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VEZINA, P AND J. STEWART Condlttomng and pla~ e-,~pe~tfi~ sen~tttzatton o) tnctease~ m a~ ttvtty mduc ed by mor- 
phtne tn the VTA PHARMACOL BIOCHEM BEHAV 20(6) 925-934, 1984 --The condltionabdlty of increases in locomo- 
tor activity reduced by morphine administration into the ventral tegmental area was stu&ed In rats Morphine produced a 
clear increase in locomotor activity that was reversed by the opmte receptor blocker, naloxone, and blocked by the 
neuroleptlc, plmoz~de, suggesting the mediation of this effect by the ascending mesollmblc dopamlne system The increase 
m locomotor activity showed senslUzatlon w~th repeated morphme administrations and this sensltlzatmn was found to be 
specific to the envwonment m which morphine was administered Con&tmmng tests also revealed that, m the absence of 
morphine, increased locomotor activity was elicited by the administration enwronment Plmozlde blocked the development 
of the con&tloned sensitization These data demonstrate that a learned assocmtion developed between this excttatory 
action of morphine and the admmlstratmn environment These results have important imphcatlons for the role of condition- 
ing factors in relapse to drug use and may provide an explanation for condltlomng data obtained when morphine is 
admtmstered systemically 

Cond~t~omng Locomotor actlwty Morphine Dopamine Sensitization 
Pimozlde Rats 

Ventral tegmental area 

ACUTE systemic injections of morphine have both de- 
pressant and excitatory actions on locomotor activity. Typi- 
cally, medium to high doses result in an initial decrease in 
activity followed one to two hours later by an increase in 
activity [1, 54, 60]. Low doses, on the other hand, result only 
in an increase in actwity [1, 22, 60]. With repeated injections 
of high doses, the decrease in activity shows development of  
tolerance and the increase in activity appears to become 
stronger and to occur earher in time [1, 36, 60]. 

The predominant explanation for these findings has been 
that morphine interacts with the mesolimbic dopamine (DA) 
system One view put forward by Pollard and co-workers 
[45,46] has been that morphine acts imtially to inhibit DA 
release by acting on opiate receptors in the terminal region of 
mesolimblc DA neurons. The increase m DA synthesis re- 
ported to follow morphine administration is considered to be 
a response to this inhibition [2]. It is thought that this in- 
crease m synthesis acts to overcome the inhibitory effect and 
ultimately acts to bnng about the increase in locomotor ac- 
tlwty. Some support for this view comes from studies in 
which morphine is administered intracranially to the nucleus 
accumbens (one of  the terminal regions of  mesolimbic DA 
neurons). Although these findings have been given various 
interpretations, what generally results is an initial period of  
decreased locomotor activity followed two to four hours 
later by a period of increased activity [12, 13, 19]. When DA 
or DA agonists are administered directly to the nucleus ac- 
cumbens, the result is an increase in locomotor activity which 
is blocked by DA receptor blocking agents [14, 15, 44, 61]. 

At first glance, this explanation of the effects of morphine 
on locomotor activity sits quite well w~th the view that com- 
pensatory responses play a role m drug tolerance. According 
to this view, responses compensatory to a particular effect of 
a drug are partially responsible for tolerance to that effect. It 
has been suggested that the classical conditioning of these 
responses to the environment where they are elicited may 
account for the finding that tolerance is often specific to the 
environment in which a drug as administered [51, 52, 53]. 
Although the data which support this view of morphine 
tolerance are largely hmited to those gathered from tests of 
analgesia, the extention of  these findings to changes m loco- 
motor activity has been suggested [38,53]. Here, morphine 
would be the unconditioned stimulus (UCS), the environ- 
ment in which morphine is repeatedly administered the con- 
ditioning stimulus (CS), and the initial decrease in locomotor 
activity obtamed from high systemic doses the uncon- 
ditioned response (UCR). In this view, therefore, tolerance 
to the initial decrease m locomotor activity is seen as reflect- 
ing the development of  a conditioned compensatory increase 
in locomotor activity which comes to be elicited by the CS. 

These predictions were recently tested in a series of  ex- 
peNments by Mucha and co-workers [38]. They found that 
with high systemic doses of morphine, the unconditioned 
effect was an initial decrease in locomotor actiwty. Further- 
more, when morphine was repeatedly administered in a dis- 
tinctive environment (the CS), the resulting conditioned re- 
sponse (CR) was an increase in locomotor activity It was 
concluded, therefore, that tolerance to the initial activity de- 
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crease was probably due to the development of a conditioned 
compensatory increase in locomotor activity (the CR). The 
problem for this view is that con&tioned increases in loco- 
motor actwity were also obtained when low doses of mor- 
phine were used as the UCS, even though these doses 
produced no unconditioned decreases in activity A slmdar 
CR when low doses of morphine are used as the UCS was 
also reported earlier by others [31,42]. In these cases, the CR 
mimicked the UCR to morphine rather than opposed it 

Although it may be that the initial decrease in locomotor 
activity obtmned from high systemic doses of morphine ~s 
due to an effect on opiate receptors at the terminals of 
mesollmblc DA neurons, the finding that small doses of mor- 
phine elicit only increases in locomotor activity suggests that 
morphine may have an independent excitatory effect on DA 
neurons. First, the opiate receptor antagonist, naloxone, 
blocks not only the depressant effect on locomotor activity 
of high systemic doses of morphine but also the excitatory 
effect of both low and high doses [27, 39, 40, 60] Second, 
enkephahn terminals have been found in close relation to DA 
mesolimbic cell bodies and opiate receptors have been lo- 
cated either on or proximal to these cell bodies [21, 29, 49]. 
Noting this, Joyce and Iversen [30] inJected morphine di- 
rectly into the ventral tegmental area (VTA), the site of the 
cell bodies of the mesolimblc DA system. They found that 
these injections produced only an increase in locomotor ac- 
tivity and, furthermore, that this increase became enhanced 
with repeated injections. The increase in locomotor activity 
was reversed by naloxone and blocked by the DA receptor 
antagonist, halopendol. Similar increases in activity have 
since been obtained following injections of enkephalin [I1] 
and beta-endorphin [50] into the VTA. This excitatory effect 
on locomotor activity of opiate administration mto the VTA 
seems to be due to an independent excitatory effect of 
opiates on mesolimbic DA neurons which results in en- 
hanced release of DA in the region of the nucleus accum- 
bens. Support for this view comes from demonstrations that 
morphine injected into the VTA causes an increase in the 
single-unit activity of a subpopulatlon of mesolimbic DA 
cells [25,37]. 

Thus, although the mechanism proposed initially [45,46] 
by which morphine might increase activity could possibly 
explain the effect of systemic injections of high doses of 
morphine, it cannot account for the increases in locomotor 
activity seen following either the administration of low sys- 
temic doses of opiates or the administration of opmtes di- 
rectly into the VTA Indeed, the Joyce and Iversen results 
[30] suggest that a direct action of morphine on the cell body 
region of mesolimbic DA neurons could be responsible not 
only for the increases m locomotor activity obtained with 
low doses of morphine, but also for the progressive 
enhancement of activity seen following repeated systemic 
rejections of morphine. Because both low and high doses of 
morphine, when administered repeatedly in a distinctive en- 
vironment, have been found to result in conditioned in- 
creases in locomotor activity [38], the possibility arises that 
these increases reflect the conditioning of independently 
elicited actions of morphine acting on opiate receptors in the 
VTA The UCR to morphine would be the increase in loco- 
motor activity elicited directly by morphine at this site and 
not the decrease in actlwty as suggested by some [38] and 
required by Siegel's analysis [51, 52, 53]. 

