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VAN DONGEN, P. A. M., C. L. E. BROEKKAMP AND A..R. COOLS. Locus coernlens and substantia nigriz;
involvement in morphine-i Huluu'(l behavior. BRAIN RES. BULL. 4(3) 307-311, 1979.~Cuts pretreated with morphing (5
mp/ke, IP) received naloxone into the area of the locus coeruleus (LC) or the area of the substantin nigra (SN). The

LC-reated animals stopped the morphine-induced stereotyped behavior und showed normal but hyperactive behavior.

SN-treated animals, however, ceased their movements of the head and the forelegs, adopted 2 rigid pasturc with cxlcndul
forelegs and became hypoactive. It is concluded that both the LC area, which contains noradrencrgic cell badies, ind the
SN area, which contains dopaminergic cell bodies, are sites of action af morphine on behavior.
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deal with the i ion be-
tween morphine, enkephalins, endorphins and the central
catecholaminergic transmission. In rats, for -instance,
morphine-induced analgesia, behavioral activation and ab-
stinence appear to be inftuenced by drugs which .affect
catecholaminergic transmission (S, 6, 22, 23] or by destruc-
tion ofcalecholammcrglc structures {19, 2[] In cats, mampu-

NUMEROUS investigation

ery from the operation, the animals received an intra-
pemoneal mJecuon of morphine (5 mg/kg) and their behav-
ior was observed via a closed TV-circuit, Forly min after the
injection of morphine, the animals received a micro-in-
Jjection of naloxone (0.8, 2.0, 5.0 or 10.0 pg in 0.5 ui saline)
or its solvent in the area of the LC or the SN, The most
consplcuous changes after the injection of naloxone were

by counting the affected behavioral categories:

lauons of gic (DA) and gic (NE)

b phine-ind ioral symp-
toms [7 8, 9, 10} Al(hough bath nomdrenergtc ﬂnd

ic terminal structures contain mcx,/

receptors, local administration of morphine in the lermma]
areas investigated does not affect open fietd behavior [8,9].
Morphine intracerebrally injected into 1% pontine area of
NE-cells, the locus coeruleus (LC), decreases self-
stimulation behavior {4]. Moreover, morphine . intra-
cerebrally injected into the mesencephalic area of DA-cefls,
the substantia nigra (SN), causes an increase -in .self-
stimulation behavior and in dyskinetic leg movements {3,4].
The present study attempts to elucidate whether morphine-
receptors in the areas of the LC and SN play a role in the
behavior elicited by systemlc admlmslrauen of morphme As

morphi n be by the ef-
fects of nnluxone locally m]ecled either mm the LC or m[o
the SN on d behavior are i i

METHOD

The methods have been extensively described ¢lsewhere

head movements, leg movements and stereotyped turnings,
i.e. turnings about the hindlimbs or circting throughout the
cage which are repeated in a rigid way. For statistical
anatyses, the number of movements and of stereotyped furn-
ings were counlcd per mmulc during 10 min immediately
before and 10 min ly after the ints bral injec-
tions. This resulted in two time series for each cal, which
were, in addition, averaged for each test-group. Bath com-
parisons of the post-injection time series with the preinjec-
tion time series (unpaired, Mana-Whitaey U) and compari-
sons of the postinjection lime series of control groups with
those of the treated groups (time-paired, Wilcoxon) were
made. Intertrial-interval varied from 2 days (SN experi-
‘ents) to 7 days (LC experiments), when the animals re-
ceived more than one injection of morphine. Except for an
inerease in salivation and a decrease in defecation and vomit-
ing, no signs. of tolerance or abstinence could be demon-
strated for this dose and schedule of injections. After the
experiments, the cats received an overdose of pentobarbital,
were trahscardially perfused and the injection sites were lo-
calized as described previgusly [26]. The areas of

A cell bodies were demarcated

[7, 8, 26). Under pentobarbital {30 mgkg, IP, butal®).or
halothane (0.4-0.8% in O,/N,0; 12) anaesthesia, two can-
nulas directed to the LC (Horsley-Clarke coordinates’ 2.5;
L 2.0, H -2.0) or two cannulas directed toj the SN
(Horsley-Clarke coordinates A 5.5, L 3.5, H —5.0)were inj-
planted in 30 adult cats of both sexes. After a 14 dav recov:

according 1o Maeda et al. {14] and Poitras and Parent [18].
The area of the NE-cells extends from the LC to structures
ventrolateral to this nucleus around the brachium con-
junetivam, and overlaps the nucleus pontis centralis
caudalis. Other structures were demarcated according 1o
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Berman | 1] and Taber {25]. Since {t may be assumed that the
drug spreads about one mm from the injection site, sites
inside an anatomically demarcated structure and at a dis-
tance of less than one mm are lumped together. The follow-
ing drugs were used: naloxone-HCI (gift of Endo Labora-
tories) and morphine-HCI (**De onderlinge pharmaceutische
groothandel'"). All doses refer to the salts.

