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The flocculus and paraflocculus of cat and sheep cerebellum 
were studied with immunohistochemical methods, using 
antisera to corticotropin-releasing factor (CRF). CRF im- 
munoreactivity was present within 3 populations of varicose 
nerve fibers. One population of CRF-immunoreactive (CRF- 
IR) fibers appeared to appose Purkinje cell somata and to 
follow their dendrites into the molecular layer. This arrange- 
ment suggested they were climbing fibers. A second group 
of CRF-IR profiles reminiscent of mossy fibers was widely 
distributed throughout the granule cell layer. A third popu- 
lation of CRF-IR fibers was present as a beaded plexus lying 
parallel to the pial surface, above and subadjacent to the 
Purkinje cell layer. The fibers of this plexus extended into 
the Purkinje cell layer and surrounded these somata. 

The source of some of the CRF-IR fibers within the floc- 
culus and paraflocculus was determined by a retrograde 
axonal transport study utilizing the fluorescent tracer Fast 
blue (FB) in combination with the immunohistochemical lo- 
calization of CRF. It was determined that CRF-IR perikarya 
within the inferior olivary nucleus gave rise to a population 
of climbing fibers within those lobules. Furthermore, all di- 
visions of the inferior olive were found to contain CRF-IR 
somata. This latter finding suggests the potential for CRF- 
IR climbing fiber projections from the inferior olive to other 
regions of the cerebellar cortex. The existence of CRF-IR 
mossy fibers and fibers within the ganglionic plexus sug- 
gests the possibility of CRF-IR afferent projections from oth- 
er regions of the brain stem to the flocculus and parafloc- 
culus. 

The 4 1 amino acid peptide, corticotropin-releasing factor (CRF), 
sequenced and synthesized by Vale and colleagues in 198 1 (Spiess 
et al., 198 1; Vale et al., 1981) was localized immunohisto- 
chemically in the hypothalamus soon after its discovery (Bloom 
et al., 1982; Paul1 et al., 1982; Cummings et al., 1983; Swanson 
et al., 1983). However, it became apparent that CRF, similar 
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to other hypophysiotropic hormones such as leuteinizing hor- 
mone-releasing hormone (Witkin et al., 1982), thyrotropin-re- 
leasing hormone (Johansson and Hokfelt, 1980), growth hor- 
mone-releasing factor (Sawchenko et al., 1985), and somatostatin 
(Johansson et al., 1984), was present not only within hypophys- 
iotropic neurons, but also occurred in widely distributed neu- 
ronal systems (Fischman and Moldow, 1982; Olschowka et al., 
1982; Cote et al., 1983; Cummings et al., 1983; Schipper et al., 
1983; Swanson et al., 1983; Merchenthaler, 1984). 

In previous studies we reported the presence of CRF-im- 
munoreactive (CRF-IR) fibers in rat cerebellar cortex (Cum- 
mings et al., 1983) and in the flocculus and paraflocculus of cat 
and monkey cerebellum (Cummings et al., 1985). However, 
reports conflict on the existence of CRF immunoreactivity with- 
in the cerebellum. Other immunohistochemical studies have 
reported CRF fibers in rat cerebellum (Olschowka et al., 1982; 
Merchenthaler, 1984), and in the anterior vermis of human 
cerebellum (Powers et al., 1986), but some have been unable to 
verify this (Swanson et al., 1983). Varying levels of CRF im- 
munoreactivity in the cerebellum have been reported in ra- 
dioimmunoassay studies (Fischman and Moldow, 1982; Cote 
et al., 1983), but other investigations have been unable to detect 
the CRF immunoreactivity in that region by radioimmunoassay 
(Palkovits et al., 1985). A radioimmunoassay study utilizing 4 
antisera directed against either the rat or ovine sequences de- 
tected CRF-IR in cerebellar extracts only with the ovine antisera 
(Skofitsch and Jacobowitz, 1985). Recently, however, specific 
binding sites for lZ51-Tyr-oCRF (Wynn et al., 1984) and for 
Nle21,‘251-Tyr32-oCRF (De Souza et al., 1986), were identified 
within the cerebellar cortex. In the latter study, the specific 
binding of the radiolabeled CRF receptor ligand was reported 
to be higher in the cerebellum than in several other areas of the 
rat CNS. The existence of CRF binding sites in the cerebellum 
strongly suggests a functional role for a CRF-like peptide within 
that region. 

