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Abstract Memories of learned associations between the
rewarding properties of drugs and environmental cues
contribute significantly to craving and relapse in humans.
We have investigated how dopamine (DA) D1 and D3
receptors modulate the acquisition and extinction of
cocaine-induced reward learning and associated changes in
cellular signaling in reward circuits in the brain. We found
that D1 receptor mutant mice failed to acquire conditioned
place preference (CPP) compared to wild-type mice over
a range of cocaine doses. By contrast, D3 receptor mutant
mice exhibited potentiated acquisition of CPP compared
to wild-type mice at low but not high doses of cocaine.
Activation of the extracellular signal-regulated kinase
(ERK), but not the c-Jun N-terminal kinase and p38 in the
nucleus accumbens, amygdala, and prefrontal cortex was
attenuated in D1 receptor mutant mice and potentiated in D3
receptor mutant mice compared to wild-type mice following
CPP acquisition. D3 receptor mutant mice also exhibited
delayed CPP extinction and sustained ERK activation
compared to wild-type mice following extinction training.
Our results suggest that D1 and D3 receptors differentially
contribute cocaine-induced reward learning by regulating, at
least in part, ERK activation in reward circuits in the brain.
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1 Introduction

Relapse to drug-seeking is the main obstacle to long-
term treatment and cure for drug addiction in humans [9].
Memories of drug effects or learned associations between
the rewarding properties of drugs and environmental cues
are thought to contribute significantly to craving and relapse
[20,23,25]. The neurotransmitter dopamine (DA) plays a
key role in reward-related learning [44,55,60]. Drugs of
abuse can change neuronal circuits in the mesocorticolimbic
DA system, which projects from the ventral tegmental
area to the nucleus accumbens (NAc), amygdala (AMG),
prefrontal cortex (PFC) and other structures [13,28]. The

basolateral AMG (BLA) mediates learning of conditioned
associations between the rewarding effects of drugs of
abuse and cues. The PFC contributes to decision-making
and execution of goal-directed actions. The NAc modulates
motivation for drug seeking by integrating information
from the BLA and PFC and relaying it to motor output
structures, and it mediates reinforcement. These different
brain structures are parts of the circuitry that coordinate to
modulate reward learning induced by drugs of abuse.

There are two families of DA receptors [38]. The D1-like
family includes D1 and D5 receptors and activation of these
receptors leads to increased intracellular levels of cAMP.
The D2-like family includes D2, D3, and D4 receptors and
activation of these receptors is negatively coupled to the
cAMP production. D1 receptors are expressed in the NAc,
caudate putamen, AMG and PFC whereas D3 receptors are
primarily expressed in the NAc and to a lesser extent, AMG
and PFC [29,38]. A high percentage of D3 receptor-bearing
neurons co-express D1 receptors in the NAc [43,45,48]. We
and others have demonstrated that D1 and D3 receptors me-
diate locomotor-stimulant and positive reinforcing effects
of cocaine, as well as cue-induced reinstatement of cocaine-
seeking [1,2,4,5,7,10,11,12,18,30,41,42,61,62,63,64].

There are three major members in the mitogen-activated
protein kinase (MAPK) family including the extracellular
signal-regulated kinase (ERK), the c-Jun N-terminal kinase
(JNK), and the p38 kinase [49]. ERK takes part in neuronal
plasticity while JNK and p38 regulate neuronal cell death.
Drugs of abuse such as cocaine and associated cues can
activate ERK in the brain DA system in the NAc, AMG,
and PFC [31,32,35,52,53]. Activated ERK modulates its
downstream targets, including the cAMP response element-
binding protein and c-Fos, to regulate gene expression and
ultimately behavioral effects of drugs of abuse [8,32,33,52,
58,66,67].

Previous work showed that ERK activation is regulated
by DA D1 and D3 receptors following an acute cocaine
administration [3,67]. Inhibiting the ERK signaling pathway
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reduces cocaine-induced behavioral responses [15,40,51,
52]. These findings suggest the importance of the ERK
signaling pathway in cocaine-induced changes in synaptic
plasticity and behavior. How D1 and D3 receptors modulate
the acquisition and extinction of cocaine-induced reward
learning and associated changes in MAPK signaling in
reward circuits, however, remains unclear. We have used
D1 and D3 receptor mutant mice and the conditioned place
preference (CPP) behavioral paradigm to investigate this
issue [6,26]. Our results suggest that DA D1 and D3 recep-
tors differentially contribute to learned association between
cues and rewarding properties of cocaine by regulating, at
least partially, ERK activation in reward circuits in the brain.

