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CARLSON, K. R. ANDT. F. SEEGER. Interaction of opiates with dopamine receptors: Receptor binding and behavioral
assays. PHARMAC. BIOCHEM. BEHAV. 16(1) 119-124, 1982.—We examined the hypothesis that opiates act as
dopamine (DA) receptor-blocking agents thereby inducing a compensatory increase in DA receptor density during chronic
administration, and that increased receptor density could account for the behavioral hypersensitivity to DA agonists seen
after treatment with opiates. Morphine and methadone did not inhibit the specific binding of *H-spiroperidol to DA
receptors in vitro, nor did they decrease affinity or apparent receptor density in the striatum when administered acutely in
vivo in behaviorally effective doses. In contrast, neuroleptics had the expected inhibitory effect in both these experiments.
Stereotypy and locomotion in response to apomorphine were measured before and after a 3-week treatment with saline or
methadone. About half the methadone-treated rats showed significant increases over predrug baselines in stereotypy or
locomotion, as did a few saline-treated animals. However, in those animals showing enhanced stereotypy or locomotion,
DA receptor density was not elevated in striatum or mesolimbic areas respectively. These results indicate that opiates do
not act as antagonists at DA receptor sites, and that changes in DA receptor density cannot account for opiate-induced

behavioral hypersensitivity.

Opiates Dopamine Stereotypy Locomotion

Mesolimbic area Hypersensitivity

Methadone

3H-spiroperidol Striatum

CHRONIC treatment with opiates can induce hypersensi-
tivity of the dopaminergic nigrostriatal system, as expressed
in enhanced stereotypic gnawing and chewing in response to
dopaminergic agonists following termination of this treat-
ment [6, 7, 8, 17, 18]. This hypersensitivity is very similar
behaviorally to the syndrome produced by chronic
neuroleptic treatment in animals [41,48] and in humans,
where it is thought to be the underlying cause of tardive dys-
kinesia [2,19]. Neuroleptic-induced hypersensitivity is
thought to reflect a proliferation of post-synaptic dopamine
(DA) receptors secondary to their chronic blockade by
neuroleptics. All clinically effective neuroleptics act as
antagonists at DA recptors [11,46], and, in animals, receptor
density in striatum is increased by neuroleptic administration
[4,30]. The extent of the increase is positively correlated
with drug dosage [10] and duration of treatment [16,32]. In
addition to their ability to induce enhanced stereotypy,
opiates and neuroleptics share other actions suggestive of
DA receptor blockade such as induction of catalepsy [1, 24,
40], increased DA turnover [1, 24, 34, 40], and antagonism of
the behavioral effects of amphetamine [17, 38, 44]. These
similarities have led several researchers to propose that both
groups of drugs act directly as antagonists at post-synaptic
DA receptors [6, 37, 38].

Several tests of this hypothesis are possible using the
binding of 3H-neuroleptics to DA receptors in homogenates

of striatum or other DA-rich areas as an assay system. First,
one can add opiates to the homogenate and assess the extent
to which they occupy receptors in vitro, thereby displacing
the *H-neuroleptic. Recent reports [12, 26, 33] indicate that
opiates are ineffective in this regard; the present study rep-
licates these results. Second, one can administer opiates in
physiological doses acutely in vivo, and at the time of peak
behavioral effect, when brain concentrations are presumably
maximal, sacrifice the animal and measure any displacement
of binding of 3H-neuroleptics. In this study we investi-
gated the effects of morphine, methadone, and dopaminergic
drugs as controls.

