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Corticotropin-Releasing Factor in Olivocerebellar Climbing-Fiber
System of Monkey (Saimiri sciureus and Macaca fascicularis):
Parasagittal and Regional Organization Visualized by
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An antiserum directed against the human form of cortico-
tropin-releasing factor (CRF) was utilized for immunohisto-
chemical visualization of the distribution of this peptide in
the inferior olivary nucleus and cerebellum of 2 monkey
species (Saimiri sciureus, Macaca fascicularis). Colchicine
pretreatment was not used. In both species, immunoreac-
tivity was evident in the vast majority of neurons in the in-
ferior olivary nucleus, with perikarya in the medial accessory
olive exhibiting especially intense staining. In cerebellum,
no labeled perikarya were present, but inmunoreactive ax-
ons exhibiting the morphological characteristics of climbing
fibers and their collaterals were observed in cortical and
nuclear structures. In the cortex, most labeled axons were
confined to the molecular and Purkinje cell layers. In the
sagittal plane, individual axonal arbors originated from thick,
isolated axons at the base of the molecular layer and re-
peatedly ramified as they extended toward the cortical sur-
face. In coronal sections, only thin, paired profiles were pres-
ent. Labeled processes also formed efflorescences in the
granular layer of cortex and were evident as highly arborized
axons in cerebellar nuclei. In each of these instances, the
labeled elements resembled climbing fibers or their collat-
erals as visualized by other methods. Other labeled pro-
cesses in the granular layer exhibited the morphological
characteristics of mossy fiber axons.

Immunoreactive, climbing-fiber-like axons were presentin
the molecular layer throughout the major regions of cere-
bellar cortex. However, the most intensely labeled of these
axons were strikingly clustered within particular regions and
parasagittal domains. in the vermis and intermediate zone,
intensely labeled axons were present only within parasag-
ittal zones similar in location to those defined by climbing
fiber innervation from the medial accessory olive. Intensely
labeled axons were also densely but uniformly distributed
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within the uvula, the medial region of the dorsal parafloc-
culus, and the dorsal region of the pyramis, areas that re-
ceive their climbing fiber input primarily from the medial ac-
cessory olive. Labeled fibers were much less dense and
were not clustered in the lateral hemispheres.

The present observation of CRF-like immunoreactivity in
the monkey olivocerebellar pathway is compatible with the
previous observation of CRF mRNA within olivary neurons
of rat, baboon, and human (Young et al., 1986) and with
recentimmunohistochemical findings in rat (Sakanaka et al.,
1987; Palkovits et al., 1987), cat (Cummings et al., 1988;
Kitahama et al., 1988), sheep (Cummings et al., 1988), and
human (Powers et al.,, 1987). The present report thus rein-
forces the suggestion that CRF is contained within the pri-
mate olivocerebellar pathway. Furthermore, it indicates that
neurons in the medial accessory olive and their climbing fiber
projections contain higher levels of CRF than neurons in
other olivary subdivisions, producing parasagittally distrib-
uted and regionally specialized projections of these CRF-
rich climbing fibers onto cerebellar cortex.