2 Materials and methods

For details of D1 and D3 receptor mutant mouse models,
behavioral and signaling studies, and statistical analyses, see
Chen and Xu [6], Kong et al. [26] and references therein.

3 Results

3.1 DA D1 receptor mutant mice do not acquire CPP at mul-
tiple doses of cocaine

To investigate the role of D1 receptors in the rewarding
effects of cocaine, we used 5 groups each of D1 receptor
mutant and wild-type mice at 4 different cocaine doses
and saline (0, 2.5, 5, 10 and 20 mg/kg, n = 10–16 mice
per group). Wild-type mice developed CPP at all cocaine
doses following 4 conditioning sessions [6]. By contrast,
there was no CPP induction in D1 receptor mutant mice
after conditioning at all cocaine doses and following saline
treatment [6]. These results suggest that D1 receptors are
necessary for cocaine-induced CPP.

3.2 DA D3 receptor mutant mice show potentiated CPP
acquisition compared to wild-type mice at low but not
high doses of cocaine

To determine the role of D3 receptors in cocaine-induced
reward-related learning, we used 5 groups of D3 receptor
mutant and wild-type mice at 4 different doses of cocaine
and saline (0, 1, 2.5, 10 and 20 mg/kg, n = 12–19 mice per
group). Both D3 receptor mutant and wild-type mice
developed CPP after 4 conditioning sessions [6,26].
Significantly, D3 receptor mutant mice exhibited higher
CPP acquisition than wild-type mice at the 1 and 2.5 mg/kg
cocaine doses [26]. In contrast to the low cocaine doses,
D3 receptor mutant and wild-type mice showed an apparent
equal CPP acquisition at the 10 and 20 mg/kg cocaine doses
[6]. These results suggest that, at very low doses of cocaine,
D3 receptors inhibit acquisition of CPP induced by cocaine.

3.3 DA D3 receptor mutant mice show delayed CPP extinc-
tion compared to wild-type mice

Based on the fact that there was no obvious difference in
CPP induction between D3 receptor mutant and wild-type

mice at the 10 and 20 mg/kg of cocaine, we investigated
whether the D3 receptor modulates extinction of cocaine-
induced CPP. After 6 days of extinction training and com-
pared to preconditioning tests, wild-type mice showed CPP
extinction whereas D3 receptor mutant mice did not [6].
Moreover, there was a significant difference in CPP extinc-
tion between D3 receptor mutant and wild-type mice at both
cocaine doses [6].

3.4 ERK, but not JNK and p38, is activated in wild-type
mice but not in D1 receptor mutant mice following CPP
acquisition

D1 receptor mutant mice do not acquire CPP at multiple
cocaine doses. We investigated whether there was a corre-
sponding loss of induction of ERK in D1 receptor mutant
mice by measuring levels of phospho-ERK in mice receiv-
ing 20 mg/kg of cocaine or saline injections following CPP
induction. All mice were sacrificed immediately after the
last CPP acquisition test which was 20 minutes. ERK activa-
tion, as reflected by an increase in phospho-ERK levels, was
quantified by Western blotting. In wild-type mice (n = 7),
ERK was activated in the NAc and PFC as compared to
the saline-treated group [6]. There was no significant change
in phospho-ERK levels in the AMG in wild-type mice. By
contrast, there were no significant changes in phospho-ERK
levels in all three brain regions in D1 receptor mutant mice
(n = 6) following cocaine treatment compared to saline-
treated control mice [6]. There was a significant difference
in ERK activation in the NAc and PFC between D1 receptor
mutant and wild-type mice [6].

We also investigated potential changes in the activation
of other members of the MAPK family following acquisition
of cocaine-induced CPP. No obvious changes in phospho-
JNK and p38 levels were found in any of the 3 brain regions
in D1 receptor mutant mice and wild-type mice following
CPP acquisition or saline treatment [6]. These results sug-
gest that ERK, but not JNK and p38, is activated in the NAc
and PFC in wild-type mice and not D1 receptor mutant mice
following CPP acquisition.

