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=Abstract=Immunohistochemical methods, employing a specific antiserum against
human corticotropin releasing factor (CRF) and serotonin, were applied to determine
the distribution of corticotropin releasing factor-immunoreactivity (CRF-IR) and seroto-
nin-IR in the deep cerebellar nuclei of the Squirrel monkey. CRF-IR labeled fibers were
demonstrated in three all deep cerebellar nuclei, including the dentate, interposed and
fastigial nucleus. All these fibers were varicose and greater density was observed in
the dentate and the interposed nuclei. The serotonin-IR fibers were observed in all deep
cerebellar nuclei. But the distribution of these fibers was denser than that of CRF-IR
fibers. Labeled fibers were varicose, and there was no evidence of greater density within

deep cerebellar nuclei.
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INTRODUCTION

Corticotropin-releasing factor (CRF) is a 41-
amino acid peptide which is known to act as a
hypothalamic releasing factor, stimulating the sec-
retion of adrenocorticotropic hormone and beta-
endorphin from the anterior pituitary (Vale et al,
1983). In addition, several lines of evidence (bio-
chemical, histochemical and electrophysiological)
indicate that CRF may function as a neurotransmit-
ter in extrahypophysial neuronal projections. For
example, there have been several immunohisto-
chemical studies characterizing the anatomic dis-
tribution of CRF-like immunoreactivity in rodent
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brains (Bloom et al. 1982; Merchaenthaler et al.
1982; Olschowka 1982; Cummings et al. 1983; Jo-
seph & Knigge 1983; Swanson et al. 1983; Fellman
et al. 1984, Skofitsch & Jacobwitz 1985; Sakanaka
et al. 1987). These reports have described exten-
sive, widely distributed systems of CRF in extrahy-
pophyseal neuronal perykarya and fibers.

However, limited information is available con-
cerning the distribution of CRF in primate brains.
For example, immunohistochemical studies have
been limited in monkeys to examinations of the
hypothalamus (Kawata et al. 1982; Paull et al. 1984)
and circumventricular organs (Kawata et al. 1983)
and in humans to the hypothalamus (Bresson et
al. 1987), inferior olive, and cerebellum (Powers et
al. 1987).

Recently Cha and Foote (1988) observed the
presence of CRF immunoreactivity in the olivo-
cerebellar climbing-fiber systems of monkey by
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immunohistochemistry. Thus, their results reinforced
many previous reports indicating that CRF is locali-
zed in extrahypophysial circuits, where it may serve
as a neurotransmitter (Vale et al. 1983; Emeric-Sau-
val 1986).

Axons projecting from the inferior olive constitute
the olivocerebellar pathway which provides climb-
ing-fiber input throughout the cerebellar cortex as
well as collateral innervation of deep cerebellar
nuclei. Deep cerebellar nuclei consists of the den-
tate, emboliform, globose and fastigial nuclei. The
axons of the Purkinge cells communicate with few
exceptions with the deep cerebellar nuclei. The
lateral (hemispheric) zone connects with the den-
tate nucleus, the medial (vermal) zone connects
with the fastigial nucleus, the paravermal zone con-
nects with the emboliform and globose nucleus.
Throughout these three longitudinal zones, most
Purkinje cell axons pass out of the cerebellum and
end on the brainstem and cerebral cortex.

It is important to investigate the distribution of
CRF in cerebellar nuclei and compare this with
the distribution of serotonin because the cerebellar
output is influenced not only by deep cerebellar
nuclei but also by climbing and mossy fibers.

MATERIALS AND METHODS

Immunohistocemical material was obtained from
five adult New World squirrel monkeys. The animals
were deeply anesthetised with ketamine (25 mg/kg,
IM) and sodium pentobarbital (15 mg/kg, IP). They
were then perfused transcardialy with ice-cold 1%
paraformaldehyde in phosphate buffer (0.15 M) for
1.0 minute followed by perfusion with ice-cold 4%
paraformaldehyde in phosphate buffer for 9 minu-
tes at a flow rate of 250-500 ml/minute (depending
on body size). The brain was removed immediately
and cut into blocks 3-5 mm thick. These blocks
were immersed in cold fixative for 6-12 hours and
then washed in a series of cold sucrose solutions
of increasing concentration. They were then stored
in 18% sucrose in phosphate buffer for 1-7 days.
Forty-micron frozen sections were cut in the coro-
nal plane and incubated, freely floating, for 48-72
hours at 4C in primary antiserum. The primary anti-
serum was visualized with the avidin-biotin-com-

