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STEWART, J Reinstatement of  herom and cocaine self-admmtstratton behavtor m the rat by mtrac erebral apph¢ atton oJ 
morphine tn the ventral tegmental area PHARMACOL B1OCHEM BEHAV 20(6) 917-923, 1984.--In rats trained to 
self-admimster heroin or cocaine intravenously, non-contingent priming injections of heroin or cocaine, respectively, 
reinstated responding after a period of extincUon. In rats slmdarly trained to self-administer heroin or cocaine intrave- 
nously, morphine sulphate was apphed centrally to sites In the ventral tegmental area (VTAL the penventncular grey 
(PVG) and the caudate nucleus following a period of extraction Self-admlmstratlon behavior was reinstated by rnorphme 
application to sites in the region of the VTA, but not to other sites, in both heroin and cocaine-trained animals. This priming 
effect of morphine was blocked or attenuated by prior admmlstratmn of naltrexone, given mtrapentoneally Morphine m 
the VTA is known to activate mesohmbic dopamme neurons, suggesting that dopamme activity in this system may underhe 
the priming effects of both opiates and sumulants Furthermore, the fact that the mesolimbic system is ~mphcated m the 
posttlve motivational actmns of both drug groups, suggests that morphine reinstates drug-taking behawor m these ammals 
by activating appetitive motlvatmnal systems of the brain 

Morphine Ventral tegmental area Reinstatement of drug-taking Priming Heroin Cocaine 

STUDIES from this laboratory have shown that in animals 
previously trained to self-administer heroin intravenously, 
noncontingent intravenous "pr iming" injections of heroin 
(or morphine) reinstate responding after a period of extinc- 
tion [12]. Similarly, in cocaine-trained animals, intravenous 
priming injections of cocaine reinstate the previously rein- 
forced behavior [11]. We have proposed that these priming 
injections of  the drug activate appetitive motivational states 
that are involved in the reinitiatlon and maintenance of 
drug-seeking behavior. One question that arises from the 
intravenous priming experiments is, can we specify which 
actions of the drugs are responsible for the priming effects, 
and can we delineate the specific neural systems of the brain 
involved ~ The idea that priming injections reinstate behavior 
by activating appetitive motivational states, suggests that 
these stimulant and opiate drugs might have their priming 
effects via their actions on the mesolimbic dopamine path- 
ways. It is known, for example, that the positive reinforcing 
properties of the stimulants, cocaine and amphetamine, de- 
pend on the integrity of the neurons of the mesolimbic 
dopamine system where they act to release dopamine from 
telminals or to block the mechanisms of  transmitter inac- 
tivation [10, 13, 23, 32, 42] In addition, animals will self- 
administer amphetamine to the terminal regions of these 
neurons in the nucleus accumbens [26]. Recent evidence 
suggests that the reinforcing effects of opiates derive from 

their actions on these same dopamine neurons. Rats will 
self-administer morphine directly into the ventral tegmental 
area (VTA) of  the brain, the cell body region of these 
mesohmblc dopamine neurons [4], and will display an in- 
creased preference for a place associated with central injec- 
tions to the area [5,29]. Thus the appetitive motivational, or 
positive incentive, properties of opiates, like those of stimul- 
ants, appear to be mediated via the mesohmblc dopamine 
pathway. Opiates appear to excite one subpopulation of 
these neurons by acting on opiate receptors in the cell body 
region [18,24]. Bilateral application of  morphine to the region 
ehcits forward locomotion and exploration of the environ- 
ment [22,40], behavior normally elicited by positive incen- 
tive stimuli [2, 3, 9, 25]. In hght of these observations we 
have approached the problem of specifying the neural sub- 
strate involved m the priming effect by examining the effects 
of  application of  morphine to VTA and other sites in animals 
previously trained to self-administer either heroin or cocaine 
intravenously. 