3.5 Potentiated activation of ERK, but not JNK and p38, in
the NAc, AMG and PFC in D3 receptor mutant mice
following CPP expression

D3 receptor mutant mice show potentiated CPP acquisition
compared to wild-type mice at low but not high doses of
cocaine. We investigated the status of ERK, JNK, and p38
in different brain regions in D3 receptor mutant and wild-
type mice immediately following CPP expression tests at
both low and high cocaine doses. Western blot analyses indi-
cated that ERK was activated in the NAc, AMG, and PFC
in D3 receptor mutant mice compared to saline-treated con-
trol mice [6,26]. In wild-type mice, ERK was activated in
the NAc and PFC as compared to the saline-treated group.
Notably, phospho-ERK levels are higher in all three brain
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regions in D3 receptor mutant mice than those in wild-type
mice following CPP induced by 2.5 but not 20 mg/kg of
cocaine [6,26]. Levels of phospho-ERK and total ERK were
similar in each of the three brain regions in D3 receptor
mutant and wild-type mice following saline treatment.

There were no significant changes in phospho-JNK and
phospho-p38 levels in any of the three brain regions in D3
receptor mutant and wild-type mice following cocaine (both
2.5 and 30 mg/kg) treatment compared to that following
saline treatment. Moreover, levels of phospho-JNK and
total JNK as well as phospho-p38 and total p38 were
similar in each of the brain regions in wild-type and D3
receptor mutant mice following CPP induction or after
saline treatment [6,26].

3.6 Sustained ERK activation in D3 receptor mutant mice
compared to wild-type mice following 6 days of extinc-
tion training

D3 receptor mutant mice exhibit an apparently delayed CPP
extinction compared to wild-type mice. We investigated
whether there was a corresponding difference in MAPK
activation in the 3 brain regions in D3 receptor mutant and
wild-type mice during extinction. We sacrificed D3 receptor
mutant and wild-type mice (n = 7 each) following 6 days
of extinction training and 1 extinction test at which time
wild-type mice showed CPP extinction whereas D3 receptor
mutant mice did not. The No-CPP control groups were
mice treated with cocaine or saline in the behavioral room
exactly as all cocaine CPP groups except these mice did not
go through CPP acquisition and extinction training (n = 6
each) and they were sacrificed at the same time as mice
going through extinction training. ERK was still activated
in the NAc and PFC in D3 receptor mutant mice compared
to wild-type mice and to the No-CPP control mice [6].
Phospho-ERK levels remained high in the AMG in both
wild-type and D3 receptor mutant mice compared to the
No-CPP groups [6]. There was no difference in ERK levels
in the AMG between wild-type and D3 receptor mutant
mice with or without CPP training.

No significant changes in phospho-JNK and p38 levels
were observed in any of the 3 brain areas in wild-type and
D3 receptor mutant mice despite differences in CPP extinc-
tion [6]. These results suggest that the delayed extinction of
CPP correlates with sustained ERK activation in the NAc
and PFC in D3 receptor mutant mice.

4 Discussion

Previous work suggests that DA D1 and D3 receptors
modulate locomotor-stimulant and positive reinforcing
effects of cocaine, as well as cue-induced reinstatement of
cocaine-seeking. A high percentage of D3 receptor-bearing
neurons co-express D1 receptors especially in the NAc. How
D1 and D3 receptors modulate the acquisition and extinction

of cocaine-induced reward learning and associated changes
in MAPK signaling in different brain areas, however,
remained unclear. We investigated this issue by using D1
and D3 receptor mutant mice and the CPP behavioral
paradigm. Our results suggest that D1 and D3 receptors are
differentially involved in learned association between cues
and rewarding properties of cocaine by regulating, at least
in part, ERK activation in reward circuits in the brain.

4.1 The DA D1 receptor mediates the induction and the D3
receptor inhibits cocaine-induced reward-related learn-
ing

We found that D1 receptor mutant mice do not acquire CPP
over a wide range of cocaine doses [6]. This result is similar
to those from pharmacological studies demonstrating
that D1 receptor antagonists can block cocaine-induced
CPP [50]. This finding is also in agreement with those
showing that D1 receptors mediate locomotor-stimulant
and positive reinforcing effects of cocaine [4,61,62,64].
DA plays a key role in reward-related learning [21,44,60].
Multiple DA signals can be detected during the extinction
of cocaine self-administration, suggesting the involvement
of DA receptors in this process [47]. A c-fos mutation in D1
receptor-producing neurons delays CPP extinction without
affecting acquisition [27,66]. Whereas these results imply
the importance of D1 receptors in modulating the extinction
process, because of the acquisition deficit, the D1 receptor
mutant mouse model is not suitable for investigating the role
of this receptor in the extinction of cocaine-induced CPP.