The present experiments were designed, therefore, with 
three aims in mind. frst ,  to determine whether the Increase 
in locomotor activity induced by morphine administration 

into the VTA could become conditioned to the administra- 
tion environment Second, given the possibility that the ex- 
citatory action of morphine on locomotor activity could be 
conditioned, it seemed likely that the sensitization of the 
activity increases reported by Joyce and Iversen [30] could 
also be a conditioned phenomenon specific to the adminis- 
tration environment. This possibility was investigated. And 
third, the effect of DA receptor blockade on the development 
and subsequent expression of this sensitization was investi- 
gated. Because neuroleptlc pretreatment has been reported 
to block the unconditioned activity increase induced by 
morphine administration in the VTA [30], it was reasoned 
that such pretreatment may also interfere with the develop- 
ment of the conditioning of this increase in actlwty. 

GENERAL METHOD 

SUBJECTS 

Male Wistar rats (Charles River Canada Inc.) weighing 
275-300 g on arrival were used. They were housed individu- 
ally in stainless steel cages (18×24x 18 cm) located in a re- 
verse cycle room (lit from 22:00 to 10:00 hr). Animals were 
always tested during their dark cycle. Food and water were 
available to the animals at all times 

SURGERY 

One to two weeks after arrival, anLmals were anaesthe- 
tized with sodium pentobarbital (0.85 ml/kg Somnotol, 
M.T.C Pharmaceuticals Ltd.) and stereotaxlcally implanted 
with chronic bilateral guide cannulae (22 gauge, Plastic 
Products Company) aimed at the VTA and positioned l mm 
above the final injection site. The VTA coordinates were: 
A/P -3 .8 ,  L -+0.6, and D/V -8 .9  from skull [41] The guide 
cannutae were implanted at 16 degrees to the vertical. This 
permitted the use of the Plastic Products blocker and injector 
cannulae (both 28 gauge) and steered the guide cannulae 
around the periventricular gray region (PVG) thus prevent- 
ing damage to it and penetration of the cerebral ventrlcal It 
IS well known that one problem with intracraniai drug admin- 
Istration is that the drug may diffuse up the cannula shaft 
[48]. The angled implants used in the present experiments, 
therefore, helped circumvent the problem of drug reaching 
the PVG and the cerebral ventrical and helped ensure the 
neuroanatomical specificity of the drug effect under study 

Following the experiments, all animals were perfused 
transcardlally with saline and formalin under deep 
anesthesia. Histological verification of cannulae tip place- 
ments was subsequently made on 40-/x thlonin-stained co- 
ronal sections. 

APPARATUS 

A bank of 12 actwity boxes was used to measure locomo- 
tor activity. Each box (20x41 ×25 cm) was constructed of 
white pressed wood (rear and two side walls), a wire screen 
ceiling, a Plexiglas front hinged door, and a floor consisting 
of 24 stainless steel rods. In addition, stainless steel plates 
covered the inside upper half of each side wall and the upper 
half region extending 11 cm from each end of the rear wall 
The plates and the left, center, and right thirds of the floor 
each supported an interrupted current of 1 5/zA One count 
was registered when an animal completed any break in the 
circuit Thus, both horizontal locomotion and rearing were 
recorded and pooled together to give a locomotor activity 
count for each animal. Activity counts were totaled every 10 
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FIG 1. Injector cannulae tip placements of animals that received 
either morphine, n=7 (O), or sham, n=7 (©), administrations into 
the VTA and of four of five 2 mm dorsal control animals (A) m a 
coronal section 3 8 mm posterior to bregma One of the dorsal con- 
trol animals died before perfusmn could be performed, precluding 
accurate histology. For purposes of dlustratlon, cannulae tip place- 
ments located in the rostral-caudal zone extending 2.8 to 3 8 mm 
posterior to bregma were included m this sectmn This zone corre- 
sponds to the approximate location of the mesohmblc DA cell 
bodies. VTA morphine administrations into this area have been 
shown to produce conditioned place preference [3] and produced an 
mclease in locomotor activity in all the animals tested m the present 
experiments. The brain section was adapted from Pellegrmo, Pel- 
legrlno and Cushman [41] Aggreviations' IP (interpeduncular nu- 
cleus), LM (medial lemnlscus), PVG (penventrlcular gray sub- 
stance), SN (substantm nigra). 
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FIG 2. Mean activity counts (-SEM) before and after a challenge 
injection of naloxone (2 mg/kg, IP) obtained for animals given a 
morphine administration into the VTA at time 0. (n=7) 
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FIG 3. Mean activity counts (_+SEM) obtained for three groups of 
animals given either a sham or a morphine administration into the 
VTA at time 0 Animals m Group Pimozide/Morphine were injected 
mtraperltoneally with plmozide in the home cage four hours prior to 
a morphine administration In the AB. 

mln for each animal during the course of each experimental 
session. The activity boxes were kept in a room lit dimly 
with red light. White noise (75 dB) was continuously present 
to mask extraneous noise. The recording apparatus was 
sitnated in an adjacent room. 

INTRACRAN IAL ADMINISTRATIONS 

Morphine was administered in the form of morphine sul- 
phate crystal (B. D. H. Chemicals. Toronto). The crystal 
(18-+2 /zg/injector cannula) was tapped into the tip of  28 
gauge injector cannulae (10-15 taps) and these applied intra- 
cranially. Both sham and morphine administration involved 
bilateral lowenng of 28 gauge cannulae 1 mm beyond the tip 
of  the guide cannulae Morphine loaded injector cannulae 
were used for morphine administration and equally long can- 
nulae were used for sham administration. The tips of  the 
blocker cannulae normally in place were flush to the guide 
cannulae tips. Administration cannulae remained in place for 
the duration of each experimental session. 

STATISTICS 

Unless stated otherwise, the data were analyzed by 
analyses of  variance. Analyses of  simple main effects and 
post hoc Scheff6 comparisons were made according to Kirk 
[32] The accepted level of significance was p<0.05 for all 
tests. 

PHARMACOLOGICAL AND A N A T O M ICAL 
SPECIFICITY OF THE MORPHINE ACTION 

Figure 1 shows the injector cannulae tip placements of 14 
animals representative of those with cannulae aimed at the 
VTA. All animals administered morphine to this site showed 
an increase in locomotor activity; sham administrations had 
no effect. In addition, the cannulae tip placements of four 2 
mm dorsal control animals are shown. Because implants 
were angled, the administration site for these animals was 2 
mm dorsolateral to the VTA. None of  these animals (n=5), 
on two separate tests, showed increases in locomotor activ- 
ity when administered morphine. These animals showed 
levels of  activity similar to animals which received sham 
administrations into the VTA. 

