J < 

z 2000 
O 
N 
CE 
O 
z 

1000 

10 min. session 

I 

\r.—ih ± 
SAL 5 10 20 

COCAINE (mg/kg) 

40 

Figure 33. Horizontal locomotor activity does not 

change following chronic administration of saline. 

Abscissa: dose of cocaine. Ordinate: horizontal activity 

counts for the first 10 minute session. The (0) represents 

acute dose effect curve for cocaine, the (•) represents the 

dose-effect curve following administration of saline, 1 

m l / k g / 8 - h r , for 6 days. 
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F i g u r e 34. V e r t i c a l l ocomotor a c t i v i t y does not 

change f o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of s a l i n e . 

A b s c i s s a : dose of c o c a i n e . O r d i n a t e : v e r t i c a l a c t i v i t y 

coun ts f o r the f i r s t 10 m inu te s e s s i o n . The (0 ) r e p r e s e n t s 

acu te dose e f f e c t cu rve f o r c o c a i n e , the ( • ) r e p r e s e n t s the 

d o s e - e f f e c t cu rve f o l l o w i n g a d m i n i s t r a t i o n of s a l i n e , 1 

m l / k g / 8 - h r , f o r 6 days . 
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F i g u r e 35. Horizontal locomotor a c t i v i t y does not 

change f o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of s a l i n e . 

A b s c i s s a : dose of c o c a i n e . O r d i n a t e : horizontal activity 

counts for the 20 m i n u t e s e s s i o n . The (0) r e p r e s e n t s acute 

dose effect c u r v e for c o c a i n e , the (I) r e p r e s e n t s the dose-

effect c u r v e f o l l o w i n g a d m i n i s t r a t i o n of s a l i n e , 1 m l / k g / 8 -

hr, for 6 days. 
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F i g u r e 36. V e r t i c a l locomotor a c t i v i t y does not change 

f o l l o w i n g c h r o n i c a d m i n i s t r a t i o n of s a l i n e . A b s c i s s a : dose 

of c o c a i n e . O r d i n a t e : v e r t i c a l a c t i v i t y c o u n t s f o r t he 20 

minu te s e s s i o n . The (0) r e p r e s e n t s a c u t e dose e f f e c t c u r v e 

f o r c o c a i n e , t he ( • ) r e p r e s e n t s t h e d o s e - e f f e c t cu rve 

f o l l o w i n g a d m i n i s t r a t i o n of s a l i n e 1 m l A g / 8 - h r f o r 6 d a y s . 
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pe r i od of cocaine a d m i n i s t r a t i o n , the animals appeared 

normal and d i d not man i fes t convu l s ions at any of the doses 

t e s t e d . F o l l o w i n g 6 days of ch ron i c a d m i n i s t r a t i o n of 

coca ine , 20 m g / k g / 8 - h r , the dose-response curve f o r 

s t e r e o t y p i c behav io ra l was not s i g n i f i c a n t l y d i f f e r e n t ( f o r 

s t a t i s t i c a l a n a l y s i s us ing ANOVA, Append i x ) (F i gu re 37 ) . 

However, t he re was a s i g n i f i c a n t decrease at one dose of 

coca ine , 20 mg/kg (F = 30; p > . 0 1 ) . 
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Figure 37. The effect of chronic administration of 

cocaine on stereotypic behavior. Abscissa: dose of 

cocaine. Ordinate: mean stereotypy counts per session. The 

data represents stereotypic counts per 20 minute session 

before (0) and after (•) chronic administration of cocaine, 

20 mg/kg/8-hr for 6 days. 



CHAPTER IV 

DISCUSSION 

The present r e s u l t s i n d i c a t e t h a t the t r a i n i n g phase 

f o r drug d i s c r i m i n a t i o n exper iments can be shor tened 

s i g n i f i c a n t l y by i n c r e a s i n g the number of t r a i n i n g sess ions 

conducted per day. In Experiment 1, days of t r a i n i n g were 

reduced to app rox ima te l y 75% of those r e q u i r e d w i t h d a i l y 

t r a i n i n g of e i t h e r cocaine s imp ly by conduc t ing an 

a d d i t i o n a l t r a i n i n g sess ion on h a l f of the t r a i n i n g days. 

T h e r e f o r e , t h i s methodology shor tens the t ime r e q u i r e d f o r 

r a t s to o b t a i n the d i s c r i m i n a t i o n by i n c r e a s i n g the number 

of sess ions per u n i t t i m e , but does not appear to i nc rease 

l e a r n i n g per sess ion . 

The number of r e i n f o r c e r s per sess ion was impo r tan t f o r 

o b t a i n i n g optimum d i s c r i m i n a b i 1 i t y . There was no d i f f e r e n c e 

i n t ime to o b t a i n the cocaine d i s c r i m i n a t i o n us ing e i t h e r 25 

or 50 food r e i n f o r c e r s per sess ion when t r a i n e d d a i l y . 

However, when an e x t r a t r a i n i n g sess ion f o l l o w i n g a s a l i n e 

sess ion was used, the group r e c e i v i n g 50 r e i n f o r c e r s per 

sess ion acqu i red the d i s c r i m i n a t i o n app rox ima te l y 30% f a s t e r 

than the group r e c e i v i n g 25 r e i n f o r c e r s per sess ion . 

From p rev ious i n v e s t i g a t i o n s i t has been demonstrated 

t h a t r a t s can be t r a i n e d to d i s c r i m i n a t e coca ine by 50 

101 
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sessions of t r a i n i n g (Wood, L a i , and Emmett-Oglesby, 1984; 

Wood and Emmett-Oglesby, 1986) . However, o the rs have 

r e p o r t e d t h a t r a t s can acqu i re cocaine d i s c r i m i n a t i o n i n 

app rox ima te l y 20 sess ions ( C o l p a e r t , Niemegeers, and 

Janssen, 1976; D 'Me l l o and Sto le rman, 1977) . The reason f o r 

t h i s d i sc repancy i s u n c l e a r . One p o s s i b l e e x p l a n a t i o n i s 

t h a t w h i l e the t r a i n i n g procedure i s r e l a t i v e l y c o n s i s t e n t 

between d i f f e r e n t l a b o r a t o r i e s , the i n i t i a l shaping 

procedure v a r i e s . T h e r e f o r e , i t i s suggested t h a t the 

i n i t i a l shaping procedure may p lay an impo r tan t r o l e i n 

a c q u i s i t i o n of d i s c r i m i n a t i o n l e a r n i n g . Fu r the r 

i n v e s t i g a t i o n s of the l i m i t s to which these and o the r 

f a c t o r s can be v a r i e d w i t h o u t decrement i n a c q u i s i t i o n r a t e 

w i l l be of c o n s i d e r a b l e p r a c t i c a l u t i l i t y f o r drug 

d i s c r i m i n a t i o n methodo logy, and of t h e o r e t i c a l i n t e r e s t f o r 

the psychology of l e a r n i n g . 

To lerance developed f o r the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of coca ine when 20.0 or 10.0 mg /kg /8 -h r were 

adm in i s t e red f o r 1 week, but not when 5 .0 mg /kg /8 -h r were 

adm in i s te red f o r as long as 2 weeks. To lerance f o r the 

d i s c r i m i n a t i v e s t imu lus p r o p e r t i e s of coca ine has been 

r e p o r t e d (Wood et a l . , 1984; McKenna and Ho, 1977) when r a t s 

were i n j e c t e d w i t h coca ine , 20.0 m g / k g / 8 - h r , f o r 7 days. 

However, i t has been argued t h a t t o l e r a n c e cannot develop 

when a dose less than or equal to the t r a i n i n g dose i s 

adm in i s te red c h r o n i c a l l y i n a d i s c r i m i n a t i o n procedure 
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( H u t c h i n g s e t a l . , 1978; C o l p a e r t , 1978a ) . The p r e s e n t da ta 

demons t ra te t o l e r a n c e when the c h r o n i c a l l y a d m i n i s t e r e d dose 

i s e q u i v a l e n t t o t he t r a i n i n g dose. F u r t h e r m o r e , t he degree 

of t o l e r a n c e appears t o be comparab le whether c o c a i n e , 10 .0 

or 20 .0 mg /kg , i s a d m i n i s t e r e d c h r o n i c a l l y ; and because the 

e f f e c t s of 1 and 2 weeks of the 20 .0 mg/kg reg imen were 

n e a r l y i d e n t i c a l , t hese f i n d i n g s r a i s e the p o s s i b i l i t y t h a t 

t h e r e i s a maximum degree of t o l e r a n c e t h a t can be produced 

when c o c a i n e i s a d m i n i s t e r e d every 8 h r s . A l t h o u g h these 

data may a l s o suggest t h a t t o l e r a n c e i s a r e s u l t o f 

a c c u m u l a t i o n of drug w i t h r e p e a t e d d o s i n g , t he r e p o r t e d 

h a l f - l i f e of coca ine i s 20-30 m inu tes ( M i s r a , 1 9 7 6 ) ; t hus 

t h i s f i n d i n g i s not c o m p a t i b l e w i t h the h y p o t h e s i s t h a t 

t o l e r a n c e t o the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s o f 

coca ine i s a r e s u l t of drug a c c u m u l a t i o n . 

Rats r e c o v e r e d s e n s i t i v i t y t o t he t r a i n i n g s t i m u l u s 

a f t e r t e r m i n a t i o n of c h r o n i c coca ine w i t h o u t r e t r a i n i n g . 

