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The nervous system contains endoge- 
nous compounds which in their actions 
resemble opiates (1). The most investi- 
gated of these compounds are the pep- 
tides such as enkephalin or endorphins. 
However, there is another type of endog- 
enous morphine-like compound (MLC) 
which is not a peptide and which has 
been called MLC (2). In addition to bind- 
ing to opiate receptors (3), MLC also 
binds to antibodies generated against 
morphine haptene (2). Critical to devel- 
oping an understanding of the function of 
MLC is the determination of the type 
and distribution of the cells that contain 
it. We now report the localization of 
MLC in the perikarya and processes of 
neurons in nuclei related to vestibular, 
cerebellar, and raphe systems. 

Rabbit antiserum containing anti- 
bodies directed specifically against mor- 
phine, first described by Spector (4), was 
used in these studies. Mice were killed 
by cervical dislocation, and the brains 
were removed and fixed for 4 hours in 
Bouin's reagent. The tissue was then de- 
hydrated through a graded series of eth- 
anol solutions, embedded in paraffin, and 
cut at 6 Ajm. Sections of fixed brain were 
then deparafinized, taken to water, and 
incubated with rabbit antiserum to mor- 
phine haptene for 72 hours in a humid at- 
mosphere at 4?C. The antibody was lo- 
calized by the unlabeled PAP (peroxi- 
dase-antibody to peroxidase) technique 
(5). For this technique, the sections were 
first incubated with the antiserum to 
morphine (diluted 1 : 500 in 0.1M phos- 
phate buffered saline at pH 7.4), and 
rinsed twice in buffer for 5 minutes with 
constant shaking. The sections were 
then incubated (i) with sheep antiserum 
(diluted 1 : 100) to rabbit globulin for 30 
minutes, (ii) treated by the PAP tech- 
nique (antibody to peroxidase dilution, 
1:200) for 1 hour, (iii) and then with 
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3,3'-diaminobenzidine (50 mg/100 ml) 
with 0.003 percent hydrogen peroxide 
for 6 minutes with agitation. The sec- 
tions were rinsed in distilled water, de- 
hydrated through a graded series of eth- 
anol solutions and mounted in Permount. 
All solutions containing serums were 
passed through a Millipore (0.2 mm) fil- 
ter just before use. 

Controls consisted of serial sections to 
the ones exposed to specific antibody, 
but incubated instead with nonimmune 
serum, or morphine antiserum from 
which specific antibody had been re- 
moved by passage over a column con- 
taining morphine immobilized on Seph- 
arose. No reactive neurons or processes 
were seen in these sections. 

Several regions of the brain stem con- 
tained neurons reactive to MLC. One 
area showing intense immunoreactivity 
for MLC surrounded (within 0.2 mm) the 
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floor of the caudal half of the fourth ven- 
tricle. There was much reaction product 
in neuronal perikarya and neurites in the 
medial vestibular nucleus and the 
praepositus hypoglossi (Fig. 1). Epen- 
dymal cells of the choroid plexus are not 
illustrated, but they also showed intense 
staining. Figure 2 shows staining of neu- 
ronal perikarya in the median raphe in 
the vicinity of the nucleus raphe magnus. 
Neurons and neuropil in the nucleus gi- 
gantocellularis also contained consid- 
erable reaction product (Fig. 3). 

Other areas (not illustrated) in which 
reactive cells were seen included the ver- 
mis of the cerebellum, the deep cerebel- 
lar nuclei (for example, the dentate, fas- 
tigial, and interpositus, the nucleus of 
Roller, nucleus lateralis, medulla oblong- 
ata (6), and area postrema of the me- 
dulla. 

Using techniques of light microscopic 
immunocytochemistry we have suc- 
ceeded in localizing in both neuronal 
perikarya and processes a compound 
that cross reacts with specific antibody 
to morphine. The presence of this mate- 
rial in these structures suggests that it 
might play an important role in neuronal 
function. The presence of MLC in dis- 
crete nuclei further suggests that it might 
be associated with a restricted number of 
neuronal groups. 

The localization of MLC in various 
brain stem nuclei could imply its in- 
volvement with certain neuronal path- 
ways associated with stimulus produced 
analgesia (SPA). It has been well estab- 
lished that stimulation of medial brain 
stem structures such as periventricular 
structures and caudal raphe nuclei pro- 
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Fig. 1. Coronal section just below floor of fourth ventricle in the area of the vestibular nuclear 
complex and praepositus hypoglossi. Reaction product is concentrated in neuronal perikarya 
and in a varicose axon running across the upper portion of the field. Although reaction product 
is most intense in the varicosities, staining of thin intervaricose segments can also be seen. 
Arrow points in the direction of the fourth ventricle (scale bar, 20 /,m). 
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morphine-specific antibodies has been localized with the use of immuno- 
cytochemistry. This morphine-like compound is found in neuronal perikarya or proc- 
esses (or both) in nuclei related to vestibular, cerebellar, and raphe systems. 
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duces analgesic responses (7). In this 
study, MLC has been visualized immu- 
nohistochemically in both these regions. 
In addition, stimulation of the peri- 
aqueductal gray in the rat has been 
shown to suppress the nociceptive re- 
sponses of neurons in nucleus giganto- 

cellularis of the medullary reticular for- 
mation (8). This area also is distin- 
guished by neurons that contain MLC. 
Reactive cells were also observed in 
cells of the vermis and the fastigial and 
interpositus nucleus of the cerebellum. 
This fact alone is interesting in view of 

the noticeable absence of enkephalin in 
the cerebellum (9) and since stimulation 
of cerebellar structures in monkey can 
alter nociceptive responses (10). More- 
over, it has been shown that there are 
projections from the vermis to neurons 
in the fastigial nucleus, which in turn 
project to gigantocellularis (11). In addi- 
tion, the raphe has projections to cells in 
the vermis (12). There is also a reciprocal 
projection from the vestibular complex 
and the perihypoglossal nuclei to the ver- 
mis and the fastigial nucleus (13). Since 
MLC has been found in all of these re- 
gions, it could have a role in the regula- 
tion of these pathways which, because of 
their interconnections, could be called a 
vestibular-raphe-cerebellar system. 
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Department of Anatomy, Columbia 
University, College of Physicians and 
Surgeons, New York 10032 
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Roche Institute of Molecular Biology, 
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Fig. 2. Coronal section near the nucleus raphe magnus. Note reaction product in neuronal 
perikarya near the midline and paramedian raphe (R, raphe; scale bar, 20 /tm). Fig. 3. Co- 
ronal section from the region of the nucleus gigantocellularis. The reaction product is in clusters 
of neuronal perikarya and the surrounding neuropil. The arrows point to positive neurites (scale 
bar, 20 /m, inset scale bar, 10 ,um). 
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