Three days following Experiment 1, animals in one group 
were Injected with naloxone HCI (2 mg/kg, IP, Endo Labora- 
tories Inc, Garden City, NY) 60 min after administration of  
morphine into the VTA (Fig. 2). Naloxone successfully re- 
versed the increased locomotor activity response to mor- 
phine, t(6)= 14.58, p < 0  001. Activity counts recorded 30 mln 
before and 30 min after the naloxone injection were com- 
pared. 

In a separate experiment, the effect of DA receptor 
blockade on the increased locomotor activity response to 
morphine in the VTA was examined. In one group, animals 
were Injected with pimozide (0.5 mg/kg, IP) four hours prior 
to morphine administration. The pimozlde solution was pre- 
pared by dissolving pimozide (Janssen Pharmaceuticals, 
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Beerse, Belgium) in a 3% solution of heated tartaric aod. 
Figure 3 shows that pretreatment with pimozlde completely 
blocked the morphine-reduced increase m locomotor activ- 
ity, F(2,14)=43.39, p<0.001. Animals that were pretreated 
with pimozide did not differ significantly overall from 
animals that received a sham administration into the VTA, 
F(2,14)=0.9, p>0.05. 

These data confirm previous findings [30] and suggest that 
morphine action at opiate receptors in the VTA increases the 
activity of ascending mesohmblc DA neurons which is re- 
flected by increased levels of locomotor activity. 

EXPERIMENT 1 

In this experiment, the condinonabllity of the increase m 
locomotor activity induced by morphine administration Into 
the VTA was assessed Groups of animals were given daily 
morphine administrations either paired with a distinctive 
environment or explicitly unpaired with it. Conditioning was 
assessed by comparing the activity of these groups with that 
of sham treated control groups on a test day when all animals 
were returned to the distinctive environment without mor- 
phine administration 

M E T H O D  

De~tgn and Proc edure 

The experiment involved two phases (conditioning and 
testing) and four groups of animals In the first or condition- 
ing phase, dally morphine administrations were given to one 
group of animals in a distinctive environment, the activity 
box (AB), and to another group in the home cage (HC). Each 
group also received dady sham administrations in the other 
environment. Sham administrations were given first fol- 
lowed three hours later by a morphine administration. As a 
result, one group experienced the AB administration first 
followed by the HC administration while the reverse was 
true for the other group. To control for a possible effect of 
the order of testing on locomotor activity, two control 
groups were included. Each received two dally sham admin- 
istrations but in the opposite order. Animals were randomly 
assigned to one of the four following groups: a conditioning 
group (Group Sham HC-Morphine AB), n=9;  a conditioning 
control group (Group Sham HC-Sham AB), n=8;  a pseudo- 
conditioning group (Group Sham AB-Morphlne HC), n=  10; 
and a pseudo-conditioning control group (Group Sham AB- 
Sham HC), n=8.  Animals remained in their respective ad- 
ministration environments for 90 min. Between administra- 
tions, animals remained in their home cages 

This procedure was maintained five days a week for three 
weeks. On Day 5 of each week, all animals received sham 
administrations in both environments (intermittent condi- 
tioning tests). Following a 10 day procedure- and drug-free 
period In which all animals remained in their home cage, the 
procedure was reinstated and all animals received sham ad- 
ministrations in both environments (the final condlnonlng 
test) 

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

Figure 4 shows the group mean activity counts obtained 
on Days 1, 6, and 11 of conditioning (the first day of each 
week) for each of the four groups. Morphine admimstration 
resulted in clear increases in locomotor activity. Statistical 
analysis of the data revealed a significant Groups effect, 
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FIG. 4 Mean actlvlty count~ (+ SEM) obtained on Days I, 6 and I I 
of condltlomng for each of the four groups m Experiment 1 

F(3,31)=92.88, p< 0  001, and post hoc comparisons of day 
means indicated that Group Sham HC-Morphine AB was 
significantly more active than all three other groups on each 
day No significant differences between any of the three re- 
maining groups were found when day means were compared. 
A significant Groups × Days interaction was found, 
F(6,62)=3.34,p<0.01. The simple days effect was significant 
only for Group Sham AB-Morphlne HC, F(2,62)=7.92, 
p<0.001, and Group Sham AB-Sham HC, F(2,62)=3.67, 
p<0.05, both of which showed a decrease in locomotor ac- 
tivity with days On the other hand, the increased locomotor 
activity shown by Group Sham HC-Morphine AB clearly 
became enhanced with days but not significantly so. How- 
ever, the Days × Time interaction was significant, 
F(16,496)= 11.09, p<0.001, and post hoc comparisons indi- 
cated that activity levels for Group Sham HC-Morphine AB 
in the last 30 min of each session increased significantly from 
Day 1 to Day 11, F(16,496)=13.99, p<0.001. Finally, al- 
though no order effect was found when day means were 
compared, Group Sham AB-Sham HC was found to be sig- 
nificantly more active than Group Sham HC-Sham AB in the 
first 30 mln of Day 1, F(3,527)=3.94, p<0.001, and Day 11, 
F(3,527)=3 94, p<0.01. 

Figure 5 shows the group mean activity counts obtained 
on the final conditioning test day (following the 10 day pro- 
cedure- and drug-free period) for each of the four groups. It 
is clear that conditioned locomotor activity was obtained. 
Statistical analysis of the data revealed a significant Groups 
effect, F(3,31)=7.59, p<0.001 Post hoc comparisons indi- 
cated that Group Sham HC-Morphine AB, which had re- 
ceived morphine administrations repeatedly in the AB, was 
significantly more active overall than its control, Group 
Sham HC-Sham AB, F(3,31 )=4.71, p <0.01, whereas Group 
Sham AB-Morphine HC, which had received an equal 
number of morphine administrations but never prated w~th 
the AB, did not differ significantly from ItS control, Group 
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FIG 5 Mean actwity counts (_+SEM) obtained on the final condmonlng test day for each of the four 
groups m Experiment 1 All animals recewed sham admm~straUons m both environments on this day. 
The groups are separated according to the order m which they were tested m the AB 

Sham AB-Sham HC, F(3,31)=0.7, p>0.05. These data show 
that the morphme induced increase in locomotor activity 
could come to be ehclted by the environment in which mor- 
phine was repeatedly administered. This suggests, therefore, 
that a learned association developed between morphine (the 
UCS) and the distinctive AB environment (the CS). It should 
be noted that the CR mimicked this UCR to morphine and 
was not a compensatory CR that opposed the UCR. 

Additional post hoc analyses of the conditioning test data 
revealed that Group Sham HC-Morphine AB was not signifi- 
cantly more active than Group Sham AB-Morphine HC. It 
should be noted, however, that the important comparison to 
make is that between Group Sham HC-Morphine AB and its 
sham control group, and, further, that Group Sham AB- 
Morphine HC did not differ significantly from its sham con- 
trol group. A significant effect of the order in which animals 
were tested in the AB was found as demonstrated by the 
actiwty levels of the two sham control groups. Group Sham 
AB-Sham HC, which was given the AB treatment first and 
the HC treatment second, was slgmficantly more active than 
Group Sham HC-Sham AB, which was given the two treat- 
ments in the reverse order, F(3,31)=5.91, p<0.005. An 
order effect was also manifest during conditioning. Thus, it is 
clear that the increased level of locomotor activity shown by 
Group Sham HC-Morphine AB as compared to its sham con- 
trol group on the conditioning test was due to classical con- 
dlt~oning, that 15, to a learned association between morphine 
and the distinctive AB environment and not to pseudo- 
conditioning [35]. 