EXPERIMENTS IN HEROIN-TRAINED ANIMALS 

METHOD 

Twenty-one Sprague-Dawley rats from Canadian Breed- 
ing Farms, St. Constant, Quebec, weighing 300-350 g upon 
arrival were used in these experiments. The animals were 
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housed in a temperature and humidity controlled environ- 
ment under a 12 hr light-dark cycle. Food and water were 
continuously available from the time of surgery. Prior to 
surgery all animals were placed on a 23-hr food deprivation 
schedule for a period of approximately one week. During th~s 
time they were handled daily and trained to bar-press for 
food in a chamber used exclusively for this purpose. At the 
time of surgery, animals had IV catheters implanted into the 
left jugular vein while under pentobarbltal anesthesm. Cathe- 
ters were constructed from silastic tubing (0,064 cm inner 
diameter, 0.119 cm outer diameter). The catheter was se- 
cured to the vein with surgical thread and passed SC to the 
top of the head where it exited into a connector mounted on 
the skull. A stainless steel screw was also mounted m dental 
cement with 0.6 cm of the threaded end exposed. A cap was 
placed over the open end of the connector when the infusmn 
system was not m use. Catheters were flushed daily with 
heparinized (5 IU/ml) physmlogical saline for the first week 
after catheterization to protect against the formation of em- 
bolisms in the vein. When catheter failure occurred due to 
blockage or leakage during the course of  the experiment, 
animals were recatheterized using the right vein. 

Ammals were also zmplanted stereotaxically with 
mtracerebral guide cannulae directed at the regions of the 
ventral tegmental area (VTA), the periventncular grey 
(PVG), or the caudate nucleus (CAUD). Each animal had 
cannulae placed in two of the regions All placements made 
into the VTA and PVG region ranged from 2 2 to 4.2 mm 
posterior from bregma. Cannulae were lowered vertically, 
0.6 mm lateral from the midline, or at a 16 degree angle, 3.3 
mm lateral from the mldline. The guide cannulae, cut from 
22-gauge stainless steel tubing, were lowered to a range of 
depths (Fig 2). The coordinates for the caudate guide can- 
nulae were 2.1 mm anterior from bregma, 3.0 mm lateral 
from the midline, and 5.0 mm ventral from the dura. Drug 
could be delivered to a brain site m crystalline form via 28- 
gauge stainless steel inner applicator tubes that were lowered 
1 0 mm beyond the t~p of  the guide cannulae. " D u m m y "  
tuner tubes w~th caps were kept in place between drug apph- 
cations Following completion of the experiment, ammals 
were perfused with physiological saline and 10% formalin 
with the applicator tubes in place, Brains were sliced in fro- 
zen section and stained to allow for localization of the injec- 
tor tips. 

Animals were trained to self-administer heroin in operant 
chambers equipped for self-administration of flmds [11,12]. 
Boxes were equipped with one or two bars raised to a height 
of 9 0 cm above the floor to prevent accidental actwation by 
the animal Each bar press during self-administration periods 
led to an infusion rate of 0.01 ml/sec. Bar presses during the 
9--13 sec infusion were counted, but did not lead to further 
infusions. The heroin solution (diacetylmorphlne HCI, 
Health and Welfare, Canada) was made up weekly with 
physmlogical saline in a concentration of 400/zg/ml with 5 
IU/ml heparin added. Daily training sessions of 2 to 3 hr were 
run until responding was stable and reliable (usually 7 to 10 
days) Following training, each animal was submitted to a 
series of tests over a period of several weeks An attempt 
was made to test every animal twice on each of the tests, but 
this was not always posszble. 

THE TESTS 

RetnMatement by an IV "Printing'" InJection of Heroin 

All test sessions consisted of a 1- to 2-hr period of self- 

admimstration followed by extmction conditions for the rest 
of the session. Extinction conditions were introduced by re- 
placing the drug solution m the syringe with physmloglcal 
sahne. Rats administered 3 to 5 100/xg/kg heroin Infuslons/hr 
under these conditmns. When extinction conditions were in- 
troduced, response rate initially increased and was then re- 
duced to zero. When a period of 30 min with no responses 
had passed the animal was picked up and given a 1 0 ml/kg IP 
injection physiological saline. Thirty min later an IV infusion 
of  0.3 ml saline was dehvered by the experimenter and 30 
rain after that an IV infusion of 100 ~g/kg heroin was dehv- 
ered by the experimenter. It IS important to note that the 
ammals m these experiments were habituated to being 
picked up and manipulated while in the self-admimstration 
chambers. Th~s was done to ensure that any changes in re- 
sponding that occurred following the experimental manipu- 
lation were not due merely to disturbing the animal Control 
mjectmns of saline, IV or IP, were gwen appropriately, and 
removal and reinsertion of dummy intracerebral apphcators 
was also done. Behavior was normally monitored for 3 hr 
following a "pr iming" drug manipulation 

Naltre.wme Challenge of the IV Priming lnje~ tton ~ff'Hetom 

This test sessmn was ldent~cal to Test 1 except that a 2.0 
mg/kg IP injection of the long-acting opiate antagonist nal- 
trexone HCI (Endo Laboratories Inc., Garden City, NY) was 
substituted for the IP injection of saline. 