The r e a c q u i s i t i on of b a s e - l i n e s e n s i t i v i t y demons t ra tes the 

p e r s i s t e n c e of s t i m u l u s c o n t r o l e x e r t e d by the t r a i n i n g 

s t i m u l u s . S u b j e c t s were not t r a i n e d f o r 30 days , i n c l u d i n g 

12 days of c h r o n i c c o c a i n e i n j e c t i o n , and s a l i n e l e v e r 

s e l e c t i o n was r e i n f o r c e d d u r i n g t e s t i n g . D e s p i t e these 

t r e a t m e n t s , c o c a i n e was i n c r e a s i n g l y g e n e r a l i z e d t o the 

coca ine l e v e r a f t e r t e r m i n a t i o n of c h r o n i c i n j e c t i o n . Thus, 

r e i n f o r c e m e n t of t he s a l i n e l e v e r c h o i c e d u r i n g r e c o v e r y 

t e s t s d i d not b i a s r a t s t o c o n t i n u e s e l e c t i n g t h i s l e v e r . 
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These results can be most parsimoniously explained as 

demonstrating that rats were under stimulus control 

throughout the procedure; therefore test results accurately 

reflect the extent to which the test stimulus resembles the 

stimulus that was trained before chronic drug 

admi ni stration. 

There has been an ideological controversy concerning 

whether tolerance develops to cocaine in the discrimination 

procedure. It has been suggested that tolerance does not 

develop to the cocaine stimulus because in one study, the 

discriminabi1ity of cocaine did not fade after several 

months of training (Colpaert et al., 1976). However, in 

that study, training was conducted 5 days a week with 

only a maximum exposure of 2-3 cocaine doses per week. 

According to the tolerance theory described by Kalant et al. 

(1971), tolerance occurs when a drug is administered 

repeatedly and in high doses. One explanation for failure 

of the Colpaert et al. study to observe tolerance may be 

related to a lack of exposure to sufficiently high doses or 

frequent doses of cocaine. 

Colpaert, Niemegeers and Janssen (1978) have also 

suggested that "tolerance" in the drug discrimination 

paradigm is an artifact. Tolerance has been shown to 

develop for the discriminative stimulus properties of d-
g 

amphetamine (Barrett and Leith, 1981), (A) -tetrahydro-

cannabinol (Jarbe and Henriksson, 1973; Hirschhorn and 
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R o s e c r a n s , 1 9 7 4 ) , m o r p h i n e ( H i r s c h h o r n and R o s e c r a n s , 1 9 7 4 ; 

S h a n n o n and H o l t z m a n , 1 9 7 6 ; M i k s i c and L a i , 1 9 7 7 ; C o l p a e r t 

et a l . , 1 9 7 8 b ; W i t k i n , D y k s t r a , and C a r t e r , 1 9 8 2 ) , b a r b i t a l 

( Y o r k and W i n t e r , 1 9 7 5 ) , and f e n t a n y l ( C o l p a e r t et al ., 

1 9 7 6 a ) . H o w e v e r , t h e i r c o n c l u s i o n w a s b a s e d on t h e 

o b s e r v a t i o n t h a t t o l e r a n c e f a i l e d to d e v e l o p in a n u m b e r of 

s t u d i e s w h e n t r a i n i n g w a s c o n t i n u e d d u r i n g t h e p h a s e of 

c h r o n i c i n j e c t i o n ( B u e n o and C a r l i n i , 1 9 7 2 ; C o l p a e r t et al ., 

1 9 7 6 a ; 1 9 7 6 b ; H i r s c h h o r n and R o s e c r a n s , 1 9 7 4 ) . C o l p a e r t et 

a l . s u g g e s t e d t h a t t e r m i n a t i n g t r a i n i n g and i n j e c t i n g h i g h 

d o s e s of t h e t r a i n i n g d r u g m a y t e a c h s u b j e c t s to a t t e n d to 

t h e h i g h e r m a g n i t u d e of t h e s e d o s e s . H o w e v e r , t h i s l e a r n i n g 

h y p o t h e s i s h a s not b e e n s u p p o r t e d by d a t a r e p o r t e d in 

E x p e r i m e n t 4, or by S c h e c h t e r ' s s t u d y ( 1 9 8 6 ) . In t h o s e 

s t u d i e s , w h e n c h r o n i c d r u g a d m i n i s t r a t i o n w a s t e r m i n a t e d , 

s e n s i t i v i t y to t h e t r a i n i n g s t i m u l u s s p o n t a n e o u s l y 

r e c o v e r e d . T h i s r e s u l t is c o n s i s t e n t w i t h a t o l e r a n c e 

h y p o t h e s i s , but it is i n c o n s i s t e n t w i t h a l e a r n i n g 

h y p o t h e s i s . In a d d i t i o n , O v e r t o n ( 1 9 8 4 ) h a s p o i n t e d o u t t h a t 

c h r o n i c a d m i n i s t r a t i o n of h i g h d o s e s in a p r o c e d u r e s u c h as 

C o l p a e r t et a l . ( 1 9 7 8 ) u s e d c o u l d r e s u l t in a s t i m u l u s t h a t 

d i m i n i s h e s p r o g r e s s i v e l y , and t r a i n i n g d u r i n g t h e 

d e v e l o p m e n t of t h i s t o l e r a n c e t e a c h e s s u b j e c t s to d e t e c t 

l o w e r m a g n i t u d e s of t h e s t i m u l u s . T h u s , t o l e r a n c e m a y h a v e 

o c c u r r e d in t h e C o l p a e r t et a l . s t u d y , but it w o u l d h a v e 

g o n e u n d e t e c t e d . In s u p p o r t of t h i s h y p o t h e s i s , s e v e r a l 
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s tud ies have shown t h a t sub jec ts can l ea rn to de tec t 

p r o g r e s s i v e l y lower i n t e n s i t y of drug s t i m u l i us ing " f a d i n g " 

procedures (Over ton , 1979; Stolerman and D ' M e l l o , 1986; 

Sto lerman, Garcha, P r a t t , and Kumar, 1 9 8 4 ) . ) . 

Previous s tud ies of t o l e rance f o r the b e h a v i o r a l l y 

d i s r u p t i v e e f f e c t s of cocaine have found t h a t t o l e r a n c e 

occurs on ly i f the behavior t e s t e d was performed repea ted l y 

wh i l e under the i n f l u e n c e of the drug (Woo lver ton , Kandel , 

and Schus te r , 1978). Th is phenomenon has been descr ibed as 

t o l e rance con t i ngen t on per fo rming a behav io ra l task 

( C a r l t o n and Wolg in , 1971; Campbell and Seiden, 1973), and 

i t can be con t ras ted w i t h the present f i n d i n g s of r a p i d l y 

deve lop ing t o l e r a n c e f o r the d i s c r i m i n a t i v e s t imu lus 

p r o p e r t i e s of cocaine based on m u l t i p l e d a i l y admin is -

t r a t i o n s of drug, which occurred w i t h o u t p r a c t i c e on the 

behav io ra l t a s k . In agreement w i t h the p r e d i c t i o n s of 

behav io ra l t o l e r a n c e , r a t s t o l e r a n t to the d i s c r i m i n a t i v e 

s t imu lus p r o p e r t i e s of cocaine are not t o l e r a n t to i t s 

b e h a v i o r a l l y d i s r u p t i n g e f f e c t s as measured by suppress ion 

of bar -p ress responding (Wood et a l . , 1984). T h e r e f o r e , 

t o l e rance f o r the d i s c r i m i n a t i v e s t imu lus p r o p e r t i e s of 

cocaine i s most l i k e l y a form of pharmacodynamic t o l e rance 

f o r i n t e r o c e p t i v e s t i m u l u s . 

Several behav io ra l i n v e s t i g a t o r s have suggested t h a t 

t o l e rance i s a l e a r n i n g process, s ince i t i n v o l v e s a change 

i n the pe rcep t i on of a s t imu lus (Dews, 1978; Le Blanc and 
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C a b e l l , 1977 ) . Many models of t o l e r a n c e have been deve loped 

by these i n v e s t i g a t o r s , the most p rom inen t be ing the 

r e i n f o r c e m e n t d e n s i t y h y p o t h e s i s and the c l a s s i c a l 

c o n d i t i o n i n g ( h a b i t u a t i o n ) h y p o t h e s i s . The r e i n f o r c e m e n t 

d e n s i t y h y p o t h e s i s i s based on a s t u d y by S c h u s t e r , Dockens, 

and Woods ( 1 9 6 6 ) , who demons t ra ted t h a t t o l e r a n c e deve lops 

t o b e h a v i o r a l e f f e c t s i f t he i n i t i a l drug e f f e c t caused l o s s 

of r e i n f o r c e m e n t or r e w a r d . T h i s h y p o t h e s i s was f u r t h e r 

deve loped by C o r f i e l d - S u m n e r and S to le rman (1978) and 

Demel1 week and Goudie ( 1 9 8 3 ) , who produced a comprehens ive 

r e v i e w of t o l e r a n c e on a v a r i e t y of drugs and o p e r a n t 

c o n d i t i o n s . However, Goudie and Demellweek (1986) have 

p o i n t e d ou t t h a t a l t h o u g h t h i s h y p o t h e s i s may i n v o l v e many 

drugs and o p e r a n t c o n d i t i o n s , i t i s not i n c l u s i v e f o r a l l 

drugs or c o n d i t i o n s . In t he drug d i s c r i m i n a t i o n p r o c e d u r e , 

t h e r e i s no l o s s of f o o d r e i n f o r c e m e n t f o l l o w i n g i n j e c t i o n 

w i t h the t r a i n i n g or lower doses of c o c a i n e , and w h i l e 

t o l e r a n c e deve loped t o the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of c o c a i n e , no t o l e r a n c e deve loped t o the r a t e 

s u p p r e s s i n g e f f e c t s of the drug (Wood et a l . , 1 9 8 4 ) . Wh i le 

t he r e i n f o r c e m e n t d e n s i t y h y p o t h e s i s may d e s c r i b e b e h a v i o r a l 

t o l e r a n c e , t he l ack of t o l e r a n c e t o the b e h a v i o r a l l y 

d i s r u p t i v e e f f e c t s of c o c a i n e may i n d i c a t e t h a t the 

s u b j e c t i v e and b e h a v i o r a l aspec ts of c o c a i n e can be 

d i f f e r e n t i a t e d i n t he drug d i s c r i m i n a t i o n pa rad igm. 