Finally, the role of changes in DA receptor density or
affinity in the phenomenon of behavioral hypersensitivity
after chronic treatment can be assessed. The existing studies
bearing on this topic are contradictory. Morphine pellet im-
plantation for 3-5 days produced a slight increase in DA
receptor density in striatum 8 hr after pellet removal [14], but
a decrease 24 and 48 hr after removal [39]). A 104-day course
of morphine injections, on the other hand, caused no change
in receptor density 23 hr after withdrawal [9]. An additional
factor which complicates the interpretation of these results is
that no measure of behavioral hypersensitivity to DA agonist
challenge was made in one study [39], and was made in sub-
Jects other than those used for the binding assay in the other
two studies [9,14]. Although this is rarely done, both recep-
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tor changes and behavioral alterations should be demon-
strated in the same animal [31]. The value of a subject-by-
subject analysis is that receptor density changes can be eval-
uated with respect to the presence or absence of hypersensi-
tivity, which may be induced in some animals but not in
others by the same chronic drug regimen. In other words, the
correlation is between receptor density and exhibition of a
target behavior, rather than between receptor density and
having undergone drug treatment. If opiates block DA recep-
tors, the extent to which DA receptor density is elevated
over control levels would be positively correlated with the
degree of behavioral hypersensitivity.

We have examined the relationship of behavior to recep-
tor changes in two dopaminergic systems, the nigrostriatal,
primarily responsible for stereotyped behavior [22], and the
mesolimbic, primarily responsible for locomotor activity
[23]. As discussed earlier, both neuroleptics and opiates can
induce behavioral hypersensitivity in the nigrostriatal sys-
tem; in the mesolimbic system, neuroleptics also induce hy-
persensitivity [13,45], but the effects of opiates have not
been investigated. We measured stereotypy and locomotion
in response to apomorphine chalienge before and after
chronic saline or opiate treatment, and then assayed DA
receptor density in striatum and mesolimbic areas in each of
these subjects. *H-spiroperidol was chosen as the ligand,
since it and the other butyrophenone *H-haloperidol have
been the ligands of choice in assessing post-synaptic recep-
tor changes due to chronic neuroleptic [4, 10, 16, 30, 32} or
opiate [9,39] treatment. The opiate selected was methadone,
since it is used extensively on a chronic basis in methadone
maintenance treatment programs.

METHOD
Subjects

Male albino Holtzman rats (Charles River) were used.
They weighed 320-350 g at the time of sacrifice for the in
vitro and acute in vivo studies, and at the beginning of the
chronic drug study. They were housed individually with free
access to Purina chow and tap water. An automatic timer
maintained a 7 a.m. on/7 p.m. off light cycle. During the
chronic drug study Ss were weighed every other day.

Drugs

The following drugs were used: apomorphine HCI
(Sigma), (+) and (—)butaclamol (courtesy of Ayerst), halo-
peridol (courtesy of McNeil), methadone HCI powder and
liquid for injection (Lilly), morphine sulfate (Lilly), and
naloxone HCI (courtesy of Endo). Powdered drugs were di-
luted in glass-distilled water to the proper concentrations as
the salt, with pH adjustment as necessary.

In Vitro Inhibition of Specific Binding

Rats were decapitated, the brains rapidly removed onto a
glass plate over ice and the striata separated by blunt dissec-
tion. The tissue was weighed and homogenized in 100 vol of
ice-cold buffer (0.5 M monobasic and dibasic potassium
phosphate in 0.9% saline, pH=6.9 at 4°C) with a Brinkman
Polytron (setting 7, two 5-sec bursts). The suspension was cen-
trifuged at 15,000 rpm for 10 min, and the pellet re-
homogenized in fresh buffer. Centrifugation and rehomoge-
nization in 100 vol fresh buffer was repeated. Incubation tubes
in duplicate were prepared with 0.8 ml tissue suspension, 0.1
mi of 10 nM 3H-spiroperidol (23.6 Ci/mmole, New England
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Nuclear), and 0.1 ml of an appropriate concentration of an
inhibiting drug. Specific binding was defined as the differ-
ence between tubes containing no inhibiting drug and tubes
containing 0.1 ml of 10 uM (+)butaclamol. Tubes were incu-
bated with agitation in a 37°C water bath for 10 min. Reac-
tions were terminated by rapid vacuum filtration onto GF/B
filters, followed by a S ml ice-cold saline rinse, a 2 ml tube
rinse, and a final 5 ml rinse of the filter. The filters were
extracted in 4 ml Aquasol in minivials and counted at 38-4097
efficiency.