Reinstatement by lntrac erebral Priming With Morphine 

As in Tests 1 and 2, following at least 30 mln without 
responding under extinction conditions, the animal was 
picked up and the inner dummy tube of  one of the 
intracerebral cannulae was removed and replaced by an 
empty applicator. Thirty min later the empty applicator was 
replaced by one containing crystalline morphine sulphate 
(BDH Chemicals, Toronto) and was left in place for the 3-hr 
test. Each brain site was tested in a similar manner on differ- 
ent days. Morphine was tapped mto the 28-gauge applicator 
by making 10 taps on a thin layer of crystals placed on a glass 
surface. The amount of morphine inserted into the applicator 
by this method was found to be constant at approximately 18 
/zg The applicators were checked under a microscope before 
and after tapping. Used applicators were cleaned m a 
somfyer containing 70% ethanol 

Naltre.~one Challenge oJ lntra¢ erebral Prtmmg 
With Morphme 

These tests were identical to Test 3 except that, 30 mln 
prior to the insertion of  the empty applicator, the animals 
were given an IP inJection of 2.0 mg/kg naltrexone. 

RESULTS 

The results of Test 1 verified that in these animals, as in 
animals in our previous experiments [12], non-contingent in- 
travenous priming injections of heroin reinstate heroin- 
reinforced responding after a period of extinction The mean 
number of responses made in each 15-min period of the first 
hour after the priming infusion in 19 tests made in 11 animals 
was 5.9, 15 3, 0.8 and 0.3. When the IV priming infusions of 
heroin was given following the IP injection of naltrexone In 
Test 2 (14 tests in 11 animals) none of the animals responded 
during the period following the infusion 

The results obtained when the application of morphine to 
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FIG 1 Mean (_+SEM) number of responses made under extraction 
condmons by herom-tramed ammals following the -pnmlng"  apph- 
cation of morphine to sites in the region of the VTA and PVG (upper 
part of figure) and the caudate nucleus (CAUD) Filled symbols 
represent data from ammals that responded (see text) Cannula 
placements for these animals are indicated m Fig 2 by the same 
symbols 
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the brain was used as the priming event (Test 3) can be seen 
in Figs. I and 2. The filled circles in Fig. I represent the 
results from 12 tests in 6 animals that displayed steady high 
levels of responding throughout the 3-hr period when mor- 
phine was applied, often making more than 20 responses in 
30 min. It can be seen from Fig. 2 that the placement of the 
cannula  tips of these animals (filled circles) was in or near the 
VTA. The filled triangles in Fig. 1 represent the results form 
15 tests in 8 animals that also responded reliably throughout 
the 3-hr penod, but at much lower rates, only occasionally 
making more than 10 responses in 30 rain and never as many 
as 20. The cannula tips of these animals (filled triangles, Fig. 
2) tended with one exception to be more distant from the 
VTA region than were those of the first group. Only occa- 
sional or no responding was obtained from 24 tests in 12 
animals represented by the open circles. These placements 
were most often in the PVG region and clearly outside of the 
VTA Animals rarely responded when morphine was applied 
to the caudate nucleus. The results of 22 tests in 12 animals 
are shown by the open squares in the lower portion of Fig I. 

Figure 3 presents the results from six animals that showed 
reinstatement of responding by morphine (13 tests) and that 
were tested with morphine on other occasions following the 
injection of naltrexone ( l l  tests). It can be seen that nal- 
trexone severely attenuated the priming effect of 
intlacerebral morphine especially during the first two hours 
of the 3-hr session. 