Corticotropin-releasing factor (CRF) is a 41-amino acid peptide
that is known to act as a hypothalamic releasing factor, stim-
ulating the secretion of adrenocorticotropic hormone and beta-
endorphin from the anterior pituitary (see Vale et al., 1983, for
review). In addition, several lines of evidence (biochemical,
histochemical, and electrophysiological) indicate that CRF may
function as a neurotransmitter in extrahypophyseal neuronal
pathways. For example, there have been several immunohis-
tochemical studies characterizing the anatomic distribution of
CRF-like immunoreactivity (CRFLI) in rat brain (Bloom et al.,
1982; Merchenthaler et al., 1982; Olschowka, 1982; Cummings
et al., 1983; Joseph and Knigge, 1983; Swanson et al., 1983;
Fellman et al., 1984; Merchenthaler, 1984; Skofitsch and Ja-
cobowitz, 1985; Sakanaka et al., 1987). These reports have de-
scribed extensive, widely distributed systems of CRFLI in ex-
trahypophyseal neuronal perikarya and fibers. However, limited
information is available concerning the distribution of CRF in
primate brain. For example, the only available anatomic ob-
servations from monkeys, based on immunohistochemical stud-
ies, have been limited to examinations of hypothalamus (Ka-
wata et al., 1982; Paull et al., 1984) and circumventricular organs
(Kawata et al., 1983). Also, with one exception described below,
similar limitations have applied to immunohistochemical stud-
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ies of human brain. Thus, we have undertaken a series of im-
munohistochemical studies in order to characterize the anatom-
ic distribution of extrahypophyseal CRFLI in brain stem areas
of 2 species of monkey (Macaca fascicularis and Saimiri sci-
ureus) (Cha and Foote, 1987; Foote et al., 1987; Foote and Cha,
1988). An antiserum directed against the human form of CRF,
identical to the rat form (Vale et al., 1981; Rivier et al., 1983;
Shibihara et al., 1983) has been utilized to visualize CRFLI in
neuronal perikarya and fibers.

Recently, certain observations have suggested that CRF is
contained in neuronal perikarya in the inferior olive and in the
axons projecting from this nucleus into the cerebellum. These
axons constitute the olivocerebellar pathway which provides
climbing-fiber input throughout cerebellar cortex, as well as
collateral innervation of deep cerebellar nuclei. In most early
immunohistochemical studies, CRFLI was either not observed
in the olivocerebellar system or only weak immunoreactivity
was evident (Merchenthaler et al., 1982, 1984; Cummings et
al., 1983; Schipper et al., 1983). However, recent light-micro-
scopic observations in rat (Palkovits et al., 1987; Sakanaka et
al., 1987), cat (Cummings et al., 1988; Kitahama et al., 1988),
and sheep (Cummings et al., 1988) have demonstrated sub-
stantial CRFLI in inferior olive perikarya and in axons in cer-
ebellum. This is compatible with reports of high levels of CRF
in inferior olive as measured by radioimmunoassay (Palkovits
et al., 1983, 1985) and with demonstrations of CRF mRNA in
these neurons by in situ hybridization in rat (Young et al., 1986;
Palkovits et al., 1987), baboon, and human (Young et al., 1986).
One electron-microscopic study has shown CRFLI in axons
terminating on rat Purkinje cell dendritic spines (Palkovits et
al., 1987), and one immunohistochemical study has reported
CRFLI in human olivary neurons and in axons in cerebellar
cortex (Powers et al., 1987). Taken together, these observations
suggest that CRF may be a neurotransmitter in the olivocere-
bellar system of at least several species.

In the present study, the distribution of CRFLI in components
of the olivocerebellar system was examined at the light-micro-
scopic level in 2 species of monkey (Saimiri sciureus and Macaca
Jascicularis). In both species, dense immunoreactivity was ob-
served in inferior olive perikarya and in axons with climbing-
fiber-like morphology in cerebellar cortex and in cerebellar nuclei.
These observations are novel in that (1) very intense labeling
of CRF-containing cerebellar axons permits the first detailed
morphological description of these fibers in primates, (2) a pre-
viously unreported preferential distribution of intensely labeled
neurons within the medial accessory olive is described, and (3)
a striking regional and parasagittal distribution of axons in-
tensely labeled for CRF is demonstrated in cerebellar cortex.

Materials and Methods

Immunohistochemical material was obtained from 4 adult squirrel
monkeys (Saimiri sciureus) and 3 adult cynomolgus monkeys (Macaca
fascicularis) using previously published methods (Morrison and Foote,
1986). Briefly, animals were deeply anesthetized with ketamine (25 mg/
kg, IM) and sodium pentobarbital (15 mg/kg, IP). They were then per-
fused transcardially with ice-cold 1% paraformaldehyde in phosphate
buffer (0.15 M) for 1.0 min followed by perfusion with ice-cold 4%
paraformaldehyde in phosphate buffer for 9 min at a flow rate of 250—
500 ml/min (depending on body size). Macaca monkeys were artificially
respirated before and during the initiation of the perfusion, while Saimiri
were not. The brain was removed immediately and cut into blocks 3-
5 mm thick. These blocks were immersed in cold fixative for 6 hr and
then washed in a series of cold sucrose solutions of increasing concen-
tration. They were then stored in 18% sucrose in phosphate buffer for

