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WOOD, D M , K C RETZ AND M W EMMETT-OGLESBY Evidence oJ a central mechamsm medtanng tolerance to 
the dtscrtmtnattve sttmulus properttes oJ cocame PHARMACOL BIOCHEM BEHAV 28(3) 401-406, 1987 --Rats were 
trained to detect lntrapentoneal (1P) administration of cocaine, 10 0 mg/kg, using a two-lever choice discrimination proce- 
dure Following training, cocaine was generahzed to the cocaine training stimulus in a dose-dependent manner Subse- 
quently, bilateral cannulae were implanted in the lateral ventricles ~n ten animals, and lntracerebroventncular (ICV) 
admlnlstratlon of cocaine was also generalized to the IP training dose in a dose-dependent manner with maximum gener- 
alization occurnng with 80/~g cocaine After basehne testing, training was halted and cocmne, 20 mg/kg/8-hr, was rejected 
chronically m all rats for 6 days, and then the dose-effect curve for generahzat~on of cocmne was redetermlned Chronic 
admlmstratlon of cocaine sagmficantly shifted the dose-effect curve three-fold to the right for both IP and ICV routes of 
admlnistrataon These data suggest that the stimulus properties of cocmne admlmstered centrally are generahzed m rats 
trained by peripheral administration and supports the hypothes~s of central medmtlon of the cocaine stimulus Also, the 
comparable shaft of the cocaine dose-effect curve following chronic cocaine administration suggests that a central phar- 
macodynam~c mechanism mediates tolerance to the d~scnm~natlve stimulus properties of cocaine 

Cocaine Discriminative stimulus Tolerance Rats 

C O C A I N E  can serve  as a d~scnmmatlve  st imulus in rats [2, 
5, 9, 13, 15-17, 28-30]. Using operant  condl t lomng proce-  
dures  that differentially reinforce selected responses ,  sub- 
j ec t s  can be trained to emit  one response  in the presence  o f  
cocaine  and to emit  an al ternate response  in the absence of  
cocaine  Fol lowing discr iminat ion training, o ther  drugs can 
be tes ted for their  abdlty to ehclt  coca ine- lever  responding 
In such tests,  dopamme- recep to r  agonlsts  such as apomor-  
phlne,  plribedd, bromocrypt~ne and amantadlne ,  substitute 
for the cocaine  st imulus [5,17], converse ly ,  dopamlne-  
receptor  antagonists  such as ha lopendol  and sulplride, block 
the cocaine  stimulus [2, 5, 13, 17]. These  data have  been 
interpreted as ev idence  that  the cocaine  stimulus 1s media ted  
by dopamlne  receptors ,  p resumably  in dopamlne -nch  brain 
areas [17]. 

Recent ly ,  Nie lsen  and Schee l -Kruger  [19] repor ted  that 
d -amphe tamine  adminis tered d~rectly Into the nucleus ac- 
cumbens  general izes  to the st imulus propert ies  o f  
d -amphe tamine  trained by mt rapen tonea l  (IP) inject ion,  
demonst ra t ing  that the d~scnmlnat~ve stimulus propert ies  of  
amphe tamine  are central ly media ted  Because  o f  the 

similarities be tween  the stamulus proper t ies  of  amphetamine  
and cocaine  ]6, 9, 10, 12, 28], at is hkely that the dascrimana- 
tave stamulus proper t ies  o f  cocaine  are also central ly 
mediated The present  experament tes ted this hypothesas by 
t rammg rats to detect  the stmaulus proper t ies  o f  cocaine  ad- 
minis tered peripheral ly  and then test ing for generallzataon of  
this stamulus to cocaine  injected ln t racerebrovent r lcular ly  