D3 receptor mutant mice exhibit potentiated CPP
induced by low (1 and 2.5 mg/kg) doses of cocaine
compared to wild-type mice [26]. These findings suggest
that, in contrast to D1 receptors, D3 receptors inhibit
reward-related learning induced by low doses of cocaine.

D3 receptor mutant mice show CPP induction that is
similar to that of the wild-type mice at the 10 and 20 mg/kg
cocaine doses [6], which is similar to previous findings [24].
Based on this observation, we investigated how this receptor
may modulate CPP extinction. We found that the D3 recep-
tor mutation attenuates extinction [6]. This result implies
that this receptor and related signaling pathways contribute
to the extinction of CPP [27]. Others have found that a
partial D3 receptor agonist and D3 receptor antagonism
inhibit cue-induced cocaine seeking behaviors [10,18,41].
It is noted that the use of pharmacological agonists and
antagonists for DA receptors during extinction training
likely interfere with the process. Moreover, mutant mice
carrying DA receptor gene mutations likely carry unknown
developmental compensations that may obscure interpreta-
tions of the role of DA receptors. The use of an inducible
genetic approach to change DA receptor levels in the future
may provide more accurate insights into contributions of DA
receptors to extinction of cocaine-induced reward learning.
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4.2 D1 and D3 receptors modulate ERK activation in
reward circuits during acquisition and extinction of
cocaine-induced reward learning

The NAc, BLA, and PFC are parts of the circuitry that
processes learned associations between the rewarding prop-
erties of drugs and cues [11,13,14,22,28,59]. Conditioned
cues can activate these brain regions [37,54,56]. Extinction
training engages the NAc and PFC to suppress cocaine
seeking, and these brain regions also mediate reinstatement
following non-contingent exposure to a previously self-
administered drug [39]. In the context of CPP, the excitatory
drive from the BLA to the NAc is enhanced during
cocaine seeking [34]. The NAc mediates the retrieval and
reconsolidation of cocaine-paired contextual memory [35].
Drug-associated cues can increase DA levels [55,57].
These results imply the importance of DA receptors and
associated signaling events in establishing memories for
drug-associated cues.

Based on the importance of DA receptor-mediated ERK
activation in cocaine-induced changes in synaptic plastic-
ity and behavior, and the fact that the NAc, BLA and PFC
express D1 and D3 receptors, we investigated DA receptor-
mediated MAPK activation in these brain regions following
CPP acquisition. There was a corresponding ERK activation
in the NAc and PFC in wild-type and D3 receptor mice, but
not in D1 receptor mutant mice [6,26]. We did not observe a
detectable change in ERK activation in the AMG following
CPP acquisition. Lu et al. [31] observed that exposure to
drug-associated cues increased ERK activation in the central
AMG after 30 days, but not 1 day, of withdrawal, implying
that the rise in phospho-ERK levels in AMG depends on
withdrawal time. No obvious changes in phospho-JNK and
p38 levels were found in the NAc, AMG and PFC following
CPP acquisition [6,26]. These results suggest that activation
of the ERK signaling pathway in the NAc and PFC, but
not JNK and p38, via D1 and D3 receptors contributes to
cocaine-induced reward learning as measured by the CPP
paradigm.

We observed that D3 receptor mutant mice show a
delayed CPP extinction and a sustained ERK activation
in the NAc and PFC compared to wild-type mice [6].
These results suggest that the delayed extinction of CPP
correlates with sustained ERK activation in the NAc and
PFC. ERK is significantly and similarly activated in the
AMG in both D3 receptor mutant and wild-type mice at
this time point. This activation is unlikely due to non-
contingent exposure to cocaine because simple exposure
to cocaine without place conditioning and extinction does
not lead to ERK activation in the AMG, NAc and PFC
in the No-CPP control mouse groups at the similar time
point. ERK activation in the AMG has been implicated in
the extinction of fear memory [19,36,65]. It is possible
that the heightened ERK activation is associated with the

new learning mediated by AMG. No significant changes
in phospho-JNK and p38 levels were found in any of the
3 brain areas in wild-type and D3 receptor mutant mice
despite differences in CPP extinction [6]. These results
suggest that JNK and p38 are not significantly involved in
the extinction of cocaine-induced reward learning.

