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Naloxone Reversal of Morphine Catatonia: Role
of Caudate and Periaqueductal Gray
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WIL.COX, R. E. AND R. A. LEVITT. Ndaloxone reversal of morphine catatonia: Role of caudate nucleus and
periaqueductal grav. PHARMAC. BIOCHEM. BEHAV. 9(4) 425-428, 1978.—The narcotic antagonist, naloxone, was
microinjected into the head of the caudate nucleus (HC), periaqueductal gray matter (PG), and cerebellar white matter (CB)
of rats to counteract the catatonia induced by systemic morphine. Naloxone produced a loss of the catatonic response when
administered into HC or PG, but not when microinjected into CB. Isotonic saline in HC, PG, and CB did not counteract the
catatonic effects of morphine. The reversal of catatonia was similar for naloxone injections in HC and PG. Both these arcas
have high concentrations of opiate receptors while CB has few opiate receptors. It is suggested that the HC and PG are
involved in the reversal of the catatonic effects of morphine via the high concentrations of opiate receptors found there.
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ONE FOCUS of recent research on the mechanisms of
opiate action has been the search for brain areas which
mediate the behavioral effects of these agents [3,13]. De-
pending on the nature and dose of opiate agonist used and
the site of microinjection, various responses typically follow
acute opiate administration—analgesia [4,5], euphoria [1,9],
or catatonia {4, 14, 18, 19]. Opiate antagonists have also been
microinjected into the brain to reverse a response produced
by systemic administration of opiate agonists [16,17). For
example, the periaqueductal gray matter of the brainstem
has been implicated in several opiate actions including
catatonia [7], presumably due to the high concentration of
opiate receptors found in this region [13,15]. However, high
concentrations of opiate receptors are also found within
limbic system and basal ganglia loci. The area of the rat brain
containing the highest concentration of opiate receptors is
the head of the caudate nucleus [13], a structure which has
been much less thoroughly explored with regard to its role in
the mediation of the actions of morphine. The present inves-
tigation was designed to evaluate the role of the head of the
caudate nucleus in morphine-induced catatonia. Catatonia
was induced by intraperitoneal injections of morphine and a
comparison was made of the ability of the narcotic an-
tagonist naloxone to produce a loss of the catatonic response
when microinjected into the head of the caudate nucleus and
the periaqueductal gray. The cerebellar white matter was
selected as a control site for naloxone microinjection be-
cause it is a motor area of the brain containing few opiate
receptors.

METHOD
Animals

Animals were 24 experimentally naive, male Long-Evans

Periaqueductal gray

rats, weighing between 250 and 400 g at the time of surgery.
Animals were individually housed and maintained on 4 12 hr
light-dark cycle (lights on 8 a.m. to 8 p.m.) throughout the
experiment. Animals were food deprived for 24 hr prior to
behavioral testing but otherwise given free access to food
and water. A 23 ga guide shaft for a 30 ga microinjection
needle was stereotaxically implanted in each animal aimed at
the head of the caudate nucleus, periaqueductal gray, or
cerebellar white matter.

Coordinates

Coordinates for the 3 sites were as follows—head of the
caudate nucleus (HC)= +2.0, +3.0, 5.5 (skull); periaqueduc-
tal gray (PG)= -6.0, £2.1(12°), 9.0 (skull); cerebellar white
matter (CB)=-9.0, 3.0, 3.0 (skull) (all coordinates in mm
relative to bregma and skull [12, 18, 19]. A minimum of 7
days was allowed for recovery from surgery before behav-
ioral testing was begun.

Drugs

Drugs used were morphine sulfate (80 mg/kg. dissolved in
distilled water), naloxone hydrochloride (10 pg in 1 ul of
sterile isotonic saline)., and sterile isotonic saline (0.9%
NaCl: 1 ul). The naloxone was generously supplied by Endo
Laboratories. Other compounds were obtained from com-
mercial sources.

Experimental Design and Controls

Three experimental controls were used to minimize
possible confounding from nonspecific effects of microinjec-
tions on the catatonia induced by morphine.

Within site controls. For each of the 3 groups (HC, PG
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and CB) an attempt was made to minimize the chance that
the naloxone and saline microinjections sampled different
receptor populations. This was accomplished by delivering
both microinjections through the same 30 ga needle in each
animal on 2 different occasions. In addition all solutions used
for microinjection were coded so that the experimenter was
unaware of their identity until the completion of the experi-
ment.

Benween site controls. Microinjections were made into
PG, a brain locus containing a high concentration of opiate
receptors (high binding control) and implicated in several
responses of the opiates. A second control site, CB, was
selected as a motor control area containing low concentra-
tions of opiate receptors (low binding control). The effects of
naloxone and saline microinjections into these structures
were compared with the effects of similar microinjections
into HC.

A completely randomized factorial design consisting of 1
between subjects factor (brain site of drug microinjection) 8]
and one within subjects factor (drug used in microinjection)
[18,19] was used. The use of this design made it possible to
assess effects due to brain sites of drug microinjection, drug
used in microinjection, and the effects for each experimental
group (i.e., the interaction between brain sites and drugs
administered) [20].