The detect ion o f  the stimulus proper t ies  of  drugs has been  
proposed  as an animal model  o f  human subject ive drug ef- 
fects  [1,25] Therefore ,  studies o f  to lerance to the stimulus 
proper t ies  o f  drugs provide  a potent ial ly useful procedure  for 
understanding to lerance  to their  subject ive effects.  In preva- 
ous exper iments ,  using rats trained to dascnmmate  10 0 
mg/kg cocaine,  when  cocaine,  20.0 mg/kg/8-hr,  was adminis- 
tered for 6 days,  the dose-effect  curve  for the detect ion of  
cocaine  slgnLficantly shifted to the right. Thus,  to lerance de- 
ve loped  to the dascnmlnatave stamulus propertaes o f  the drug 
[17, 28, 29]; in addatlon, c ross- to lerance  was confer red  to 
amphetamine- type  drugs [10, 28, 29] In the present  experi-  
ment ,  rats were  trained to detect  cocaine ,  10.0 mg/kg, ad- 
minis tered IP, and tests were  conduc ted  to determine  

~Requests for repnnts should be addressed to M~chael W Emmett-Oglesby, Dept of Pharmacology, Texas College of Osteopathic 
Medicine, Fort Worth, TX 76107 

401 



402 WOOD, RETZ AND EMMET-OGLESBY 

whether cocaine given ICV would generahze to the traznmg 
stimulus Subsequently, subjects were given h~gh-dose co- 
caine treatments by peripheral administration for 6 days, and 
dose-effect data for peripherally and centrally administered 
drug were re-determined. 

METHOD 

Subjects 

Eighteen male Long-Evans hooded rats (Charles River 
Breeding Laboratories, Wlllmlngton, MA) were housed ~n- 
dlvldually in a large room of constant temperature (21 +-- I°C). 
Body weights were maintained at 320--- 10 g by limiting dally 
access to food Water was available ad lib. 

Apparatus 

Discrimination training was conducted in standard oper- 
ant chambers (Coulbourn Instruments, Lehigh Valley, PA) 
Each chamber was housed in a hght and sound attenuating 
box that was fan ventilated. On one wall of the chamber a 
house hght was mounted centrally above a food cup, which 
was located between two response levers Food reward (45 
mg pellets, BloServ, Frenchtown, NJ) was dehvered by a 
pellet dispenser Recording of lever responses and schedul- 
ing of reinforcement contingencies were performed through 
TRS-80 Model-III-mlcrocomputers and printers through 
LVB ~nterfaces (Med Associates, East Fairfield, VT) using a 
program developed in this laboratory [26] 

Dtscrtmtnatton Training 

Using food as a reinforcer, subjects were trained to press 
a lever, and their behavior was shaped progressively untd 
I0 lever-press responses (FR10) were required to obtain rein- 
forcement Subjects were then trained to press one of the 
levers following cocaine injection and the other lever follow- 
lng sahne injection. For th~s training, sahne or cocaine, 10.0 
mg/kg, was injected IP, 15 mln prior to each 10 mln session 
Following cocaine injection, only FR10 responses on one of  
the levers (the cocaine lever) were reinforced, responses on 
the saline lever were recorded but not reinforced. S~mllarly, 
following ~njectlon of  saline, only FR10 responses on the 
saline lever were reinforced, and responses on the cocaine 
lever were recorded but not reinforced There were an equal 
number of cocaine (C) and sahne (S) training sessions, which 
were presented in the following repeating sequence 
CSSCSCCSCSSSCCSSCSCC This sequence was selected 
such that no condition occurred more than 3 training ses- 
sions in succession 

Only responses emitted prior to obtaining the first rein- 
forcement were used to determine which lever was selected, 
and the first lever on which 10 responses occurred was con- 
s~dered the selected lever The criterion for learning the d~s- 
crtmlnatlon was defined as 10 successive sessions of correct 
lever selection with ten responses on the lever appropriate to 
the drug condition (cocaine or saline) with fewer than 10 
responses on the incorrect lever. Once th~s criterion had 
been achieved, tests were conducted whenever the correct 
lever was selected for four consecutive sessions. 

