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WISE, R. A. AND M. A. BOZARTH. Action of drugs of abuse on brain reward systems: An update with specific attention 
to opiates. PHARMAC. BIOCHEM. BEHAV. 17(2) 239-243, 1982.--In addressing the role that the substrate of brain 
stimulation reward might play in drug abuse, Wise [47] reviewed evidence relating brain stimulation and psychomotor 
stimulant reward to dopaminergic but not noradrenergic elements identified with brain reward circuitry. He then speculated 
that one possible mechanism of opiate, ethanol, barbiturate or benzodiazepine reward might involve a specified disinhibi- 
tion of the dopaminergic element. He suggested that these drugs might have inhibitory actions on locus coeruleus, which in 
turn might send an inhibitory projection to the dopaminergic link in reward circuitry. This speculation is challenged with 
respect to ethanol in the companion article [1] and with respect to opiates in the present article. Recent evidence indicates 
that the rewarding action of opiates is mediated in the region of the dopaminergic cells of the ventral tegmentum and not in 
the region of the noradrenergic cells of locus coeruleus. Rewarding opiate injections appear to activate the same or a similar 
dopaminergic link in brain reward circuitry as that thought to be activated through its afferent inputs in the case of brain 
stimulation reward and activated at its synaptic terminals in the case of psychomotor stimulant reward. Whether other 
drugs of abuse activate links in brain reward circuitry which function in parallel or in series with the dopaminergic link 
identified with opiates and stimulants remains an open question. 

Drugs of abuse Brain reward systems Opiates 

THIS paper and the companion piece by Amit and Brown [1] 
represent comments on an earlier paper [47] which was 
based on an invited address to the 5th Biennial International 
Symposium on Alcoholism; its topic was the action of drugs 
of abuse on brain reward systems. The talk focused on the 
assumptions and heuristic potential of experiments in which 
the interactions of rewarding brain stimulation and drugs of 
abuse are studied. While raising several cautionary notes on 
the one hand, the paper raised several speculative working 
hypotheses on the other. These hypotheses were outlined to 
illustrate various models of possible interaction of drugs of 
abuse with brain stimulation reward substrates and were not 
intended as serious suggestions as to how things actually 
work; however, the speculations have attracted considerable 
interest and are now the subject of careful scrutiny. 

The present paper and the companion paper [1] represent 
critiques and updates of the speculations as to how ethanol 
and opiates might interact with brain stimulation reward 
substrates. The present paper focuses attention on two is- 
sues. First, it makes comment on the specific speculation 
that ethanol, barbiturates, and benzodiazepines might have 
their rewarding actions by a common mechanism and that 

this mechanism might involve disinhibition of the reward 
system resulting from an inhibition of the locus coeruleus 
([47], Fig. 3). It is this speculation that is a major concern of 
the critique by Amit and Brown [1]. Second, it makes com- 
ment on the speculation that the rewarding properties of 
opiates might involve the same mechanism. It is now clear 
that opiate reward does not involve an action at the locus 
coeruleus; rather it seems likely that opiate reward involves 
an action at the ventral tegmental dopaminergic cells iden- 
tiffed as a component in the circuitry for brain stimulation 
reward [4-7, 52]. Thus, opiates seem to have a local activat- 
ing effect on the substrate of brain stimulation reward, and 
they can be excluded from the class of drugs suggested by 
Wise [47] to perhaps indirectly activate intracranial self- 
stimulation mechanisms. The new evidence that opiates act 
directly at the cells of a dopaminergic link in the endogenous 
circuitry for reward serves as the strongest available evi- 
dence against the cautionary notes of the initial paper [47]; 
this evidence indicates, at least in the case of the opiates, the 
action to facilitate intracranial self-stimulation reflects the 
direct rewarding action, and not some side effect, of an 
abused drug class. 
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ETHANOL 