Once the appropriate range of concentration had been
determined (the highest final concentration used was 1 x 1072
M), triplicate assays were performed for each inhibiting
drug, using at least four concentrations/assay, and the resuits
averaged. These data, expressed as percentage inhibition of
specific binding, were converted to probits and 1C;,s were
determined by linear regression analysis.

In Vivo Inhibition of Specific Binding

Rats were injected SC with either saline (1.0 ml/kg), halo-
peridol (1.0 mg/kg), morphine (10 mg/kg), or methadone (10
mg/kg). At the time of peak behavioral effect, 30 min post-
injection, Ss were sacrificed. In addition, a group receiving
1.0 mg/kg apomorphine was sacrificed 24 hr post-injection to
determine whether this delay would be sufficient to prevent
any interference with the binding assay by residual apomor-
phine, since in the chronic drug study we planned to adminis-
ter this dose of apomorphine 24 hr before sacrifice. Striata
were removed and tissue from two animals was pooled for
assay. Tissue homogenates were prepared as above. Incu-
bation tubes in duplicate contained 0.8 ml tissue homoge-
nate, 0.1 ml *H-spiroperidol (final concentrations 0.25-5.0
nM), and 0.1 ml water or (+)butaclamol in a 1000:1 ratio to the
corresponding *H-spiroperidol concentration. Incubations,
filtrations, and liquid scintillation counting were performed
as above. A Lowry protein assay [28] was performed on
every homogenate. Three separate assays were done for
each drug and the results averaged. Affinity (K,) and recep-
tor density (B,..) were determined by Scatchard analysis
[3], and differences were tested by one-way analyses of vari-
ance with subsequent Newman-Keuls test [49].

Chronic Drug Effects on Behavior and Specific Binding

The behavioral effects of apomorphine were assessed in
an identical fashion on the day before chronic drug treatment
was begun and on the 14th day following the termination of
treatment. During the lights-on hrs each S was injected IP
with 0.5 mg/kg apomorphine and placed in a 60x60x30 cm
high Plexiglas box with a mesh floor. They were observed for
3 2-min periods beginning at 5, 15, and 25 min post-injection,
during which the durations of stereotyped sniffing and chew-
ing, and the control behaviors grooming and rearing, were
separately recorded by a keyboard device with associated
timers. Only the chewing data are presented, since almost all
Ss exhibited continuous sniffing during both test sessions,
and there were no consistent changes in grooming and rear-
ing. In addition, the number of crossing, i.e., the number of
times S moved with four feet from one quadrant to another
on the floor of the test box, were recorded. Chewing dura-
tions were averaged across the three test periods, since there
were no trends over time.

During the chronic drug phase, Ss were injected SC for
three weeks with sterile 0.9% saline (SAL: 1.0 ml/kg) or
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sterile methadone HCl for injection (MD; 10 mg/kg/day dur-
ing week 1, 15 mg/kg/day during week 2, and 20 mg/kg/day
during week 3). The SAL group received 1 injection/day, and
the MD group received half the daily dose in each of two
injections separated by 12+2 hr. Initial Ns were SAL=10
and MD=14; all Ss completed the study.

On the day following the post-treatment apomorphine
challenge, Ss were decapitated and the brain rapidly re-
moved onto a glass plate over ice. With the brain resting on
its dorsal surface, parallel vertical knife cuts were made
anterior and posterior to the olfactory tubercle, and the re-
sulting slice between the cuts was dissected bilaterally into
striata and mesolimbic area (nucleus accumbens and olfac-
tory tubercle). Samples were immediately frozen on dry ice
and stored at —70°C until assayed.

Since the rationale of this experiment was to correlate
behavioral change with DA receptor density, each group was
subdivided into those Ss which increased in duration of
chewing and those Ss which decreased or showed no change,
as compared to their pre-chronic drug behavior. Each group
was similarly subdivided on the basis of increases in number
of crossings.