A second major h y p o t h e s i s on the deve lopment of 
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t o l e r a n c e is t h e c l a s s i c a l c o n d i t i o n i n g m o d e l . In t h e e a r l y 

1 9 6 0 ' s , it w a s o b s e r v e d t h a t e n v i r o n m e n t a l c o n d i t i o n s w e r e 

i m p o r t a n t f o r t h e d e v e l o p m e n t of t o l e r a n c e to o p i a t e s . For 

e x a m p l e , t o l e r a n c e to m o r p h i n e - i n d u c e d a n a l g e s i a o c c u r r e d 

m o r e r a p i d l y in t h e s a m e e n v i r o n m e n t t h a n w h e n t h e s u b j e c t s 

w e r e p l a c e d in a d i f f e r e n t e n v i r o n m e n t ( A d a m s , Y e h , W o o d s 

and M i t c h e l l , 1 9 6 9 ) . S i e g e l ( 1 9 7 5 , 1 9 7 7 ) s u g g e s t e d t h a t 

t h i s t y p e of t o l e r a n c e w a s d u e to a P a v l o v i a n ( 1 9 2 6 ) or 

c l a s s i c a l c o n d i t i o n i n g p h e n o m e n o n . In t h e c l a s s i c a l 

c o n d i t i o n i n g m o d e l a d r u g s e r v e s as an u n c o n d i t i o n e d 

s t i m u l u s ( U C S ) t h a t p r o d u c e s an u n c o n d i t i o n e d r e s p o n s e 

( U C R M i . e . f o r c o c a i n e , e u p h o r i a ) . S i e g e l ( 1 9 7 7 ) f u r t h e r 

s u g g e s t e d t h a t c u e s p a i r e d w i t h d r u g a d m i n i s t r a t i o n ( i . e . 

i n j e c t i o n r i t u a l ) e l i c i t c o n d i t i o n e d r e s p o n s e s ( C R ) t h a t are 

c o m p e n s a t o r y , in n a t u r e . C o n c e p t u a l l y , d r u g d i s c r i m i n a t i o n 

h a s b e e n d e s c r i b e d as an U C S . T o l e r a n c e to and s p o n t a n e o u s 

r e c o v e r y ( e x t i n c t i o n ) f r o m p h a r m a c o l o g i c a l e f f e c t s of a d r u g 

h a v e b e e n d e s c r i b e d in P a v l o v i a n t e r m s and are s i m i l a r to 

the d e v e l o p m e n t of t o l e r a n c e o b s e r v e d f o r t h e d i s c r i m i n a t i v e 

s t i m u l u s p r o p e r t i e s of c o c a i n e . It is s u g g e s t e d t h a t t h e 

i n t e r p r e t a t i o n f o r t o l e r a n c e in a d i s c r i m i n a t i o n p a r a d i g m 

c a n be c o n s t r u c t e d in a P a v l o v i a n f r a m e w o r k . 

W i t h r e s p e c t to d r u g d i s c r i m i n a t i o n s t u d i e s , M c K e n n a 

and Ho ( 1 9 7 7 ) d e m o n s t r a t e d t h a t c h r o n i c a d m i n i s t r a t i o n of 

s a l i n e did not c a u s e a s h i f t of t h e c o c a i n e d o s e - e f f e c t 

c u r v e to t h e r i g h t , p r o m p t i n g t h e p r e s e n t s t u d y of t h e 
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e f f e c t of ch ron i c a d m i n i s t r a t i o n of morphine. A d e f i n i n g 

f e a t u r e of t o l e r a n c e i s t h a t t o l e r a n c e and c r o s s - t o l e r a n c e 

a r i s e on ly w i t h i n a c lass of drugs (Ka lan t e t a l . , 1971) ; 

t h e r e f o r e , c h r o n i c a d m i n i s t r a t i o n of a drug of a d i f f e r e n t 

c lass should have l i t t l e i n f l u e n c e on the p e r c e p t i o n of the 

cocaine s t i m u l u s . Th is hypo thes is was con f i rmed i n t h a t 

morphine t r ea tmen t d id not modi fy the b a s e - l i n e s e n s i t i v i t y 

to the cocaine s t i m u l u s . The morphine dosing regimen 

r e s u l t e d i n c l e a r s igns of phys i ca l dependence when naloxone 

was a d m i n i s t e r e d ; thus n a r c o t i c dependence d id not mod i fy 

the neurochemical mechanisms i n v o l v e d i n the d e t e c t i o n of 

the coca ine s t i m u l u s . 

^-Amphetamine s u b s t i t u t e d f o r cocaine i n a dose-

dependent f a s h i o n , and i t was app rox ima te l y 8 t imes more 

po ten t than coca ine . D i e t h y l p r o p i o n , phenmet raz ine , 

phentermine and me thy lphen ida te a lso s u b s t i t u t e d f o r the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine ; however, 

f e n f l u r a m i n e d i d not s u b s t i t u t e f o r the coca ine s t i m u l u s . 

These f i n d i n g s agree w i t h p rev ious s t u d i e s showing t h a t 

amphetamine-type drugs w i l l s u b s t i t u t e f o r the s t i m u l u s 

produced by coca ine ( D ' M e l l o and S to le rman, 1977; Emmett-

Oglesby et a l . , 1983; Huang and Ho, 1974; Ho et a l . , 1976; 

Ho and McKenna, 1978; Wood et a l . 1984) . These data concur 

w i t h p rev ious s t u d i e s which demonstrate t h a t amphetamine-

type drugs produce d i s c r i m i n a t i v e s t i m u l i s i m i l a r to t h a t 

produced by coca ine ( D ' M e l l o and S to le rman, 1977; Co lpae r t 
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et a l . 1978; Wood et a l . 1984, Wood and Emmett-Oglesby, 

1986) . 

These data a lso concur w i t h those r e p o r t e d by Schuster 

and Johanson (1985) , i n which these a n o r e c t i c drugs were 

t e s t e d across monkeys, p igeons , and r a t s f o r t h e i r a b i l i t y 

to s u b s t i t u t e f o r the s t imu lus p r o p e r t i e s of cUamphetamine. 

S i m i l a r l y to Exper iment 5, f e n f l u r a m i n e cou ld be 

d i f f e r e n t i a t e d f rom o ther a n o r e c t i c drugs as having no 

amphetamine-1ike p r o p e r t i e s . 

In recen t r e p o r t s , the exper imen ta l paradigm of 

s tudy ing the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of drugs has 

been extended to human s u b j e c t s . For example, i t has been 

demonstrated t h a t humans can be t r a i n e d r e l i a b l y to 

d i s c r i m i n a t e amphetamine f rom placebo ( C h a i t , Uh lenhu th , and 

Johanson, 1984; C h a i t , Uh lenhu th , and Johanson, 1985; C h a i t , 

Uh lenhuth , and Johanson, 1986) . In t e s t s i n v o l v i n g 

s u b s t i t u t i o n of a n o r e c t i c drugs f o r the amphetamine 

s t i m u l u s , phenmetrazine was not d i f f e r e n t i a t e d f rom 

amphetamine (Cha i t et a l . , 1986) ; however, f e n f l u r a m i n e 

(Cha i t et a l . , 1986) was d i f f e r e n t compared to the 

amphetamine s t i m u l u s . In the above s t u d i e s , s u b j e c t i v e 

e f f e c t s were a lso assessed w i t h s tandard q u e s t i o n a i r e s , and 

these r e s u l t s p a r a l l e l l e d those of the d i s c r i m i n a t i v e 

paradigm. These data suppor t the hypo thes is t h a t the 

d i s c r i m i t i v e s t i m u l u s and s u b j e c t i v e e f f e c t s are c l o s e l y 

i n t e r r e l a t e d , and t h a t changes i n the s u b j e c t i v e s t a t u s may 
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be a m a j o r f a c t o r for drug d i s c r i m i n a t i o n r e s p o n d i n g . 

T o l e r a n c e to c o c a i n e n e i t h e r i n c r e a s e d nor d e c r e a s e d 

c o c a i n e - l e v e r s e l e c t i o n w h e n s u b j e c t s w e r e t e s t e d w i t h 

f e n f l u r a m i n e . F e n f l u r a m i n e has been r e p o r t e d to be 

n o n s t i m u 1 ating in h u m a n s , and it also a p p e a r s to act by a 

d i f f e r e n t n e u r o l o g i c a l m e c h a n i s m than a m p h e t a m i n e ( D y k e s , 

1 9 8 4 ) . T h e s e data are c o n s i s t e n t with the p r e s e n t f i n d i n g 

of the lack of s u b s t i t u t i o n and c r o s s - t o l e r a n c e to c o c a i n e . 