All animals received an intraperitoneal dose of morphine
followed by microinjection of naloxone or saline on 2 test
days 1 week apart. The ability of a single dose of morphine to
induce tolerance is well documented [10]. In the present ex-
periment a dose of the opiate was selected which reliably
induced catatonia twice in a high percentage of pilot animals.
In addition, the drug microinjections were completely coun-
terbalanced to eliminate morphine tolerance as a source of
confounding in the following way. Half of the animals im-
planted in each brain site received a naloxone microinjection
following their first morphine injection. The other half of the
animals implanted at each brain locus received a saline mic-
roinjection following their first morphine injection. Condi-
tions for all animals were reversed on the second test day.
Thus, all animals which had received naloxone following
their first morphine injection received saline following their
second morphine injection. All animals which had received
saline following their first morphine injection received
naloxone following their second morphine injection. For
each of the 3 brain regions explored, half of the animals
received naloxone following their first morphine injection
while the other half received naloxone following their second
morphine injection.

Procedure

On the first test day animals were injected
intraperitoneally with 80 mg/kg of morphine sulifate dissolved
in distilled water. Thirty min later each animal was tested for
catatonia by placing both forepaws over a horizontal bar 10
c¢m high and recording the number of sec this position was
maintained. Characteristically, an adult rat given morphine
maintains this position for increasingly longer periods as
dose is increased, whereas a saline-injected animal dis-
mounts from the bar immediately [2]. Animals keeping both
front limbs on the bar for 30 sec immediately received a brain
microinjection of naloxone hydrochloride (10 ng). Pilot work
established an ED,., for the ability of intraperitoneal
naloxone to produce a loss of the catatonia (catatonia rever-
sal) at 200 pg/kg. Microinjections were made using a Hamil-
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TABLE 1

EFFECT OF NALOXONE AND SALINE ON THE CATATONIA PRO-
DUCED BY MORPHINE*

Treatment
Brain Site Naloxone Saline
Head of the 22 30
caudate nucleus 2% 30
30 30
(g 30
o+ 30
30 30
+ 30
30 30
Periaqueductal 0+ 30
gray matter [ 30
30 30
§* 30
30 30
0+ 30
o 30
30 30
Cerebellar 22 30
15 30
30 30
30 30
30 30
30 30
15 30
30 30

*Rats were administered 80 mg/kg morphine sulfate
intraperitoneally and tested for catatonia 30 min later using a bar test
(see text). Animals spending 30 sec on the bar were microinjected
with 10 ug naloxone hydrochloride (dissolved in sterile isotonic
saline) or sterile isotonic saline in an injection volume of 1 ul. All
animals received 2 morphine administrations and 2 brain microin-
jections (1 with naloxone and 1 with saline) 1 week apart [in coun-
terbalanced order] (see text). Approximately 40 animals had
surgeries and received morphine injections in order to have 3 groups
of 8 animals which were catatonic twice and which had verified
micorinjections in th intended brain sites.

tAnimals showing loss of the catatonic response following mic-
roinjection.

ton 30 ga needle (approximately 0.2 mm diameter) precut to
the desired length for each rat and attached to a Hamilton
microsyringe prefilled and set to deliver 1 ul of solution. The
solution was allowed 15 sec to diffuse away from the needle
before the animal was returned to its cage. Ten min after the
brain microinjection the behavioral testing for catatonia was
repeated. One week after the first behavioral test each rat
was reinjected with 80 mg/kg of morphine and given a bar
test for catatonia as before. Animals remaining on the bar for
30 sec were microinjected as before using the same 30 ga
needie. Ten min after the microinjection the behavioral test
for catatonia was repeated. Histological verification of all
brain stimulation loci was obtained by microscopic inspec-
tion of thionin-stained 80 micron sections. At the time of
verification, the brains were coded so that the experimenter
was unaware of the results of the microinjections.
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TABLE 2
BRAIN MICROINJECTION LOCI*

Verified Micorinjection Coordinates

Brain Site Anterior-Posteriort Lateral? Dorsal-Ventral (dura)§
Head of the +2.2 2.50 4.25
caudate nucleus +2.2¢ 3.25 3.50
+2.2 3.00 4.50
+2.0° 3.25 3.50
+2.09 3.25 3.28
20 3.00 4.50
+2.0% 2.75 3.25
~1.8 2.50 §.25
Periaqueductal 5.89 0.75 4.25
gray matter - 6.0% 0.50 4.75
-6.0 1.00 6.00
6.0 0.25 4.25
6.0 1.00 5.00
6.09 0.78 4.50
-6.09 0.75 4.75
-6.2 1.00 4.50
Cerebellar -8.8 3.00 3.00
white matter -9.0 3.50 3.00
9.0 3.00 3.00
-9.0 3.00 3.00
9.0 3.25 3.00
-9.0 2.75 3.75
-9.0 3.25 3.00
-9.2 2.75 3.50

*Following behavioral testing animals were sacrificed with an overdose of pen-
tobarbital, perfused with 47 formalin solution, the brains rapidly removed and placed
in formalin. Frozen sections were cut at 80u, stained with formal-thionin and verified
microscopically using the Pellegrino and Cushman (1967) rat brain atlas. All verifica-
tions were carried out without knowledge of the results of microinjection.

