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CORRIGALL, W. A. AND F. J. VACCARINO. Antagonist treatment in nucleus accumbens or periaqueductal grey
affects heroin self-administration. PHARMACOL BIOCHEM BEHAYV 30(2) 443-450, 1988.—The role of opiate receptors
in the periaqueductal grey and nucleus accumbens in maintenance of intravenous herion self-administration was examined
by means of intracranial microinjections of the quaternary opiate antagonist methyl naltrexone. Over a dose range of 0-3.0
micrograms, pre-session infusions of methy! naltrexone in either brain site produced dose-related increases in responding
for heroin (0.06 mg/kg/infusion) on a CRF schedule, without causing significant changes in responding on a second activity
control lever. Involvement of the periaqueductal grey was also examined in animals administering a lower heroin dose (0.03
mg/kg/infusion) in shorter sessions in order to minimize drug exposure prior to treatment. In this experiment, infusion of
methyl naltrexone produced selective increases in responding for heroin, whereas treatment with the identical dose of
methyl naltrexone had no effect on cocaine self-administration (1.0 mg/kg/infusion) in the same animals. With respect to
the nucleus accumbens, these data confirm its involvement in opiate self-administration. Data for the periaqueductal grey
provide the first evidence that opiate receptors in the vicinity of this brain region may play a role in intravenous opiate

self-administration.
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WITH respect to the question of neuronal substrates of
opiate reinforcement, a large body of evidence indicates that
the neurons of the ventral tegmental area (VTA) are likely
candidates. For example, it is known that conditioned place
preferences occur after opiate microinjections into the VTA
[18,19], extinguished operant self-administration behavior
can be reinstated by non-contingent brain microinfusions of
opiate agonists into the VTA [24], self-administration behav-
ior is maintained with intracranial agonist infusions into the
VTA [5], and intravenous heroin self-administration is al-
tered by microinfusions of opiate antagonist into the VTA
[1]. Dopaminergic neurons in the VT A have also been impli-
cated in reinforcement through studies showing that con-
ditioned place preference produced by systemic opiates or
VTA microinjections are sensitive to haloperidol [20],
pimozide [4] and 6-hydroxydopamine lesions at the level of
the nucleus accumbens [23], and by the finding that mor-
phine self-administration is increased by lesions of the nu-
cleus accumbens [22].

In addition to the above evidence, however, other brain

sites have been implicated in opiate-produced place condi-
tioning [28) and in opiate self-administration [6, 8, 14-16]. In
addition, the role of dopamine in opiate reward has not been
supported by several recent investigations using place pref-
erence [13] and self-administration [7,17] techniques. There-
fore, there is at present no clear understanding of the brain
substrates which underlie opiate reinforcement.

To address this issue, we have begun to examine brain
sites, both within and separate from the mesolimbic
dopamine system, in order to determine whether they par-
ticipate in maintenance of opiate self-administration behav-
ior. The approach that we have used is to produce local
antagonism in the brain sites of interest by means of central
microinjection of a quaternary opiate antagonist and to
measure the effect of this treatment on intravenous heroin
self-administration. The antagonist that we have used in this
research is methyl naltrexone, since it provides the best
combination of reduced lipophilicity while retaining potency
at the opiate receptor.

We report here the effects of treatments with this
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antagonist in the periaqueductal grey (PAG) and the nucleus
accumbens (ACC) on intravenous heroin self-administration.
We chose to examine the ACC since its involvement in
opiate reinforcement has been the object of some con-
troversy. For example, one study has reported that the ACC
will not support intracranial self-administration [3], while
others have indicated that it will [8,15]. Two previous studies
using different quaternary antagonists than methyl nal-
trexone have reported divergent findings with respect to the
effects of intra-ACC injections of these antagonists on intra-
venous opiate self-administration [1,27]. However, both of
these studies employed quaternary antagonists which retain
substantial lipid solubility compared to methyl naltrexone
[2]. Therefore, to clarify whether or not the ACC does par-
ticipate in mediating opiate self-administration, it was neces-
sary to re-examine this structure using an antagonist which
does not spread readily through lipid.

We chose to examine the PAG since agonist microinjec-
tions within this structure have been shown to produce a
conditioned place preference [28], and secondarily because
the PAG may have a role in mediating the discriminative
stimulus properties of opiates [12], a feature which might be
related to self-administration.