T h u s the p r e s e n t data s u p p o r t the h y p o t h e s e s that 1) the 

d i s c i m i n a t i v e s t i m u l u s p r o p e r t i e s of c o c a i n e are s p e c i f i c , 

and that 2) the r e l a t i v e e f f i c a c y of o t h e r d r u g s in 

s u b s t i t u t i n g for the c o c a i n e s t i m u l u s d e p e n d s on the 

i n t e n s i t y of the test d r u g ' s s t i m u l u s as c o m p a r e d to the 

c o c a i n e s t i m u l u s . 

T o l e r a n c e to c o c a i n e c o n f e r r e d c r o s s - t o l e r a n c e to 

d i e t h y 1 p r o p i o n , m e t h y l p h e n i d a t e , p h e n m e t r a z i n e , and 

p h e n t e r m i n e . D u r i n g c o c a i n e t o l e r a n c e , the c u r v e s for 

s u b s t i t u t i o n of m e t h y l p h e n i d a t e , p h e n m e t r a z i n e , and 

p h e n t e r m i n e for the c o c a i n e t r a i n i n g s t i m u l u s s h i f t e d 

a p p r o x i m a t e l y 2 - f o l d to the r i g h t , w h i c h is the s a m e 

m a g n i t u d e as the shift for the d e t e c t i o n of c o c a i n e . 

B e c a u s e the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of c o c a i n e 

and a m p h e t a m i n e - t y p e d r u g s h a v e been m e c h a n i s t i c a l l y linked 

to the p r o p e r t y of e n h a n c e m e n t of c e n t r a l n e r v o u s s y s t e m 

d o p a m i n e r g i c n e u r o t r a n s m i s s i o n ( D ' M e l l o and S t o l e r m a n , 1 9 7 7 ; 

O a r b e , 1 9 8 4 ; M c K e n n a and Ho, 1 9 8 0 ) , it is s u g g e s t e d that 
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drugs s h a r i n g this n e u r o c h e m i c a l a c t i o n will show s i m i l a r 

t o l e r a n c e and c r o s s - t o l e r a n c e p r o f i l e s . 

A l t h o u g h d i e t h y l p r o p i o n is an a m p h e t a m i n e - r e l a t e d d r u g , 

the c u r v e for the s u b s t i t u t i o n of d i e t h y l p r o p i o n w a s s h i f t e d 

to a m u c h g r e a t e r e x t e n t . The m a g n i t u d e of t h i s c r o s s -

t o l e r a n c e was such that d i e t h y l p r o p i o n did not c o m p l e t e l y 

s u b s t i t u t e for the c o c a i n e t r a i n i n g s t i m u l u s . D o s e s a b o v e 5 

m g / k g of d i e t h y l p r o p i o n r e s u l t e d in b e h a v i o r a l d i s r u p t i o n 

such that no lever s e l e c t i o n was m a d e d u r i n g the 10 m i n u t e 

test p e r i o d . T h e r e a s o n for the p r o f o u n d c r o s s - t o l e r a n c e 

f r o m c o c a i n e to d i e t h y l p r o p i o n is u n k n o w n . H o w e v e r , in the 

U n i t e d S t a t e s the Drug E n f o r c e m e n t A g e n c y has c l a s s i f i e d 

c o c a i n e , m e t h y l p h e n i d a t e , and p h e n m e t r a z i n e as S c h e d u l e II 

d r u g s , i n d i c a t i n g that t h e y h a v e k n o w n high a b u s e l i a b i l i t y . 

In the p r e s e n t e x p e r i m e n t , the d e g r e e of shift of the d o s e -

e f f e c t c u r v e s d u r i n g t o l e r a n c e was c o m p a r a b l e for t h e s e 

d r u g s . P h e n t e r m i n e , a l t h o u g h c l a s s i f i e d as a S c h e d u l e IV 

drug (less a b u s e p o t e n t i a l than S c h e d u l e II d r u g s ) , has also 

been i m p l i c a t e d as h a v i n g high a b u s e p o t e n t i a l ( C a r a b i l l o , 

1 9 7 8 ) . T h u s the p r e s e n t data d e m o n s t r a t e that a m p h e t a m i n e -

t y p e d r u g s with high a b u s e p o t e n t i a l h a v e a c o m p a r a b l e 

p a t t e r n with r e s p e c t to the d e v e l o p m e n t of c r o s s - t o l e r a n c e 

to t h e i r s t i m u l u s p r o p e r t i e s . D i e t h y l p r o p i o n is also a 

S c h e d u l e IV s u b s t a n c e , and it is g e n e r a l l y c o n s i d e r e d to 

h a v e less a b u s e p o t e n t i a l then the d r u g s d e s c r i b e d a b o v e 

( C o h e n , 1 9 8 0 ; H o e k e n g a et al., 1 9 7 8 ) ; i n t e r e s t i n g l y , it 



113 

showed a d i f f e r e n t p r o f i l e in t he t e s t f o r c r o s s - t o l e r a n c e 

to t h e c o c a i n e s t i m u l u s . Thus , t h e s e f i n d i n g s s u g g e s t t h a t 

t o l e r a n c e in t h e drug d i s c r i m i n a t i o n p r o c e d u r e may have 

p o t e n t i a l f o r e s t a b l i s h i n g a comprehens ive e v a l u a t i o n of 

dependence l i a b i l i t y of CNS s t i m u l a n t s . 

Chronic a d m i n i s t r a t i o n of d-amphetamine produced 

t o l e r a n c e f o r d -amphetamine and c r o s s - t o l e r a n c e f o r c o c a i n e . 

Chronic a d m i n i s t r a t i o n of d-amphetamine produced a g r e a t e r 

s h i f t t o t h e r i g h t of t h e c o c a i n e d o s e - e f f e c t c u r v e than 

c h r o n i c a d m i n i s t r a t i o n of c o c a i n e . No d o s i n g regimen of 

c o c a i n e s h i f t e d t h e d o s e - e f f e c t c u r v e f o r t h e d e t e c t i o n of 

t h e c o c a i n e s t i m u l u s more than 2 - f o l d . In c o n t r a s t , c h r o n i c 

d-amphetamine r e s u l t e d in an a p p r o x i m a t e 4 - f o l d s h i f t t o t h e 

r i g h t of t h e d o s e - e f f e c t c u r v e s f o r both d-amphetamine and 

c o c a i n e . The d u r a t i o n and t i m i n g of amphetamine 

a d m i n i s t r a t i o n were i d e n t i c a l wi th t h o s e f o r c o c a i n e : so 

t h e s e a r e u n l i k e l y t o be i m p o r t a n t v a r i a b l e s in p r o d u c i n g 

t h i s e f f e c t . S i m i l a r l y , t h e dose of amphetamine t h a t was 

s e l e c t e d f o r c h r o n i c a d m i n i s t r a t i o n was o p e r a t i o n a l l y 

e q u i l a v e n t to t h e 20 mg/kg dose of c o c a i n e ; in both c a s e s , 

i t was tw ice t h e dose t h a t produced maximum g e n e r a l i z a t i o n . 

Pe rhaps one v a r i a b l e t h a t might accoun t f o r t h e s e 

d i f f e r e n c e s i s t h e d i f f e r e n c e in d u r a t i o n of a c t i o n of 

c o c a i n e and d - a m p h e t a m i n e . In r a t s , t h e e l i m i n a t i o n h a l f -

l i v e s of c o c a i n e and amphetamine a r e a p p r o x i m a t e l y 20 min. 

( M i s r a , 1976) and 50 min. (Kuhn and S c h a n b e r g , 1978; Z e n i c k , 
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Lasley, Greenland, Caruso, Succop, Price, and Michaelson, 

1982 ) , respectively. Thus, the longer duration of action of 

d-amphetamine might contribute to its tolerance 

characteristics. These data further support the hypothesis 

that a common mechanism mediates tolerance for both drugs 

(Wood et al., 1984 ) . Because the discriminative stimulus 

properties of cocaine and d-amphetamine have been 

mechanistically linked to the property of enhancement of 

central nervous system dopaminergic neurotransmission 

(D'Mello and Stolerman, 1977; Jarbe, 1984; McKenna and Ho, 

1 9 8 0 ) , it is suggested that drugs sharing this neurochemical 

action and substituting for cocaine will show similar 

tolerance and cross-tolerance profiles. 

There i s s u b s t a n t i a l ev idence t h a t b r a i n dopamine i s 

the m e d i a t o r of the c o c a i n e d i s c r i m i n a t i v e s t i m u l u s . For 

example , dopamine r e c e p t o r a g o n i s t s such as apomorphine 

s u b s t i t u t e f o r the coca ine s t i m u l u s ( C o l p a e r t e t a l . , 1978a; 

McKenna and Ho, 1 9 8 0 ) ; and dopamine r e c e p t o r b l o c k i n g agents 

a n t a g o n i z e the c o c a i n e cue ( J a r b e , 1984; McKenna and Ho, 

1980; C o l p a e r t e t a l , 1978b; C o l p a e r t e t a l . , 1 9 7 8 c ) . 

However, r e c e n t l y , t h e r e has been a d i s t i n c t i o n between two 

t ypes of f u n c t i o n a l dopamine r e c e p t o r s i n t he b r a i n based on 

i t s a b i l i t y t o s t i m u l a t e a d e n y l a t e c y c l a s e a c t i v i t y . D l -

t ype dopamine r e c e p t o r s s t i m u l a t e a d e n y l a t e c y c l a s e a c t i v i t y 

( S t o o f and Kebab ian , 1 9 8 4 ) , and D2- t ype dopamine r e c e p t o r s 

i n h i b i t a d e n y l a t e c y c l a s e ( O n a l i , O l i a n a s , and Gessa, 1984 ) . 
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F u r t h e r m o r e , t hese two r e c e p t o r s can be p h y s i c a l l y s e p a r a t e d 

by s t e r i c e x c l u s i o n (Dumbr i11e-Ross , N i z n i k , and Seeman, 

1985 ) . 