Because each S was being assayed separately, the amount
of tissue was only sufficient for a determination of DA recep-
tor density using one 3H-spiroperidol concentration. A sam-
ple from each subgroup was run in each assay. Tissue
homogenates were prepared as usual, and incubations were
performed in triplicate. The final 3H-spiroperidol concentra-
tion for striatal samples was 1.0 nM and for mesolimbic
samples 2.0 nM. Other technical aspects of the binding assay
were as described for the acute in vivo assay. A Lowry
protein assay was performed on each tissue homogenate,
and data were expressed as fmoles specifically bound/mg
protein. Two SAL mesolimbic samples and one MD striatal
sample gave aberrant results and were excluded as outliers
from data analysis [15]. Receptor density and behavioral
differences among the subgroups were tested by one-way
analyses of variance [49].

RESULTS
In Vitro Inhibition of Specific Binding

The concentrations which inhibited specific binding by
50% (IC;,) are shown in Table 1. The neuroleptics
(+)butaclamol and haloperidol were very potent, and the
agonist apomorphine somewhat less so, as expected. There
was a detectable inhibition by methadone, but it cannot be
considered of physiological significance, since it occurred at
a higher concentration than that required by the inactive
isomer (—)butaclamol. Neither morphine nor naloxone
produced any detectable inhibition at concentrations up to
1.0x1072 M, indicating that these substances do not react
with DA receptor sites.

In Vivo Inhibition of Specific Binding

At the time of sacrifice, Ss administered haloperidol,
morphine, and methadone were appropriately cataleptic.
Saline Ss showed no behavioral abnormalities, nor did the
apomorphine Ss upon sacrifice 24 hr post-injection.

As shown in Table 2, Scatchard analysis of the data indi-
cated that acute treatment with haloperidol significantly re-
duced receptor affinity, i.e., increased K, indicating com-
petitive inhibition of binding. The haloperidol-induced de-
crease in affinity was primarily the result of residual haloper-
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TABLE 1

FINAL CONCENTRATIONS INHIBITING SPECIFIC BINDING BY 50%
(ICs) IN VITRO

Drug IC5 (M)
(+)Butaclamol 1.28%x10°8
Haloperidol 2.32x1078
Apomorphine 3.00x10°®
(—)Butaclamol 5.06x10°3
Methadone 3.17%x107¢
Morphine >1.0x1072
Naloxone >1.0x1072

TABLE 2

AFFINITY (K;) AND DENSITY (By,x) OF DOPAMINE RECEPTORS IN
STRIATUM AFTER ACUTE IN VIVO DRUGS

Bmax (fm/mg

Drug K, (nM)* protein)t

Saline 0.09 = 0.01 626.10 = 14.04
Haloperidol 0.72 £ 0.05%  559.56 = 42.12
Morphine 0.10 = 0.01 603.60 + 88.39
Methadone 0.08 = 0.02 685.70 + 58.56
Apomorphine (after 24 hrs) 0.09 = 0.00 633.37 = 47.30

Values are Mean = SEM.

*F(4,9)=133.0, p<0.001.

1tF(4,9)<1.0, ns.

tp<0.01 compared to the Saline group by Newman-Keuls test.

idol in the tissue homogenate, since preparing the tissue with
an additional two washes by centrifugation raised affinity to
near-control levels (K,=0.20+0.005). However, this affinity
was still lower than that of identically-prepared tissue de-
rived from saline-injected animals (Kp=0.12+0.01;
t(2)=11.21, p<0.01). The additional centrifugations had no
effect on B,,, in either group (data not shown).

Apomorphine 24 hr before sacrifice did not affect specific
binding; thus, its use in the chronic drug experiment on the
day prior to sacrifice is justified.

The major result of this experiment is that the presence
of morphine or methadone in the striatal homogenates had
no effect on DA receptor density or affinity. This finding is
consistent with the in virro data, and indicates that these
opiates do not act as antagonists at DA receptor sites in the
striatum,

Chronic Drug Effects on Behavior and Specific Binding

Over the course of chronic drug administration, the
saline-injected Ss gained weight steadily, whereas the
methadone-injected Ss lost an average of 20 g the first week
and had not regained their initial weight by the end of drug
administration. The latter Ss exhibited a further average 10 g
decrease during the first two withdrawal days, indicating that
they were physically dependent, but began gaining weight
thereafter. On the post-treatment apomorphine challenge
day the average body weights were SAL=475 g, MD=395 g.
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TABLE 3