Amit and Brown [1] raise several objections to the specu- 
lation that ethanol, benzodiazepine_s or barbiturates might be 
rewarding because they suppress noradrenergic systems in- 
volved in mediation of anxiety or some other function in- 
compatible with reward. Although this speculation was not 
meant to serve as a theory of  ethanol action, Amit and 
Brown have responded in detail, for the mechanism of action 
of ethanol is a matter central to their research [2, 10, 11]. The 
major point raised by Amit and Brown is well taken; it cer- 
tainly remains the case that "current evidence for this par- 
ticular site of  anxiolytic action is suggestive at best" ([47], 
Fig. 3), as Amit and Brown [1] conclude. Moreover, Wise's 
discussion of the possible mechanisms of rewarding action of 
ethanol, barbiturates and benzodiazepines should not be 
taken as demonstrating that "dopamine is the neurotransmit- 
ter exclusively responsible for the mediation of reward," as 
Amit and Brown further argue. While Wise suggested this as 
a viable working hypothesis, it is certainly not validated by 
evidence which is in any way definitive. The section in which 
the matter was discussed was intended merely to illustrate 
the feasibility of  the assumption that some drugs of abuse 
might facilitate brain stimulation reward by complex indirect 
mechanisms rather than by a direct rewarding action on a 
common substrate. Amit and Brown rightly argue that there 
is no good current evidence for dopaminergic mediation of  
ethanol, barbiturate or benzodiazepine reward. While the 
speculation of  Wise [47] is still a logical possibility (that in 
our view merits consideration despite the criticisms of  Amit 
and Brown), the present data-base is clearly inadequate to 
validate this speculation. 

Amit and Brown argue that the rewarding effects of 
ethanol, opiates and fast-acting barbiturates are primarily 
and directly mediated by noradrenergic systems in the brain. 
This alternative seems also open to question, and some spe- 
cific points might be made in this regard. First, Amit and 
Brown argue that there is still considerable controversy as to 
whether it is brain dopamine or brain norepinephrine that is 
the neurotransmitter critically involved in reward and rein- 
forcement. In our view this controversy has not been re- 
solved. Recent reviews have outlined in detail the evidence for 
dopaminergic mediation of brain stimulation reward and the 
evidence against noradrenergic mediation of such reward [13, 
21, 46, 50, 51]. The counter-arguments cited by Amit and 
Brown are, in our view, no longer tenable. It has now been 
clearly demonstrated that dopaminergic receptor blockade and 
not noradrenergic receptor blockade interferes with brain stim- 
ulation reward [22-24, 55, 56], though noradrenergic receptor 
blockade or synthesis inhibition can impair lever-pressing 
capacity [22, 40, 56]. Lesions of  noradrenergic pathways fail 
to disrupt self-stimulation with electrode placements near 
the relevant fibers [12, 14, 30], and the correlations between 
such electrode placements and the locus of nearby norad- 
renergic pathways is spurious [ 15] while the analogous corre- 
lation with dopamine pathways is strong [16]. The fact that 
noradrenergic pathways are not important for brain stimula- 
tion reward does not, of course, say anything critical about 
the question as to whether noradrenergic systems might play 
a role in ethanol, opiate, or barbiturate reward. 

Amit and Brown argue that there is, indeed, a norad- 
renergic mechanism involved in ethanol, opiate and barbitu- 
rate reward. This view might yet prove correct, though we 
do not find present evidence convincing. If  ethanol is re- 
warding because it activates noradrenergic systems in the 

brain, should it not be the case that any substance capable of 
noradrenergic activation would also be rewarding? This 
question is raised because it seems clear that the drugs of  
abuse that most directly influence noradrenergic synaptic 
output--amphetamine and cocaine.--are not rewarding be- 
cause of  their noradrenergic actions. These agents do not 
lose their rewarding actions when noradrenergic systems are 
lesioned [38] or blocked [20, 36, 37, 53, 54], but they do lose 
their rewarding actions when dopaminergic systems are 
selectively blocked [20, 36, 37, 53, 54] or lesioned [32, 38, 
39]. Why should animals not continue to lever-press for co- 
caine or amphetamine when the dopaminergic projections to 
the nucleus accumbens are lesioned or dopamine receptors 
are selectively blocked? If noradrenergic activation by 
ethanol were rewarding, then amphetamine and cocaine 
self-administration should be maintained in the face of  selec- 
tive dopaminergic challenge; the fact that it is not suggests 
that noradrenergic activation is not a sufficient condition for 
reward. The fact that noradrenergic activation by cocaine or 
amphetamine is not a sufficient condition for reward raises 
doubt in our minds as to the likelihood that noradrenergic 
activations by other agents, such as ethanol, is sufficient to 
explain the rewarding action of these agents. This argument 
is indirect, of  course, and must be weighed against direct 
evidence for noradrenergic involvement in ethanol reward as 
marshalled by Amit and Brown [1, 2, 10, 11]. It should be 
noted that Wise's model is not in conflict with evidence 
suggesting NE involvement in ethanol reward, but merely 
that the action is excitation. 