1-7 d. Frozen sections, 40 um thick, were cut and incubated, freely
floating, for 4872 hr in primary antiserum diluted 1:2000. The primary
antiserum was visualized using avidin-biotin kits from Vector Labs
(Burlingame, CA), which utilize as a secondary antiserum biotinylated
anti-rabbit IgG that is subsequently bound to biotinylated HRP using
an avidin bridge. The sections were developed for peroxidase reactivity
with 3,3’'-diaminobenzidine. The distribution of CRFLI was evaluated
by careful comparison of the immunohistochemical sections with ad-
jacent Nissl-stained sections. The nomenclatures of the atlases of Em-
mers and Akert (1963) for Saimiri and that of Kusama and Mabuchi
(1970) for Macaca were used for brain-stem structures and that of
Madigan and Carpenter (1971) for cerebellar structures.

The primary antiserum utilized in these studies was raised in rabbits
and was directed against the rat/human form of CRF (Vale et al., 1981;
Rivier et al., 1983; Shibihara et al., 1983). It was generously furnished
by W. Vale and J. Rivier of the Salk Institute. In initial experiments
utilizing antisera directed against the ovine form of CRF, immuno-
histochemical staining was found to be very weak. For the antiserum
utilized in these studies (lot ¢70), a dilution series of 1:1000, 1:2000,
and 1:4000 was evaluated, and staining from the 1:2000 dilution was
found to be optimal. As controls for nonspecific immunoreactivity, a
sample of sections was reacted without primary antiserum, and a dif-
ferent sample was exposed to 1:2000 primary antiserum that had been
preadsorbed for 24 hr with human CRF (Penninsula Laboratories, Bel-
mont, CA) at a concentration of 0.1 mg/ml (2.1 x 10-5 m). Sections
from these samples did not exhibit any of the immunoreactivity de-
scribed in this report.

Results

General observations

Immunoreactive neuronal perikarya and processes were ob-
served in numerous brain regions. Many similarities with pre-
vious descriptions of the distribution of CRFLI in rat brain were
evident, although substantial differences were also observed
(Foote and Cha, 1988). In the regions examined in the present
study, dense CRFLI was observed in inferior olive perikarya
and in axons within this nucleus, and labeled axons were ob-
served in cerebellar cortex and cerebellar nuclei. The distribu-
tions and densities of labeled perikarya and fibers were very
similar in Saimiri and Macaca. However, inferior olive neu-
ronal perikarya and cerebellar axons tended to be more intensely
stained in Saimiri than in Macaca. Although interanimal vari-
ability in staining intensity was evident, the observations re-
ported here were similar in all animals.

Inferior olive

The neurons of the inferior olive constituted the largest collec-
tion of immunoreactive perikarya observed in the rhomben-
cephalon. It appeared that essentially all of the large neurons
within the boundaries of the nucleus were at least moderately
immunoreactive (Fig. 1). In immunohistochemical sections
counterstained for Nissl substance, only occasional Nissl profiles
(<5%) did not exhibit unambiguous immunoreactivity. Al-
though perikarya throughout the olivary complex were clearly
labeled, the medial accessory olive contained a larger proportion
of the most intensely labeled perikarya than did other subdi-
visions of the complex (Fig. 2). The principal nucleus and the
dorsal accessory nucleus both contained a lower, approximately
equal proportion of intensely stained perikarya. No consistent
clustering of intensely labeled neurons into smaller groups with-
in subdivisions was evident.

Labeled processes with axonal morphology were also evident
within and adjacent to the inferior olive (Fig. 2). Although these
processes were visible throughout the nucleus, they were most
dense in the lateral portion of the medial accessory olive, es-
pecially in its caudal extent.
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Figure I.