5 Conclusion

D3 receptors have higher affinities for DA than do D1
receptors [46]. It has been suggested that D2 family
receptors like D3 receptors respond to tonic DA release
while D1 receptors are activated when there is phasic
DA release [16,17]. A high percentage of D3 receptor-
expressing neurons co-express D1 receptors, especially
in the NAc [43,45,48]. D3 receptors are activated by
basal levels of DA to inhibit adenylyl cyclase and related
cell signaling including ERK and the Ca2+/calmodulin-
dependent protein kinase II (CaMKII) [26]. When DA
release is enhanced and DA levels increase, CaMKII
phosphorylates D3 receptors at the serine 229 site in the
third intracellular loop [30]. As a result, the inhibitory
tone of D3 receptors on cocaine-induced behavior and
related signaling is removed. This allows other DA
receptors including D1 receptors to fully mediate behavioral
activation and related signaling induced by cocaine. Our
current observations and those from others support the
above model in which D1 and D3 receptors differentially
contribute to reward-related learning induced by cocaine by
regulating activation of ERK in reward circuits in the brain.
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Extinction of auditory fear conditioning requires MAPK/ERK
activation in the basolateral amygdala, Eur J Neurosci, 24
(2006), 261–269.

[20] S. E. Hyman, R. C. Malenka, and E. J. Nestler, Neural
mechanisms of addiction: the role of reward-related learning and
memory, Annu Rev Neurosci, 29 (2006), 565–598.

[21] R. Ito, J. Dalley, S. Howes, T. Robbins, and B. Everitt, Dissoci-
ation in conditioned dopamine release in the nucleus accumbens
core and shell in response to cocaine cues and during cocaine-
seeking behavior in rats, J Neurosci, 20 (2000), 7489–7495.

[22] P. W. Kalivas and K. McFarland, Brain circuitry and the
reinstatement of cocaine-seeking behavior, Psychopharmacology
(Berl), 168 (2003), 44–56.

[23] P. W. Kalivas and C. O’Brien, Drug addiction as a pathology
of staged neuroplasticity, Neuropsychopharmacology, 33 (2008),
166–180.

[24] J. Karasinska, S. George, R. Cheng, and B. O’Dowd, Deletion of
dopamine D1 and D3 receptors differentially affects spontaneous
behaviour and cocaine-induced locomotor activity, reward and
CREB phosphorylation, Eur J Neurosci, 22 (2005), 1741–1750.

[25] J. A. Kauer and R. C. Malenka, Synaptic plasticity and addiction,
Nat Rev Neurosci, 8 (2007), 844–858.

[26] H. Kong, W. Kuang, S. Li, and M. Xu, Activation of dopamine D3
receptors inhibits reward-related learning induced by cocaine,
Neuroscience, 176 (2011), 152–161.

[27] H. Kong and M. Xu, Exploring mechanisms underlying extinc-
tion of cue-elicited cocaine seeking, Curr Neuropharmacol, 9
(2011), 8–11.

[28] G. F. Koob and N. D. Volkow, Neurocircuitry of addiction,
Neuropsychopharmacology, 35 (2010), 217–238.

[29] B. Le Foll, S. R. Goldberg, and P. Sokoloff, The dopamine D3
receptor and drug dependence: effects on reward or beyond?,
Neuropharmacology, 49 (2005), 525–541.

[30] X. Y. Liu, L. M. Mao, G. C. Zhang, C. J. Papasian, E. E.
Fibuch, H. X. Lan, et al., Activity-dependent modulation of limbic
dopamine D3 receptors by CaMKII, Neuron, 61 (2009), 425–438.

[31] L. Lu, B. Hope, J. Dempsey, S. Liu, J. Bossert, and Y. Shaham,
Central amygdala ERK signaling pathway is critical to incuba-
tion of cocaine craving, Nat Neurosci, 8 (2005), 212–219.

[32] L. Lu, E. Koya, H. Zhai, B. T. Hope, and Y. Shaham, Role of ERK
in cocaine addiction, Trends Neurosci, 29 (2006), 695–703.