OPIATES 

Wise discussed with critical reservations the notion that 
opiates might be rewarding because of an interaction with 
the dopaminergic link in brain stimulation reward systems 
[47]. He suggested that opiates might, with equal probability, 
be suggested to directly excite the dopaminergic substrate by 
actions at dopamine terminal fields, cell bodies, or afferent 
inputs. It is now clear that opiates do excite the dopa- 
minergic link in brain reward circuitry [5,6] and that they do 
so in the region of the dopaminergic cells of  the ventral teg- 
mental area [4,6]. Whereas sites of opiate, barbiturate, 
ethanol and benzodiazepine interaction with reward circuitry 
were proposed tentatively in 1980, with question marks to 
indicate possibilities rather than facts ([47], Fig. 3), the site 
of the opiate rewarding action can now be identified with 
some certainty. 

The site of  opiate rewarding action and the site of  opiate 
facilitation of  brain stimulation reward have been directly 
identified by central microinjection studies involving three 
paradigms; the same site is involved in both actions. Broek- 
kamp [8,9] has shown that morphine and endorphin injec- 
tions into the posterior lateral hypothalamus and the ventral 
tegmental area facilitate brain stimulation reward with no 
signs of the behavioral sedation that is seen with other injec- 
tion sites. The shortest latencies occur with injections into 
the ventral tegmental region of dopaminergic cell bodies [8]. 
Injections into the striatum or nucleus accumbens have 
minor effects, and injections into sites caudal to the ventral 
tegmentum cause prominent inhibitory effects. Broekkamp 
suggests that the site of  the facilitory effect is the site of the 
dopaminergic cells of the ventral tegmentum, and he argues 
that morphine injected into other positive sites diffuses to the 
region of  dopaminergic cells [8]. Based on Broekkamp's data 
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and on the working hypothesis (see [47]) that opiates are 
rewarding because of  the same action that accounts for 
opiate facilitation of brain stimulation reward, Bozarth [4--6] 
has found that rats will learn to lever-press for direct injec- 
tions of morphine into the ventral tegmental area but not the 
nucleus accumbens or caudate nucleus. Rats will also work 
for posterior lateral hypothalamic morphine injections 
[33,42], but not, in our hands, with small injection cannulae 
[4,6]. Finally, rats will return to the place in their environ- 
ment where opiate effects have been experienced [3,41], and 
this can be demonstrated with intracranial injections of  mor- 
phine [6,34]. This "conditioned place preference" is estab- 
lished by injections of  morphine into the region of  the ventral 
tegmental dopaminergic cells, but not into the regions dorsal 
[34] or caudal [6] to these cells. Thus the site of rewarding 
opiate action and the site of  reward-facilitating opiate action 
are both established in the ventral tegmental area. Opioid 
peptides similarly have reward-facilitating actions in this re- 
gion [8]. 

The mechanism of opiate rewarding action is not so well 
pinned down as is the site of  this action, but current evidence 
points to the likelihood that ventral tegmental morphine is 
rewarding because in activates dopaminergic cells in this re- 
gion. First, morphine microinjected into this region is asso- 
ciated with increased locomotor activity; the mechanism of 
the locomotor activity appears to involve the major dopa- 
minergic projection from the ventral tegmental area to nu- 
cleus accumbens [29]. Second, unilateral rewarding injec- 
tions of morphine in the ventral tegmental area cause circling 
in the direction associated with dopamine release in the ac- 
cumbens [4,6]. Third, conditioned place preference estab- 
lished with systemic heroin is blocked by dopamine receptor 
blockers as well as by opiate receptor blockers [6,7]. While 
additional work is needed and is in progress, the current data 
thus suggest that opiates are rewarding because of a local 
activation of  dopaminergic cells in the ventral tegmental 
area; these cells are also presumed to play a critical role in 
brain stimulation reward, psychomotor stimulant reward and 
food and water reward [46-51]. 