In the p r e s e n t e x p e r i m e n t , apomorph ine , a mixed D1 and 

D2 r e c e p t o r a g o n i s t and p i r i b e d i l , a s e l e c t i v e D2 r e c e p t o r 

a g o n i s t , s u b s t i t u t e d f o r the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of c o c a i n e . However, SKF-38393, a s e l e c t i v e D1 

r e c e p t o r a g o n i s t , o n l y p a r t i a l l y s u b s t i t u t e d f o r c o c a i n e . 

These da ta suggest t h a t the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of coca ine are med ia ted by D2 r e c e p t o r s , and 

s u p p o r t s the h y p o t h e s i s t h a t dopamine i s t he p r i m a r y 

m e d i a t o r of t he c o c a i n e s t i m u l u s . However, t h e r e have been 

no s t u d i e s i n v e s t i g a t i n g the neu rochemica l m e d i a t o r s of 

t o l e r a n c e t o t he d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s o f 

coca i ne. 

I f the t o l e r a n c e t o coca ine i s med ia ted by b r a i n 

dopamine then one would expec t t h r e e b a s i c f i n d i n g s . F i r s t , 

c h r o n i c a d m i n i s t r a t i o n of coca ine shou ld decrease 

s e n s i t i v i t y f o r the d e t e c t i o n of a dopam ine rg i c a g o n i s t . 

Second, c h r o n i c a d m i n i s t r a t i o n of a dopam ine rg i c a g o n i s t 

shou ld decrease the d e t e c t i o n of c o c a i n e . T h i r d , 

p r e t r e a t m e n t of a dopamine r e c e p t o r a n t a g o n i s t b e f o r e 

c h r o n i c coca ine s h o u l d b lock the deve lopment of t o l e r a n c e . 

Chron ic a d m i n i s t r a t i o n of c o c a i n e produced t o l e r a n c e t o 

the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of c o c a i n e and c r o s s -

t o l e r a n c e t o t he d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of 
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apomorphine and p i r i b e d i l . However, c r o s s - t o l e r a r i c e to SKF-

38393, d i d not deve lop . These data are s i g n i f i c a n t because 

they suggest t h a t D2 r e c e p t o r s are i n v o l v e d i n med ia t i ng 

t o l e r a n c e to the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of 

coca ine . One i n t e r e s t i n g o b s e r v a t i o n f rom these r e s u l t s was 

t h a t t o l e r a n c e to coca ine abo l i shed the s u b s t i t u t i o n of 

apomorphine f o r the cocaine s t imu lus such t h a t no dose of 

apomorphine r e s u l t e d i n c o c a i n e - a p p r o p r i a t e l eve r 

respond ing . The magnitude of the s h i f t of the apomorphine 

d o s e - e f f e c t curve cou ld not be e s t a b l i s h e d s ince doses 

h igher than 5.0 mg/kg apomorphine r e s u l t e d i n no l eve r 

s e l e c t i o n du r i ng the 10 minute t e s t sess ion . 

A l though mechanisms med ia t i ng t o l e r a n c e to the e f f e c t s 

of coca ine are not e s t a b l i s h e d , i t does not appear t h a t 

pharmacok ine t i c mechanisms account f o r the t o l e r a n c e 

observed i n t h i s p rocedure . For example, c h r o n i c 

a d m i n i s t r a t i o n of coca ine produces n e g l i g i b l e e f f e c t s on i t s 

r a t e of e l i m i n a t i o n , or i t s d i s t r i b u t i o n i n the b r a i n 

( M i s c r a , 1975) . Thus, the t o l e r a n c e t h a t was observed i n 

the present exper iment i s more compat ib le w i t h a 

pharmacodynamic i n t e r p r e t a t i o n of t o l e r a n c e . Resu l t s f rom 

the present exper iment demonstrated a decrease i n potency 

f o r both the s u b s t i t u t i o n of apomorphine f o l l o w i n g 

ch ron i c a d m i n i s t r a t i o n of cocaine and g e n e r a l i z a t i o n to 

cocaine f o l l o w i n g ch ron i c a d m i n i s t r a t i o n of apomorphine. 

Since apomorphine and p i r i b e d i l d i r e c t l y s t i m u l a t e pos t -
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synap t i c dopamine r e c e p t o r s (Kebabian and Calne, 1979) , 

these r e s u l t s suggest t h a t s t i m u l a t i o n of p o s t - s y n a p t i c 

dopaminergic r e c e p t o r s i s a c r i t i c a l event i n the p r o d u c t i o n 

of t o l e r a n c e to the cocaine s t i m u l u s . 

Fu r the r ev idence suppo r t i ng the hypo thes is t h a t 

t o l e r a n c e to the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of 

cocaine i s a c e n t r a l l y mediated pharmacodynamic phenomenon, 

i s t h a t ch ron i c a d m i n i s t r a t i o n of apomorphine and p i r i b e d i l 

s h i f t e d the d o s e - e f f e c t curve f o r g e n e r a l i z a t i o n to the 

cocaine s t i m u l u s g rea te r than t w o - f o l d to the r i g h t . 

However, ch ron i c a d m i n i s t r a t i o n of SKF-38393 d i d not s h i f t 

the cocaine dose e f f e c t c u r v e . Aga in , these data are 

c o n s i s t e n t w i t h the hypo thes is t h a t t o l e r a n c e to the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine i s mediated by 

a mechanism i n v o l v i n g D2 r e c e p t o r s . 

Chronic a d m i n i s t r a t i o n of h a l o p e r i d o l (D1 and D2) and 

s u l p i r i d e (D2) p r i o r to cocaine a d m i n i s t r a t i o n b locked the 

development of t o l e r a n c e . One i n t e r e s t i n g o b s e r v a t i o n i s 

t h a t h a l o p e r i d o l b locked the t r a i n i n g dose on ly 20% and 

s u l p i r i d e b locked the t r a i n i n g dose on ly 30%. These data 

i n d i c a t e t h a t dopamine may not be e x c l u s i v e l y i n v o l v e d i n 

the cocaine cue. Whi le the dopamine hypo thes i s concern ing 

the coca ine cue i s g e n e r a l l y accepted, the r o l e of o ther 

n e u r o t r a n s m i t t e r s such as phenyl e t h y l amine ( C o l p a e r t et a l . , 

1980) , 6ABA (Gay le , 1984) , and endogenous p r o t e i n s (Co lpae r t 

e t . , al , 1983) may a lso be r e s p o n s i b l e f o r med ia t i ng the 
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cocaine stimulus. 

Increased sensitivity to the cocaine stimulus following 

treatment with the dopamine receptor antagonists, 

haloperidol and sulpiride, is further evidence that the 

discriminative stimulus properties of cocaine are mediated 

by a dopaminergic mechanism. Furthermore, when animals were 

tested on saline following chronic haloperidol and 

sulpiride, they responded as though administered a small 

dose of cocaine. This indicates that even in the absence of 

challenge with dopamine agonists, dopamine-related 

behavioral supersensitivity can be demonstrated with the 

drug discrimination paradigm. These data agree with other 

behavioral studies which have reported increased dopamine 

receptor supersensitivity following chronic administration 

of various neuroleptics in response to a dopamine challenge 

(Tarsey and Baldessarini, 1974). However, since the drug 

discrimination paradigm is a behavioral assay system which 

is not influenced by rate of responding, enhanced cocaine 

discrimination following chronic haloperidol or sulpiride 

treatment would suggest changes in dopaminergic function in 

systems other than those directly involved in the control of 

motor behavior. 

These data also agree with a study conducted by Barrett 

and Steranka (1983) which demonstrated that chronic 

administration of haloperidol will increase sensitivity to 

amphetamine when amphetamine was trained as a discriminative 
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s t imu lus i n r a t s . They a lso r e p o r t e d t h a t when t e s t e d on 

s a l i n e , s u b j e c t s inc reased s e l e c t i o n of the amphetamine 

l eve r f o l l o w i n g ch ron i c h a l o p e r i d o l , but decreased s e l e c t i o n 

of the amphetamine l eve r f o l l o w i n g ch ron i c amphetamine. 

These changes p rov ide evidence f o r both enhanced ( f o l l o w i n g 

ch ron i c h a l o p e r i d o l ) and d im in i shed ( f o l l o w i n g c h r o n i c 

amphetamine) dopaminerg ic f u n c t i o n . 

In order to e m p i r i c a l l y t e s t the hypo thes i s t h a t the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine are c e n t r a l l y 

med ia ted, r a t s t r a i n e d by i . p . i n j e c t i o n of coca ine were 

adm in i s te red m i c r o i n j e c t i o n s of coca ine i n the l a t e r a l 

v e n t r i c l e s and t e s t e d f o r coca ine -1 ever s e l e c t i o n . In 

Exper iment 12, coca ine admin i s te red i n t r a c e r e b r o -

v e n t r i c u l a r l y ( i . e . v . ) was g e n e r a l i z e d to the d i s c r i m i n a t i v e 

s t imu lus p r o p e r t i e s of cocaine t r a i n e d by p e r i p h e r a l 

a d m i n i s t r a t i o n . However, when measured at the co r respond ing 

peak t i m e s , coca ine admin i s te red i . e . v . was app rox ima te l y 

40 t imes more po ten t than by i . p . a d m i n i s t r a t i o n . The most 

reasonable account f o r t h i s o b s e r v a t i o n i s t h a t coca ine 

adm in i s t e red i . e . v . i s l i m i t e d on ly by l o c a l d i f f u s i o n f o r 

i n t e r a c t i o n w i t h r e c e p t o r s i n va r i ous b r a i n a reas , whereas, 

w i t h i . p . a d m i n i s t r a t i o n of coca ine , the amount of drug 

reach ing b r a i n r e c e p t o r s i s dependent on the a b s o r p t i o n , 

d i s t r i b u t i o n , and metabol ism of coca ine p e r i p h e r a l l y . 