One feature of the data obtained during the conditioning 
phase requires further comment. Although Group Sham 
HC-Morphlne AB was significantly more active than the 
three other groups on all morphine treatment days through- 
out the conditioning phase, it showed large fluctuations in 
locomotor activity from day to day (not shown). These may 
have been due in part to the fact that morphine was adminis- 

tered daily during this period, not allowing sufficient time for 
recovery of tissue or receptors proxzmal to the injector can- 
nulae tips. Regardless of the explanation, the regimen of 
daily morphine administrations was discontinued. In subse- 
quent experiments, successive morphine administrations 
were separated by at least two drug-free days. These obser- 
vations may be related to another finding that, although 
strong evidence for conditioned activity was found on the 
final conditioning test conducted ten days following the last 
morphine administration, there was no difference between 
groups on the intermittent conditioning tests made during the 
conditioning phase (not shown). The fact that these tests 
were made during the conditioning phase less than 24 hours 
after the last morphine administration suggests that their re- 
sults may in part be an artifact of the regimen of dally admin- 
istrations used in this experiment. The results of Experiment 
2 would seem to confirm this interpretation. 

EXPERIMENT 2 

The increase in locomotor activity reduced by morphine 
administration into the VTA in Experiment 1 did not show 
tolerance. On the contrary, the activity became enhanced 
with repeated morphine administrations, a finding reported 
previously [30] In Experiment 2, we investigated the 
possibility that this sensitization to the effect of morphine on 
locomotor activity might reflect a conditioned phenomenon 
specific to the rejection environment. Such a possibility was 
suggested in part by recent reports of environment-specific 
or conditioned sensitization to the behavioral effects of co- 
caine [26,47] and by the evidence for conditioned increases 
in activity seen in Experiment 1. It has been suggested that 
when the CR mimics the UCR, these two responses can 
summate to produce a greater observed effect [20]. Because 
animals were repeatedly tested in the same environment, it is 
possible that the progressively increasing responses obtained 
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were specific to this envxronment and reflected the develop- 
ment of an association between it and morphine. The inves- 
tigation of this possibility provided a simultaneous test of the 
notion that the sensitization of this response to morphine is 
due to nonassociatlve changes such as increased sensitivity 
of opiate receptors in the VTA brought about by the repeated 
exposure of these receptors to morphine [30]. 

Another purpose of the present experiment was to inves- 
tigate the effect of DA receptor blockade on the development 
of the conditioned sensitization of the locomotor actwity in- 
creases induced by morphine administration into the VTA 
Pimozide blocks the activity produced by administration of 
morphine into the VTA and pilot data obtained in this labora- 
tory suggested that pimozide pretreatment could effectively 
block the development of conditioning when morphine ad- 
ministration into the VTA was used to elicit the UCR. In the 
present experiment, some animals were pretreated with 
pimozide prior to pairings of morphine with the distinctive 
environment  and were subsequently tested for con- 
dltioned sensitization It was reasoned that if pimozlde 
blocked the development of conditioned sensitization, the 
action of morphine critical for the development of this con- 
ditioning would be an effect of the morphine-induced release 
of DA postsynaptic to mesolimbIc DA neuron terminals. 

Finally, the present experiment also provided an oppor- 
tunity to replicate the conditioning of the morphine-induced 
increases in locomotor activity obtained in Experiment 1. 

METHOD 

Apparatus 

Locomotor activity was measured m the same activity 
boxes described in the General Method section. However, 
the technique used to record activity counts was changed In 
this experiment, animals in the AB's were filmed with a red 
light-sensitive television camera mounted in the AB room. 
The audio-visual monitor and recording equipment were 
situated in an adjacent room. Two strips of tape were 
mounted on the front Plexlglas door of each AB so as to 
&vide each box into three equal spaces. These spaces corre- 
sponded to the left, center, and right thirds of the steel grid 
floor of each box. Five activity scorers were hired and 
trained to view and score the films. They were instructed to 
register one count each time an animal moved at least one 
limb across one of the strips (i.e., line crossings). For rear- 
ing, the scorers were instructed to register one count each 
time an animal placed a limb on the steel plates mounted on 
the inside walls of the AB's. Thus, as in Experiment 1, both 
horizontal locomotion and rearing were measured and 
pooled together to give a locomotor activity count for each 
animal. 

Design and Procedure 

Animals were randomly assigned to one of five groups a 
conditioning group (Group Morphine AB-Sham HC), n=8,  a 
pseudo-conditioning group (Group Sham AB-Morphine HC), 
n=8;  a sham control group (Group Sham AB-Sham HC), 
n=8:  and two plmozide pretreatment groups, Group 
Pimozide/Morphme AB-Tartaric Acid/Sham HC, n=8,  and 
Group Pimozide/Sham AB-Tartaric Acid/Sham HC, n=9. 
Animals in the two Pimozide groups were injected in their 
home cages with plmozlde (0.5 mg/kg, IP) four hours prior to 
their AB administration and the tartaric acid vehicle four 
hours prior to their HC administration The experimental 
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design involved giving animals their respective AB admlms- 
tratton on one day and their respective HC administration on 
the following day. (Because only one administration was 
experienced each day, there was no need to control for order 
effects as ]n Experiment 1 ) On the third day, animals re- 
mained in their home cages and received no administrations 
This sequence of sessions was repeated five times and repre- 
sents the conditioning phase of the experiment. In order to 
provsde suitable sham control data for the conditsoning test, 
the sequence of sessions experienced in conditioning was 
repeated a sixth time for animals in Group Sham AB-Sham HC. 

On the first test day, three days following the last condi- 
tioning session, all animals were given a morphine adminis- 
tration in the AB's. This session constituted the test for 
con&tioned sensitization. Four hours prior to the session, 
ammals in the two Plmoz~de groups were injected in their 
home cages with tartaric acid. 

Three days following this test, animals in Group Mor- 
phine AB-Sham HC and Group Sham AB-Morphine HC 
were returned to the AB's and given sham administrations. 
This session constituted the conditioning test The data ob- 
tanned on the sixth conditioning AB admimstration day for 
Group Sham AB-Sham HC were used as the control group 
data for this test. 

On days between tests, animals remained in their HC's 
and recewed no administrations. 