plex (ABC) method by using an ABC kit available
from Vector Labs (Burlingame, CA, USA). These
kits utiize as a secondary antiserum biotinylated
antirabbit 1gG that is subsequently bound to biotin-
ylated horseradish peroxidase by use of an avidin
bridge. The sections were developed for peroxi-
dase reactivity with 3,3-diaminobenzidine (LaVail
et al. 1973).

The distribution of perykarya and fibers exhibiting
CRF-LI was evaluated by careful comparison of
the immunohistochemical sections with adjacent
Nissl-stained sections.

The primary antiserum used in these studies was
raised in rabbits and was directed against the hu-
man form of CRF which is identical to the rat form
(Vale et al. 1981; Rivier et al. 1983; Shibihara et
al. 1983). The antiserum was genourously furnished
by W. Vale and J. Rivier of the Salk Institute. For
the antiserum utilized in the present studies, a dilu-
tion series of 1 : 1,000, 1 : 2,000 and 1 : 4,000 was
evaluated. The staining from the 1: 2,000 dilution
was found to be optimal. The optimal dilution of
the antiserum against serotonin was the same. As
controls for nonspecific immunoreactivity, a sample
of sections was incubated without primary antise-
rum and a different sample was exposed to a 3%
hydrogen peroxide solution prior to the HRP reac-
tion. Sections processed without primary antiserum
did not exhibit any immunoreactivity, while those
exposed to hydrogen peroxide, to destroy endo-
genous peroxidase activity, exhibited the same im-
munoreactivity as normally treated sections. Also,
25 sections from different levels throughout the ce-
rebellum were exposed to 1: 2,000 primary anti-
serum which had been preabsorbed for 24 hours
with human CRF (Penninsula Laboratories, Beimont,
CA, USA) at a concentration of 0.1 mg/ml (2.1 x
10 M). Sections from this sample did not exhibit
any immunoreactivity.

RESULTS

Distribution of CRF-IR fibers in deep cerebellar
nuclei:

CRF-IR labeled fibers were observed in all deep
cerebellar nuclei of the Squirrel monkey. All these
fibers were varicose. The fibers of the dentate



and interposed nucleus were denser than those
of the fastigial nucleus (Figs. 1, 2 & 3). There was
no difference in the density of fibers between the
interposed and the dentate nucleus, but finer fibers
were observed in the dentate nucleus (Fig. 4).

Immunoreactive fibers in the molecular layer of
the cerebellar cortex exhibited a higher density
than those of the cerebellar nuclei (Fig. 5).

Distribution of serotonin-IR fibers in deep cere-
bellar nuclei:

The distribution of serotonin-IR fibers was similar
to the point that these fibers were observed in all
deep cerebellar nuclei. But the distribution of the
serotonin-IR  fibers was denser than that of
CRF-IR fibers. These labeled fibers were varicose
and also, some exhibited a long running appear-
ance. There was no evidence of greater density
in any given area of the three deep cerebellar nuc-
lei. The caliber of fibers in the fastigial and the inter-
posed nuclei was generally constant (Figs. 6 &
7). But fine and thick fibers were mixed together
in the dentate nucleus (Figs. 8 & 9).

Immunoreactive fibers were observed, with vary-
ing densities, throughout all of the major regions
of the cerebellar cortex. These were especially
prominent in the granule cell layer (Fig. 10). A lower
density of immunoreactive fibers was observed in
the molecular layer and occasional long fibers were
seen in the white matter (Fig. 11). A network of
immunoreactive fibers was also observed in the
cerebellar commissure which connects the right
and left cerebellar nuclei (Fig. 12).