[33] B. Mattson, J. Bossert, D. Simmons, N. Nozaki, D. Nagarkar,
J. Kreuter, et al., Cocaine-induced CREB phosphorylation in
nucleus accumbens of cocaine-sensitized rats is enabled by
enhanced activation of extracellular signal-related kinase, but
not protein kinase A, J Neurochem, 95 (2005), 1481–1494.

[34] C. A. Miller and J. F. Marshall, Altered Fos expression in neural
pathways underlying cue-elicited drug seeking in the rat, Eur J
Neurosci, 21 (2005), 1385–1393.

[35] C. A. Miller and J. F. Marshall, Molecular substrates for retrieval
and reconsolidation of cocaine-associated contextual memory,
Neuron, 47 (2005), 873–884.

[36] K. M. Myers and M. Davis, Mechanisms of fear extinction, Mol
Psychiatry, 12 (2007), 120–150.

[37] J. L. Neisewander, D. A. Baker, R. A. Fuchs, L. T. Tran-
Nguyen, A. Palmer, and J. F. Marshall, Fos protein expression
and cocaine-seeking behavior in rats after exposure to a cocaine
self-administration environment, J Neurosci, 20 (2000), 798–805.

[38] K. A. Neve, J. K. Seamans, and H. Trantham-Davidson,
Dopamine receptor signaling, J Recept Signal Transduct Res, 24
(2004), 165–205.

[39] J. Peters, R. T. LaLumiere, and P. W. Kalivas, Infralimbic
prefrontal cortex is responsible for inhibiting cocaine seeking in
extinguished rats, J Neurosci, 28 (2008), 6046–6053.

[40] R. Pierce, A. Pierce-Bancroft, and B. Prasad, Neurotrophin-3
contributes to the initiation of behavioral sensitization to cocaine
by activating the Ras/Mitogen-activated protein kinase signal
transduction cascade, J Neurosci, 19 (1999), 8685–8695.

[41] M. Pilla, S. Perachon, F. Sautel, F. Garrido, A. Mann, C. G. Wer-
muth, et al., Selective inhibition of cocaine-seeking behaviour
by a partial dopamine D3 receptor agonist, Nature, 400 (1999),
371–375.

[42] N. M. Richtand, Behavioral sensitization, alternative splicing,
and D3 dopamine receptor-mediated inhibitory function, Neu-
ropsychopharmacology, 31 (2006), 2368–2375.

[43] S. Ridray, N. Griffon, V. Mignon, E. Souil, S. Carboni, J. Diaz,
et al., Coexpression of dopamine D1 and D3 receptors in islands
of Calleja and shell of nucleus accumbens of the rat: opposite and
synergistic functional interactions, Eur J Neurosci, 10 (1998),
1676–1686.

[44] W. Schultz, Getting formal with dopamine and reward, Neuron,
36 (2002), 241–263.

[45] J. C. Schwartz, J. Diaz, R. Bordet, N. Griffon, S. Perachon,
C. Pilon, et al., Functional implications of multiple dopamine
receptor subtypes: the D1/D3 receptor coexistence, Brain Res
Rev, 26 (1998), 236–242.



6 Journal of Drug and Alcohol Research

[46] P. Sokoloff, M. P. Martres, B. Giros, M. L. Bouthenet, and J. C.
Schwartz, The third dopamine receptor (D3) as a novel target for
antipsychotics, Biochem Pharmacol, 43 (1992), 659–666.

[47] G. D. Stuber, R. M. Wightman, and R. M. Carelli, Extinction of
cocaine self-administration reveals functionally and temporally
distinct dopaminergic signals in the nucleus accumbens, Neuron,
46 (2005), 661–669.

[48] D. J. Surmeier, W. J. Song, and Z. Yan, Coordinated expression
of dopamine receptors in neostriatal medium spiny neurons, J
Neurosci, 16 (1996), 6579–6591.

[49] G. M. Thomas and R. L. Huganir, MAPK cascade signalling and
synaptic plasticity, Nat Rev Neurosci, 5 (2004), 173–183.

[50] T. M. Tzschentke, Measuring reward with the conditioned place
preference paradigm: a comprehensive review of drug effects,
recent progress and new issues, Prog Neurobiol, 56 (1998), 613–
672.
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