Data f rom the present exper iment suggest t h a t the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine are c e n t r a l l y 
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mediated. These r e s u l t s are comparable to those i n which d-

amphetamine adm in i s te red i n the l a t e r a l v e n t r i c l e s (R ichards 

et a l . , 1973) and nucleus accumbens ( N i e l s e n and Scheel -

K ruge r , 1986) g e n e r a l i z e d to the amphetamine s t i m u l u s i n 

r a t s t r a i n e d by p e r i p h e r a l a d m i n i s t r a t i o n . With respec t to 

coca ine , two p rev ious s t u d i e s (Ho and S i l ve rman , 1978; 

Richards et a l . , 1973) have f a i l e d to demonstrate t h a t 

cocaine i n j e c t e d i . e . v . w i l l g e n e r a l i z e to the coca ine 

s t i m u l u s . The reason f o r these p rev ious f a i l u r e s i s 

u n c l e a r . However, as demonstated by the t ime course f o r 

g e n e r a l i z a t i o n to the cocaine s t i m u l u s f o r i . e . v . admin is -

t r a t i o n , i t may be p o s s i b l e t h a t the r a p i d d u r a t i o n or 

o f f s e t of the coca ine s t i m u l u s i s r e s p o n s i b l e f o r the lack 

of g e n e r a l i z a t i o n i n the p rev ious exper iments s ince i n our 

exper iments we t e s t e d the r a t s 5 min. post i . e . v . i n j e c t i o n 

compared to 15 min. i n the o ther s t u d i e s . 

In s u b j e c t s t r a i n e d to de tec t a p e r i p h e r a l i n j e c t i o n of 

10.0 mg/kg coca ine and made t o l e r a n t by p e r i p h e r a l 

i n j e c t i o n , t o l e r a n c e a lso occur red to coca ine adm in i s t e red 

i . c . v . Moreover, the t o l e r a n c e t h a t was produced was of a 

comparable magnitude f o r both v e n t r i c u l a r and p e r i p h e r a l 

a d m i n i s t r a t i o n of coca ine . Thus, these data are i n c o m p a t i b l e 

w i t h a pharmacok ine t i c e x p l a n a t i o n of t o l e r a n c e , which i s 

c o n s i s t e n t w i t h the o b s e r v a t i o n t h a t ch ron i c a d m i n i s t r a t i o n 

of cocaine produces n e g l i g i b l e e f f e c t s on i t s r a t e of 

metabo l ism, e l i m i n a t i o n , or d i s t r i b u t i o n i n the b r a i n or 
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plasma ( M i s r a , 1976) . The data a re , however, compa t ib le 

w i t h the hypo thes is t h a t t o l e r a n c e to the d i s c r i m i n a t i v e 

s t imu lus p r o p e r t i e s of cocaine i s a c e n t r a l l y mediated 

pharmacodynamic phenomenon. As a d d i t i o n a l suppor t f o r t h i s 

h y p o t h e s i s , c h r o n i c a d m i n i s t r a t i o n of the dopamine r e c e p t o r 

agon i s t s apomorphine and p i r i b e d i l , s h i f t e d the d o s e - e f f e c t 

curve f o r g e n e r a l i z a t i o n to the coca ine s t i m u l u s t w o - f o l d to 

the r i g h t . Thus t o l e r a n c e to the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of coca ine may be mediated by a mechanism 

i n v o l v i n g dopamine r e c e p t o r s . 

There have been no s t u d i e s i n v e s t i g a t i n g whether the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of coca ine are mediated 

at s i t e - s p e c i f i c b r a i n a reas . R e c e n t l y , N ie l sen and Scheel -

Kruger (1986) r e p o r t e d t h a t amphetamine adm in i s te red i n the 

nucleus accumbens g e n e r a l i z e d to the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s of amphetamine t r a i n e d by p e r i p h e r a l ( i . p . ) 

a d m i n i s t r a t i o n . Compat ib le w i t h the r e s u l t s i n the N ie lsen 

s tudy , coca ine i n j e c t e d i n the the nucleus accumbens 

produced a d i s c r i m i n a t i v e s t imu lus s i m i l a r to t h a t produced 

by p e r i p h e r a l a d m i n i s t r a t i o n . Cocaine adm in i s t e red i n e i t h e r 

the p r e f r o n t a l c o r t e x or caudate-putamen d id not produce 

c o c a i n e - l i k e respond ing . These data suggest t h a t the 

nucleus accumbens may p lay an impor tan t r o l e i n med ia t i ng 

cocaine d i s c r i m i n a t i o n . Fur the rmore , the lack of a coca ine-

l i k e response f o l l o w i n g i n t r a c e r e b r a l a d m i n i s t r a t i o n of 

cocaine i n the p r e f r o n t a l c o r t e x or caudate-putamen 
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i n d i c a t e s t h a t d i f f u s i o n of cocaine f rom the nucleus 

accumbens i n t o o ther b r a i n areas does not account f o r 

c o c a i n e - l i k e respond ing f o l l o w i n g cocaine i n j e c t i o n i n the 

nucleus accumbens. 

Neuroanatomical pathways have shown severa l dopamin-

e r g i c pathways w i t h i n the c e n t r a l nervous system. The 

mesol imbic system c e l l bodies (A10) o r i g i n a t e i n the v e n t r a l 

tegmentum w i t h i n the decussa t ion of the s u p e r i o r c e r e b e l l a r 

peduncle w i t h axons ex tend ing r o s t r a l l y to the nuc leus 

accumbens, o l f a c t o r y t u b e r c l e , and s t r i a t u m ( K e l l e y , 

Domesick, and Nauta, 1982) . A second pathway, the 

m e s o c o r t i c a l system, c o n t a i n s c e l l bodies t h a t o r i g i n a t e i n 

the v e n t r a l tegmenta l area and extend to the f r o n t a l c o r t e x 

( L i n d v a l l and B j o r k l u n d , 1974) . A t h i r d pathway, the 

combined axons from c e l l s i n A8 and A9 l o c a t e d i n the 

v e n t r o l a t e r a l tegmentum and zona compacta of the s u b s t a n t i a 

n i g r a , forms the n i g r o s t r i a t a l pathway which i n n e r v a t e the 

caudate-putamen area . 

Var ious behav io ra l e f f e c t s have been assoc ia ted w i t h 

the s p e c i f i c dopaminerg ic pathways. For example, the 

m e s o c o r t i c a l system has been i m p l i c a t e d i n coca ine s e l f -

a d m i n i s t r a t i o n s ince i t i s r e i n f o r c e d i n the p r e f r o n t a l 

c o r t e x , but not i n the nucleus accumbens, s t r i a t u m , or 

caudate-putamen area (Dwork in , Goeders and Smi th , 1986) . The 

n i g r o s t r i a t a l system has been i m p l i c a t e d i n med ia t i ng 

locomotor and s te reo t yped behav ior (Moore and K e l l y , 1978; 
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M o o r e , 1 9 7 8 ) , w h e r e a s the m e s o l i m b i c s y s t e m has been 

i m p l i c a t e d in drug e f f e c t s r e l a t e d to p s y c h o s i s ( C a r r a n d 

W h i t e , 1 9 8 3 ; Neill and J u s t i c e , 1 9 8 1 ) and h i g h l y i n t e g r a t e d 

f o r m s of b e h a v i o r such as r e i n f o r c e m e n t and l e a r n i n g 

( R o b b i n s and E v e r e t t , 1 9 8 2 ; R o b b i n s and K o o b , 1 9 8 0 ; S o l o m o n 

and S t a t o n , 1 9 8 2 ) . 

W h i l e it m a y be o v e r s i m p l i s t i c to c a t e g o r i z e h i g h l y 

i n t e r g r a t e d f o r m s of b e h a v i o r to s p e c i f i c b r a i n a r e a s , the 

p r e s e n t data s u g g e s t that the m e s o l i m b i c d o p a m i n e p a t h w a y 

may m e d i a t e c o c a i n e drug d i s c r i m i n a t i o n . It is r e c o g n i z e d 

that other s i t e s c a n n o t be e x c l u d e d s i n c e o n l y a few w e r e 

t e s t e d . H o w e v e r , it may even be p o s s i b l e that drug 

d i s c r i m i n a t i o n in g e n e r a l m a y be r e l a t e d to s p e c i f i c b r a i n 

a r e a s , s i n c e c o c a i n e , a m p h e t a m i n e ( N i e l s e n and S c h e e l -

K r u g e r , 1 9 8 6 ) , and L S D ( N i e l s e n and S c h e e 1 - K r u g e r , 1 9 8 6 ) 

i n j e c t e d in the n u c l e u s a c c u m b e n s will p r o d u c e a s t i m u l u s 

s i m i l a r to that of s y s t e m i c a l l y a d m i n i s t e r e d d r u g . 