The present study was undertaken to clarify discrepancies on 
the existence of CRF within the cerebellum. We had observed 
consistent populations of CRF-IR fibers in the flocculus and 
paraflocculus, and therefore restricted this study to those re- 
gions. Hypothesizing that CRF-IR fiber populations within those 
lobules might arise from extrinsic sources, a retrograde tracing 
study was undertaken, in combination with immunohistochem- 
ical localization of CRF, in order to ascertain possible sources. 
The focus of this initial double-label study was directed pri- 
marily to the inferior olive, the only known source of cerebellar 
climbing fibers. 
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Materials and Methods ebellum is wholly crossed. Therefore, the fluorescent dye was trans- 
ported only to the left side. The inferior olivary nuclei on both sides of 

Localization of CRF in flocculus and paraflocculus. Cats (body weight the brain stem were observed and compared with bright-field micros- 
l-2 kg; n = 5) and lambs (n = 2) were included in this study. The copy in order to determine that the pattern of staining for CRF im- 
animals were obtained from the Research Animal Resources Division munoreactivity was identical and that the appearance or specificity of 
of the University of Minnesota or from other ongoing investigations. immunostaining on the left side, to which there was FB transport, was 
All animals were anesthetized with sodium pentobarbital and perfused 
transcardially with saline followed by a fixative of picric acid/phosphate 
(0.1 M) buffered 2% paraformaldehyde (pH 7.3) (Stephanini et al., 1967) 
at room temperature. The brains were removed, immersed in the same 
fixative for 90 min and stored overnight in 5% sucrose in 0.1 M Sor- 
enson’s phosphate buffer, pH 7.3 The flocculus and paraflocculus were 
dissected free from the cerebellum. The tissues were treated by 1 of 2 
procedures: (1) the individual lobules were sectioned at 50 or 75 pm on 
a sliding microtome and processed by the peroxidase-antiperoxidase 
(PAP) method of Stemberger (1979) modified for free-floating sections 
as previously described (Cummings et al., 1983) or (2) the lobules were 
embedded together within a single block of brain paste in an orientation 
to permit sectioning of the lobules in the transverse or sagittal plane, 
and 10 pm sections of the frozen tissue block were cut in a cryostat. 
Slide mounted sections were hydrated with PBS and processed for the 
indirect immunofluorescence technique of Coons (1958) as modified 
and ureviouslv described for CRF (Onstott and Elde. 1984). Sections 
were counterstained with ethidium bromide, a fluorescent Nissl stain 
(Schmued et al., 1982) in order to define Purkinje cell and granule cell 
somata. Sections were mounted in a fade-retarding medium (Platt and 
Michael, 1983) examined and photographed using a Zeiss standard 
fluorescence microscope fitted with epi-illumination. Fluorescein-iso- 
thiocyanate and ethidium bromide staining were visualized using ap- 
propriate filter combinations (FITC: excitation 450-490 rim/emission 
520-560 nm; ethidium bromide: excitation 546 nm [bandpass]/emis- 
sion 59O-c0 nm). 

not altered by the presence of the fluorescent dye. 
Characterization ofantisera. The lamb tissue was incubated overnight 

in ovine CRF primary antiserum (l/500) (ImmunoNuclear Corp., Still- 
water, MN) characterized and described previously (Cummings et al., 
1983). The cat tissue was incubated in a primary antiserum (l/5000) 
directed against rat/human CRF produced in rabbits with a synthetic 
rat CRF-keyhole limpet hemocyanin conjugate. Controls for the spec- 
ificity of immunohistochemical localizations of this rat CRF antiserum 
were performed by incubating sections with antiserum that had been 
pretreated overnight at 4°C with an excess of synthetic rat CRF (10 r~pl 
ml of diluted CRF antiserum). All of the staining observed was found 
to represent immunohistochemically specific localizations because no 
staining was found in structures on sections that served as absorption 
controls. Furthermore, the PAP procedure was conducted on filter paper 
(Whatman No. 1) upon which various synthetic peptides had been 
immobilized with’vapor-phase paraformalhehyde fixation according to 
the method of Larsson (198 1). The peptides tested included ovine CRF, 
rat CRF, Lys*-vasopressin, Arg8-vasopressin, oxytocin, dynorphin,,-,,,, 
Met-enkephalin, and Leu-enkephalin. Each peptide was tested at quan- 
tities varying from 10 nmol to 10 pmol/blot. The antiserum to rat CRF 
stained blots containing as little as 10 pmol of rat or ovine CRF. In 
contrast, this antiserum did not stain blots containing 10 nmol of the 
other peptides listed above. Thus, cross-reactivity with these other pep- 
tides, if it exists, is less than 0.1%. 