Bright-field photomicrograph of labeled neuronal perikarya in a coronal section through the rostral portion of the inferior olive. Dorsal

15 up and lateral is to the right. The ventral subdivision, the medial accessory olive, contains the most intensely labeled perikarya, although this is
more clearly evident in the central and caudal portions of the nucleus. Scale bar, 200 gm.

Cerebellum: general observations

No immunoreactive perikarya were observed in the cerebellum.
Labeled axons were evident in numerous regions of the cere-
bellar cortex and in cerebellar nuclei. The morphology of these
axons is described immediately below, and finally the distri-
bution of these axons in various regions of cerebellar cortex is
described.

Cerebellar cortex: axon morphology

The most prominent population of labeled axons in cerebellar
cortex was localized within the Purkinje cell and molecular lay-
ers (Figs. 3, 4, 6-10) and had the general appearance of climbing
fibers. These axons were evident within and adjacent to the
Purkinje cell layer as thick, isolated processes that typically
bifurcated within the deep portion of the molecular layer and
then arborized profusely as they ascended toward the surface of
the cerebellum (Fig. 3). They were generally contained within
the deepest 80% of the molecular layer, with only a few branches
extending as far as the cerebellar surface. In frontal sections,
they appeared as parallel pairs of labeled processes extending
across the molecular layer, often within the plane of section
(Figs. 4, 10). The processes were of larger caliber in the deep
portions of the molecular layer, and often formed thick, ring-
like structures in the superficial portion of the Purkinje cell layer.

A much less dense population of immunoreactive processes
was observed in the granular layer. These processes were most
often evident as efflorescences at various levels between the

white matter and the Purkinje cell layer (Figs. 3, 4). Each efflo-
rescence was composed of an extremely compact cluster of ax-
onal varicosities and intervaricose segments, which appeared to
arise from an individual labeled axon. Other labeled processes
with the appearance of fibers cut in cross section or of small
rosettes were also evident in the granular layer. Within and
adjacent to the Purkinje cell layer, there were often small-caliber,
varicose axons that surrounded Purkinje cell perikarya. Occa-
sional labeled fibers were observed in white matter.

Cerebellar nuclei: axon morphology and distribution

Dense networks of immunoreactive fibers were also observed
in all 3 cerebellar nuclei (Fig. 5). These fine-caliber axons were
highly arborized. The fastigial nucleus exhibited a slightly great-
er density of axons than the interpositus or dentate nuclei.

Cerebellar cortex: axon distribution

As noted above, labeled axons in cerebellar cortex were most
prominent within the molecular layer. For this population, there
were striking variations in the intensity of axon labeling and in
the clustering oflabeled processes in various regions of cerebellar
cortex. Certain cortical areas contained dense collections of in-
tensely labeled axons, while other areas contained sparse pop-
ulations of moderately or lightly labeled axons. The regions of
dense innervation were generally confined to the vermis and
intermediate zone. For example, the uvula exhibited a uniform,
high density of intensely labeled fibers (Fig. 6). The dorsal region
of the pyramis (Fig. 6) and the medial region of the dorsal
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Figure 3. Immunoreactive axons in sagittal sections through cerebellar cortex. Note that the vast majority of immunoreactivity is confined to the
molecular layer (M). The arrow in the bottom panel indicates the bifurcation of one process at a point just superficial to the Purkinje cell layer (P).
Such bifurcations are characteristic of climbing fibers. Isolated fibers can be seen passing through the Purkinje cell layer. In the granular layer (G),
occasional fibers are evident (right arrow, top panel), as are structures resembling efflorescences (left arrow, top panel). Scale bar, 100 um.
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Figure 4. Bright-field photomicro-
graph of labeled axons in a coronal sec-
tion through the cerebellar cortex. The
locations of the molecular (M), Pur-
kinje cell (P), and granular (G) layers
are indicated. The arrows indicate la-
beled axons in the granular layer which
form efflorescences. Note also the ver-
tical (radial) orientation of paired, la-
beled axons in the molecular layer. Scale
bar, 50 um.

paraflocculus (Fig. 7) contained large zones composed of dense
collections of intensely labeled axons.