RESULTS
fajections in the Area of the LC

Sites of injection aimed at the LC were located in the
NE-area, the nuclei pontis centrales oralis and caudalis, the
nucleus laterodorsalis tegmenti, the central gray and in and
adjacent to the fourth ventricle. As brain damage around the
site of injection was observed in one cal, the data of this
animal were discarded.

General Behavioral Observations

Morphine-induced behavior. After the intraperitoneat in-
Jection of morphm: the animals whowcd the behavioral se-

quences ch istic for morp 1 cats (cf. (7, 8,
28]). Thirty to sixty min nner the injection of morphire, the

s showed morphi i repetitive 171
These were poorly i d and i of

repeated sequences of disintegrated behavior. Morphine-
reated cats were hyperactive, as expressed by the high fre-
quency of head and body movements {8). Between 30 and 40
mintites, the mean number of stereotyped rotations per min
was 2.83 (n=91): during this time a small, but not significant
tendency for an increase in the frequency of stereotyped
turnings was found {Friedman two-way analysis of variance,
xnw=17.5, df=7, 0.30<p<0.50). The reaction to different sen-
sory stimuli was inadequate: cals often appeared to track
objects visually which were not present, or they bumped
against the walls: they either reacted not at all 1o auditory
stimuli or they showed an exaggerated startle response in-
stead of an orientation reaction. Moreover, the cats often
dirtied their fur with feces or vomit when morphine caused
defecation or vomiling.

Saline. Saline itself (0.5 ul, n=9) produced an increase in
the number of stereotyped turnings (Fig. 1A, compared with
injection level »<0.01, Mann-Whitney U}. A comparison
njection with post-i mJecrlon levels per animal resulted
tically significant increase in 3 out of 9 tests: these
ied morphine-induced behavior.

ina sta
animals showed an inten:
(A compuruble increase in activity was also noted after in-
Jjections of saline in the area of the SN, Fig. 1B).

Naloxone. Within a few minutes after an unifateral or
bilateral microinjection of naloxone into the dorsolateral
pontine tegmentum the following effect was found, depend-
ing on dose and injection site (see below}: the cats stopped
their morphine-induced behavior (Fig. 1A). The number of
morphine-induced stereotyped turnings decreased signifi-
cantly both compared to pre-injection levels and to saline
treated controls (Fig. 1A). Instead of the morphine-induced
stereotyped movements, the cats walked, sniffed, explored,
rolled, sharpened their nails. groomed, scratched their
heads, stretched, made smoother head movements, did not
show the exaggerated startle response nor dirtted their fur
with feces or vomit any more. The cats remained hyperac-
tive: no change in the number of head and leg movements
was observed and normal inactive behavior like lying or
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FIG. 1. Effects of naloxone injecied in the area of the LC and the SN
on morphine-induced steseotypeit trnings and leg movements. A.
Number of stereotyped turning (mean and standard error of the
mean) following injections in the dorsolateral pontine tegmentum. B.
Number of feg movements (mean and standard error of the mean)
following injections in the SN area. Compurison with pre-injection
level: Mann-Whitney Ui comparison with saline-treated controls
and with 2 u2g natoxone: Wilcoxon, (The pre-injection levels are the
mean values of alf the LC- and SN-experiments respectively.)
3p<0.05; *p<0.01; *p<0.00L

sleeping was absent till the end of the observation. After an
effective injection, the decrease in the morphine-induced be-
havior in each individual cat was greater than suggested by
the mean values (Fig. 1A), since at every dose of naloxone
ineffective injections occurred (see below):- in fact, the
slereotyped per animal

or almost completely for 2 to 20 minutes. Morphine-induced
effects which remained unaffected following an otherwise
effective injection of naloxone near the LC were: mydriasis,
restless movements of the forelegs, salivation, the crouched
back, and the posture of the hindlimbs characteristic for def-
ecation (i.e. flexion in the hip and knee and extension in the
heel). The naloxone-induced effect faded away after several
minutes (Table 2) and the previously shown stereotyped pat-
terns reappcartd The lnlens:ly of the naloxone-induced
partial of the morphi duced behavior varied
with the individual cats ranging from smoother, more
oriented head movements to a decrease in stereotyped
movements and normalized active behavior.
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TABLE 1