The data showing the ventral tegmental area to be the site 
of  both the rewarding action of  opiates and the facilitating 
actions of  opiates on brain stimulation reward reflect a test of  
the working hypothesis discussed in Wise's paper [47]. This 
working hypothesis is that the facilitation of  self-stimulation 
by drugs of  abuse is a behavioral end point reflecting the 
direct rewarding actions of the drugs in their own right and 
that this behavioral action can be used to study drug reward 
mechanisms. While the demonstration of  direct central mor- 
phine self-administration at the particular opiate receptor 
population predicted by self-stimulation studies is not proof 
of this working hypothesis, it strongly supports it and 
demonstrates its heuristic value. In the case of  opiates it now 
seems very likely that the facilitation of self-stimulation is an 
index of  the direct rewarding action of  the drugs, and the 
mechanisms of  the reward-facilitating action and the direct 
rewarding action are the dopaminergic cells of the ventral 
tegmentum (or the terminals of their immediate afferents). 

PARALLEL OR SEQUENTIAL REWARD SYSTEMS? 

Amit and Brown's [1] position is fundamentally at odds 
with the present position only on the question of  whether 
there are multiple, parallel reward mechanisms, each mediat- 

ing a specific rewarding action, or whether there is one gen- 
eral system (or at best only a few such systems) through 
which the reward messages relevant to a number of  different 
drug and other rewards all funnel across sequential elements. 
Amit and Brown argue for multiple, parallel systems, arguing 
that the concept of  a "single brain system responsible for all 
reinforcement is neither parsimonious nor defensible." We 
see it as parsimonious, but the data-base for such a view is 
admittedly minimal at present. Wise [47] did not argue the 
validity of  this hypothesis on existing data, though he cer- 
tainly advanced it as an interesting and important possibility. 
The alternate view is that there are multiple reward systems 
in the brain, involving dopamine, norepinephrine and 
enkephalin as their neurotransmitters, and that they are as- 
sociated with incentive, reinforcement, and gratification as- 
pects of  reward, respectively [43]. This line of  thought was 
first developed by Herberg et  al. [28,44] and by Crow [18], 
though enkephalin did not yet figure in their views. Several 
earlier authors considered the possibility that there were 
multiple catecholaminergic reward systems ascending the 
medial forebrain bundle in parallel (see, e.g., [27]). The 
possibility that different classes of  drugs of  abuse might ac- 
tivate different reward substrates, as might different natural 
rewards like those of food and water, is a possibility with every 
bit as much logical attraction as the possibility that all re- 
wards activate a single common substrate. Indeed, Wise 
himself has argued for separate motivational systems in the 
medial forebrain bundle in a somewhat different context and 
with regard to a different motivational function [45]. Thus 
there is not more logical appeal to the notion of  a single 
reward system than to the notion of  multiple parallel sys- 
tems. 

The empirical support for the notion of multiple parallel 
systems now seems to show signs of  deterioration, however. 
First, the notion that rewarding brain stimulation usually ac- 
tivates catecholamine systems directly is no longer viable 
[26,47]. Rewarding brain stimulation would rather seem to be 
dependent on dopamine because the stimulated substrate is 
afferent to a critical dopaminergic link in the system [47,49]; 
while dopaminergic neurons do not have the properties as- 
sociated with the directly stimulated element in brain stimu- 
lation reward, they do have properties that would fit with the 
next stage of processing of  the reward message [26]. Second, 
the evidence against the view that electrophysiological ac- 
tivation (either directly or trans-synaptically) or norad- 
renergic systems is rewarding is strong, as already men- 
tioned. Third, the specific notion that enkephalinergic re- 
ward systems function in parallel to dopaminergic reward 
mechanisms [43] now seems untenable. The fact that ventral 
tegmental morphine actions account for opiate reward seems 
to link enkephalinergic involvement in reward to inter- 
neurons that are in series rather than in parallel with the 
dopaminergic link. The opiate receptor population in the 
ventral tegmental area is in all likelihood on the dopa- 
minergic cell bodies, their afferents, or both [29, 31, 35]. The 
fact that a rewarding action of  opiates can be blocked by 
dopaminergic blockers in a situation where motor side ef- 
fects of the blocker could not play any significant role [6,7] 
supports this view. Thus the enkephalinergic and dopa- 
minergic reward substrates seem not to be parallel systems 
with different reward functions but seem rather to be se- 
quential links in a common system with a single reward 
function. Whether ethanol, barbiturates or benzodiazepines 
act in series with or in parallel to this system remains, in our 
view, a question for further research. 