STEREOTYPED CHEWING AND DOPAMINE RECEPTOR DENSITY IN STRIATUM AFTER
CHRONIC SALINE OR METHADONE

Change from

Chewing Duration*

Receptor Densityt

Group Pre-Chronic Drug N (sec) (fm/mg protein)
SAL Increased 3 14.37 + 4.69 169.71 = 53.93
Decreased 7 1.46 + 0.47 200.58 + 20.60
MD Increased 7 13.65 + 2.39 194.05 + 34.43
Decreased 6 5.69 + 0.93 232.71 = 16.99
Values are Mean = SEM.
*F(3,19)=10.49, p<0.001.
tF(3,19)<1.0, ns.
TABLE 4

LOCOMOTION AND DOPAMINE RECEPTOR DENSITY IN MESOLIMBIC AREA AFTER
CHRONIC SALINE OR METHADONE

Change from Crossings* Receptor Density*
Group Pre-Chronic Drug N (No.) (fm/mg protein)
SAL Decreased 8 4.38 + 1.29 194.91 + 18.02
MD Increased 7 15.57 + 3.14 201.42 = 15.02
Decreased 7 7.86 = 1.32 209.19 = 8.05
Values are Mean = SEM.
*F(2,19)=7.90, p <0.005.
TF(2,19)<1.0, ns.
The SAL and MD groups did not differ in duration of DISCUSSION

chewing at the post-chronic drug apomorphine challenge,
t(21)=1.63, ns. However, as shown in Table 3, more MD
than SAL Ss increased in duration of chewing, and there was
a significant overall difference among the subgroups in dura-
tion of chewing post-chronic drug (there was no difference
pre-chronic drug: F(3,19)=2.17, ns). However, there was no
difference among the subgroups in density of striatal DA
receptors, indicating that significant behavioral difference
was not accompanied by a change in receptor density.

Regarding locomotion, the SAL and MD groups were
significantly different in number of crossings post-chronic
drug, 1(20)=2.64, p <0.02, primarily because all the SAL Ss
decreased whereas half the MD Ss increased in number of
crossings compared to pre-chronic drug levels. The sub-
groups as well were significantly different in number of
crossings post-chronic drug, as shown in Table 4, although
they had not differed before chronic drug treatment,
F(2,19)<1.0, ns. This behavioral difference was not accom-
panied by any alteration in density of mesolimbic DA recep-
tors, however.

Further, increases or decreases in chewing or locomo-
tion, independent of chronic drug treatment, were not re-
lated to receptor density in the relevant areas. Comparison
of both SAL- and MD-treated Ss which increased with Ss
from both groups which decreased showed no receptor den-
sity differences in striatum, #(21)=0.99, ns, or mesolimbic
area, 1(20)=0.01, ns, indicating that behavioral change per se
is not correlated with receptor density.

In the in vitro and acute in vivo experiments, as expected,
neuroleptics displaced *H-spiroperidol from its binding sites.
Opiates, however, did not compete for DA receptor sites, or
did so with such low affinity that the interaction did not
affect binding. Thus, it is highly unlikely that morphine and
methadone act as antagonists at post-synaptic DA receptors
when present in the brain at physiological levels.

These results complement other recent findings. Various
behaviors induced by the direct post-synaptic agonist
apomorpine are not blocked by doses of morphine which are
effective against the same behaviors when elicited by the
presynaptic agonist d-amphetamine; these include rotation in
the rat lesioned unilaterally in the substantia nigra with
6-hydroxydopamine [47] and stereotypy [44}. Further, mor-
phine is ineffective in disrupting a DA-mediated stimulus
control task which is suppressed by chlorpromazine [42].