In other portions of the vermis and intermediate zone, labeled
axons were organized into parasagittal stripes. These stripes
were evident in frontal sections as alternating regions of dense
and sparse populations of immunoreactive axons within the
molecular layers of individual folia (Figs. 8-10, 12). Patches for
adjacent folia were aligned to constitute parasagittally oriented
stripes across multiple folia (Figs. 8, 9, 12). Labeled axons were
also evident between stripes, but these axons were less densely
clustered and not as intensely labeled. In these areas between
stripes, clearly labeled processes were often evident within the
Purkinje cell layer (Figs. 8, 11). These usually appeared to have
a similar morphology to the basal portion of labeled fibers within
stripes, i.e., they were smoother and of larger caliber than the
more highly arborized fibers in the superficial portions of the
molecular layer.

As indicated in Figure 12, the organization of densely labeled
zones into parasagittal stripes was clear throughout the medio-
lateral extent of the vermis in frontal sections through both the
anterior and posterior lobes. The stripes of dense labeling were
of vanable width within a given frontal section, and a given
stripe varied in width along its rostral-caudal extent. As noted
above, the uvula was densely innervated throughout, and the
pyramis contained a large zone of densely labeled axons. In
certain portions of the pyramis, stripes were also evident (Fig.
9). Usually, one additional stripe of dense staining was evident
in the intermediate zone, the parasagittal organization of this
stripe being clear only in the anterior lobe. In the intermediate
zone of the posterior lobe, a circumscribed area of dense in-
nervation was evident along the medial edge of the dorsal par-
aflocculus.

In the lateral hemispheres, immunoreactive axons in the mo-
lecular layer were usually sparsely distributed and only mod-



erately or lightly labeled. A striking exception was the region of
crus I just ventral to the posterior superior fissure. As indicated
in Figure 12C, this area contained a dense collection of heavily
labeled axons.

Discussion

Summary of results and comparison with the olivocerebellar
climbing-fiber system

These results indicate that in these 2 monkey species CRF is
contained within inferior olive perikarya and in their axons
which constitute the climbing-fiber input to cerebellum. This is
evident within the inferior olive as immunoreactivity within
perikarya and axons. In the cerebellum, immunoreactivity is
present in the molecular layer in axons with the same mor-
phology as that previously reported for climbing fibers (Scheibel
and Scheibel, 1954; Palay and Chan, 1974). In the sagittal plane,
for example, individual axonal arbors originate from isolated,
thick processes just superficial to the Purkinje cell layer and
arborize over a wide area within the sagittal plane in a pattern
similar to the arborization of climbing fibers. In coronal sec-
tions, radially oriented, parallel pairs of labeled axons are evi-
dent. Also, examination of the present material in several planes
of section indicates that there is a large-diameter process that
completely encapsulates the base of the Purkinje cell apical den-
drite. Immunoreactive axons are also evident as efflorescences
in the granular layer and as apparent terminal arbors in cere-
bellar nuclei. It has previously been reported that collaterals of
climbing fibers project into both of these areas and exhibit the
types of terminal morphology observed in the present study
(Scheibel and Scheibel, 1954; Palay and Chan, 1974). Although
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Figure 5. Dark-field photomicro-
graph of immunoreactive fibers in a co-
ronal section through the fastigial nu-
cleus. These fine-caliber fibers are highly
arborized. Scale bar, 100 um.

morphology alone does not allow an unambiguous classification
of the variety of labeled processes observed in the granular layer,
at least a subset of them most likely comprises those formed by
collaterals of climbing fibers.

In agreement with the observations of Cummings et al. (1988)
in cat and sheep, 2 other populations of labeled axons were also
evident. First, some of the labeled elements in the granular layer
of monkey exhibit the morphological characteristics of mossy
fiber axons, i.e., enlargements and rosette configurations. Sec-
ond, fine, varicose fibers were often evident running within and
adjacent to the Purkinje cell layer. As indicated by Cummings
et al. (1988), these observations suggest that there are also extra-
olivary, CRF-containing afferents to cerebellar cortex. In any
case, the present morphological observations strongly indicate
that CRFLI is contained (although not exclusively) within the
olivocerebellar pathway since processes exhibiting all known
morphological features of climbing fibers and their collaterals
are observed to contain CRFLI in these 2 species.