Double-labeling histochemistry. A tract-tracing study, using the ret- 
rogradely transported fluorescent dye Fast blue (FB), was undertaken 
in order to determine the origin of the CRF-containing fibers within 
the floccular and parafloccular cortex. Randomly bred cats (l-2 kg; n = 
5) were treated with atropine sulfate (0.1 mg/kg body weight, s.c.) and 
10 min later anesthetized with sodium pentobarbital (38 mg/kg body 
weight, i.p.). The animals were secured in a stereotaxic frame and the 
right lateral cerebellum was exposed via a dorsal craniotomy. Using a 
Hamilton syringe connected to a 27 gauge needle with PE-20 tubing, 
multifocal pressure injections (up to 10 ~1 total injection) ofa suspension 
of FB (1 O/a in distilled H,O; Dr. Illing, K. G. Makromolekulare Chemie, 
Grob-Umstadt FRG) were delivered to the flocculus and dorsal and 
ventral paraflocculus over a period of 30 min. Following the injections, 
the wound was covered with Gel-Foam (Upjohn) and closed. Five days 
later the animals were reanesthetized and colchicine (300 pg, 1 mg/ml) 
was administered by pressure injection to the fourth ventricle in order 
to provide enhancement of CRF immunoreactivity in perikarya of the 
brain stem. Penicillin (Flo-cillin, Bristol; 300,000 U/d, s.c.) was ad- 
ministered from day 1 of the experiment. Forty-eight hours after col- 
chicine administration, the animals were reanesthetized and perfused 
intracardially with 1 liter of 0.9% saline followed by 2 liters of picric 
acid/vhosvhate buffered 2% oaraformaldehvde fixative (oH 7.3) (Ste- 
phanmi etal., 1967). The bra& was removed’and immerskh in the same 
fixative for 90 min and stored overnight in 5% sucrose in 0.1 M Sor- 
enson’s phosphate buffer, pH 7.3. The brain stem was frozen and sec- 
tioned at 50 pm on a sliding microtome in the coronal plane. Sections 
were wet-mounted onto glass slides and FB-containing areas were pho- 
tographed without coverslips with a Zeiss standard fluorescence micro- 
scope (transmitted UV illumination; UC 1 excitation filter [bandpass 
300-400 nm], barrier filter 4 10 nm, long pass). The sections were then 
removed from the slides, incubated overnight with antiserum to rat 
CRF (1:2000), and processed by the PAP procedure previously de- 
scribed (Cummings et al., 1983). These sections were then rinsed, wet- 
mounted onto gelatin-coated slides and rephotographed without cover- 
slips with an Olympus bright-field microscope. The sections were then 
allowed to dry overnight at 40°C dehydrated in an ascending series of 
ethanol, and coverslipped with Entellan. 

Photographs and negatives of tissue sections containing cells labeled 
by both retrograde transport of FB and peroxidase immunoreactivity 
for CRF were compared for colocalization of both substances. 

Localization of CRF in the inferior olive. Each 50 pm section of cat 
brain stem analyzed in the double-labeling study described above was 
further examined and mapped for distribution of CRF-IR cells within 
the inferior olivary complex. The inferior olivary projection to the cer- 

Results 

In this study we have (1) demonstrated the existence of 3 mor- 
phologically distinct populations of CRF-IR fibers in the floc- 
culus and paraflocculus of cat and sheep cerebellum, (2) deter- 
mined the distribution of CRF-IR cell bodies within the inferior 
olive of the cat brain stem, and (3) demonstrated a projection 
of CRF-IR fibers to the flocculus and paraflocculus of the cat 
from cell bodies within the inferior olive. 