RESULTS AND DISCUSSION 

CottdtttO/ltttg Day~ 

The group mean actnvlty counts obtained on the five con- 
dltloning days for each of the five groups are shown in Fig. 6 
Group Morphine AB-Sham HC was consistently more active 
than all four other groups. Furthermore, the activity shown 
by this group increased substantially over days. Statistical 
analysis of the day total activity counts revealed a significant 
Groups effect, F(4,36)= 167 52, p<0.001, and post hoc com- 
parisons confirmed that Group Morphine AB-Sham HC was 
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significantly more active than all four other groups on each 
day, A significant Groups × Days interaction was also 
found, F(16,144)=9.36, p<0.001. The simple days effect was 
significant only for Group Morphine AB-Sham HC, 
F(4,144)=39.29, p<0.001, which showed an increase in lo- 
comotor activity with days. The remaining groups main- 
tained comparatively low levels of activity throughout con- 
dlt]oning. Additional post hoc comparisons revealed that 
while Groups Sham AB-Morphlne HC and Sham AB-Sham 
HC did not differ significantly from each other, both com- 
bined were significantly more active than the combined 
Plmozide groups on each day. The latter two groups did not 
differ significantly from each other. Thus, the dose of 
pimozide used not only blocked the morphine-induced in- 
creases in locomotor activity but also slightly reduced levels 
of locomotor activity in this experiment. 

Condittoned Sen~tttzatton Te,st 

In this test, all animals were returned to the AB's and 
administered morphine. It will be recalled that the two 
Pimozide groups were pretreated with tartaric acid on this 
test. Figure 7 shows that Group Morphine AB-Sham HC was 
by far more active than all four other groups. A significant 
Groups effect, F(4,36)= 16.94, p<0.001, was found and post 
hoc comparisons confirmed this observation. Additional 
post hoc comparisons revealed that the remaining four 
groups did not differ significantly from each other. Thus, 
Group Sham AB-Morphine HC, which had received an equal 
number of morphine administrations as Group Morphine 
AB-Sham HC but never paired with the AB, showed levels 
of activity similar to a group which received morphine for the 
first time on this test (Group Sham AB-Sham HC). That is, 
the sensitization of the morphine-induced increase in loco- 
motor activity only appeared when animals were tested in 
the environment previously associated with morphine ad- 
ministrations. These data suggest, therefore, that the sensiti- 
zation shown by Group Morphine AB-Sham HC is due to a 

learned association between morphine and the administra- 
tion environment (the AB) and cannot be accounted for by 
changes brought about by the repeated exposure of opiate 
receptors in the VTA to morphine as previously suggested 
by some [30]. 

This interpretation is also supported by the activity levels 
shown by Group Pimozide/Morphine AB-Tartaric Acid/ 
Sham HC. This group showed no evidence of having 
developed sensitization of the morphine-induced increase in 
locomotor activity even though it received an equal number 
of morphine administrations in the AB. Thus, pimozide not 
only blocked the unconditioned morphine-induced increase 
in activity but also blocked the development of the con- 
ditioned sensitization of this effect. These data suggest again 
that the critical action of morphine that becomes associated 
with the administration environment is not an effect at opiate 
receptors in the VTA but rather an effect of released DA 
postsynaptic to mesolimbic DA neuron terminals. No evi- 
dence for any after effect of neuroleptic treatment such as 
dopaminerglc supersensitivity was found: Group Sham 
AB-Morphine HC, Group Sham AB-Sham HC, and the two 
Pimozlde groups did not differ significantly from each other 
on this test. 

Finally, a significant Groups × Time interaction was 
found, F(32,288)=8.88, p<0.001 Although this interaction 
was clearly due in large part to the steep increase in activity 
levels shown by Group Morphine AB-Sham HC relative to 
the other groups, Group Sham AB-Sham HC was also found 
to be significantly more active than the remaining three 
groups during the first 20 minutes of the test, F(4,324)=4.21, 
p <0 005. There is, at present, no explanation for this finding. 

Condttionmg Te~t 

The group mean activity counts obtained on this test for 
Groups Morphine AB-Sham HC, Sham AB-Morphlne HC, 
and Sham AB-Sham HC are shown in Fig. 8. It will be re- 
called that the data for Group Sham AB-Sham HC used for 
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this test were those obtained on its sixth AB administration 
day during conditioning Furthermore, Group Sham AB- 
Morphine HC had received one morphine administration in 
the AB (on the conditioned sensitization test) prior to thls 
test. Despite this, there was a difference between groups 
indicating that conditioning occurred. A significant Groups 
effect was found, F(2,21)=8 36, p<0.001, and post hoc com- 
parisons revealed that Group Morphine AB-Sham HC was 
significantly more active than Group Sham AB-Morphlne 
HC, F(2,21)=5.28, p<0.025, and Group Sham AB-Sham 
HC, F(2,21 )=7.13, p<0.005. These latter two groups did not 
differ significantly from each other. The sigmficant Groups 
× Time interaction, F(16,168)=3 42, p<0.001, and addi- 
tional post hoc comparisons indicated that the activity levels 
of Group Morphine AB-Sham HC were significantly higher 
than those of the remaining two groups during the first 50 
mmutes of the test and diminished to nonsignificant levels 
for the remainder of the test. 

These data replicate those obtained in Experiment 1 and 
once again demonstrate that the morphine-induced increase 
m locomotor activity could come to be elicited by the en- 
vironment m which morphine was repeatedly administered 
again suggesting that a learned association developed be- 
tween morphine and the distinctive AB environment. 

GENERAL DISCUSSION 

The main findings of the present experiments are first, 
that morphine administration into the VTA Induces an in- 
crease in locomotor activity which is reversed by naloxone 
and blocked by the DA receptor antagonist, plmozide. These 
results confirm previous findings [30] and suggest that mor- 
phine action at opiate receptors in the VTA increases the 
activity of ascending mesolimbic DA neurons which is re- 
flected behaviorally by increased levels of locomotor activ- 
ity. Second, the morphine-reduced increase in locomotor 
activity could come to be elicited, in the absence of mor- 
phine, by the environment associated with morphine admin- 
istrations. The CR in this case mimicked the UCR to mor- 
phine and was not a compensatory CR that opposed the 
UCR. Third, the morphine-induced increase in locomotor 
acUvity became progressively enhanced with repeated mor- 
phine administrations (again confirming previous findings 
[30]) and this sensitization was found to be specific to the 
administration environment Finally, pimozide effectively 
blocked the development of conditioned sensitization of the 
morphine-induced locomotor activity increases. 

These results make it clear that the conditioned increases 
in locomotor activity were due to the conditioning of the 
excitatory effects of morphine on locomotor activity. As re- 
ported by others [ 11, 30, 50], the UCR to morphine adminis- 
tration into the VTA was an increase in locomotor activity 
The CR reported here mimicked this UCR. Because mor- 
phine administration into the VTA at no time resulted in 
decreases in locomotor activity, it is unlikely that the condi- 
tioning obtained in the present experiments reflected the de- 
velopment of a conditioned compensatory increase in loco- 
motor activity as suggested by some [38, 51, 52, 53]. 