242 W I S E  A N D  B O Z A R T H  

R E F E R E N C E S  

1. Amit, Z. and Z. W. Brown. Actions of drugs of abuse on brain 
reward systems: A reconsideration with specific attention to 
alcohol. Pharmac. Biochem. Behav. 17: 233-238, 1982. 

2. Amit, Z., Z. W. Brown, D. E. Levitan and S.-O. Ogren. Norad- 
renergic mediation of the positive reinforcing properties of 
ethanol: I. Suppression of ethanol consumption in laboratory 
rats following dopamine-beta-hydroxylase inhibition. Archs int. 
Pharmacodyn. 230: 65-75, 1977. 

3. Beach, H. D. Morphine addiction in rats. Can. J. Psychol. 11: 
104-112, 1957. 

4. Bozarth, M. A. Opiate reward mechanisms mapped by intra- 
cranial self-administration. In: Neurobiology of  Opiate Reward 
Mechanisms, edited by J. E. Smith and J. D. Lane. New York: 
Raven Press, 1982. 

5. Bozarth, M. A. and R. A. Wise. Intracranial self-administration 
of morphine into the ventral tegmental area in rats. Life Sci. 28: 
551-555, 1981. 

6. Bozarth, M. A. and R. A. Wise. Localization of the reward- 
relevant opiate receptors. In: Problems of  Drug Dependence, 
edited by L. S. Harris. Washin~on,  DC: National Institute on 
Drug Abuse, 1982, in press. 

7. Bozarth, M. A. and R. A. Wise. Heroin reward is dependent on a 
dopaminergic substrate. Life Sci. 29: 1881-1886, 1981. 

8. Broekkamp, C. L., A. G. Phillips and A. R. Cools. Facilitation 
of self-stimulation behavior following intracerebral microinjec- 
tions of opioids into the ventral tegmental area. Pharmac. 
Biochem. Behav. 11: 289-295, 1979. 

9. Broekkamp, C. L., J. H. Van den Boggard, H. J. Heijnen, R. H. 
Rops, A. R. Cools and J. M. Van Rossum. Separation of inhibit- 
ing and stimulating effects of morphine on self-stimulation be- 
havior by intracerebral microinjections. Eur. J. Pharmac. 36: 
443-446, 1976. 

10. Brown, Z. W. and Z. Amit. The effects of selective catechola- 
mine depletions by 6-hydroxydopamine on ethanol preference 
in rats. Neurosci. Lett. 5: 333-336, 1977. 

11. Brown, Z. W., Z. Amit, D. E. Levitan, S.-O. Ogren and E. A. 
Sutherland. Noradrenergic mediation of the positive reinforcing 
properties of ethanol: II. Extinction of ethanol-drinking behav- 
ior in laboratory rats in inhibition of dopamine-beta- 
hydroxylase. Implications for treatment procedures in human 
alcoholics. Archs int. Pharmacodyn. ThOr. 230: 76--82, 1977. 

12. Clavier, R. M., H. C. Fibiger and A. G. Phillips. Evidence that 
self-stimulation of the region of the locus coeruleus in rats does not 
depend upon noradrenergic projections to telencephalon. Brain 
Res. 113: 71-81, 1976. 

13. Clavier, R. M. and A. Routtenberg. In search of reinforcement 
pathways: A neuroanatomical odyssey. In: Biology o f  Rein- 
forcement: Facets o f  Brain Stimulation Reward, edited by A. 
Routtenberg. New York: Academic, 1980, pp. 81-107. 

14. Corbett, D., R. W. Skelton and R. A. Wise. Dorsal bundle 
lesions fail to disrupt self-stimulation from the region of the 
locus coeruleus. Brain Res. 133: 37-44, 1977. 

15. Corbett, D. and R. A. Wise. Intracranial self-stimulation in re- 
lation to the ascending noradrenergic fiber systems of the pon- 
tine tegmentum and caudal midbrain: A moveable electrode 
mapping study. Brain Res. 177: 423--436, 1979. 

16. Corbett, D. and R. A. Wise. Intracranial self-stimulation in re- 
lation to the ascending dopaminergic systems of the midbrain: A 
moveable electrode mapping study. Brain Res. 185: 1-15, 1980. 