DISTRIBUTION OF EFFECTIVE AND INEFFECTIVE SITES OF INJECTION FOR NALOXONE-INDUCED PARTIAL

ANTAGONISM OF THE MORPHINE-INDUCED BEHAVIOR AFTER AN UNILATERAL INJECTION OF 2 oG QF

NALOXONE. SINCE SITES AT A DISTANCE OF LESS THAN | MM ARE INCLUDED (SEE METHODS) THE SUM OF
SITES IN DIFFERENT AREAS EXCEEDS THE TOTAL NUMBER

Number of Number of N, Ration of N, and
o and near the areas effective sites ineffective sites o1 pumber of
NN, effective sites
N (N) [al ©6
jourth ventricle 3 7 30 21
NE-area 12 19 9 86
n. pontis centralis caudalis (PCC) /* 9 EXad 57
. pontis centralis oratis (PCO) & I 25% 43+
n. Tuterodorsafis tegmenti { 1l 9 7
Total 14 34 29 100

*effective sites in the PCC and PCO were mainly found in and near the NE-area (PCC: 7 out of 8: PCO: S out of 6}

TABLE 2
LATENCY AND DURATION OF NALOXONE-INDUCED
BEHAVIORAL EFFECTS. INDICATED ARE THE MEAN VALUES
AND BETWEEN BRACKETS THE RANGE

Injections in the LC Injeciions in the SN

U compared with saline-treated controls p<0.001, Wilcox-
on), while an urilateral injection of 2 ug caused only a
decrease 10 715. No effect on the behavior was caused by
naloxone (2 ug) infected in non-mosphinized cats (n=13).

The distribution of the effective injection sites is indicated
in Table 1. In and near the NE-arca 12 out of the 14 effective
sites were found. In addition the nucleus centralis caudalis
(PCC), which partly overlaps the NE-; contains 8 clfec-
tive sites. In contrast, the nucleus laterodorsalis contains the

smallest amount of cffective sites.

Injections in the Area of the SN

observations. Nal biliterally in-
jected (2x2 pg) at effective sites in Lhe area of the SN of
nimals hypoactive.
. head movement:
with

morphine-treated cats (n=7) made these
The number of stereolyped movements

Partial nor Localizati
e betaiar ocalization
Dose Latency Duration Latency Duration
2.0 ug L 0 17 >(5
(0-7.0% (2.6-8.0) {0-5.00
5.0 ug Q0 6.3 Lo =15
0 {2.5-R.8) (0-5.00
10.0 pug 1.6 21.2* 3.0 =15
O-4.. 4,3-31., 0-15.00
©-4.2) (14.3-31.3) (0-15.0 General b
*p<0,001, Mann-Whitney U.
Tusi 1 partially i the  And leg m

In
morphine-induced disturbance of behavior.

Dose-Respanse Relationship

The naloxone-induced effect was reproducible per cat: a
second. injection in a previously effective site was always
effective (n=5}, while a second injection in an ineffective site
never was (n=10). The naloxone-induced effect was dose-
dependent: at doses of 5 ug (n=6) and 10 pg (n=13}
naloxone, the intensity (Fig. {A) and the duration (Table 2)
increased significantly compared with the dose of 2 ug (in-
tensity: p<0.001 and p<0.01 for 5 and 10 ug, respectively,
Wilcoxon; duration: i<0.00f for 10 pg, Mana-Whitney U);
moreover, more sites of injection became effective. Bilateral
injections were more effective: at a dose of 0.8 ug (2x) a
statistically . significant decrease in the number of
stereotyped turnings was observed in 40% of the cases
(n=15), while only 29% of the cases were effective after
unilateral injections of 2 g (n=48). Bilateral injections of 0.8
g caused a decrease of the number of stereotyped turnings
to 33% of the number found in the saline-treated controls
(compared with pre-injection levels p<0.05, Mann-Whitney

pr Jevels (#<0.05, Mann-Whitncy U) and with
saline-lreated controls (p<0.001, Wilcoxon, Fig. 1B). After
effective injections of naloxone, the animals sat with the
upper part of the body upright and the forelegs extended.
‘The morphine-induced crouched back, the hindlimbs in the
posture characteristic for defecation, mydriasis and safiva-
tion remained unaffected by otherwise effeclive injections of
naloxone. This effect was dose-dependent (Fig. 1B). At a
dose of 2 ug, in 3 out of 7 cats a decrease in the activity was
observed; at a dose of 10 pg, 5 out of 7 cats became hypoac-
tive. Naloxone injected near the SN of morphine-treated cats
made these animafs hypoactive, in contrast to micro-
injections near the 1.C, after which the animals remained
hyperactive, So, the effects elicited from both areas were
essentially different, aithough the number of stereotyped
movements decreased after effeclive injections of naloxone
in both arcas.