Tolerance did not develop to the effect of morphine on 
locomotor activity obtained in the present experiments. On 
the contrary, with repeated administrations, the increase in 
locomotor activity became enhanced or showed sensitiza- 
tion. The finding that this sensitization was specific to the 
environment in which morphine was repeatedly adminis- 
tered together with the finding that the morphine-induced 

increase m locomotor activity could be elicited, in the ab- 
sence of morphine, by the administration environment 
suggests that a learned association developed between this 
excitatory effect of morphine and the adminlstrataon en- 
vironment 

It would be difficult to account for the conditioned sen- 
Sltlzatton m terms of nonassoclative changes such as in- 
creased sensltavity of opiate receptors m the VTA brought 
about by repeated exposure of these receptors to morphine 
[301 In Experiment 2, animals that received an equal number 
of morphine admlnlstrataons as the conditioning group, but 
not paired with the distractive AB envaronment, did not 
show a sensitized response when subsequently admlmstered 
morphine m the AB Furthermore, animals pretreated with 
pamozlde prior to morphine administrations in the AB failed 
as well to show a sensitized response when subsequently 
administered morphine in the AB without pamozlde pre- 
treatment. P~mozlde does not block the action of morphine at 
opiate receptors [33]. Rather, these data suggest that the 
critical action of morphine that becomes associated with the 
admlmstratlon environment is not an effect at opiate recep- 
tors in the VTA but rather an effect of released DA 
postsynaptlc to mesohmbic DA neuron terminals 

Such results may provide an explanation for the changes 
m locomotor activity seen following repeated systemic in- 
jections of morphine. It has been reported that conditioned 
increases in locomotor activity were obtained following re- 
pented injections of both low and high doses of morphine 
[38]. Because low systemac doses do not produce uncon- 
ditioned decreases m locomotor activity, it would be difficult 
to explain these findings m terms of the development of 
conditioned compensatory increases in locomotor activity 
Rather, the explanation suggested by the present experi- 
ments is that the conditioned increases in locomotor actzvlty 
obtained when low and high systemic doses of morphine are 
used as the UCS reflect the independent conditioning of the 
excitatory effects of morphine on locomotor activity 

Whether this view can also adequately explain the devel- 
opment of tolerance to the depressant effect on locomotor 
activity obtained from high systemic doses remains to be 
determined. While It is clear that the d~rect acuvation of 
mesolimblc DA neurons by morphine action m the cell body 
region and the sensitization of this actavation can provide an 
explanataon, alternative explanations cannot be ruled out. 
For example, tolerance to the depressant effects of morphine 
on locomotor activity may also arise from continued inhibi- 
tion by morphine of DA release from terminals that subse- 
quently initiates increased DA synthesis through negative 
feedback 12,451. Since it seems to be the action of released 
DA postsynaptlc to mesohmbic DA neuron terminals that is 
responsible for the sensitization obtained In the present ex- 
periments, however, such an explanation would be redun- 
dant It, nonetheless, needs to be investigated Another 
posslblhty is that tolerance to the depressant effect of mor- 
phine on locomotor activity may result from decreased af- 
finity for morphine of opiate receptors at mesohmblc DA 
neuron terminals If tolerance were shown to be situation 
specific, however, it is unlikely that this latter explanation 
would apply. 

Finally, the present findings have important implications 
for the role of condltiomng factors in relapse to opiate use 
after long-term abstinence The tradltaonal view of opiate use 
has been that it is maintained m order to avoid or reduce the 
trauma of withdrawal [34] Demonstrations of the classical 
conditioning of withdrawal reactaons [24, 28, 59, 631 or of 
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c o m p e n s a t o r y  r e s p o n s e s  [51, 52, 53] h a v e  thus  b e e n  inter-  
p re ted  to p rov ide  the  acqu t r ed  dr ive  n e c e s s a r y  for  the  rein- 
forc ing  effects  of  the  drug  in jec t ion  [62]. T h e r e  have  b e e n  to 
da te ,  h o w e v e r ,  no  success fu l  and  unequ i voca l  d e m o n s t r a -  
t ions  tha t  these  C R ' s  are able  to  re in t t ia te  se l f -admin i s t ra t ion  
o f  m o r p h i n e  in an imal s  [58,63]. 

Al te rna t ive ly ,  a n u m b e r  of  r epor t s  have  a c c u m u l a t e d  m 
recen t  years  to  sugges t  tha t  m o r p h i n e  ac t ion  in the  V T A  may  
be r e spons ib l e  for  its r eward ing  p roper t i e s  [4, 5, 6, 9, 10, 43]. 
F u r t h e r m o r e ,  thts  site does  not  seem to be a s soc ia t ed  wi th  
the  e l ic i ta t ion  of  w i thd rawa l  reac t ions  u p o n  t e r m m a t i o n  of  
m o r p h i n e  admin i s t r a t i on  [8] In addi t ion ,  neuro lep t t c  pre-  
t r e a t m e n t  has  b e e n  found  to b lock  the  cond i t ioned  place 
p re fe rence  normal ly  p r o d u c e d  by sys temic  hero in  suggest-  
lng, as wi th  the  m o r p h i n e - i n d u c e d  m cr ea s e  in l o c o m o t o r  ac- 
t ivi ty,  DA med ia t ion  of  m o r p h i n e  r eward  [7,64]. T h e s e  find- 
lngs t aken  t oge the r  wi th  the resul t s  of  the  p r e s en t  exper i -  
m e n t s  sugges t  tha t  m o r p h m e  reward  and  m o r p h i n e - r e d u c e d  
increase  in act ivi ty  m ay  share  a c o m m o n  dopamine rg tc  sub- 
s t rate .  By e x t e n s i o n  of  the  p re sen t  resul ts ,  ~t would  be ex- 
pec t ed  tha t  m o r p h m e  r eward  could  c o m e  to be el ict ted,  in 

the  a b s e n c e  of  m o r p h i n e ,  by the  admin i s t r a t ion  e n v i r o n m e n t  
and  t he r eby  lead to re in i t ia t ion  of  se l f -adminis t ra t ion  behav-  
ior. Suppor t  for  the no t ion  tha t  it is the  p r e s e n c e  of  the  drug  
(or s t imuli  a s soc ia t ed  wi th  the  drug)  and  not  the a b s e n c e  of  
the  drug  tha t  faci l i ta tes  se l f -admin is t ra t ion  b e h a v i o r  c o m e s  
f rom d e m o n s t r a t i o n s  tha t  ex t ingu i shed  drug  self- 
a d m m l s t r a t l o n  b e h a v i o r  c an  be  r e ins ta t ed  by  a noncon t in -  
gent  pr iming admin i s t r a t i on  o f  the  p rev ious ly  self- 
admin i s t e r ed  drug [16, 17, 18, 23, 55]. This  v iew of  drug 
tak ing  and  re lapse  has  b e e n  d i scussed  in more  detai l  
e l s e w h e r e  [56,57] and  tts impl ica t ions  for  re lapse  to mor-  
p h m e  use  af te r  long- te rm a b s t i n e n c e  are  p resen t ly  be ing  in- 
ves t iga ted  In this  l abora to ry .  

ACKNOWLEDGEMENTS 

This research was supported by a grant (MA6678) to J. Stewart 
from the Medical Research Council of Canada. P Vezma is the 
recipient of a Natural Sciences and Engineering Research Council of 
Canada Postgraduate Scholarship The naloxone HC1 was gener- 
ously supphed by Endo Laboratories, lnc 

R E F E R E N C E S  

1 Babblnl, M and W. M. Davis. Time-dose relatlonshnps for lo- 
comotor actwity effects of morphine after acute or repeated 
treatment Bt J Phatma~ol 46: 213-224, 1972. 