17. Crow, T. J. Catecholamine-containing neurones and electrical 
self-stimulation: 2. A theoretical interpretation and some psy- 
chiatric implications. Psychol. Med. 3" 66-73, 1973. 

18. Crow, T. J. Specific monoamine systems as reward pathways: 
Evidence for the hypothesis that activation of the locus 
coeruleus complex will support self-stimulation responding. In: 
Brain Stimulation Reward, edited by A. Wauquier and E. T. 
Rolls. New York: Elsevier, 1976, pp. 211-237. 

19. Crow, T. J. Possible relationships between afferent pathways 
and ascending catecholamine neurones. A theory of the 
phylogenetic origins of reward mechanisms. In: Brain Stimula- 
tion Reward, edited by A. Wauquier and E. T. Rolls. New 
York: Elsevier, 1976, pp. 587-591. 

20. deWit, H. and R. A. Wise. Blockade of cocaine reinforcement 
in rats with the dopamine receptor blocker pimozide but not 
with the noradrenergic blockers phentolamine or phenoxybenz- 
amine. Can. J. Psychol. 31: 195-203, 1977. 

21. Fibiger, H. C. Drugs and reinforcement mechanisms: A critical 
review of the catecholamine theory. A. Rev. Pharmac. Toxicol. 
18: 37-56, 1978. 

22. Fouriezos, G., P. Hansson and R. A. Wise. Neuroleptic- 
induced attenuation of brain stimulation reward. J. camp. 
physiol. Psychol. 92: 65%669, 1978. 

23. Fouriezos, G. and R. A. Wise. Pimozide-induced extinction of 
intracranial self-stimulation: Response patterns rule out motor or 
performance deficits. Brain Res. 103: 377-380, 1976. 

24. Franklin, K. B. J. Catecholamines and self-stimulation: Reward 
and performance deficits dissociated. Pharmae. Biochem. Be- 
hay. 9: 813-820, 1978. 

25. Franklin, K. B. J. and S. N. McCoy. Pimozide-induced extinc- 
tion in rats: Stimulus control of responding rules out motor 
deficit. Pharmac. Biochem. Behav. 11: 71-76, 1979. 

26. Gallistel, C. R., P. Shizgal and J. Yeomans. A portrait of the 
substrate for self-stimulation. Psychol. Rev. 88: 228-273, 1981. 

27. German, D. C. and D. M. Bowden. Catecholamine systems as 
the neural substrate for intracranial self-stimulation: A hypoth- 
esis. Brain Res. 73: 381-419, 1974. 

28. Herberg, L. J., D. N. Stephens and K. B. J. Franklin. Catechol- 
amines and self-stimulation: Evidence suggesting a reinforcing 
role for noradrenaline and a motivating role for dopamine. 
Pharmac. Biochem. Behav. 4: 575-582, 1976. 

29. Joyce, E. M. and S. D. Iversen. The effect of morphine applied 
locally to mesencephalic dopamine cell bodies on spontaneous 
motor activity in the rat. Neurosci. Lett. 14: 207-212, 1979. 

30. Koob, G. F., G. J. Balcom and J. L. Meyerhoff. Increases in 
intracranial self-stimulation in the posterior hypothalamus fol- 
lowing unilateral lesions in the locus coernleus. Brain Res. 101: 
554--560, 1976. 

31. Llorens-Cortes, C., H. Pollard and J. C. Schwartz. Localization 
of opiate receptors in substantia nigra evidence by lesion 
studies. Neurosci. Lett. 12: 165-170, 1979. 

32. Lyness, W. H., N. M. Friedle and K. E. Moore. Destruction of 
dopaminergic nerve terminals in nucleus accumbens: Effect on 
d-amphetamine self-administration. Pharmac. Biochem. Behav. 
11: 553-556, 1979. 

33. Olds, M. E. Hypothalamic substrate for the positive reinforcing 
properties of morphine in the rat. Brain Res. 168:351-360, 1979. 

34. Phillips, A. G. and F. G. LePiane. Reinforcing effects of mor- 
phine microinjection into the ventral tegmental area. Pharmac. 
Biochem. Behav. 12: 965-968, 1980. 

35. Pollard, C., C. Llorens, J. Bonnet, J. Costentin and J. C. 
Schwartz. Opiate receptors on mesolimbic dopaminergic 
neurons. Neurosci. Lett. 7: 295-299, 1977. 