Generahzatton Testing 

The testing procedure was identical to the training proce- 
dure, except that 10 responses on either lever produced a 
food reinforcer, and sessions were conducted only until one 
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FIG 1 Tralmng data for the acquisition of cocaine as a dlscnm~na- 
txve stimulus Abscissa, sessions of training on cocaine (I0 0 mg/kg) 
and on 0 9% sahne (1 ml/kg) Ordmate, percentage of subjects com- 
pletmg 10 responses on the cocaine lever before receiving rein- 
forcement Each point represents the mean of four administrations 
of cocaine (&) or sahne ((3) 

reinforcer was obtained or 10 mm had elapsed For gener- 
alization testing, cocaine (2.5, 5.0, 10.0, or 20.0 mg/kg) was 
injected IP), 15 rain pretest, and the lever on which 10 re- 
sponses were first emitted was recorded as the selected 
lever 

Chronic Admlntstratton of Cocaine 

Following determination of  the dose-effect curves for co- 
caine, repeated adm~mstratlon of  cocaine, 20.0 mg/kg/8-hr, 
was performed for 6 days in a group of eight rats. Subse- 
quently, during days 7, 8, and 9 of  chromc treatment the 
dose-effect curve for cocaine was redeterm~ned 8 hours after 
a previous dose of  20.0 mg/kg cocaine using the same proce- 
dure as above. Doses of cocaine were tested in an irregular 
order. Immediately following these tests, rats were injected 
w~th a supplemental dose of  cocaine to maintain a constant 
level of chronic drug admlmstratzon. For example, if the 
chronic dose was 20 0 mg/kg and the test dose was I0.0 
mg/kg, rats would receive a supplemental lnjectzon of  I0.0 
mg/kg cocaine 

Cannulatton Procedure 

The 10 rats not used m the above experiment were cannu- 
lated using a student stereotaxlc instrument (Model 950, 
David Kopf  Instruments, Tujunga, CA) m the lateral ventri- 
cles. Bdateral guide cannulae assemblies were made from 
No. 26 gauge stainless steel hypodermic tubing and 10 mm 
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FIG 2 Dose-effect data for the detectton of  cocaine before (0)  and 
after (©) 6 days of chrome cocaine, 20 mg/kg/8 hr Dunng chronic 
admmzstratlon, dose-effect data were redetermlned on days 7, 8. and 
9 E~ght rats tested at all points 

teflon molds accor&ng to the procedures of Czech and Ste~n 
[8]. Cannulae were ~mplanted using coor&nates from Pax~nos 
and Watson [22]. Untrained ammals were ~mplanted w~th the 
bdateral cannulae ~n the lateral ventricles, and the results 
verified h~stolog~cally for accuracy of the coordinates before 
any ~mplants were made m trained rats From bregma, 
coor&nates used for positioning guide cannulae above the 
lateral ventricles were A = - 0 . 8 ,  L = l . 5 ,  V=3.0 

lntraventrlcular Mtcrolnjectlon Generahzatton Testtng 

Mlcromject~ons were made using No. 33 gauge cannulae 
which were ~nserted inside the grade cannulae. The injection 
cannulae were attached to No 22 gauge polyethylene tubing 
using acryhc glue The ~nject|on cannulae was cut 1 mm 
longer than the grade cannulae, to prevent backflow of drug 
into the grade cannulae. Injections were dehvered with a 
Hamilton syringe over a 30 second period using a volume of 
5 ~1 per s~de Cocaine (10.0, 20.0, 40.0, 80 0, 160 0/zg) was 
&ssolved ~n artificial CSF prepared by th~s laboratory, and 
cocaine generahzatlon testmg was performed slmdar to the 
procedure described above Each lntracerebroventncular 
test session was conducted after four training sessions 