‘+Anterior-posterior coordinates are given in mm relative to bregma. Coordinates
for animals which spent less than 10 sec on the bar following naloxone, microinjection
are indicated by Y.

il.ateral coordinates are given in mm relative to bregma. Guide shafts aimed for
pertaqueductal gray matter were implanted at 12° from vertical to avoid hitting the
cerebral aqueduct. Verified coordinates in the table refer to the actual sites of mic-

roinjection.

§Dorsal-ventral coordinates are given in mm relative to dura.

RESULTS

The catatonia bar test scores following naloxone and
saline microinjection in each of the three brain sites are pre-
sented in Table i. Coordinates of microinjection loci are
given in Table 2. A second morphine administration was
found to produce no differences in postnaloxone or
postsaline bar test scores from those occurring following a
single morphine administration (x* test). Therefore, the data
in Table 1 have been pooled for the 2 test days. Previous
work in our laboratory has suggested that animals spending
10 sec or less on the bar following naloxone are responding
to this drug significantly more than animals spending more
than 10 sec on the bar [18,19]. On this basis, animals with a
postnaloxone bar test score of 0-10 sec were a priori defined
as having shown a reversal of the morphine catatonia (i.e.,
naloxone produced a loss of the catatonic response). Ani-
mals spending 11-30 sec on the bar were classified as having

failed to reverse the catatonia (i.e., naloxone did not result in
loss of the catatonia). Statistical analyses of dichotomized
data [11] were carried out using analysis of variance and a
posteriori Scheffé tests for evaluating significant differences
among means [8].

Analysis of variance revealed that the main effects of
brain site of microinjection (Site) and that of drugs used in
microinjection (Drug) were both significant (Site:
F(2,21)=4.74, p<0.02; Drug: F(1,21)=18.29, p<<0.001). The
interaction of brain sites of microinjection with drugs used in
microinjection was also significant, F(2,21)=4.74; p<0.02.

Naloxone administration in the HC was followed by a
reversal of the morphine-induced catatonic response in fifty
percent of the animals. In contrast. no animals showed a loss
of the morphine catatonia following saline microinjections in
this structure (Scheffé test for Naloxone-HC vs. Naloxone-
CB, p<0.01). Naloxone microinjections into the PG pro-
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duced similar effects (1). Naloxone in the PG resulted in a
loss of the catatonic response in 67¢/ of the animals while no
animals showed a loss of the catatonic response following
saline microinjections into the PG (Scheffé test for
Naloxone-PG vs. Saline-PG, p <0.01). (2) Naloxone microin-
jections into the PG produced a significantly greater loss of
the catatonia than did naloxone microinjections into the CB
(Scheffé test for Naloxone-PG vs. Naloxone-CB, p-0.01).
(3) Finally, the ability of naloxone to produce a loss of the
catatonia when microinjected into the HC was indistinguish-
able from naloxone's ability to reverse the catatonia when
microinjected into the PG (Scheffé test for Naloxone-HC vs.
Naloxone-PG, p>>0.05).

In summary, naloxone microinjection resulted in loss of
the catatonia induced by morphine in 50% of the HC animals.
Naloxone microinjection resulted in a loss of the morphine-
induced catatonia in 67% of the PG animals. No animals
showed a loss of the catatonic response to morphine follow-
ing naloxone stimulation in the CB. None of the animals
injected in the 3 brain sites showed a loss of the catatonic
response following saline microinjections.

DISCUSSION

Naloxone microinjections produce a loss of the catatonic
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response in 2 brain regions having high concentrations of
opiate receptors. Since each animal was microinjected with
naloxone and saline in the same locus it would be difTicult to
attribute the effects of naloxone in the HC and PG to
nonspecific effects of microinjection. The differential re-
sponse to naloxone microinjections in HC, PG, and CB
could more casily be attributed to anatomical differences
among these regions, specifically to their differential con-
centrations of opiate receptors.

These results confirm the importance of the PG in the
catatonic response induced by morphine. They also suggest
a role for the brain area containing the highest concentration
of opiate receptors, the HC, in this action. These results in
conjunction with the failure of naloxone to counteract
catatonia when microinjected into the CB. are consistent
with the hypothesis that the catatonia produced by morphine
is mediated by the opiate receptor system. While the present
experiment has not explored systematically the role of brain
sites in morphine-induced catatonia, we have implicated the
brain area containing the highest concentration of opiate re-
ceptors in this phenomenon and have compared the role of
the HC with that of the PG.
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