Distribution of CRF-IR jibers in the flocculus and 
parajlocculus 

One population of CRF-IR fibers within the flocculus and para- 
flocculus extended into the Purkinje cell layer from the granule 
cell layer, surrounded the Purkinje cells, and appeared to follow 
their dendrites into the molecular layer toward the pial surface 
(Figs. 1, A, B; 2, A, B). This system of fibers gave rise to vari- 
cosities that appeared to be intimately associated with Purkinje 
cell somata. Throughout their course along the Purkinje cell 
dendrites, these fibers emitted short, beaded collaterals that ex- 
tended laterally or appeared to parallel the parent fiber. This 
population was similar in appearance to climbing fibers, as have 
been described in Golgi preparations (Ramon y Cajal, 19 11; 
Palay and Chan-Palay, 1974). These CRF-containing climbing 
fiber-like profiles were not uniformly distributed throughout the 
cortex of either flocculus or paraflocculus. The density and stain- 
ing intensity of CRF-IR climbing fibers was greater in the Aoc- 
culus than in the paraflocculus. CRF-containing climbing fibers 
appeared least dense and more delicately immunoreaciive in 
the dorsal paraflocculus. As the distribution patterns were con- 
sistent from section to section in single animals, as well as be- 
tween animals, this variation did not appear attributable to 
staining artifact. 

A second type of CRF-IR fibers was present throughout the 
granule cell layer of both the flocculus and paraflocculus. At the 
light microscopic level, this complex appeared to consist of 2 
types of profiles. Beaded fibers of fine diameter were present 
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Figure 1. Immunofluorescence (A-C) and fluorescence (D) photomicrographs of 10 pm sagittal sections of cat paraflocculus after incubation with 
antiserum to rat/human CRF. CRF-immunofluorescent fibers are present within the molecular, Purkinje cell, and granular layers. M, molecular 
layer; P, Purkinje cell layer; pc, Purkinje cell; G, granule cell layer. A and B, CRF-IR climbing fiber-like profiles associated with Purkinje cell bodies 
appear to follow dendrites into the molecular layer, where they give rise to fine, beaded collaterals and terminal arborizations. Curved arrows 
indicate CRF-IR varicosities adjacent to Purkinje cell somata. x 290. C and D, In C, the same section photographed in D is viewed with appropriate 
filters to visualize fluorescein-isothiocyanate immunostaining (C) and the fluorescent Nissl counterstain ethidium bromide (D). C, CRF-IR beaded 
fiber plexus is present at the level of the Purkinje cell layer. Fibers visible within this section lie superior to the Purkinje cells. Curved arrows 
indicate CRF-IR varicosities adjacent to Purkinje cell somata. Numbers indicate corresponding Purkinje cells in each photograph. x 290. 

which frequently displayed expanded varicosities (Figs. 2, A-C; 
3, A, B, D, E). Other profiles appeared as enlarged, irregular 
globules or coarse rosette-type configurations of variable size 
and extent (Figs. 2C, 3, D, E). Overall, the granular layer com- 
plex resembled mossy fibers, as have been described in Golgi 
preparations (Ramon y Cajal, 19 11; Brodal and Drablos, 1963; 
Palay and Chan-Palay, 1974). The mossy fiber-like structures 
appeared to be components of a population distinct from the 

CRF-IR climbing fiber population. Some of these fibers were 
seen to enter the granule cell layer from the white matter within 
the medullary center of individual folia (Fig. 3A) but never 
appeared to enter the molecular layer. Additionally, populations 
of mossy fibers and climbing fibers were not always present in 
parallel (Fig. 3, A-C). In similarity to the climbing fibers, the 
mossy fiber-like population was not ubiquitous. The mossy fi- 
bers were heavily distributed throughout some individual folia 
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Figure 2. Photomicrographs of PAP labeled 60 pm sections of cat flocculus after incubation with antiserum to rat/human CRF. M molecular 
layer; G, granule cell layer; pc, Purkinje cell; cf; climbing fibers; mf; mossy fibers. A, Low-power magnification of a single folium of the flocculus 
to indicate the concomitant appearance of CRF-containing climbing and mossy fibers within this region. Broad arrow indicates area shown at 
higher magnification in B. x 130. B, High-power magnification of a portion of the folium in A. Broad arrow indicates the same area as indicated 
in A. Climbing fiber parent axons can be seen passing through the Purkinje cell layer and arborizing into terminal branches, giving rise to numerous 
beaded collaterals. x 200. C, Photomontage to illustrate CRF-IR simple (1) and complex (2) mossy fiber rosettes within the granule cell layer of 
the flocculus. x 330. 