Prehmmary data on the dose and tmae parameters for the 
generahzatlon of ICV-admlnlstered cocaine for the cocaine 
stimulus were m~tlally tested. Dose-effect data were deter- 
mined for 10, 20, 40, and 80 ~g doses of cocaine and rats 
were tested 2, 5, 10, and 20 minutes post injecaon These 
doses were selected based on amphetamine doses used ~n the 
N~eisen study [18]. The time course for maximum gener- 
ahzatlon for cocaine occured 5 minutes post ICV injection 
Based on these results, ammals were placed m the operant 
chambers 5 mm after the ICV injection. After complete 
dose-effect testing and restabd~zat~on on the peripheral tram- 
mg stnnulus, tolerance was ~nduced by chronic admlmstra- 
tlon of cocmne 20 mg/kg/8-hr for 6 days, and the dose-effect 
curve for ~ntracerebroventncular adm~mstratlon of cocaine 
was redetermlned. Following testing, rats were sacrificed, 
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FIG 3 Time course for generahzatlon to the cocmne stimulus for 
ICV admznlstrat~on of cocaine trained by peripheral admlmstraaon 
Abscissa, m~nutes post ICV mject~on Or&nate, percentage of sub- 
jects completzng I0 responses on the cocaine lever Dose-effect data 
were determined for 80 ~g (©), 40/xg (A), 20/zg (*), and 10 ~g ([]) 
inject~ons of cocaine E~ght rats tested at all pmnts 

and cannula placement was verified h~stologically. One 
ammal &ed dunng the experiment and one cannula was ~m- 
planted superior to the ventricles. Data were tabulated for 
the 8 subjects wluch had accurate cannulae placements. 

Data Analysis 

Data are presented m terms of percentage of subjects 
selecting the cocmne lever. As shown by Colpaert [4], FR10 
&scnmmat~on respon&ng produces b~modal data which 
should be presented and analyzed as quantal data. Tolerance 
to the &scnm~natlve stimulus properties of cocmne was de- 
fined as a shlft to the right of the dose-effect curve for the 
detection of the cocmne stimulus [7] of at least two-fold [28] 

RESULTS 

Subjects required approximately 56 sessions of traming to 
d~scnm~nate 10 0 mg/kg cocmne from sahne and meet the 
criterion of selecting the correct lever on ten consecutive 
sessions After meeting this criterion, ammals maintained a 
h~gh degree of sUmulus control with usually no more than 
10% of rats selecting the incorrect lever on any g~ven tra~mng 
session (Fig 1). 

Prior to chromc administration, cocaine was generahzed 
to the cocaine samulus m a dose-dependent manner w~th an 
approxtmate ED50 of 3 5 mg/kg (Fig.  2) Following chrome 
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FIG 4 Dose-effect data for the detection of cocmne administered 
ICV while trained by peripheral rejection of 10 mg/kg cocaine Test- 
tag occurred 5 mm post ICV m.lectton Data were determined (©) 
before and after (&) chromc administration of 20 mg/kg/8 hr cocmne 
for 6 days Eight rats tested at all points w~th at least 5 rnakmg a 
lever selection 

admlmstratlon of cocmne, 20.0 mg/kg/8-hr, for 6-10 days, a 
two-fold shift to the right of the dose-effect curve was found. 
MaxLmum generalization of cocaine occurred with 20 0 
mg/kg, w~th the ED50 shifting to approximately 8 0 mg/kg 
(Fig 2) 

Maximum generahzatlon to the cocaine stimulus occurred 
5 minutes after ICV injecUon (Fig 3) Cocmne lever selec- 
tion progressively decreased over Ume begmmng approx- 
imately 10 minutes post mjection Rats given cocaine mtra- 
cerebroventricularly and tested 5 minutes post injection 
selected the cocaine lever in a dose-dependent manner with 
maximum generahzation (80%) occurring after 40 tzg cocmne 
~njected on each side (total dose=80/~g), w~th an approx- 
imate ED50 of 32 txg (Fig. 4). Doses h~gher than 80/~g co- 
came resulted in no lever selection during the 10 minute test 
session (Fig 4) Following IP admimstratlon of cocaine, 20.0 
mg/ked8-hr, for 6 days, a four-fold shift to the right of the ICV 
dose-effect curve was produced Maximum generalization of 
cocaine occurred with 160 ~g cocaine per side or 320/xg 
cocaine total, with the ED50 shifting to 100 per p.g per s~de or 
200/~g total (Fig. 4). Doses higher than 320/~g cocaine re- 
sulted in no lever selection 