The e f f e c t s of r e p e a t e d a d m i n i s t r a t i o n of c o c a i n e on 

s p o n t a n e o u s m o t o r a c t i v i t y and s t e r e o t y p y h a v e been 

e x t e n s i v e l y s t u d i e d . H o w e v e r , t h e s e s t u d i e s h a v e p r o d u c e d 

c o n f l i c t i n g r e s u l t s . For e x a m p l e , t o l e r a n c e has been 

r e p o r t e d for l o c o m t o r a c t i v i t y ( R o y , B h a t t a c h a r y y a , P r a d h a n , 

and P r a d h a n , 1 9 7 8 ; S a h a k i a n , R o b b i n s , M o r g a n , and I v e r s e n , 

1 9 7 5 ) and s t e r e o t y p y ( P o s t , K o p a n d a , and B l a c k , 1 9 7 6 ) . 

O t h e r s t u d i e s using s i m i l a r p a r a d i g m s h a v e e i t h e r f a i l e d to 

find t o l e r a n c e or e n h a n c e d s e n s i t i v i t y for l o c o m o t o r 
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a c t i v i t y (Ho, T a y l o r , Es tevez , E n g l e r t , and McKenna, 1977; 

Post and Rose, 1976) and s t e r e o t y p y ( P o s t , Kopanda, and 

B lack , 1978; Pradhan, Roy, and Pradhan, 1978; S t r i p l i n g and 

E l l i n w o o d , 1977) . In one s t u d y , repeated a d m i n i s t r a t i o n of 

coca ine , 15 m g / k g / 1 2 - h r , produced enhanced s t e r e o t y p y and 

locomotor a c t i v i t y by 9 days of ch ron i c a d m i n i s t r a t i o n , but 

produced t o l e r a n c e by 15-30 days (Roy, Bha t t acha ryya , 

Pradhan, and Pradhan, 1978) . Thus, i t appears t h a t the 

amount and d u r a t i o n of cocaine a d m i n i s t r a t i o n p lay an 

impor tan t r o l e whether t o l e r a n c e or s e n s i t i v i t y develops 

f o l l o w i n g ch ron i c coca ine a d m i n i s t r a t i o n . 

In Exper iment 14 and 15, cocaine produced a dose-

dependent inc rease i n h o r i z o n t a l and v e r t i c a l locomotor 

a c t i v i t y and s t e r e o t y p y . However, c h r o n i c a d m i n i s t r a t i o n of 

coca ine , 20 mg /kg /8 -h r f o r 7 days, d i d not produce e i t h e r 

t o l e r a n c e or s e n s i t i v i t y f o r locomotor a c t i v i t y or 

s t e r e o t y p y . With respec t to coca ine d i s c r i m i n a t i o n s t u d i e s , 

t h i s ch ron i c drug regimen produced t o l e r a n c e to the 

d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of cocaine ( f o r r e v i e w s , 

see I n t r o d u c t i o n ) . The impor tance of these data are t h a t 

t o l e r a n c e develops to one behav io ra l paradigm (drug 

d i s c r i m i n a t i o n ) , but not to o ther behav io ra l paradigms 

( locomotor a c t i v i t y and s t e r e o t y p y ) m a i n t a i n i n g a s i m i l a r 

ch ron i c coca ine reg imen. Whi le a l l t h ree behav io ra l events 

have been assoc ia ted w i t h a l t e r a t i o n s of dopamine 

t r a n s m i s s i o n , i t appears t h a t d i f f e r e n t mechanisms mediate 
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t h e s e e v e n t s . 

In c o n c l u s i o n , the data from the a b o v e e x p e r i m e n t s 

s u g g e s t that t o l e r a n c e to the d i s c r i m i n a t i v e s t i m u l u s 

p r o p e r t i e s p r o d u c e d by c o c a i n e is m e d i a t e d by the 

d o p a m i n e r g i c s y s t e m w h i c h is i n d e p e n d e n t of o t h e r b e h a v i o r a l 

p a r a m e t e r s . F u r t h e r m o r e , the s t i m u l u s p r o p e r t i e s of c o c a i n e 

and a m p h e t a m i n e - t y p e c o m p o u n d s are s i m i l a r . T h e data s u g g e s t 

that the d i s c r i m i n a t i v e s t i m u l u s p r o p e r t i e s of t h e s e 

c o m p o u n d s are m e d i a t e d via a l t e r a t i o n of d o p a m i n e r g i c 

t r a n s m i s s i o n in the m e s o l i m b i c p a t h w a y . S i n c e the drug 

d i s c r i m a t i o n p a r a d i g m has been p r o p o s e d as an in vivo 

a s s e s s m e n t of the s u b j e c t i v e e f f e c t s of d r u g s w h i c h 

p a r a l l e l the s u b j e c t i v e e f f e c t s e x p e r i e n c e d in m a n 

( S c h u s t e r and B a l s t e r , 1 9 8 4 ) , the drug d i s c r i m i n a t i o n 

p a r a d i g m m a y o f f e r a p o w e r f u l m e t h o d o l o g y for i n v e s t i g a t i n g 

p h a r m a c o d y n a m i c t o l e r a n c e . 

V i r t u a l l y n o t h i n g is k n o w n about p h a r m a c o d y n a m i c 

t o l e r a n c e for the s u b j e c t i v e e f f e c t s of c o c a i n e or 

a m p h e t a m i n e - t y p e d r u g s in h u m a n s . In one of the few 

c o n t r o l l e d c l i n i c a l t r i a l s i n v e s t i g a t i n g t o l e r a n c e for 

c o c a i n e , the e u p h o r i c e f f e c t s of a 3 2 - m g dose of c o c a i n e 

w e r e d i m i n i s h e d if the dose was given 1 hr after a p r e v i o u s 

dose ( F i s c h m a n and S c h u s t e r , 1 9 8 2 ) . T h i s o b s e r v a t i o n 

s u g g e s t s that t o l e r a n c e for the s u b j e c t i v e e f f e c t s of 

c o c a i n e may be m o r e p r e v a l e n t and e a s i l y o b t a i n e d than 

c o m m o n l y b e l i e v e d . In t h i s r e g a r d , drug d i s c r i m i n a t i o n 
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l e a r n i n g i n animals has been proposed as an assay f o r i_n 

v i vo assessment of " s u b j e c t i v e l y " exper ienced e f f e c t s of 

drugs i n subhuman s u b j e c t s (Emmett-Oglesby et a l , 1984; Lai 

and Emmett-Oglesby, 1983; Ja rbe , 1984) . T h e r e f o r e , t h i s 

paradigm may o f f e r a power fu l methodology f o r i n v e s t i g a t i n g 

neura l mechanisms med ia t i ng t o l e r a n c e to s u b j e c t i v e drug 

e f f e c t s f o l l o w i n g ch ron i c a d m i n i s t r a t i o n of drugs of abuse. 



APPENDIX 

(OPERANT PACKAGE FOR THE NEUROSCIENCES) 

SHAPING PROGRAM UTILIZING OPN 

Developed by: 

M.W. Emmett-Og1esby 

D.G. Spencer , J r . 

and 

D.E. A r n o u l t 

(1984 : used by p e r m i s s i o n ) 
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Procedure file: DAY1L 
Component Sequence: 
1, 2 , 3 ,4, R 1,10 0 

Component 1 
FR 1 
Left levers are correct. 
No correction contingency. 
Component exits on timeout to Component 1. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 2 
Left levers are correct. 
No correction contingency. 
Component exits on timeout to Component 2. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 3 
FR 5 
Left levers are correct. 
No correction contingency. 
Component exits on timeout to Component 3. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 4 
FR 10 
Left levers are correct. 
No correction contingency. 
Component exits on timeout to Component 1. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 
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Procedure file: DAY1R 
Component Sequence: 
1,2,3,4,R 1,10 0 

Component 1 
FR 1 
Right levers are correct. 
No correction contingency. 
Component exits on timeout to Component 1. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 2 
Right levers are correct. 
No correction contingency. 
Component exits on timeout to Component 2. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 3 
FR 5 
Right levers are correct. 
No correction contingency. 
Component exits on timeout to Component 3. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 4 
FR 10 
Right levers are correct. 
No correction contingency. 
Component exits on timeout to Component 1. 
Component lasts 60 minutes. 
Exit after 50 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 
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Procedure file: DAY2L 
Component Sequence: 
1, 2 , 3 ,4, R 1,10 0 

Component 1 
FR 1 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 10 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 2 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 10 reinforcements to next item on list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 3 
FR 5 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 50 reinforcements to next item in list, 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 4 
FR 10 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 50 reinforcements to next item in list 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 
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P r o c e d u r e f i l e : D A Y 2 R 
C o m p o n e n t S e q u e n c e : 
1 , 2 , 3 , 4 , R 1 , 1 0 0 

C o m p o n e n t 1 
FR 1 
R i g h t l e v e r s are c o r r e c t . 
No c o r r e c t i o n c o n t i n g e n c y . 
C o m p o n e n t d o e s not e x i t on t i m e . 
E x i t a f t e r 10 r e i n f o r c e m e n t s to n e x t item in l i s t . 
T h i s c o m p o n e n t d e l i v e r s r e i n f o r c e m e n t to L V B 9 6 . 
C o n s t a n t o u t p u t s o n : 
O u t p u t 1 1 0 , c y c l e t i m e : C o n s t a n t l y o n . 

C o m p o n e n t 2 
FR 2 
R i g h t l e v e r s are c o r r e c t . 
No c o r r e c t i o n c o n t i n g e n c y . 
C o m p o n e n t d o e s not e x i t on t i m e . 
E x i t a f t e r 10 r e i n f o r c e m e n t s to n e x t i t e m on l i s t . 
T h i s c o m p o n e n t d e l i v e r s r e i n f o r c e m e n t to L V B 9 6 . 
C o n s t a n t o u t p u t s o n : 
O u t p u t 1 1 0 , c y c l e t i m e : C o n s t a n t l y o n . 