FIG 2. Location of cannulae t]ps m regions of the VTA and PVG m 
herom-tramed ammals. Fdled symbols represent placements where 
the "priming" administrauon of morphine led to reinstatement of 
responding (see Fig. 1). Sections were drawn after Pellegnno, Pel- 
legnno and Cushman (L J Pellegrmo, A S. Pellegnno and A. J. 
Cushman A Stereotaxt~ Atlas o f  the Rat Bra:n New York Plenum, 
1979). Numbers at the nght indicate mm from bregma. 

EXPERIMENTS IN COCAINE-TRAINED ANIMALS 

METHOD 

Twenty Sprague-Dawley rats from the same source 
served as subjects in these experiments Treatment, housing 
and surgery were the same as in the heroin experiments ex- 
cept that animals were trained to self-administer a 1.0 mg/kg 
cocaine solution delivered at an infusion rate of 0.01 ml/sec. 
The solution of cocaine HCI (BDH Chemicals, Toronto) was 
made up with physiological saline in a concentration of 4.0 
mg/ml with 5 IU/ml heparin added. Following training, 11 of 
the animals were submitted to the same series of 4 tests as 
were the heroin-trained animals (IV pnming, but with co- 
came: naltrexone challenge of IV priming, intracerebral 
pnming with morphine; and naltrexone challenge) The sec- 
ond group of 9 animals was submitted only to Tests 3 and 4, 
intracerebral priming with morphine and naltrexone chal- 
lenge. The results for all the animals given intracerebral 
pnming with morphine were combined for presentation. Two 
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FIG 3 Mean (_+SEM) number of responses made under extmctnon 
condntions by heroin-trained ammals that responded to the "prim- 
rag'" apphcat]ons of morphine and that were subsequently retested 
following naltrexone pretreatment 

addi t ional  mt r ace reb ra l  p r iming  tes ts  were  car r ied  out  in 
an imals  f rom the second  group  E i the r  coca ine  or an e m p t y  
c a n n u l a  was  appl ied m the  same way as morph ine  was 
appl ied in Tes t  3 

RESULTS 

The resul t s  of  Tes t  1 again  verif ied our  p rev ious  f inding 
tha t  non -con t ingen t  i n t r avenous  pr iming  in jec t ion  of  coca ine  
re ins ta te  coca ine - re in fo rced  r e spond ing  af ter  a pe r iod  of  ex- 
t inc t ion  [11]. The  m e a n  n u m b e r  of  r e s p o n s e s  made  in each  
15-min per iod  of  the  first hou r  af ter  the  p r iming  infusion in 15 
tes ts  made  in 7 an imals  was  0.8, 15.4, 3.3 and  1.3 W h e n  the  
IV pr iming infusion of  coca ine  was given fol lowing the  IP 
in jec t ion of  na l t r exone  on 14 tes ts  made  in these  same 7 
an imals  the  m e a n  n u m b e r  of  r e s p o n s e s  in each  15-mm per iod 
was 2.2, 8.1, 3.5 and  1 7 An  analys is  of  va r i ance  done  for 
p r e t r e a t m e n t  cond i t ion  ove r  the  4 15-rain t ime  b locks  
s h o w e d  tha t  the  e f fec t iveness  of  the  coca ine  pr iming  infu- 
s ions was not  s ignif icant ly affected by na l t r exone  pre t rea t -  
men t  ( F >  1.0). 

F igures  4 and  5 show the resul ts  ob ta ined  fol lowing 
ln t racerebra l  appl ica t ion  of  drug as the  pr iming even t  m 
these  coca ine - t ra in ing  animals .  The  filled circles in Fig. 4 
show the  resul ts  f rom 23 tes ts  made  m 11 an imals  tha t  re- 
sponded  to the  appl ica t ion  of  morph ine  to the bra in .  The  
p l a c e m e n t  of  the  c a n n u l a  t ips of  these  an imals  was  in or  nea r  
the  VTA (see Fig. 5, filled circles).  The  open  circles in Fig 5 
r ep resen t  the  cannu lae  p l a c e m e n t s  in 14 an imals  tha t  m a 
total  of  25 tes ts  did not  r e s pond  to the  morph ine  appl ica t ion;  
a l though  some of  these  ammals  had  cannu l a  t ips m or  near  
the  VTA region,  m a n y  had t hem outs ide  the region and  mos t  
of ten  m the  PVG.  T he  resul t s  of  12 tes ts  made  in 9 ammals  
wi th  cannu lae  place  in the cauda te  nuc leus  are s h o w n  by the  
open  squares  in Fig. 4. 