METHOD

Three distinct experimental groups form the basis of this
report. One group constituted a pilot experiment to establish
the time course of acquisition of heroin self-administration,
and to determine dose parameters for methyl naltrexone in
subsequent experiments. The first quantitative experiment
(Experiment 1) was an assessment of the effects of methyl
naltrexone pretreatment in the ACC and the PAG on intra-
venous heroin self-administration. The second, Experiment
2, was a replication of the findings for the PAG with animals
administering a lower dose of heroin in shorter sessions,
and in addition included an examination of whether the
antagonist effects were specific for opiate as compared to
stimulant self-administration.

Subjects in all cases were male Long-Evans rats (Charles
River, Lachine, Quebec), drug naive at the start of the exper-
iment. Animals were housed in a reversed light-dark cycle
(lights off between 7:00 and 19:00 hours), and were allowed
to reach approximately 300 g in weight before training pro-
cedures were begun.

Initial training consisted of shaping the animals to re-
spond on a CRF schedule for food reinforcement (45 g Noyes
pellet) while maintained on restricted access to food (to keep
body weights approximately 85% of free-feeding values).
Once the animals had been trained to lever press, they were
returned to ad lib access to food for the duration of the
experiment.

Each animal was then surgically prepared under pen-
tobarbital anesthesia (60 mg/kg, IP) with a chronic intrave-
nous catheter in the jugular vein. Catheter construction was
the same as previously described [6]. During the initial re-
covery period from surgery (3-7 days), catheters were
flushed once each day with 0.1 ml sterile saline containing
heparin (5 units USP/ml). Drug self-administration sessions
were begun after this recovery period. During self-
administration, catheters were flushed with sterile saline
once daily prior to the operant session; catheters were not
flushed on weekends. At all times when catheters were not in
use, external ends were plugged with obturators to prevent
back flow of blood and entry of foreign material. Patency of
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catheters was assessed periodically by means of methohexi-
tal infusion (3-5 mg/kg).

Self-administration sessions were carried out in dual-
lever operant chambers. Experimental control and data ac-
quisition were performed by a Pascal-based system operat-
ing an IBM-PC microcomputer [11]. Drug was available on a
CRF schedule during a single session each weekday. In the
pilot experiment (n=14) and Experiment 1 (n=16) heroin
hydrochloride was available at a dose of 0.06 mg/kg/infusion
and a session duration of 3 hours. In Experiment 2 the ses-
sion duration was 90 minutes; during this time animals had
access to either heroin hydrochloride at a dose of 0.03
mg/kg/infusion or cocaine hydrochloride at a dose of 1.0
mg/kg/infusion. In this latter experiment, animals acquired
self-administration behavior with either cocaine (n=4) or
heroin (n=7), underwent brain surgery and antagonist treat-
ment as described below, and were then switched to receive
the other drug; when their baseline responses were again
stable, treatment was repeated. In all groups, drug delivery
(100 microliters/kg) occurred during a one-second period fol-
lowing a response on the appropriate lever. Responses on
the drug lever (denoted as DRUG in the following discus-
sion) were followed by a 5-second time-out period, signalied
by a buzzer, during which additional responses (denoted as
TIME-OUT responses) were recorded but not reinforced.
Similarly, responses on the non-drug lever (denoted as IN-
ACTIVE) had no consequences for the animal, but were
recorded.

Following acquisition, animals were implanted with bilat-
eral brain cannulae positioned stereotaxically according to
the atlas of Konig and Klippel [10]. Commercial guide can-
nulae (Plastic Products, Roanoke, VA) were cut prior to
surgery so that they would extend no closer than 1 mm to the
target site. This surgery was also performed under pen-
tobarbital anesthesia (60 mg/kg, IP), with the animal posi-
tioned in a stereotaxic frame such that the top of the skull
overlying the cortex was horizontal. The following coordi-
nates were used: ACC, +2.4 mm relative to bregma, +3.0
mm lateral to midline, angled 17 degrees from the midline
plane; PAG, —6.2 mm relative to bregma, +2.5 mm lateral to
midline, angled 18 degrees from the midline plane; VTA
(pilot animals only), —5 mm relative to bregma, +3.0 mm
lateral to midline, angled 16 degrees from the midline plane.
At the conclusion of the experiment, animals were given an
overdose of pentobarbital and perfused with saline followed
by 10% formalin. Brains were removed and prepared for
histology to confirm cannulae placement.