DISCUSSION

In the present study, details of the distribution
of CRF-and serotonin-immunoreactive nerve fibers
in the cerebellum of the monkey were demonstra-
ted without any pharmacological pretreatment of
the animals. The pattern of the serotonin innervation
in the monkey cerebellum as revealed in this study
differs from the results from rats. It has previously
been reported that in the rat, the pool of serotonin
nerve fibers mainly consisted of tangential ele-
ments, which were predominantly in the molecular
layer, while in the cat only a few serotonin fibers

—193—

were found in the molecular layer of the cerebellar
cortex but dense networks of 5-HT nerve fibers
were present in the granular layer (Takeuchi et al.
1982). In our studies in monkeys the serotonin fi-
bers were predominantly in the granular layer, so
the distribution pattern of serotonin in the monkey
and cat may be similar.

In the monkey cerebellar nuclei in our studies
the density of serotonin innervation was similar to
that of the cortex but, the density of CRF innerva-
tion in the cerebellar nuclei was relatively low com-
pared with the density in the cerebellar cortex. CRF
and serotonin fibers in the cerebellar nuclei are
collateral fibers of the climbing and mossy fibers
(Eccles et al 1974; Andersson and Oscarsson
1978; Wiklund et al. 1984), so these finding indicate
that the collateral fibers of serotonin-immunoreac-
tive mossy fibers are more profuse than the colla-
teral fibers of CRF-immunoreactive climbing fibers.
In the rat, cat and opposum, cells double-labeled
with HRP retrogradely transported from the cere-
bellar cortex and immunostained for serotonin have
been mapped within the paramedian, lateral and
gigantocellular reticular nucleus (Bishop and Ho
1985; Walker et al. 1988). In contrast to suggestions
from other investigators (Shinnar et al. 1973; Chan-
Palay 1975), comparatively few serotonin contai-
ning cerebellar afferents appear to arise from the
raphe nucleus in those species.

The function of serotonin fibers in the cerebellum
is unclear but the paucity of synaptic contacts bet-
ween diffuse fibers and cerebellar neurons in the
rat (Chan-Palay 1977; Beaudet and Sotelo 1981)
has led to the suggestion that the actions of sero-
tonin are mediated through a nonsynaptic neuro-
hormonal interaction (Strahlendorf et al. 1979).

Cummings et al (1989) has previously reported
that in the cat, density of CRF fibers was somewhat
greater in interposed nucleus than within medial
nucleus although CRF fibers were less dense in
posterior interposed nucleus than anterior inter-
posed nucleus. These results are similar to those
with revealed in our study.

It is suggested that CRF is contained within the
olivocerebellar pathway of rats, cats, sheep, mon-
keys and humans. Both immunohistochemical and
in situ hybridization techniques have vyielded
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data compatible with this hypothesis. For example,
CRF-Immunoreactivity has been observed in infe-
rior olive perikarya of rats (Palkovitz et al. 1987,
Sakanaka et al. 1987) , cats (Cummings et al. 1988)
and monkeys (Cha and Foote 1988). The utilization
of in situ hybridization methods has revealed CRF-
mRNA in rat, baboon and human inferior olivary
neurons (Young et al. 1986; Palkovitz et al. 1987).
Also, there have been recent reports of high levels
of CRF receptors in rat (De Souza et al. 1985; De
Souza 1987), monkey (Millan et al. 1986), and hu-
man (Powers et al. 1987) cerebella.

Knife cuts through the olivocerebellar pathway
have been shown to produce an accumulation of
CRF immunoreactivity proximal to such cuts, indi-
cating that CRF is indeed transported along this
pathway (Palkovits et al 1987). These findings col-
lectively indicate that CRF fibers in the cerebellar
nuclei originate from the inferior olivary nucleus.
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. 7. Serotonin fibers in the interposed nucleus. Labeled fibers are similar in appearence to those of Fig.
6 (x 100).

. 8. Serotonin fibers in the dentate nucleus. The fine and thick fibers are mixed together (x 100).

. 9. Serotonin fibers in the dentate nucleus. The fine fibers are easily detected at higher magnification
(x 200).

10. Serotonin fibers in the granular layer. Serotonin fibers are especially prominent in this layer. M @ molecular
layer, G : granular layer (x 100).

11. Serotonin fibers in white matter. Occasional long fibers are seen in the white matter (x 100).

12. Serotonin fibers in the cerebellar commissure. These fibers connect the right and left cerebellar nuclei
(x 100).
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