The  upper  par t  of  Fig. 4 also shows  the  resul t s  of  the  
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FIG 4 Mean (_+SEM) number of responses made under extmcuon 
conditions by ~ ot atne-tramed ammals following "priming'" adminis- 
trations The filled c~rcles m the upper part of the figure represent 
the data from ammals that responded to "'priming" apphcatnons of 
morphine to sites m the VTA (see Fig 5). Data from ammals m thns 
group following naltrexone pretreatment (reverted trmngles), sham 
cannula placement (upright trmngles) and cocaine applicatnon (filled 
squares) are also shown Responses to morphine apphcatlons m the 
caudate nucleus (CAUD) are shown m the lower part of the figure 

na l t r exone  cha l lenge  of  the pr iming a d m l m s t r a t l o n  of  mor-  
ph ine  car r ied  out  in 5 ammals  (9 tests)  tha t  had prev ious ly  
r e s p o n d e d  to morph ine  in the  VTA region ( rever ted  tr ian- 
gles). It can  be seen that  these  animals  responded  at abou t  the 
same level as an imals  t es ted  with the  sham,  empty  cannu lae  
in the  same region (upr ight  t r iangles ,  l l t es t s  in 7 ammals) .  
Final ly ,  it can  be seen  tha t  when  coca ine  was apphed  to the  
same reguon in 5 of  these  an imals  (9 tes ts) ,  it caused  a b r ie f  
inc rease  in r e spond ing  dur ing the s econd  30-mm per iod 
(filled squares)  

G E N E R A L  D I S C U S S I O N  

I N T R A V E N O U S  PRIMING I N F U S I O N S  AND 
N A L T R E X O N E  C H A L L E N G E  

In bo th  sets  of  expe r imen t s  r epor t ed  here ,  the effects  of  
i n t r avenous  pr iming infus ions  of  the r e spec t ive  t ra in ing  
drugs,  hero in  and  coca ine ,  were cha l lenged  by  p r e t r e a t m e n t  
wi th  na l t r exone  The  resul t s  of  these  t es t s  have  re l evance  for  
two issues.  The  first  c o n c e r n s  the  specif ici ty of  n a l t r e x o n e ' s  
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FIG 5 Location of cannulae tips in region of the VTA and PVG m 
( o t  ~ltne-tratned animals. Filled circles represent placements where 
the -priming" administration of morphine led to reinstatement of 
responding Open symbols represent placements where morphine 
led to only occasional or no responding 

actions in this situation. It will be recalled that, as expected, 
naltrexone pretreatment blocked the priming effect of intra- 
venous heroin in heroin-trained ammals, but did not block 
the priming effect of intravenous cocaine in cocaine-trained 
ammals. Thus, naitrexone appeared to be acting as a specific 
opiate antagonist to reduce the effectweness of the intrave- 
nous heroin priming and not as a non-specific agent to reduce 
behavior m general. 

The second issue these results address is the motivational 
basis of drug-taking behavior in opiate-trained animals. The 
fact that intravenous priming injections of heroin led to a 
resumption of heroin-taking behavior ~s consistent with the 
view that the p r e s e n c e  of the drug in the body, not its ab- 
sence, promotes drug-taking behavior [12]. The demonstra- 
uon here that naltrexone treatment d~d not facilitate drug- 
taking behawor, but rather blocked the pmming effect of the 
heroin infusion, provides confirming evidence that it ~s the 
appetitwe motivahonal properties of opiates, and not the 
aversive withdrawal state assocmted with thew absence, that 
is primarily, if not solely, responsible for the mitmtion and 
maintenance of drug-taking behavior (see also [7, 36, 41]). 