Brain microinjections were carried out as previously de-
scribed [6]. Microinjections of the antagonist or saline vehi-
cle were given bilaterally 10 minutes prior to the beginning of
treatment sessions. Injection volume was constant at 0.5
microliter per unilateral site. Brain injections were delivered
by means of two gas-tight microsyringes each driven by a
manually-operated micrometer screw; the micrometers were
advanced alternately in small increments. The volume of
antagonist delivered was determined by monitoring move-
ment of a small bubble placed in calibrated polyethylene
tubing between the microsyringes and the rat. Micrometer
screws were advanced intermittently so as to cause the air
bubble to move through 0.5 microliter volume of the tubing
in approximately 2 minutes.

Based on observations in the pilot animals (see below),
doses of methyl naltrexone of 0, 0.1, 0.3, 1.0, and 3.0 micro-

- grams total dose were chosen for use in Experiment 1. In this

experiment, treatments were done with ascending doses;
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Nucleus Accumbens

Periaqueductal Grey

FIG. 1. Location of cannulae tips of the nucleus accumbens and periaqueductal grey in Experiment 1 (filled circles)
and in the periaqueductal grey in Experiment 2 (open circles). Schematic brain sections have been adapted from the
stereotaxic atlas of Konig and Klippel [10].

treatment days were separated by a minimum of 2 non-
treatment days during which animals had access to heroin
without any treatment. This scheduling was chosen on the
basis of pilot data which showed that the effect of the
antagonist on drug intake (i.e., the DRUG measure, the main
focus of the research) was virtually absent by the day follow-

ing treatment. In addition to receiving brain microinjections
of antagonist, animals in Experiment 1 also received an ini-
tial treatment with naltrexone (0.3 mg/kg IV) given 2 minutes
prior to the start of the session. This treatment was to permit
assessment of the effect of general systemic antagonism. In
Experiment 2, animals were treated with only 0 and 1.0 mi-
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FIG. 2. Data from pilot experiment. Acquisition of responding for
heroin (0.06 mg/kg/infusion) on a CRF schedule in 3-hour sessions.
Animals are given drug-free weekends. Brain cannulation and re-
covery occurred during the fourth week. Data are means for the pilot
group (n=14); where shown, error bars are +1 standard error of the
mean. The first two data points (open circles) are from shorter than
3-hour sessions.

crograms of methyl naltrexone, rather than the more exten-
sive dose regimen used in Experiment 1; however, they re-
ceived these treatments twice, once when responding for
0.03 mg/kg heroin and once when responding for 1.0 mg/kg
cocaine.

It is not uncommon in opiate self-administration for the drug
intake to continue to rise gradually over days, even long after
acquisition has occurred (e.g., see [25]). Therefore, to ensure
that treatment effects were referenced to the most immediate
non-treatment data, the non-treatment sessions immediately
preceeding each treatment session were used in analyses;
these non-treatment sessions are referred to as baseline
sessions.

Statistical treatment of data from Experiment 1 was by
analysis of variance of the differences between logarithmi-
cally transformed baseline and treatment session values for
each of DRUG, TIME-OUT and INACTIVE measures. The
logarithmic transformation was done because we noted that
the distribution was long-tailed towards high values, a com-
mon occurrence when data are of the nature of counts and
particularly in the case of opiate self-administration (see for
example the distribution of responding in [25]). Because
analyses were done on the difference scores, the analyses of
variance are reduced by one factor; that is, rather than test-
ing for a treatment effect against a baseline, we are testing the
difference value for dose and site effects. Data from Experi-
ment 2 were analyzed by z-tests.

RESULTS

Cannulae placements from both experiments are shown in
Fig. 1. For all subjects, cannulae were located anatomically
within the ACC or PAG, and no subjects were rejected on
the basis of cannulae placement.

Drug intake in the pilot group both during acquisition and
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FIG. 3. Data from Experiment 1. Values for DRUG, TIMEOUT,
and INACTIVE responses in baseline (B) and intravenous nal-
trexone treatment (T) sessions in ACC and PAG animals (left hand
side), and values for DRUG responses in baseline (B) and intracra-
nial methyl naltrexone treatment (T) sessions across 5 doses (right
hand side). Baseline sesions are those on the day immediately pre-
ceding the treatment session. Data are means for Group 1 (for ACC,
n=7 for intravenous naltrexone, n=5 for intracranial methyl nal-
trexone; for PAG, n=9 for intravenous naltrexone, n=4 for intra-
cranial methyl naltrexone); error bars show +1 standard error of the
mean.

after brain cannulation is shown in Fig. 2. In some of these
pilot animals we tested the effects of doses of 0.1 and 1.0
micrograms of methyl naltrexone on heroin self-adminis-
tration, and found that the lower dose appeared to be below
threshold for producing changes, but that the dose of 1.0
microgram was effective in either ACC or VTA. In other
pilot animals we tested a dose of 10 micrograms in the VTA,
but found that when infused prior to a self-administration
session it produced seizures within several minutes.