Localization

The cffective sites of injection were located in the ven-
tromedial past of the SN pars compacta, in the ventral teg-
mental area (VTA) and just ventral 1o the SN. Of the 2 inef-



fective sites of injection, one was located in the SN pars
compacta and one rostrodorsally in the tegmental fields of
Forel.

DISCUSSION

The Area of the Pontine NE-Cells

Naloxone injected into the dorsolateral pontine tegmen-
tum of morphine-ireated cats partially antagonized the
morphine-induced disturbance of the behavior in a number
of cats. Although only a limited number of sites localized
within the same anatomically demarcated area was effective
(Table 1), the cffect was reproducible per site and a clear
L]usler of effecnve sites was found. The cells involved in the

1 partial nor ization of the behavior may
be the NE-cefis or the non-catecholaminergic cells of the
nucleus pontis centralis caudalis (PCC), intermingled with
the former cells and situated ventrally to the LC and the
subcaeruleus arca (SC). The present study permits no defi-
nite conclusion regarding the group of cells involved but 86%
of the effective sites were located in and near the NE-area
(Table 1). This clearly suggests that this area is the most
effective structure. So, it cun be tentatively concluded that
the NE-cells mediate the effect observed. This conclysion is
strengthened by the following data: (a) opiale receplor bind-
ing is very high in the LC and much lower in the more ventral
PCC {17}, and (b) in the dorsolateral pontine tegmentum, the
morphine-sensitive celis are mainly confined to the LC
12.29I. The technique used, however, does not allow us to
decide whether the naloxone-induced effect is due to actions
of nafoxene on the SC cells or the dorsal or veatral part of
the LC.

In rats, morphine causes a decrease in the ongoing activ-
ny of the LC cells (z 29}, whn,h can be antagonized by

. the duced effects can be
ascribed to the re\lu alion of the uctivity of the NE-ceils in
morphme treated cats and thereby to the restoration of the
inals over almost the whale centrat aer-

s is in agreement with the observation that

an injection of NE mlo a smgle LC terminal area also inter-

rupts the merphi d stereotyped [8] As

study all NE-terminal areas were influenced, it is not

sing that naloxone injected in the area of the pontine

s caused a more generalized behavioral effect: partial
ization of the behavior.

The Area of the Mesencephalic PA-cells

Naloxone injected in the urea of the mesencephalic DA-
cells of marphine-treated cats ended the morphine-induced
hyperactivily of these animals and, instead, made the cats
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hypoactive. The activity of the dopaminergic SN-cells is in-
creased by morphine; this effect can be antagonized by
naloxone [11,15]. So, it is reasonable to assume that
naloxone injected in the area of the mesencephalic DA-cells
diminished the DA-release in the caudate rucleus and other
DA terminal areas. Indeed, the activity of marphine-treated
cats is also modified by DA-agents injected in particular
parts of the caudate nucleus [9]. Although the present study
indicates the mvolvemcm ofmcsencephahc DA-cells, it does
not permit 1 of the par-
ticular group of cells: the SN pars compacta (A9) or the VTA
(A10).

NE- and DA-celis in Morphine-induced Behavior

These resulis pastly parallel the effects of morphine
agonists in the NE- and DA-areas on behavior of the cat and
rat [3,4]. Naloxone in and near the pontine NE area of
morphine-treated cats normalized the behavior, while the
animals remained hyperactive; conversely, morphine
agonists in and near the NE-area of rats and ecats elicit
hypoactivity in self-stimulation and exploration test situa-
tions respectively [4,27]. Naloxone injected in and near the
mesencephalic DA-areas of morphine-treated cats makes
them hypoactive and decreased the number of morphine-
induced abnormal leg movements; conversely, morphine in
and near the mesencephalic DA-area of rats and cats makes
them hyperacllve and lncm’\sed (he frequency of dyskinetic
leg in the self- and open field test
situation respectively [3,4].

As discussed above, the morphine-induced stereotyped
behavior could be mlerrupled by reszonng the activity of the
NE-cells or by dimi the of D P
in the caudate nucieus, either by injection of DA antagonists
in parts of the caudate nucleus [9) or by injection of mor-
phine antagonists in and near the DA-cell bodies. Yet,
microinjections of morphine agonists neither in the area of
the pontine NE-cells {4.271 nor in the arca of the mesence-
phalic DA-cells {3,4] nor in the caudate nucleus (cf. (9]} alone
induces stereotyped behavior. On the basis of the present
data, it becomes attractive to suggest that morphine-induced
behavior requires a simultaneous action on morphine recep-
tors in the areas of the pontine NE-cells and mesencephalic
DA-cells.
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