2 BIgglo, G , M Casu, M G. Corda, C. DnBello and G. L Gessa. 
Stlmulatnon of dopamlne synthesis in caudate nucleus by 
mtrastnatal enkephahns and antagonism by naloxone 3~ tetu e 
200: 552-554, 1978 

3 Bozarth, M. A. The neuroanatomlcal substrate of opiate reward 
m the rat Ph D thesis, Concordla University, Montreal, 1982 

4 Bozarth, M A Opiate reward mechanisms mapped by mtra- 
cranml self-admlmstratlon. In The Neurobudogv oj Opiate Re- 
~'atd Ptot es~es, edited by J. E Smnth and J D Lane Amster- 
dam Elsevier/North Holland Biomedical Press, 1983, pp 331- 
359 

5 Bozarth, M A and R A Wise. Intracranml self-admlmstratmn 
of morphine into various brain regions So~ Nettro~t Ab~tr 6: 
309, 1980 

6 Bozarth, M A and R. A Wise lntracramal self-admimstratlon 
of morphine into the ventral tegmental area in rats LtJe St t 28: 
551-555, 1981 

7 Bozarth, M A and R. A. Wise Heroin reward is dependent on 
a dopaminerglc substrate LlJe S~t 29: 1881-1886, 1981. 

8 Bozarth, M A and R A Wise Dissociation of the rewarding 
and physical dependence-producing properties of morphine In 
Probh'm~ o/ DH~g Dependeme,  1982. edited by L S. Harris 
Rockvdle, MD National Institute on Drug Abuse, 1983, pp 
171-177. 

9. Bntt,  M D. and R A Wise Ventral tegmental site of opiate 
reward Antagonism by a hydrophdlc opmte receptor blocker 
B~am Re~ 258: 105-108. 1983 

10 Broekkamp. C L . J H Van den Boggard. H J. Hlejnen. R H 
Rops. A R Cools and J M Van Rossum Separation of inhibit- 
mg and stimulating effects of morphine on self-stimulation be- 
hawor by mtracerebral mlcroinjechons E,r  J Phatma~ol 36: 
443-446. 1976 

11 Broekkamp. C L E .  A G Philhps and A R Cools Stimulant 
effects of enkephahn mncromjectlon into the dopammerglc A10 
,area Natme 278: 560-562, 1979 

12 Costall. B , D H Fortune and R J Naylor. BnphasIc changes 
m motor behawor following morphine injection into the nucleus 
accumbens BJ J Phatmat ol 57: 423, 1976 

13 Costall, B , D H J. Fortune and R J Naylor The mduct lonof  
catalepsy and hyperactivity by morphine admmxstered directly 
into the nucleus accumbens of rats Em J Pharntac ol 49: 4%64, 
1978 

14 Costall, B. and R. J. Naylor. Antagomsm of the hyperactivity 
induced by dopamme apphed mtracerebrally to the nucleus ac- 
cumbens septi by typical neuroleptncs and by clozaplne, sul- 
prude and thlondazme. Eur J Phmma~ol 35: 161-168, 1976. 

15 Costall, B , R. J Naylor, J B Cannon and T. Lee. Differentia- 
tion of the dopamine mechanisms mediating accumbens and 
caudate-putamen J Phatm Phalma~ ol 29: 337-342, 1977 

16 Davis, W. M. and S. G. Smith. Role of conditioned reinforcers 
m the initiation, maintenance and extmct~on of drug-seeking be- 
havior Pavlol' J BIol S~t 11: 222-236, 1976. 

17 de Wit, H and J Stewart. Reinstatement of cocaine-reinforced 
responding in the rat. P~ychopharma~ology (Berhn) 75: 134- 
143, 1981 

18 de Wit, H and J Stewart Drug reinstatement of heroin- 
reinforced responding m the rat. P~y~ hopharma~ ology (Bethn) 
79: 2%31, 1983 

19 Dill, R E and E Costa Behavloural dissociation of the 
enkephahnergnc systems of nucleus accumbens and nucleus 
caudatus Nemopharma~ology 16: 323-326, 1977 

20. Elkelboom, R and J Stewart Conditioning of drug-induced 
physiological responses. Psy( hol Rev 89: 507-528, 1982 

21 Elde, R , T Hokfelt, O Johannsson, A Lungdahl, G Ndsson 
and J L Jeffcoate Immunohtstochemlcal locahzatnon of pep- 
tides m the nervous system In Centrally Acting PeptMes, 
edzted by J Hughes. London Macmillan, 1978, pp 17-35. 

22 Fog, R Behavioral effects In rats of morphine and amphetamine 
and of a combination of the two drugs P~3'~ hopharma~ ologla 
16: 305-312. 1970 

23 Gerber, G. J and R Stretch Drug-induced reinstatement of 
extinguished self-admmistratmn behavior m monkeys Phar- 
m a ~  ol Bto~ hem Beha~ 3: 1055-1061, 1975 

24 Goldberg, S R and C R Schuster Conditioned suppression 
by a stimulus assocmted with nalorphlne in morphine-dependent 
monkeys J E,~p Amd Behar 10: 235-242, 1967. 

25 Gyshng, K. and R Wang Morphine facdntates the acuvlty of 
dopammergic neurons in the rat ventral tegmental area So~ 
Neuro~t t Ab~tr 8: 777, 1982 

26 Hmson, R E and C X Poulos Sensitization to the behavioral 
effectb of cocaine Modlficatnon by Pavlovlan conditioning. 
Phmma~ ol Bto~ hem Behav 25: 55%562, 1981. 

27 Holtzman, S G Stimulation of locomotor activity m the rat by 
morphine Effects ofnaloxone and tolerance Fed Pto~ 35: 265, 
1976. 



934 V E Z I N A  A N D  S T E W A R T  

28. Irwin, S. and M H Seevers  Altered response  to drugs in the 
post  addict (Macaca Mulatta) J Pharma¢ol E~p Thep 116: 
31-32, 1956 

29 Johnson ,  R P ,  M Sar and W E S tumpf  A topographic Io- 
cahzat lon of  enkephahn  on the dopamlne neurons  of  the rat 
substant la  mgra and ventral tegmental  area demons t ra ted  by 
combined hLstofluorescence-lmmunocytochemlstry Bpam Res 
194: 566-571, 1980 

30 Joyce,  E. M and S D Iversen The effect o f  morphine  applied 
locally to mesencephahc  dopamme cell bodies on spon taneous  
motor  activity in the rat Nemosct Lett 14: 207-212, 1979 

31 Kamat ,  K A ,  S N D u t t a a n d  S N Pradham Condit ioning of 
morphine-reduced enhancemen t  of  motor  activity ges Corn- 
?HIll1 Chem Path,d Phalma¢ ol 7: 367-373, 1974 

32 Kirk, R E Evpettmental Deszgn Pio~edmes h .  the Behav- 
tola] 5¢tenies Belmont  Brooks/Cole Pubhshlng  Company ,  
1968 

33 Leysen ,  J , J P Tollenaere,  M H J. Koch  and P Laduron  
Differentiation of  opiate and neuroleptnc receptor  binding in rat 
brain. Em J Pharnu. ol 43: 253-267, 1977 

34 Lmdesml th ,  A. R Addiction and Opmtes (2nd edition) 
Chicago'  Aldme,  1968 

35 Mackintosh,  N J The P~y~hology oJ AttlmHI Lealmng Lon- 
don Academic  Press,  1974 

36 Martin, W R., A Wlkler, C G Eades and F T Pescor  
Tolerance to and physical dependence  on morphine  in rats P~v- 
c Ilopharmac ologta 4: 247-260, 1963 

37 Mat thews,  R T and D C German.  Electrophysiologlcal evi- 
dence for morphine  excitation o f  ventral tegmental  area 
dopamlne neurons  Soc Neulos¢t Abstr 8: 777, 1982 

38 Mucha,  R. F ,  C Volkovskis  and H Kalant .  Condit ioned in- 
c reases  In locomotor  activity produced with morphine  as an 
uncondi t ioned st imulus,  and the relation of  conditioning to 
acute morphine  effect and tolerance J Comp Phy~tol Psy¢ hol 
95: 351-362, 1981 

39 Oka, T and E Hosoya .  Effects  of  humoral  modula tors  and 
naloxone on morphine-reduced changes  in the spon taneous  lo- 
comotor  activity of  the rat P~yc hopharma~ ologv (Belhn) 47: 
243-248, 1976. 