In Experiment 1, sixteen animals which acquired heroin
self-administration similarly to the pilot animals were cannu-
lated as described above (ACC, n=7; PAG, n=9) and re-
turned to self-administration. Figure 3 (left-hand side) shows
the results of pre-session treatment of these animals with 0.3
mg/kg naltrexone IV. Naltrexone caused an increase in re-
sponding for intravenous heroin, as has been observed in
other studies in which antagonists have been given systemi-
cally to animals self-administering opiate agonists (e.g., [6, 9,
27)). One-way analysis of variance showed that there was no
significant effect of brain site in the DRUG, F(1,14)=1.82,
p=0.20, or INACTIVE measures, F(1,14)=0.81, p=0.38,
and the effect of brain site reached borderline significance in
the TIME-OUT measure, F(1,14)=4.46, p =0.05. Overall,
therefore, both groups were statistically similar in their re-
sponse to systemic naltrexone.

For each of the ACC and PAG squads, at least six animals
were treated at each dose of centrally-administered
antagonist to the end of the experiment. However, in a few
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TABLE 1

MEAN BASELINE AND INTRACRANIAL ANTAGONIST TREATMENT SCORES FOR RESPONDING DURING TIME-OUT AND ON
THE INACTIVE LEVER

Dose

Site and Saline 0.1 Microgram 0.3 Microgram 1.0 Microgram 3.0 Microgram

1te

Measure Baseline Treatment Baseline Treatment Baseline Treatment Baseline Treatment Baseline Treatment
ACC (n=5)

Inactive 6.8 (3.4  12.6(12.2) 4.6 (1.5 4.2 2.6 4.4 (1.6 4.8 2.3 5226 1629 4622 64 (3.6

Time-Out 8.8 (7.2) 128 (8.9  11.8(10.8)  12.0(11.0)  18.2(11.3)  16.6 9.5  14.6(13.3)  19.2(10.3) 13.8(11.9)  57.6(53.3)
PAG (n=4)

Inactive 17.3(17.6) 3.0 (4.0) 6.8 (3.6) ' 39.534.5)  26.5(25.8) 8.0 (2.0) 6.5@9 138127 3.0 (1.4  32.0034.5

Time-Out 11.5(12.4)  20.321.5)  20.021.6)  19.5(19.1) 93 (3.8) 25.821.8)  16.3(14.4)  32.0(28.6) 16.0(15.7)  24.5(21.0)
cases animals had been substituted for others missing due to Heroin Selt-Administration Cocaine Set-Administration
attribution (because of loss of patency of intravenous cathe- U (003 mg/kg/infusion) (1.0 mg/xg/infusion)
ters or physical damage to brain cannulae). In the ACC there pow— ] Daseine
were 5 animals which had completed all treatments, while in
the PAG there were 4; this subset of the full data set was resemant l freeement
chosen for analysis so as to be able to use a repeated meas- ‘_____,_._,__,._— 3 3 3 ;
ures design. Figure 3 (right-hand side) shows that data for the H E z
DRUG response across doses of methyl naltrexone in the
two sites; Table 1 lists the values for TIME-OUT and IN-
ACTIVE measures. For the DRUG response, analysis of
variance showed no significat brain site X antagonist dose
interaction, F(4,28)=0.17, p=0.95, a significant effect of
antagonist dose, F(4,28)=6.02, p<0.001, and no effect of  ® 327  Herinsalinepre-treatment 327  Cocaine/saline pre-trestment
brain site, F(1,7)=0.25, p=0.63. =7 (=8

The small increases in DRUG responses over the experi- 1 1
ment deserves comment. As noted above, it is not unusual ] ®

for a gradual but sustained increase in opiate intake to occur
over days. Since brain anatagonist treatments were carried
out over a period of several weeks, it is not surprising that
the non-treatment sessions showed small increases. These
increases are much smaller than the effect produced by
antagonist microinjection. Furthermore, they are taken into
account in analysis, since it is the difference between treat-
ment and baseline measures which are used.

For the TIME-OUT response there was again no site X
dose interaction, F=1.32, p =0.29, a significant dose effect,
F(4,28)=4.33, p<0.01, and no effect on brain site, F(1,7)=
0.06, p=0.81. For the INACTIVE response, there was no
site X dose interaction, F(4,28)=0.34, p =0.85, and no dose,
F(4,28)=0.33, p =0.86, or site, F(1,7)=1.16, p =0.32, effects.

