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PHILLIPS, A. G. AND F. G. LEPIANE. Reinforcing effects of morphine microinjection into the ventral tegmental area.
PHARMAC. BIOCHEM. BEHAYV. 12(6) 965-968, 1980.— A neural substrate for the reinforcing property of an opiate drug
was identified in the ventral tegmental area (VTA) by establishing conditioned reinforcement to salient environmental
stimuli paired with intracerebral microinjections of morphine. Bilateral microinjections of morphine into the VTA in doses
of 0.2 g and 1.0 ug produced a subsequent change in place preference to a distinctive compartment previously associated
with the stimulant effects of morphine. Microinjection of 1.0 ug morphine at sites 2.5 mm dorsal to the VT A had no effect.
Pretreatment with naloxone (2 mg/kg) antagonized the reinforcing effects of 1.0 ug morphine as this group showed no
significant change in place preference. Nor did control groups receiving microinjections of sterile physiological saline.
Taken together, these data suggest that opiate receptiors, located in the ventral tegmental area, play an important role in
mediating the reinforcing effects of morphine. The possible involvement of dopaminergic neurons in these effects is

discussed.
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THE reinforcing properties of opiates have been confirmed
experimentally by a variety of procedures. Morphine and
heroin have been self-administered intravenously by species
ranging from rat to man [18]. Furthermore, when distinc-
tive environmental stimuli were paired with opiate ad-
ministration, they acquired conditioned reinforcing prop-
erties {9,16]. Endogenous ligands for opiate receptors
have been identified in the brain {5], and rats will self-
administer both Leu® and Met’-enkephalin via intra-
ventricular cannulae [1]. Direct microinjection of morphine
(0.2-1.0 pg) and (D-Ala%?)-Met*-enkephalinamide (1 ug)
into the ventral tegmental area (VTA) produced a selective
dose-related facilitation of intracranial self-stimulation from
electrodes in the lateral hypothalamus [2]. In that study, the
depression reported previously with systemic administration
of opiates [10] was never observed. Microinjection of (D-
Ala?)-Met-enkephalinamide also elicited hypermotility
which resembled the behavior produced by injection of
dopamine (DA) into the mesolimbic DA pathway [3]. On the
basis of these data we have conjectured that the reinforcing
property of opiates may be mediated by neural pathways
originating in the VTA [3]. Utilizing a procedure for estab-
lishing conditioned reinforcement with environmental stim-
uli [16) we now report reinforcing effects produced by mi-
croinjection of morphine into the VTA. These effects were
antagonised by treatment with the opiate receptor blocker
naloxone.
METHOD

Subjects
Fifty male Wistar rats (Woodlyn Labs, Guelph), weighing

300-320 g, were anaesthetized with Nembutal (50 mg/kg),
and two stainless steel guide cannulae (23 ga.) were im-
planted stereotaxically into an area 0.5 mm dorsal to the
VTA. Control placements were located 2.5 mm dorsal in the
same anterior plane. Cannulae placements were confirmed
histologically; the correct loci, quantified according to the
coordinate system of Konig and Klippel [8] were
A=2.1+ 03 mm, L=0.9 + 0.2 mm, and DV=-2.6 = 0.5
mm. Each animal was housed individually in a stainless steel
cage, located in a climatically controlled colony, with a 12 hr
light/dark cycle.

Procedure

Behavioral testing began 10 days after surgery, and was
conducted during the light phase of the diurnal cycle. Rats
with VTA cannulae placements were assigned to one of 5
groups according to drug treatment: 1 ug morphine sulphate;
0.2 ug morphine sulphate; saline (0.9%); 1 ug morphine sul-
phate+naloxone (2 mg/kg, IP); saline+naloxone (2 mg/kg,
IP). The control animals with dorsal cannulae placements
received bilateral injections of 1 ug morphine sulphate. The
behavioral tests were conducted in an aluminum chamber
(80x25%36 cm) divided into 3 compartments. Two large
compartments (34x25 cm) were separated by guillotine
doors from a small area (1125 cm) which served as a choice
point in a later phase of the experiment. Each of the large
compartments was distinctive in flooring and wall covering.
One had a grid floor and black walls and the other had a mesh
floor (1.2 cm square) and white walls. The testing boxes were
housed in a quiet room illuminated by fluorescent overhead
lighting.
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FIG. 1. Location of ventral tip of injection cannulae on coronal
sections of rat mesencephalon. Abbreviations: FOR=reticular for-
mation; IP=interpeduncular nucleus; LM=medial lemoniscus;
SN =substantia nigra; R=red nucleus. Groups: (A) 0.2 ug morphine,
VTA; (@) 1.0 ug morphine, VTA; (A) saline (0.9%), VTA; (¢) 1.0 ug
morphine, dorsal control. Behavioral data from these groups are
shown in Fig. 2.

On the first 3 days of behavioral testing, each animal was
allowed to explore all compartments of the chamber, for 15
min. Time spent by each animal in the two end com-
partments was measured to the nearest second and this pro-
vided a measure of preference between the 2 compartments.
Throughout the study, cannulae were sealed and kept patent
by insertion of a 30 ga. inner stainless-steel stylet which
protruded 0.5 mm beyond the outer guide. Microinjections
were made by replacing each inner stylet with a 30-ga. needle
attached to a microsyringe by polyethylene tubing. A volume
of 0.5 ul was injected into each cannula over a 30-sec period.
In the second phase of the study, microinjections of mor-
phine or saline, with and without naloxone treatment were
made 30 min prior to confining the rat into the less pre-
ferred compartment (i.e., the ‘‘conditioned”’ side) for a 1 hr
period. The 30 min latency between injection and behavioral
testing and the 1 hr test period coincided with the temporal
parameters that produced maximal facilitation of self-
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FIG. 2. Preference scores expressed as time spent on one side of the
test chamber before and after intracerebral microinjection of mor-
phine or saline. The pre-conditioning scores indicate that the ‘‘con-
ditioned”’ side was the less preferred prior to drug treatment. The
amount of time spent on the preferred side may be obtained by
subtracting a given group score from the session length of 900 sec.
Post-conditioning scores represent the amount of time spent on the
same side after association between this environment and microin-
jection of morphine or saline. Groups: (4) 0.2 ug morphine, VTA
(N=5); (B) 1.0 ug morphine, VTA (N=5); (O) 1.0 pug morphine,
dorsal placements; (A) 0.9% saline, VTA.