The more likely site of action of opiates within
dopaminergic systems is presynaptic. The demonstration of
enkephalin receptors on the axon terminals of DA neurons in
striatum [36,43] and mesolimbic areas [35] confirms the
anatomical possibility of this type of interaction. The precise
nature of the effect exerted via this mechanism remains con-
troversial, some authors proposing that opiates facilitate the
release of DA [25,29] but the majority claiming that release is
inhibited [5, 27, 36, 43, 47]. The latter role of opiates in the
regulation of DA release would be consistent with their abil-
ity to produce behavioral hypersensitivity, in that a func-
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tional deficiency of DA post-synaptically would have the
same net result as receptor blockade. Consequently, opiates
might induce post-synaptic receptor proliferation even with a
presynaptic site of action.

We found, however, no evidence to support an increase
in DA receptor density as the basis for behavioral hypersen-
sitivity following chronic methadone treatment. It might be
argued that the duration of treatment was too short or the
post-treatment interval too long to produce a detectable ef-
fect. These are parameters which could be investigated,
since they have been shown to affect binding results follow-
ing chronic neuroleptic treatment [10, 16, 32].

Another potential explanation of our failure to find
changes in receptor density might be a deficiency in specificity
or sensitivity of the binding assay itself. However, the in
vitro data validate the pharmacological specificity of the as-
say, and the acute in vivo data were obtained from assays
which confirmed that binding was of high affinity, specific,
and saturable. Since *H-spiroperidol binds to both DA and
serotonin receptors [21], it is conceivable that DA receptor
changes were obscured by a lack of alterations in serotonin
receptors. However, in preparatory work for this experiment
we found that a 3-week treatment with haloperidol (1.0
mg/kg IP) produced a significant 26% elevation in striatal
3H-spiroperidol binding sites compared to saline control rats,
a value completely in line with other reports [4,30]. Thus, we
are confident that if differences existed in the chronic drug
experiment they would have been revealed by the assay.
Nonetheless, it would be worthwhile to repeat this experi-
ment using *H-apomorphine as the ligand, since increases in
its binding sites in both striatum and mesolimbic areas are of
greater magnitude than increases in *H-haloperidol sites fol-
lowing chronic haloperidol treatment [30].

Under these chronic treatment conditions, methadone
produced hypersensitivity of both dopaminergic systems, as
expressed behaviorally. The induction by opiates of hyper-
sensitivity in the nigrostriatal system is well-documented [6,
7, 8, 17, 18]; to our knowledge, however, this is the first
report of the same phenomenon in the mesolimbic system. It
might be argued that the phenomenon was not robust, since
it did not occur in all MD-treated Ss. In our experience, this
is to be expected under the present dosing regimen. More
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importantly, we were thereby able to distinguish those Ss
which had been rendered behaviorally hypersensitive from
those which had not, and, for the first time, evaluate recep-
tor densities on a subject-by-subject basis as a function of the
presence of behavioral hypersensitivity, rather than as a
function solely of drug treatment. The results with regard to
both the nigrostriatal and mesolimbic systems were clear:
enhanced responses to apomorphine were not accompanied
by elevated DA receptor densities.

If proliferation of post-synaptic DA receptors is not re-
sponsible for behavioral hypersensitivity, as our results lead
us to believe, there are alternative hypotheses. It is always
possible that an increase in DA receptor affinity is responsi-
ble. Because our experimental design required that we assay
each S individually we were not able to examine this
possibility, since each S did not yield enough tissue for a
saturation assay. However, a pervasive theme in the general
field of drug-induced changes in receptor status is that when
alterations are observed they are usually in B,,,, rather than
K, [20].

More likely, in our opinion, are alterations in presynaptic
dopaminergic functions. For example, reserpine, which de-
pletes presynaptic stores of DA, produces behavioral hy-
persensitivity [48]. A logical proposition is that opiates inter-
act with the enkephalin receptors which quite likely play an
inhibitory role in the regulation of DA release [5, 27, 35, 36,
43, 47]. If these receptors become subsensitive as a conse-
quence of chronic stimulation by opiates, theoretically this
could produce less inhibition of release and consequently a
supranormal tonic release level of DA following treatment.
By itself the excess DA might not produce any obvious be-
havioral effect, but would be additive with the direct
postsynaptic agonist action of apomorphine, giving rise to
behavioral manifestations of hypersensitivity upon chal-
lenge.
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