Results of methyl naltrexone pre-treatment on both her-
oin and cocaine responding in Experiment 2 are shown in Fig.
4, Intra-PAG injections of saline were without effect on
either cocaine or heroin self-administration (Fig. 4b). Simi-
larly, in the case of cocaine-reinforced behavior, intra-PAG
injections of methyl naltrexone at a dose of 1 microgram
clearly did not alter responding on the drug lever, as com-
pared to the respective baseline values. In the case of
heroin-maintained responding, however, methyl naltrexone
pre-treatment with 1.0 microgram produced a significant in-
crease in drug-lever responding during normal access
periods compared to the previous non-treatment session,
t=2.42, p <0.05, as well as a significant increase in time-out
responding, ¢=2.48, p<0.05; responding on the inactive
lever was unaffected. Note that in contrast to the effect of
the antagonist on heroin self-administration, both the rate
and the pattern of cocaine intake were unaffected (Fig. 4a).
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FIG. 4. Data from Experiment 2. (a) Exampies of cumulative re-
cords for one subject during baseline and treatment (1.0 microgram
methyl paltrexone) sessions in heroin self-adminstration (left hand
side), and records for the same animal, approximately 2 weeks later,
during identical treatment in cocaine self-administration session. (b)
Values for DRUG, TIME-OUT, and INACTIVE responses in
baseline (B) and treatment (T), comparing effects of intra-PAG
saline or antagonist injections on heroin (0.03 mg/kg/infusion) and
cocaine (1.0 mg/kg/infusion) responding. Baseline sessions are those
on the day immediately preceeding the treatment session. Error bars
are *1 standard error of the mean.

DISCUSSION

From observations in the pilot group, acquisition of her-
oin self-administration, defined as the pericd required for
drug intake to reach a relative plateau, occurred in approx-
imately two weeks (e.g., results shown in Fig. 2). In conse-
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FIG. 5. Schematic illustration in sagittal view of cannulae tips in ACC from this study (circles) at
which methyl naltrexone was effective in altering heroin self-administration, and from medial pre-
frontal cortex sites (triangle) at which methyl naltrexone was completely ineffective. Brain section

was adapted from the atlas of Konig and Klippel [10].

quence, a baseline of stable drug intake was available after a
relatively short period of heroin exposure. On this baseline,
low-dose methyl naitrexone microinjections (of the order of
1 microgram) into either the ACC or VTA produced in-
creases in heroin self-administration similar to those de-
scribed following treatment with other quaternary antag-
onists, whereas at high doses (10 micrograms), seizures were
produced. Seizure-induction may be a general character-
istic of high doses of quaternary antagonists; for example,
methyl naloxone produces tremors and convulsions at a dose
range of 10-30 micrograms intracerebroventricularly [2], and
in a recent study examining opioid mechanisms in water in-
take, methyl naltrexone has been reported to produce effects
such as rotational behaviors and convulsions in a dose- and
brain site-dependent fashion [26]. These observations
suggest that one must use care in choosing not only the par-
ticular quaternary antagonist but also the dose range to em-
ploy. Indeed it was reasons such as these that led us todo a
pilot experiment to assess the dose range of methyl nal-
trexone to use in this study; findings in that experiment re-
sulted in choice of the 0.1-3.0 microgram dose range for
methyl naltrexone.

When challenged with naltrexone systemically, animals in
Experiment 1 showed an increase in drug taking itself, as
well as continued responding on the drug lever during the
time-out period, both of which can be interpreted as a com-
pensatory response of the animals to the decreased effec-
tiveness of the reinforcer produced by the antagonist. The
dose-dependent increase in responding on the drug lever (in
both the DRUG and TIME-OUT measures) after central
methyl naltrexone pre-treatments is subject to the same in-
terpretation as the increase seen after systemic naltrexone,
namely, a compensatory increase in drug taking by the

animals to offset decreased efficacy of the reinforcer, in this
case produced as a result of antagonist action locally in the
brain. This data suggests that each of ACC and PAG have a
role in maintenance of herion self-administration.

The alterations in self-administration produced by central
antagonist treatment cannot be accounted for simply on the
grounds that the antagonists produced non-specific or
withdrawal-based increases in responding for several rea-
sons. First, the effect was observed in two separate groups
of animals, at least one of which had had minimal heroin
exposure at the time of testing. Also, during the 10 minute
period between antagonist pre-treatment and the beginning
of the heroin self-administration session, behaviors that
could be ascribed to antagonist treatment were not generally
observed. In addition, the antagonist itself was clearly not
producing non-specific effects, since cocaine self-adminis-
tration was completely unaffected by the same dose.