stimulation after similar injections of morphine into the VTA
[2]. This procedure was repeated for 3 days. If the rewarding
effects of morphine are mediated by neural pathways in the
VTA, this procedure would permit the animal to associate
morphine-induced reward with the salient features of the test
compartment, through the process of classical conditioning.
On the fourth day, each animal received a sham-injection in
which an empty injection needle was inserted partway into
the guide cannulae. Thirty min later each animal was placed
into the middle compartment, both guillotine doors were
raised, and the amount of time spent in each compartment
was recorded over a 15 min period. The conditioning proce-
dure and preference tests were repeated a second time over
the next 4 days. A successful demonstration of the reinforc-
ing property of morphine would be indicated by a significant
shift in side preference to the compartment associated with
morphine microinjection.

RESULTS

Figure 1 illustrates the location of the tips of the injection
cannulae in the VTA and at dorsal control sites in and lateral
to the central gray. Only data from subjects with symmetri-
cal bilateral placements in one of the two target sites were
included in the statistical analyses. Prior to conditioning, the
amount of time spent in the less preferred compartment,
(i.e., the ‘“‘conditioned’’ side) by each group, ranged from a
mean of 327 to 383 sec and did not differ significantly. After
experiencing the stimulant effects of intracerebral morphine
into the VTA, for 3 daily sessions on the ‘conditioned’ side
of the chamber, two groups changed their preference to this
side. When compared to saline controls, the change in pref-
erence to the ‘conditioned’ side was statistically significant
for the subjects receiving 0.2 ug morphine, F(2,24)=3.72,
p<0.05, and 1.0 pug morphine, F(2,24)=3.80, p<0.05 (see
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FIG. 3. Effects of naloxone (2 mg/kg) on changes in preference for
side of test chamber associated with intracerebral injection of mor-
phine (1.0 ug) or saline (0.9%). Groups: (W) 1.0 ug morphine VTA;
() 1.0 ug morphine VTA+naloxone; (@) saline (0.9%) VTA+
naloxone. For explanation of ordinate and abscissa, see Fig. 2.

Fig. 2). These changes in preference were confirmed on the
second post-conditioning test. No significant change in side
preference was observed in either the saline control or the
dorsal morphine groups.

Pretreatment with naloxone antagonized the effects of 1.0
p.g morphine into the VTA, as this group showed no change
in place preference and the time measures were not signifi-
cantly different from the control scores. The antagonism
cannot be attributed to an aversive effect of naloxone which
counteracted the reward effect of morphine, as the group
treated with microinjections of saline and systemic naloxone
did not develop a conditioned aversion to the compartment
in which they were placed during drug treatment (see Fig. 3).

DISCUSSION

The significant change in place preference to a distinctive
test environment paired previously with intracerebral mi-
croinjections of morphine into the VTA, is a clear demon-
stration of conditioned reinforcement; with morphine serv-
ing as the primary reward. This procedure has been used pre-
viously to confirm the reward properties of morphine ad-
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ministered peripherally [9,16] and (D-Ala?-Met5-enke-
phalinamide injected by the intraventricular route [7].
The antagonism of the reward effects of morphine by
naloxone suggests an important role for opiate receptors in
mediating this effect.

It is significant that the present results are obtained with
injection loci in the VTA but not at loci 2.5 mm dorsal. The
A10 DA neurons originate in the VTA and they mediate cer-
tain aspects of brain-stimuladon reward [11]. Microinjection
of morphine into the VTA also facilitates brain-stimulation
reward [2], suggesting a possible interaction between opiates
and a DA reward pathway. In this regard, the possible role of
the adjacent nigrostriatal DA reward pathway [10] cannot be
precluded as the infusion could have reached the substantia
nigra. There is mounting evidence for an interaction between
DA neurons and those containing enkephalin, particularly at
the level of the striatum [14]. Neurophysiological data [6,11]
have shown that single unit firing rates of dopamine neurons
are increased significantly following systemic injections of
morphine. More specifically it has been postulated that
presynaptic enkephalin interneurons facilitate synaptic
transmission in the nigrostriatal DA pathway. In a recent
study, Finnerty and Chan [4] have presented further neuro-
physiological evidence that morphine may disinhibit the
DA-containing cells of the substantia nigra pars compacta
(SNC) by depressing inhibitory neurons in the par reticulata
that serve as part of a striatonigral feedback mechanism. In
this regard it is significant that immunohistochemical map-
ping of enkephalin containing neurons has identified fluores-
cent fibers in the SNC and in the region between the sub-
stantia nigra and medial lemniscus [17,19].

In view of the neuroanatomical {17,19] and neurophys-
iological [4, 6, 11] data, it remains a distinct possibility that
the rewarding effects of opiates are mediated by an interac-
tion of enkephalinergic neurons with the A10 or A9 DA
neurons. Lesions of the mesocorticolimbic DA pathway dis-
rupt cocaine self-administration [15] raising further conjec-
ture that the reward or euphoric properties of both
psychomotor stimulants and opiates are mediated, at least in
part, by this DA pathway.
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