The interpretation that CRFLI is contained within the oli-
vocerebellar system is also supported by the observation in the
present study of a distinct regional and parasagittal organization
of labeled molecular layer axons. The present observations in-
dicate that CRF is contained in immunohistochemically de-
tectable levels in all inferior olive neurons and their projections
in these species. This is evidenced by the presence of clear
immunoreactivity in all inferior olive perikarya examined in
counterstained sections and by the fact that labeled axons are
evident in all those regions of cerebellar cortex examined. How-
ever, the present observations also suggest that there are sub-
stantial differences in the intracellular levels of CRF in different






subdivisions of the olivocerebellar projection system. In these
2 monkey species, the perikarya of the medial accessory olive
are more densely labeled than those of other olivary subdivi-
sions. This is congruent with the presence of parasagittal zones
of intensely labeled terminal axons in the vermis and portions
of the intermediate zone, with the observation of areas of dense
innervation in the pyramis and dorsal paraflocculus, and with
the existence of a uniform, dense innervation of the uvula, since
these terminal fields match the known projections of the medial
accessory olive in these species (Brodal and Brodal, 1981, 1982;

—
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Figure 7. Bright-field photomicro-
graph of a coronal section through the
paraflocculus. This region is very
densely innervated. The characteristic
distribution of axons in the molecular
layer (M) is evident. Large-caliber fi-
bers can be seen in the Purkinje cell
layer (P), and occasional fibers and ef-
florescences are evident in the granular
layer (G). Scale bar, 200 um.

Whitworth and Haines, 1986). In monkey, the medial accessory
olive is known to project to parasagittal zones A and C2 (Brodal
and Brodal, 1981, 1982), and these are presumably the zones
exhibiting CRFLI stripes in the present study. Dense labeling
of presumed climbing fibers was also observed in a limited
portion of crus I. Although much of crus I receives its climbing-
fiber innervation from the principal olive, there is evidence that
parts of this area are innervated by the medial accessory olive
(Courville and Faraco-Cantin, 1980).

Several lines of evidence suggest that parasagittal zonation is

Figure 6. Bright-field photomicrographs of labeled axons in the uvula (4) and pyramis (B) regions of cerebellar cortex and labeled perikarya in
nucleus beta of the inferior olive (C). The section through the uvula (4) is in the coronal plane, while that through the pyramis is in the sagittal
plane, creating the obvious difference in the appearance of the axons. The photograph of the uvula has been rotated by 90° and the labels are
positioned on the midline. These sections illustrate the high density of intensely labeled axons in the molecular layer in these subdivisions of the
cerebellar cortex. C illustrates the dense labeling of perikarya in nucleus beta, a component of the medial accessory olive. Nucleus beta is the sole
source of climbing fibers for the uvula, while the pyramis receives such innervation from nucleus beta, as well as other subdivisions of the medial
accessory olive (Brodal and Brodal, 1981, 1982). Scale bars, 100 um. M, molecular layer; P, Purkinje cell layer; , granular layer; W, white matter.
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Figure8. Dark-field photomontage of
labeled axons in a coronal section
through several folia of the cerebellar
cortex in the vermis of the anterior lobe.
Each Purkinje cell layer (P) is labeled,
and the grrows indicate the position and
orientation of the midline. Within each
folium, labeled axons are largely con-
fined to the molecular layer, and dense
patches of intensely labeled axons al-
ternate with areas in which the density
of labeled axons is much lower. Across
folia, the regions containing labeled ax-
ons are aligned in the parasagittal plane,
forming longitudinal stripes. Scale bar,
200 pm.
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Figure 11.