and sparsely represented in others. In the flocculus, the mossy 
fibers were present in greater numbers and were more intensely 
immunoreactive than in the paraflocculus. As with the climbing 
fibers, this difference in fiber density and staining intensity was 
consistent among animals and from section to section within 
single animals and was not attributable to artifacts of fixation 
or immunohistochemical processing. 

A third complex of finely beaded CRF-IR fibers, present in 
both cat and sheep, was distributed at the level of the Purkinje 
cell layer, immediately superficial and/or deep to the Purkinje 
cell neurons (Figs. lC, 3, A, B, D, E). This system coursed 
parallel to the pial surface, within the plane of the Purkinje cell 
layer (Fig. 1 C). Fibers and terminals of this complex extended 
into the Purkinje cell layer and in many instances appeared to 
surround the Purkinje cell somata (Figs. lC, 3E). Within the 
lobules studied, this beaded fiber plexus appeared to be broadly 
distributed, although areas of tissue existed in which elements 

of this complex were not visible. The location and morpholog- 
ical appearance of this population, when present, was similar 
to that of the supra- and infraganglionic plexuses described by 
Ramon y Cajal (19 11) and Jakob (1928) (see also Larsell and 
Jansen, 1972). 

Finally, medullary regions of the cerebellum associated with 
the flocculus and paraflocculus always contained CRF-IR fibers. 
Finely and coarsely beaded CRF-IR fibers were present through- 
out medullary regions. At times, fibers were seen to course into 
the white matter of individual folia. 

Distribution of CRF-IR cell bodies in the inferior olive 
Serial sections through the brain stem of cats treated with col- 
chicine revealed the presence of CRF-IR cells in all divisions 
of the inferior olivary complex (Fig. 4). The density of CRF- 
containing somata, as well as the staining intensity of CRF 
immunoreactivity within the cells varied, however, within di- 

Figure 3. Photomicrographs of PAP-labeled 50 pm sections of sheep (A, B, D, E) and cat (C) cerebellar cortex after incubation with antiserum 
to ovine CRF (A, B, D, E) and rat/human CRF (C’). M, molecular layer; P, Purkinje cell layer; G, granule cell layer; W. white matter; pc, Purkinje 
cell; cJ climbing fibers; mf mossy fihers;fp, fiber plexus. A and B, Apex (A) and base (B) of 2 different folia. Varicose CRF-IR fibers course from 
central white matter into the core of the folia to emerge along the sides and apex as sprays of mossy fiber-like profiles within the granule cell layer. 
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A finely beaded CRF-IR fiber plexus is present at the level of the Purkinje cell layer. x 115. C, CRF-IR climbing fibers have a nonuniform, patchlike 
distribution in the molecular layer of the flocculus. Arrows indicate border of patch. x 115. D, Photomicrograph of longitudinal section of a folium 
to illustrate the occurrence of CRF-IR mossy fiber-like profiles within the granule cell layer, and the CRF-IR beaded fiber plexus at the level of 
the Purkinje cells. x 115. E, Highly magnified photomicrograph of CRF-IR fibers within the Purkinje cell layer and the granule cell layer. The 
CRF-IR beaded fiber plexus is present at the level of the Purkinje cells. Open arrows indicate CRF-containing varicosites of this system in close 
apposition to Purkinje cell somata. Fine varicose fibers (I) are present throughout the granule cell layer. Mossy fiber terminal configurations occur 
as (2) simple enlargements, irregular swellings, or coarsely complicated profiles. x 230. 