D I S C U S S I O N  

Cocmne admmistered lntracerebroventncularly (ICV) 
was generalized to the discriminative stimulus properties of 
cocaine trained by peripheral adm~mstrat~on. However, 

when measured at the corresponding peak times, cocaine 
admlmstered ICV was approximately 40-times more potent 
than by IP administration The most reasonable account for 
this observation is that cocaine adm~mstered ICV is hm~ted 
only by local diffusion for interaction with receptors m var- 
ious brmn areas, whereas, w~th IP admlmstratlon of cocaine, 
the amount of drug reaching brain receptors ~s dependent on 
the absorption, distribution, and metabolism of cocaine pe- 
ripherally 

Data from the present experiment suggest that the dis- 
crimmat~ve stimulus properties of cocaine are centrally 
mediated. These results are comparable to those in which 
d-amphetamine administered in the lateral ventricles [23] and 
nucleus accumbens [19] generalized to the amphetamine 
sUmulus m rats trmned by peripheral admlmstrat~on With 
respect to cocaine, two previous studies [11,23] have failed 
to demonstrate that cocaine injected ICV will generahze to 
the cocaine stimulus. The reason for these previous failures 
is unclear However, as demonstrated by the time course for 
generalization to the cocaine sUmulus for ICV admlmstraUon 
(Fig 3), ~t may be possible that the rapid offset of the cocaine 
sUmulus is responsible for the lack of generahzauon in the 
previous experiments since ~n our experiments we tested the 
rats 5 min post ICV injections compared to 15 mln in the 
other studies 

Tolerance developed to the discrlminaUve stimulus prop- 
erties of cocaine after IP administration of cocmne, 20 0 
mg/kg/8-hr, for 6 days These data agree with previous re- 
ports of tolerance to the cocaine stimulus following chromc 
administration of cocaine [17, 28-30] Furthermore, m sub- 
jects trained to detect a peripheral ~njectlon of 10 0 mg/kg 
cocmne and made tolerant by peripheral mjecUon, tolerance 
also occurred to cocaine administered ICV. Moreover, the 
tolerance that was produced was of a comparable magnitude 
for both ventncular  and peripheral admimstration of co- 
came. Thus, these data are mcompauble with a phar- 
macok~netic explanauon of tolerance, which Is consistent 
with the observation that chromc administration of cocmne 
produces neghg~ble effects on its rate of metabolism, ehmi- 
nation, or distribution in the brain or plasma [18]. The data 
are, however, compatible with the hypothesis that tolerance 
to the discriminative stimulus properties of cocaine ~s a cen- 
trally mediated pharmacodynamic phenomenon As addi- 
tional support for this hypothesis, in a recent experiment to 
investigate the role of the dopammerg~c system in medmtlng 
tolerance to cocmne, we observed that chronic admimstra- 
Uon of the dopamine receptor agomst, apomorphlne, shifted 
the dose-effect curve for generalization to the cocaine 
stimulus two-fold to the right [30] Thus, tolerance to the 
discriminative stimulus properties of cocaine may be 
mediated by a mechanism involwng dopamine receptors 