Dark-field photomicrograph of a sagittal section through the vermis. Note that some areas of the molecular layer (M) contain dense

immunoreactive axons while others do not. However, intensely immunoreactive axons are evident in the Purkinje cell layer (P) even in those
regions in which such axons are not evident in the molecular layer. Occasional labeled axons are evident in the granular layer (G) and in the white

matter (I). Scale bar, 100 um.

an essential element of cerebellar cortical organization. In ad-
dition to the previous demonstrations of parasagittal zonation
of olivocerebellar afferents in monkey, there have been similar
demonstrations in cat (Groenewegen and Voogd, 1977; Groe-
newegen et al., 1979) and rat (Campbell and Armstrong, 1983a,
b; see also Brodal and Kawamura, 1980, for review). Previous
studies have also provided immunochistochemical evidence for
parasagittal zonation of antigens intrinsic to Purkinje cells (Chan-
Palay et al., 1981, 1982; Hawkes and Leclerc, 1987). It is not
clear how the parasagittal zones defined by CRFLI are spatially
or functionally related to the zones defined by other methods.

Comparison of present results and previous evidence localizing
CRF in the olivocerebellar system

Previous observations, summarized at the beginning of this re-
port, have suggested that CRF is contained within the olivo-
cerebellar pathway of rat, cat, sheep, and human. Both immu-
nohistochemical and in situ hybridization techniques have
yielded data compatible with this hypothesis. For example,
CRFLI has been observed in inferior olive perikarya of rat
(Palkovits et al., 1987; Sakanaka et al., 1987), cat (Cummings
et al., 1988; Kitahama et al., 1988), and sheep (Cummings et
al., 1988). In rodent studies, it has generally been observed that
unambiguous staining of neuronal perikarya for CRF, except in
the paraventricular nucleus, is obtained only when colchicine
has been administered prior to sacrifice. Colchicine was not

utilized in the present studies because of the difficulties of de-
termining effective, nonlethal doses in these primate species.
Despite the lack of colchicine treatment, unambiguously reac-
tive cell bodies were observed in the inferior olive. The present
observations and those of CRF immunoreactivity in human
inferior olive neurons (Powers et al., 1987) may indicate that
CREF is present in higher concentrations in these neurons in
primates than in rat.

This interpretation is reinforced by our observation (data not
presented) that with the antiserum and immunohistochemical
methods used in the present study, we observe few immuno-
reactive olivary neurons in rats not previously treated with col-
chicine. The utilization of in situ hybridization methods has
revealed CRF-mRNA in rat, baboon, and human inferior oli-
vary neurons (Young et al., 1986; Palkovits et al., 1987). Knife
cuts through the olivocerebellar pathway have been shown to
produce an accumulation of CRF immunoreactivity proximal
to such cuts, indicating that CRF is indeed transported along
this pathway (Palkovits et al., 1987). Previous immunohisto-
chemical studies have observed axons exhibiting CRFLI in cer-
ebellar cortex of rat (Merchenthaler, 1984; Palkovitsetal., 1987;
Sakanaka et al., 1987), cat (Cummings et al., 1988; Kitahama
etal., 1988), sheep (Cummings et al., 1988), and human (Powers
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 human (Powers et al., 1987)



4134 Cha and Foote « LRF Climbing-Fiber System

Figure 12. Schematic diagrams indi-
cating the locations of parasagittal zones
defined by dense collections of immu-
noreactive axons. 4, Horizontal view
of the dorsal surface of Saimiri cere-
bellum. The superimposed straight lines
indicate the levels of the 2 coronal sec-
tions depicted in B and C. In Band C,
black areas indicate zones in which a
high density of labeled axons was evi-
dent in the molecular layer of each fol-
ium. The sparse stipple indicates the re-
maining molecular layer with its
moderate density of labeled axons. The
dense stipple indicates the location of
the granular layer, and unshaded areas
indicate the location of white matter.
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cerebellum. At the ultrastructural level, CRFLI terminals have
been shown to establish synaptic contacts with dendritic spines
of rat Purkinje cells (Palkovits et al., 1987).