36. Risner, M. E. and B. E. Jones. Role of noradrenergic and do- 
paminergic processes in amphetamine self-administration. 
Pharmac. Biochem. Behav. 5: 477-482, 1976. 

37. Risner, M. E. and B. E. Jones. Intravenous self-administration 
of cocaine and norcocaine by dogs. Psychopharmacology 71: 
83-89, 1980. 

38. Roberts, D. C. S., M. E. Corcoran and H. C. Fibiger. On the 
role of ascending catecholaminergic systems in intravenous 
self-administration of cocaine. Pharmac. Biochem. Behav. 6: 
615-620, 1977. 

39. Roberts, D. C. S., G. F. Koob, P. Klonoff and H. C. Fibiger. 
Extinction and recovery of cocaine self-administration follow- 
ing 6OHDA lesions of the nucleus accumbens. Pharmac. 
Biochem. Behav. 12: 781-787, 1980. 



O P I A T E S  A N D  B R A I N  R E W A R D  S Y S T E M S  243 

40. Roll, S. K. Intracranial self-stimulation and wakefulness: Effect 
of manipulating ambient brain catecholamines. Science 168: 
1370-1372, 1970. 

41. Rossi, N. and L. D. Reid. Affective states associated with mor- 
phine injections. Physiol. Psychol. 4: 269-274, 1976. 

42. Stein, E. A. and J. Olds. Direct intracerebral self-administration 
of opiates in the rat. Soc. Neurosci. Abst. 3: 302, 1977. 

43~ Stein, L. The chemistry of reward. In: Biology of Reinforce- 
ment: Facets of Brain Stimulation Reward, edited by A. Rout- 
tenberg. New York: Academic, 1980, pp. 109-130. 

44. Stephens, D. N., K. B. J. Franklin and L. J. Herberg. Differing 
but complementary functions of brain noradrenaline and dopa- 
mine in self-stimulation. In: Brain Stimulation Reward, edited 
by A. Wauquier and E. T. Rolls. New York: Elsevier, 1976, pp. 
266-270. 

45.. Wise, R. A. Lateral hypothalamic electrical stimulation: Does it 
make animals hungry7 Brain Res. 67: 187-209, 1974. 

46.. Wise, R. A. Catecholamine theories of reward: A critical re- 
view. Brain Res. 152: 215-247, 1978. 

47.. Wise, R. A. Action of drugs of abuse on brain reward systems. 
Pharmac. Biochem. Behav. 13: Suppl. 1,213-223, 1980. 

48. Wise, R. A. The dopamine synapse and the notion of 'pleasure 
centers' in the brain. Trends Neurosci. 3: 91-95, 1980. 

49.. Wise, R. A. 'Yes, but!...' a response to Arbuthnott from Roy 
Wise. Trends Neurosci. 3: 200, 1980. 

50. Wise, R. A. Neuroleptics and operant behavior: The anhedonia 
hypothesis. Behav. Brain Sci. 5: 39-87, 1982. 

51. Wise, R. A. Brain dopamine and reward. In: Progress in Psy- 
chopharmacology, vol. 1, edited by S. J. Cooper. New York: 
Academic, 1981. 

52. Wise, R. A. Brain neuronal systems mediating reward proc- 
esses. In: Neurobiology of Opiate Reward Mechanisms, edited 
by J. E. Smith and J. D. Lane. New York: Raven Press, 1982. 

53. Yokel, R. A. and R. A. Wise. Increased lever pressing for am- 
phetamine after pimozide in rats: Implications for a dopamine 
theory of reward. Science 187: 547-549, 1975. 

54. Yokel, R. A. and R. A. Wise. Attenuation of intravenous am- 
phetamine reinforcement by central dopamine blockade in rats. 
Psychopharmacology 48:311-318, 1976. 

55. Zarevics, P. and P. E. Setler. Simultaneous rate-independent 
and rate-dependent assessment of intracranial self-stimulation: 
Evidence for the direct involvement of dopamine in brain rein- 
forcement mechanisms. Brain Res. 169: 499-512, 1979. 

56. Zarevics, P., P. E. Weidley and P. Setler. Blockade of intracra- 
nial self-stimulation by antipsychotic drugs: Failure to correlate 
with central alpha-noradrenergic blockade. Psychopharmacol- 
ogy 53: 283-288, 1977. 