It is important to note that while intra-PAG or intra-ACC
microinjections of methyl naltrexone result in increased
self-administration of heroin, the contribution of receptors
outside but in the vicinity of these sites cannot be ruled out in
this study. Cannulae tips were within the anatomical bound-
aries of the respective sites, and therefore we do not have
evidence as yet as to whether the effective opiate receptors
are distributed exclusively within each site or beyond as
well. However, a previous study from this laboratory has
shown that methyl naltrexone injections into the medial pre-
frontal cortex (a few millimeters away from the nucleus ac-
cumbens) do not cause any change in heroin self-adminis-
tration {6); Fig. 5 shows schematically the histological distri-
bution of these ineffective sites in relation to the positive
accumbens sites reported here. The observation that there
are negative sites within a few millimeters of the accumbens
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sites suggests that methyl naltrexone remains relatively lo-
calized after brain injection, or that if it does diffuse, its
concentrations rapidly become too small to be effective. In
addition, it is notable that the distance between the accum-
bens and the medial prefrontal cortical sites is approximately
comparable to the distance between the PAG and the VTA.
It is unlikely, then, that effects seen following intra-PAG
microinjections of methyl naltrexone are due to spread of the
antagonist to the VTA.

Regarding this same point, other research has also pro-
vided evidence that methyl naltrexone does not spread
throughout the brain. For example, doses in the range of 0.3
to 10 micrograms have been shown to be effective in reduc-
ing post-deprivational water intake when administered into
the paraventricular hypothalamic nucleus, but not when
administered into the lateral hypothalamus which is im-
mediately adjacent [26].

Although the question of the distribution of receptors in-
volved in reinforcement in the immediate vicinity of the ACC
and PAG, and indeed around the VTA, is one which war-
rants future attention, the purpose of the present research
was to locate general sites in the brain which appear to be
involved in regulation of opiate self-administration as a focus
to further studies. What is clear at present is that the PAG
and ACC are each sites at which methyl naltrexone microin-
jections are effective in altering heroin self-administration.

With respect to the ACC, the results of this study support
other observations that opiate receptors in and/or around
this area of the brain are involved in heroin self-adminis-
tration [8, 15, 27]. Beyond providing confirmation of the role
of receptors in the vicinity of the ACC, however, this re-
search suggests that opiate receptors in the PAG area are
involved in maintenance of heroin self-administration. Other
evidence relative to the role of opiate receptors in the PAG
region in opiate reinforcement is minimal and indirect, and if
marshalled, both supports and counters such a proposal. Ina
positive sense, opiate agonist injections into the PAG have
been reported to produce a conditioned place preference
[28], although the relationship between the latter phenome-
non and self-administration remains unclear at present.
Bozarth [3] has found that intracranial self-administration
was not established by injections into the PAG, or for that

matter, into the ACC. In addition, in a study of reinstatement
of self-administration produced by central agonist treat-
ments, Stewart [24] reported that intra-PAG agonist infu-
sions were ineffective as compared to those in the VTA. It
may be, however, that there are different systems involved
in reinstatement of extinguished responding and mainte-
nance of self-administration.

Some reconciliation of the divergent findings from var-
ious studies is possible, although speculative. Perhaps dif-
ferent brain areas subserve different affective features of the
drug. For example, with respect tv the PAG, there has been
one suggestion that it has a role in morphine drug discrimi-
nation ([12], but see also [22]). It may be that antagonist
treatment in the PAG alters self-administration because of an
effect on the general drug discrimination stimulus complex.
If that were the case, intracranial self-administration might
not be obtained with intra-PAG agonist infusions, as in fact
reported by Bozarth [3], but intravenous self-administration
might be changed if intra-PAG antagonist treatment alters
some affective feature of the drug such as the discrimination
stimulus complex. In other words, the cues used when a drug
is self-administered intravenously may be very different
from those used when it is taken intracranially. If another
site were responsible for the incentive properties, that site
might support intracranial self-administration and in addition
demonstrate alterations in intravenous agonist self-adminis-
tration when subjected to brain microinjections. The VTA
and ACC might be examples of such sites. What contribu-
tion, and by what mechanism, each site so far identified
makes to opiate consumption is clearly an area deserving
further investigation.
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