The present observations reinforce and extend these previous
observationsin several ways. As in humans (Powersetal., 1987),
CRFLI was demonstrated in inferior olive perikarya without
colchicine pretreatment or lesions. However, the present report
describes a distribution of CRFLI in olivary subdivisions that
is different from those previously reported. Palkovits et al. (1987)
reported denser staining in the principal olive, but none of the
other previous studies in rat reported CRFLI in inferior olivary
neurons or a preferential distribution of labeled cells. In the only
report describing CRFLI in human inferior olivary neurons
(Powers et al., 1987) and in one report of such immunoreactivity
in cats (Kitahama et al., 1988), no preferential distribution was
noted, while in another study (Cummings et al., 1988) of cat
inferior olive, a different distribution than that described here
was reported. In addition, the very intense labeling of cerebellar
axons in the present study permitted a more detailed charac-
terization of their morphology than has previously been re-
ported for a primate species. This includes the description in
the present study of the morphology of these axons in the mo-
lecular layer as observed in various planes of section. These
observations document a strong resemblance to climbing fibers
for the largest population of axons. Also, the present study has
identified CRFLI within climbing-fiber-like efflorescences in the
granular layer of cerebellar cortex and in axons in cerebellar
nuclei, providing further evidence that CRFLI is present in
olivocerebellar axons. Finally, the present report describes a
clear regional and parasagittal organization of these axons in
cerebellar cortex that has not been previously reported and doc-
uments a relationship between the preferential distribution of
CRFLI in inferior olive and cerebellum that is compatible with
the known relationships between olivary subdivisions and their
cortical projections. Previous studies in rat describe a uniform
distribution of CRFLI axons in cerebellar cortex, suggesting that
there is a difference between rat and monkey in this regard. The
only description of these axons in human cerebellum did not
include a description of any regional or parasagittal organiza-
tion, although labeled fibers were observed in the vermis (Pow-
ers et al., 1987). Thus, further studies will be necessary to de-
termine whether CRFLI axons in human cerebellum display the
morphological characteristics and distribution patterns ob-
served in these 2 monkey species.

There have been previous reports of other peptides being
contained within cerebellar afferents, e.g., enkephalin (Schul-
man et al., 1981; King et al., 1986) and substance P (Korte et
al., 1980). It is possible that some of the immunoreactivity in
the present study was due to the antiserum cross-reacting with
these or some other peptide. Certain observations indicate that
the probability of such cross-reactivity is limited: (1) as indicated
in Materials and Methods, serum that had been preadsorbed
with CRF did not produce any of the labeling described here,
and (2) the CRFLI labeling observed in cerebellum and other
brain sites with this antiserum (see also, Foote et al., 1987; Foote
and Cha, 1988) did not exhibit any systematic correspondence
to the distributions of other known peptides.

Functional implications

The present observations reinforce many previous reports in-
dicating that CRF is localized in extrahypophyseal circuits, where
it may serve as a neurotransmitter (see Vale et al., 1983; Emeric-
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Sauval, 1986, for reviews). There is also evidence that aspartate
and/or glutamate may be a neurotransmitter in the olivocere-
bellar pathway (Wiklund et al., 1982, 1984; Toggenburger et al.,
1983; Matute et al., 1987). Thus, it is possible that CRF is a
cotransmitter with one of these substances in the olivocerebellar
pathway, with the peptide playing a relatively greater role in
those projections that originate in the medial accessory olive.
There have been numerous speculations (see Ito, 1986, for a
recent example) about the role of climbing-fiber input in the
overall functioning of cerebellar cortex, but for the present the
functional physiological effects of this pathway remain unclear,
as do the possible contributions of CRF to these actions.
Several lines of evidence suggest that CRF-containing circuits
in many brain regions may serve to coordinate the centrally
mediated autonomic and behavioral aspects of stress responses
(see Valentino and Foote, 1986, for review). In this regard, it
is of interest that CRF within the cerebellum is concentrated in
the vermis and the associated fastigial nucleus, areas previously
implicated in arousal and autonomic and affective functions
(e.g., Dempesy et al., 1983; Haines et al., 1984; Albert et al.,
1985; Arneric et al., 1987). Thus, these cerebellar circuits may
constitute one component of a larger CRF-containing network
that becomes activated in response to stress-inducing stimuli.
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