There has been controversy concerning whether 
tolerance develops to cocaine ~n the discrimination proce- 
dure Colpaert et a! [2] have suggested that tolerance does 
not develop to the cocaine stimulus because the d~scnmma- 
bihty of cocaine did not fade after several months of traimng. 
However, training was conducted five days a week with only 
a maximum exposure of 2-3 cocaine doses per week Ac- 
cording to the tolerance theory described by Kalant et al. 
[14], tolerance occurs when a drug is adm~mstered re- 
peatedly and m high doses. Thus, 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 et al [3] have also 
suggested that " tolerance" in the drug discrimination 
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pa rad igm ~s an  ar t i fac t  Th i s  c o n c l u s i o n  was  b a s e d  on  the  
o b s e r v a U o n  tha t  t o l e rance  faded  to deve l op  to f en tany l  w h e n  
it was  a d m l m s t e r e d  ~n high doses  w h d e  t ra in ing  at  lower  
doses  was  con t inued .  Co lpae r t  et  al sugges ted  tha t  t e rmina t -  
ing t ra in ing  and  mject~ng high doses  o f  the  t ra in ing  drug  m a y  
t each  sub jec t s  to a t t end  to the  h igher  m a g m t u d e  o f  these  
doses  H o w e v e r ,  th is  learn ing  hypothes~s  has  no t  been  sup- 
p o r t e d  by  da ta  f rom ou r  l abora to ry  as well  as da ta  f rom 
S c h e c h t e r ' s  l abo ra to ry  In those  s tudies  [24, 28, 29], w h e n  
c h r o m c  drug  admin i s t r a t i on  was t e r m i na t ed ,  sens i t iv i ty  to 
the  t ra in ing  s t imulus  s p o n t a n e o u s l y  r e c o v e r e d  This  resu l t  ~s 
c o n s i s t e n t  wi th  a t o l e rance  hypothes~s,  bu t  ~t is lncons~stent  
wi th  a learn ing  h y p o t h e s i s  In addi t ion ,  O v e r t o n  [21] has  
po in ted  out  tha t  c h r o m c  admin i s t r a t i on  o f  h igh  doses  ~n a 
p r o c e d u r e  such  as Co lpae r t  et al [3] used  could  resu l t  in a 
s t imulus  tha t  d~mlmshes  p rogress ive ly ,  and  t ra in ing  d u n n g  
the  d e v e l o p m e n t  of  this  to l e rance  t e aches  sub jec t s  to de t ec t  
l ower  m a g m t u d e s  o f  the  s t imulus .  Thus ,  t o l e rance  m a y  h a v e  
occu r r ed  ~n the  Co lpae r t  et  al s tudy,  bu t  ~t would  have  gone  
u n d e t e c t e d  In suppor t  o f  this  hypo thes i s ,  severa l  s tudies  

h a v e  s h o w n  tha t  sub jec t s  c an  lea rn  to de t ec t  p rogress ive ly  
l ower  In tens i t ies  o f  drug st~muh us ing  " f a d i n g "  p r o c e d u r e s  
[20,27] 

T h e r e  h a v e  b e e n  no  s tudies  ~nvestigat~ng w h e t h e r  the  dis- 
c r imina t ive  st~muhis p roper t i e s  o f  coca ine  are  med ia t ed  at  
s i te-specif ic  b ra in  areas .  H o w e v e r ,  s ince the  d i sc r imina t ive  
s t imulus  p roperUes  o f  a m p h e t a m i n e  and  c o c m n e  are  s lmdar ,  
~t may  be  poss ib le  t ha t  the  d~scriminat~ve s t tmulus  p roper t i e s  
o f  c o c m n e  and  to l e rance  to t he se  p rope r t i e s  are med ia t ed  m 
specif ic  b ra in  s~tes Recen t ly ,  N ie l sen  and  Schee l -Kruge r  
[19] r epo r t ed  t ha t  a m p h e t a m i n e  admin i s t e r ed  in the  nuc leus  
a c c u m b e n s  genera l i zed  to the  d~scrammat~ve s t imulus  p rop-  
er t les  o f  a m p h e t a m i n e  t ra ined  by pe r iphe ra l  (IP) admlms t ra -  
t lon.  The re fo re ,  we an t ic ipa te  tha t  d~rect admin i s t r a t ion  of  
coca ine  may  also be ac t ive  m the  nuc leus  a c c u m b e n s  
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