548 Cummings et al. * CRF in Cerebsllar Afferent Systems 

Figure 4. Photomicrograph of 2 closely adjacent 50 pm transverse sections of the inferior olivary nucleus of a colchicine-treated cat. A, Section 
incubated with antiserum to rat/human CRF contains PAP-labeled cell bodies in the dorsal accessory olive (DAO); the dorsal lamella (dl), ventral 
lamella (VT), and bend region of the principal olive (PO); medial accessory olive (MAO); and dorsomedial cell column (dmcc). B, Section incubated 
with rat CRF antiserum absorbed with rat CRF shows no CRF-IR cells or fibers. x 36. 

visions of the complex. CRF-IR cell bodies were present 
throughout the rostral-caudal extent of the medial accessory 
olive (MAO), but were most prominent at the caudal pole and 
at the most rostra1 medial tip of that nucleus. A band that was 
essentially devoid of immunoreactivity appeared to divide cau- 
da1 MAO into medial and lateral regions. At midolive, when 
both dorsal and ventral lamellae of the principal olive were 
present, CRF-IR somata were found primarily in the lateral 
two-thirds of MAO. Rostrally, at the level where the dorso- 
medial cell column is well formed, CRF-IR somata were usually 
prominent only in the lateral one-third of MAO. However, in 
one heavily colchicine-treated animal, CRF-IR somata ap- 
peared to be more widespread even rostrally in MAO. Many 
strongly immunoreactive CRF-containing somata were always 
present in nucleus /3 and the dorsomedial cell column. A few 
scattered lightly stained CRF-IR cell bodies were present in the 
dorsal cap and caudal ventrolateral outgrowth. 

The most intensely CRF-IR somata were consistently found 
in the caudal and lateral regions of the dorsal accessory olive 
(DAO). In similarity to the MAO, CRF-containing perikarya 
were present throughout the rostral-caudal extent of DA0 but 
appeared in greater numbers caudally. Rostra1 to midolive, in- 
tensely immunostained cell bodies were consistently present 
laterally in DAO, but usually fewer and only lightly immuno- 
reactive cells were present medially. 

The dorsal and ventral lamellae as well as the bend region of 
the principal olive always contained numerous CRF-IR cell 
bodies. There was little CRF immunoreactivity rostromedially 
in the region of fusion of the dorsal accessory olive with the 
principal olive. 

In summary, all divisions of the inferior olivary complex 
contained CRF-IR somata. The CRF labeling in the medial 
accessory and dorsal accessory olive was most widespread at 
the caudal pole of each of those nuclei and tended to shift lat- 
erally toward the rostra1 poles. The density and staining intensity 
of CRF-labeled cells were consistently high within the lateral 
regions of the principal olive. 

Origin of CRF-IR afferents to the fToccuIus and parajlocculus 
After injection of FB to the right flocculus and parallocculus of 
cats and a 1 week survival interval, retrogradely labeled cell 
bodies were found within the contralateral MAO, dorsal and 
ventral lamellae, and lateral bend region of the principal olive 
and the dorsal cap (Figs. 5, B, D; 6, B, D). Subsequent processing 
of the FB-labeled sections for CRF immunoreactivity revealed 
that the majority of retrogradely labeled neurons in the inferior 
olive also stained positively for CRF (Figs. 5, A, C, 6, A, C). A 
number of retrogradely labeled cells were also present in each 
section of the inferior olive which were not immunoreactive for 
CRF; additionally, CRF-IR somata were visible throughout the 
complex which were not retrogradely labeled with FB. 

FB injections to the flocculus and paraflocculus also labeled 
cells in regions of the brain stem other than the inferior olive. 
These regions included the medial vestibular nucleus, the peri- 
hypoglossal complex, medullary and pontine reticular forma- 
tions, and raphe nuclei. After processing for the PAP procedure, 
CRF-IR somata were also present in these regions. However, 
critical analysis of the FB/CRF-cocontainment within these ex- 
traolivary regions will be presented in a subsequent paper. 

Discussion 

Distribution of CRF immunoreactivity within thejlocculus and 
parafocculus 
We have previously reported the localization of CRF-IR fibers 
within the molecular layer of rat cerebellar cortex using an anti- 
serum to ovine CRF (Cummings et al., 1983) and in cat and 
monkey cerebellum using an antiserum to rat/human CRF 
(Cummings et al., 1985). We have now identified 3 morpho- 
logically discrete systems of CRF-containing fibers within the 
flocculus and paraflocculus of cat and sheep with rat/human and 
ovine CRF antiserum. CRF-IR profiles were present in popu- 
lations resembling climbing fibers and mossy fibers and in a 
plexus of beaded fibers that extended between and surrounded 
Purkinje cell somata. CRF-IR labeling appeared to be specific, 
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in an immunohistochemical sense, in each of these populations, 
as no staining was detected under absorption control conditions. 