PRIMING BY I N T R A C E R E B R A L  APPLICATION OF MORPHINE 

As mentioned in the introduction, we [11] have proposed 
that priming rejections of opiates and stimulants have their 
effects by actwating appetitwe motivational states revolved 
in the initiation and maintenance of drug-taking behavior. In 
the present expenments It has been shown that priming by 
the application of the opiate, morphine, to sites in the VTA 
was a sufficient condition for the reinstatement of drug- 
taking behavior m both heroin-trained and cocaine-trained 
ammals. This finding allows us to relate priming effects of 
both opmtes and stimulants to their actions on a system of 
the brain implicated in the mediation of their positive rein- 
forcing, mcentwe motivational, effects. As noted, activation 
of the mesohmb~c dopamine system directly, as in these ex- 
periments, by application of opiates to the cell body region of 
the VTA, or indirectly, by dopamme release and reuptake 
blockade by stimulants such as cocaine, has been shown to 
underlie the positive reinforcing properties of these drugs 
[4,26]. Lesions of the system [33,35] and pharmacological 
blockade [6, 13, 32, 34] have been found, with few excep- 
tions [16,28] to reduce the reinforcing effectiveness of these 
drugs, suggesting that common neural mechamsms underlie 
their reinforcing effects. 

Priming Is a phenomenon common to other reinforcers or 
incentwe events, It is thought by many investigators to result 
from a changed incentwe motwat~onal state that ~s created 
by the presentation of a positive incentive event [1, 14, 15, 
21, 38]. The incentwe motivational state leads to increased 
locomotion and exploration of the environment [2, 3, 9, 25], 
and to enhancement or resumption of learned behaviors in 
the presence of st~muh previously assocmted with the Incen- 
tive event. In a recent review Panksepp [27] has hnked the 
motivational effects of incentives to the actwatlon of what he 
calls the foraging-expectancy system of the brain, that same 
system activated by rewarding brain stimulation in the me- 
dial forebrain bundle. It should not be surprising, therefore, 
that self-administered drugs that have strong appetitive 
motivational effects often induce increased locomotion and 
exploration of the environment. It has been noted m the case 
of the psychomotor stimulants that th~s behavior is directed 
preferentially to aspects of the environment previously 
associated with reinforcers, l e ,  to conditioned stimuli 
[19,31]. Repeated injections of cocaine [20,30] lead to pro- 
gressive increased m actwlty that are seen only in the en- 
vironment associated with the injections Similarly, the in- 
creased actwlty elicited when opiates are apphed to the VTA 
[8, 22, 37] also shows progressive enhancement, specific to 
the environmental cues repeatedly assocmted with the drug 
experience [40]. These findings, and those showing that the 
mesolimbic-mesocortlcal dopamine neurons are necessary 
for normal exploratory behawor in rats [17], all point to the 
intimate relation between forward locomotion, exploration, 
positwe incentive motivation and the priming effects of rein- 
forcers. 

These observations bear on a concern sometimes ex- 
pressed about the reinstatement of drug-taking behawor by 
priming admimstrations of drugs. It is suggested that the 
increases m responding observed might reflect changes in 
general activity and not in " 'mohvated" behavior specifically 
directed toward stimuli previously assocmted with drug. We 
have taken a number of steps to eliminate this possible ex- 
planatmn. The bars have been elevated to prevent acodental 
contacts; a second macuvated bar has been introduced to 
determine specificity of responding; and video-recordings 
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have been  taken to momto r  the mode  and pat tern  of  respond-  
ing that  occurs .  There  is no ev idence  that  " p r i m e d "  animals 
accidental ly  bump into bars while moving about  the box. 
Normally  animals limit most  o f  their  responding  to the ac- 
t ivated bar. Somet imes ,  however ,  they do develop  complex  
pa t te rns  of  behavior  when  two identical bars are available in 
the box,  animals may press  both  bars  in s u c c e s s m n  for each 
infusion while se l f -adminis tenng drug, or rapidly press  the 
inactive bar  before initiating a r e sponse  on the act ivated bar. 
Wha teve r  the animal does ,  however ,  the behavior  appears  to 
be del iberate and to be d i rec ted  towards  stimuli and objects  
previously  associa ted  with the drug. As has been  noted  [39], 
increased activity elicited by drugs during self- 

adminis t ra t ion is more  hkely to be d~rected toward st~muh 
assocmted  w~th drug dehvery  Thus,  the achv~ty effects  of  
se l f -adminis tered drugs,  ra ther  than raising a problem for the 
in terpreta t ion of  re ins ta tement  by priming, appear  to point to 
the p rocesses  underlying the p h e n o m e n o n  
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