C o m p o n e n t 3 
FR 5 
R i g h t l e v e r s are c o r r e c t . 
No c o r r e c t i o n c o n t i n g e n c y . 
C o m p o n e n t d o e s not e x i t on t i m e . 
E x i t a f t e r 50 r e i n f o r c e m e n t s to n e x t i t e m in l i s t . 
T h i s c o m p o n e n t d e l i v e r s r e i n f o r c e m e n t to L V B 9 6 . 
C o n s t a n t o u t p u t s o n : 
O u t p u t 1 1 0 , c y c l e t i m e : C o n s t a n t l y o n . 

C o m p o n e n t 4 
FR 10 
R i g h t l e v e r s are c o r r e c t . 
No c o r r e c t i o n c o n t i n g e n c y . 
C o m p o n e n t d o e s not e x i t on t i m e . 
E x i t a f t e r 50 r e i n f o r c e m e n t s to n e x t i t e m in l i s t . 
T h i s c o m p o n e n t d e l i v e r s r e i n f o r c e m e n t to L V B 9 6 . 
C o n s t a n t o u t p u t s o n : 
O u t p u t 1 1 0 , c y c l e t i m e : C o n s t a n t l y o n . 
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Procedure file: DAY3L 
Component Sequence: 
1,2,3,0 

Component 1 
FR 2 
Left levers are correct. 
No correction contingency. 
Component does not ex-'t on time. 
Exit after 5 rei nforcenents to next item on list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 5 
Left levers are correct. 
No correction contingency. 
Component does not ex ;t on time. 
Exit after 5 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96.' 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 3 
FR 10 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 50 reinforcements to next item in list 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 
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Procedure file: DAY3R 
Component Sequence: 
1,2,3,0 

Component 1 
FR 2 
Right levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 5 reinforcements to next item on list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 5 
Right levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 5 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 3 
FR 10 
Right levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 50 reinforcements to next item in list 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 
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Procedure file: DAY5L 
Component Sequence: 
1 , 2 , 0 

Component 1 
FR 5 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 5 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 10 
Left levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 50 reinforcements to next item in list 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Procedure file: DAY5R 
Component Sequence: 
1 , 2 , 0 

Component 1 
FR 5 
Right levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 5 reinforcements to next item in list. 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 

Component 2 
FR 10 
Right levers are correct. 
No correction contingency. 
Component does not exit on time. 
Exit after 50 reinforcements to next item in list, 
This component delivers reinforcement to LVB 96. 
Constant outputs on: 
Output 110, cycle time: Constantly on. 
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GANOVA 3 

GENERAL UNIVARIATE AND MULTIVARIATE 
ANALYSIS OF VARIANCE 

COPYRIGHT 198 3 
M.L.BRECHT & J.A.WOODWARD 

SUMMARY OF^THE^DESIGN 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

HORIZONTAL LOCOMOTOR ACTIVITY, 10 MIN, CN GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 688802.1 DF= 1 MSH= 688802.0625 

SSE= 5674164 DF= 5 M S E = 1134833 

F= .6069635 DF= 1 , 5 P=0.4755 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 1.512182E+07 
DF= 3 

SSE= 1.706579E+07 
DF= 15 

MSH= 5040606 

MSE= 1137719 

F= 4.430448 DF= 3 , 15 P=0.0200 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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ANALYSIS OF VARIANCE 
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M.L.ERECHT & J.A.WOODWARD 

S U ^ R Y OF/f^EilGN 

2 —WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

VERTICAL LOCOMOTOR AITIVITY, 10 MIN., CN GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 170885.3 DF= 1 

SSE= 716976.7 DF= 5 

F= 1.191708 DF= 1 

MSH= 170885.328125 

MSE= 143395.4 

P=0.3258 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 363641.1 DF= 3 

SSE= 1097374 DF= 15 

MSH= 121213.7 

MSE= 73158.28 

F= 1.656869 DF= 3 , 15 P=0.2180 
(VALID ONLY UNCER COMPOUND SYMMETRY) 
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SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

HORIZONTAL LOCOMOTOR ACTIVITY, 20 M I N . , CN GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 483004.7 DF= 1 MSH= 483004.6875 

SSE= 2.873617E+07 DF= 5 MSE= 5747234 

F= 8.404125E-02 DF= 1 , 5 P=0.7727 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 6.296274E+07 
DF= 3 MSH= 2 . 098758E+07 

SSE= 3.953243E+07 
DF= 15 MSE= 2635495 

F= 7.96343 DF= 3 , 15 P=0.0024 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

VERTICAL LOCOMOTOR ACTIVITY, 20 MIN., CN GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 26461.02 DF= 1 MSH= 26461.021484375 

SSE= 1680433 DF= 5 MSE= 336086.6 

F= 7.873275E-02 DF= 1 , 5 P=0.7785 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 2340616 DF= 3 MSH= 780205.3 

SSE= 2448514 DF= 15 MSE= 163234.3 

F= 4.779666 DF= 3 , 15 P=0.0156 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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GENERAL UNIVARIATE AND MULTIVARIATE 
ANALYSIS OF VARIANCE 

COPYRIGHT 1983 
M.l.BRECHT & J.A.WOODWARD 

SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUEJECTS ENTERED FROM TERMINAL 

HORIZONTAL LOCOMOTOR ACTIVITY, 10 MIN., CONTROL GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 860816.3 DF= 1 

SSE= 1.086765Z+07 DF= 5 

F= .3960453 DF= 1 , 5 

MSH= 860816.3125 

MSE= 2173530 

P=0.5607 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 6.490324E+07 
DF= 3 MSH= 2.163445E+07 

SSE= 2.702212E+07 
DF= 15 MSE= 1801474 

F= 12.0093 DF= 3 , 15 P=0.0005 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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GANOVA 3 

GENERAL UNIVARIATE AND MULTIVARIATE 
ANALYSIS OF VARIANCE 

COPYRIGHT 198 3 
M.L.BRECHT & J.A.WOODWARD 

SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

VERTICAL LOCOMOTOR ACTIVITY, 10 MIN., CONTROL GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 130625.3 DF= 1 MSH= 130625.3359375 

SSE= 465326.2 DF= 5 MSE= 93065.24 

F= 1.403589 DF= 1 , 5 P=0.2896 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 445802.8 DF= 3 MSH= 148600.9 
SSE= 1289891 DF= 15 MSE= 85992.72 

F= 1.728064 DF= 3 , 15 P=0.2034 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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GANOVA 3 

GENERAL UNIVARIATE AND MULTIVARIATE 
ANALYSIS OF VARIANCE 

COPYRIGHT 198 3 
M.L.BRECHT & J.A.WOODWARD 

SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

HORIZONTAL LOCOMOTOR ACTIVITY, 20 MIN., CONTROL GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 705432.5 DF= 1 MSH= 705432.5 

SSE= 1.235647E+07 DF= 5 MSE= 2471293 

F= .2854508 DF= 1 , 5 P=0.6189 

* * * * * * * * * * * * * * * * * * * * * * * * 
MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 7.493143E+07 
DF= 3 MSH= 2.497714E+07 

SSE= 4.275363E+07 
DF= 15 MSE= 2850242 

F= 8.763164 DF= 3 , 15 P=0.0016 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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GANOVA 3 

GENERAL UNIVARIATE AND MULTIVARIATE 
ANALYSIS OF VARIANCE 

COPYRIGHT 1983 
M.L.BRECHT & J.A.WOODWARD 

SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) TREATME 2 
( 2 ) DOSE 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

VERTICAL LOCOMOTOR ACTIVITY, 20 MIN., CONTROL GROUP 
* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( TREATME) 

UNIVARIATE TESTS 

SSH= 30906.75 DF= 1 MSH= 30906.75 

SSE= 381102 DF= 5 MSE= 76220.4 

F= .4054919 DF= 1 , 5 P=0.5562 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( DOSE) 

UNIVARIATE TESTS 

SSH= 1027199 DF= 3 MSH= 342399.5 

SSE= 2087636 DF= 15 MSE= 139175.7 

F= 2.460196 DF= 3 , 15 P=0.1020 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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GANOVA 3 

GENERAL UNIVARIATE AND MULTIVARIATE 
ANALYSIS OF VARIANCE 

COPYRIGHT 1983 
M.L.BRECHT & J.A.WOODWARD 

SUMMARY OF THE DESIGN * * * * * * * * * * * * * * * * * * * * * * * * 

2 -WAY ANOVA WITH EQUAL N AND FIXED EFFECTS 

2 WITHIN-SUBJECT NO.OF 
FACTORS LEVELS 

( 1 ) treatme 2 
( 2 ) dose 4 

* * * * * * * * * * * * * * * * * * * * * * * * 

DATA: 6 SUBJECTS ENTERED FROM TERMINAL 

EFFECT OF CHRONIC COCAINE ON STEREOTYPIC BEHAVIOR * * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 1 ( treatme) 

UNIVARIATE TESTS 

SSH= 11.02083 DF= 1 MSH= 11.02083301544189 

SSE= 16.85417 DF= 5 MSE= 3.370834 

F= 3.269468 DF= 1 , 5 P=0.1290 

* * * * * * * * * * * * * * * * * * * * * * * * 

MAIN EFFECT OF FACTOR 2 ( dose) 

UNIVARIATE TESTS 

SSH= 101.5625 DF= 3 MSH= 33.85417 
SSE= 82.5625 DF= 15 MSE= 5.504167 

F= 6.150644 DF= 3 , 15 P=0.0064 
(VALID ONLY UNDER COMPOUND SYMMETRY) 
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