40 Ostrowskl ,  N L , C. B Hatfleld and A R Cagglula The ef- 
fects  of  low doses  o f  morphine  on the activity of  dopamme-  
containing cells and on behavior  Ltle 5¢1 31: 2347-2350, 1982. 

41 Pellegrmo, L J ,  A S Pellegrlno and A J C u s h m a n  A 
Stmeotart¢ Atla,s oJ the Rat Brain New York Plenum Press,  
1979 

42 Perez-Cruet ,  J Condmonlng  of  strlatal dopamlne metabol ism 
with methadone ,  morphine,  or  bulbocapmne as an uncon- 
ditnoned s t imulus  Parlor J Biol 5¢i 11: 237-250, 1976 

43 Phillips, A G and F. G. LePlane Reinforcing effects of  mor- 
phine micromlected into the ventral tegmental  area Phaivna~ ol 
Bio~ hem Beha~ 12: 965-968, 1980 

44. Pljnenburg, A J J , W M M. Homg,  J A M Van der Heyden  
and J M. Van R ossum Effects of  chemical  st imulation of  the 
mesohmblc  dopamme  sys tem upon locomotor  activity Em J 
Pharmacol 35: 45-58, 1976 

45 Pollard. H.,  C Llorens,  J. J. Bonnet ,  J Costent ln  and J C 
Schwartz .  Opiate receptors  on mesohmblc  dopammerglc  
neurons  Neuro~¢l Lett 7: 295-299, 1977 

46 Pollard, H ,  C LIorens-Cortes  and J C Schwartz  Enkephahn  
receptors  on dopammergic  neurones  m rat s t r ia tum Nature 268: 
745-747, 1977 

47 Post,  R M ,  A Lockfeld,  K M Sqmllace and N R. Contel 
Drug-envi ronment  interaction Context  dependency  of  cocaine- 
induced behavioral sensit ization LtJe Sit 28: 755-760, 1981 

48 Rout tenberg,  A Intracramal chemmal  lnjectmn and behavior  A 
Cmtlcal review Beha~ Bml 7: 601-641, 1972 

49 Schwartz,  J C Opiate receptors  on catecholammerglc  neurons 
In brain ]lends Neuronal 2: 137-139, 1979 

50 Schwartz ,  J M ,  C Kslr,  G F K o o b a n d  F E Bloom En- 
hanced locomotor  response  to beta-endorphln refused into the 
ventral t egmentum of  morphine pre-treated rats ~ot Nettros¢ t 
Ah,str 7: 165, 1981 

51 Siegel, S Evidence from rats that morphine  tolerance ~s a 
learned response  J Comp Phy.slol Psy¢ hol 89: 498-506, 1975 

52 Snegel, S the role of  conditioning in drug tolerance and addic- 
tion In Psy¢hopathologv  in Animals Red, earth amt Chm~ a/ 
Apphiattons, edited by J D Keehn  New York Academvc 
Press,  1979, pp 143-168 

53 Siegel, S. Classical condl tmmng,  drug tolerance, and drug de- 
pendence  In Reseat( h Advam e~ ii1 Ah ohol and Dpue Prob- 
lems. vol 7. edited by Y Israel, F B Glaser,  H Kalant ,  R E 
Popham, W Schmndt and R G Smart New York Plenum, 
1983, pp 207-246 

54 Sloan, J W , J W Brooks,  A J Elsenman and W R. Martin 
Compar ison  o f  the effects of  single doses  of  morphine  and 
thebalne on body temperature ,  activity, and brain and heart  
levels of  ca t echo lammes  and sero tonm P~yc ttophalmuialo~,,ta 
3: 291-301, 1962 

55 Stewart ,  J Re ins ta tement  of  heroin-reinforced responding in 
the rat by central implants of  morphine m the ventral tegmental  
area 5o~ Neulos~l Ahstl 8: 589, 1982 

56 Stewart ,  J Cond~tmned and uncondit ioned drug effects in re- 
lapse to opiate and stnmulant drug self-admmnstratnon. Ptog 
Nemopsv~ hophalma¢ ol Bud Psv~ tuatt v 7: 591-597, 1983 

57 Stewart ,  J , H. de Wnt and R Enkelboom The role of  uncon- 
dltzoned and condit ioned drug effects m the self-admmlstratnon 
of  opmtes  and st imulants  Psy¢ hol Re~ 91: 251-268, 1984 

58 Thompson ,  T and W Ostlund,  Jr Susceptlblhty to readdlctmn 
as a func tmn of  the addlctmn and withdrawal env i ronments  / 
Comp Physlol P~3( hol 60: 388-392, 1965 

59 Trost ,  R C Differential classical condl tmnlng of  abst inence 
syndrome in morphine-dependent  rats Psvihop/tatma~ o[oeta 
30: 153-161, 1973 

60, Vasko,  M R and E F Domino Tolerance development  to the 
blphaslc effects of  morphine  on locomotor  actlvfly and brain 
acetylchohne In the rat J Phmma(,d £xp Ihel 207: 848-858, 
1978 

61 Wachtel ,  H , S Ahlemus  and N E Anden  Effects of  locally 
applied dopamlne to the nucleus  accumbens  on the motor  actuv- 
nty of  normal rats and following L-methyl tyros lne  or reserpine 
Psv¢ hopharmac olo,~,,3 (Berhn) 63: 203-206, 1979 

62, Wikler, A Recent  progress  in research on the neurophyslologJc 
basis of  morphine  addlc tmn Am J P~y¢ htat13' 105: 32%338, 
1948. 

63 Wxkler, A and F ~I Pescor  Classical condit ioning of  a mor- 
phine abst inence phenomenon ,  reinforcement  of  oplotd- 
drinking behavior  and "'relapse" in morphine addicted rats 
Ps~¢ hophatmac O/Ogla 10: 255-284, 1967 

64 Wise,  R A Brain neuronal  sys tems  medmtlng reward proc- 
esses  In 1he Nentobtola:,,y o/ Opiate Reward Ptoies,se~, 
edited by J E Smnth and J D Lane Amste rdam 
Elsewer/North-Hol land Bmmedncal Press,  1983, pp. 405-437 