Immunohistochemical demonstration of neuropeptides in the 
cerebellum has been reported only infrequently. Enkephalin has 
been demonstrated in climbing fibers in the opossum (King et 
al., 1986a, b), in mossy fibers in mammals (Schulman et al., 
1981; King et al., 1986a), fish, frogs, and pigeon (Schulman et 
al., 198 l), and in Golgi cells in mammals (Sar et al., 1978; 
Schulman et al., 198 1; Williams and Dockray, 1983) and gold- 
fish (Schulman et al., 198 1). Cholecystokinin (CCK) is present 
in mossy fibers and climbing fibers of the opossum (King et al., 
1986c, and personal communication). Motilin immunoreactiv- 
ity has been reported in Purkinje cells in rats and mice (Chan- 
Palay et al., 198 1; Nilaver et al., 1982) and monkeys (Chan- 
Palay et al., 1981). Johansson and colleagues (1984) demon- 
strated somatostatin in Golgi cells, Purkinje cells, and single 
fibers of rat cerebellar cortex, though Inagaki and coworkers 
(Inagaki et al., 1982a) were able to detect somatostatin-im- 
munoreactive neurons fibers in rats only in newborn tissues. 
Korte et al. (1980) demonstrated substance P in mossy fibers 
in turtle cerebellum. Inagaki and colleagues (1982a, b) reported 
that substance P-immunoreactive fibers were discernible in rat 
cerebellum only until 2 weeks postnatally. 

Each of the CRF-IR fiber populations observed in this study 
appeared to be distributed nonhomogeneously within the floc- 
cular and parafloccular cortex. Nonuniform distribution of other 
putative neuromediators within cerebellar tissue has also been 
reported. The peptides enkephalin (Schulman et al., 198 1; King 
et al., 1986a, b), motilin (Chan-Palay et al., 1981; Nilaver et 
al., 1982) and CCK (King et al., 1986c), the monoamine 5-HT 
(Takeuchi et al., 1982; Bishop and Ho, 1985; Bishop et al., 
1985) GABA (Chan-Palay et al., 198 l), and the enzymes AChE 
and cytochrome oxidase (Hess and Voogd, 1986), all appear 
subject to degrees of chemically defined organization within the 
cerebellum. The distribution of CRF within the entire cerebel- 
lum of any species has not yet been mapped, and the represen- 
tation of this peptide within lobules other than the flocculus and 
paraflocculus is at present unknown. However, a recent analysis 
of CRF-IR fiber distribution in the cerebellum of the adult 
opossum has shown that CRF-IR climbing fibers and mossy 
fibers are present in patterned, nonuniform systems in that species 
(Cummings et al., 1987). The existence of nonhomogeneous 
distribution of CRF immunoreactivity in the cerebellum could 
provide one explanation for the differing observations of pre- 
vious studies on the existence of this peptide, with results de- 
pendent on the region of the cerebellum sampled. 

The morphology and uneven distribution of the CRF fiber 
systems visualized in this study bore similarities to the enkeph- 
alin- and CCK-IR systems described by King and coworkers 
(1986a-c) in the opossum. The CRF-, enkephalin-, and CCK- 
IR climbing fiber and mossy fiber populations each include both 
simple enlarged varicosities reminiscent of boutons en passant 
and the more complex configurations suggestive of boutons ter- 
mineux described in Golgi preparations (Ramon y Cajal, 19 11; 
Brodal and Drablos, 1963; Palay and Chan-Palay, 1974), and 
each appears to display nonuniform distributions. Of special 
interest is the resemblance of the CRF, enkephalin (King et al., 
1986a), and CCK (J. S. King, personal communication) beaded 
fiber plexuses surrounding the Purkinje cell somata, for these 
beaded fiber plexuses also bear likeness to norepinephrine- 
(Bloom et al., 197 1) and 5-HT- (Bishop et al., 1985) containing 
fiber plexuses which have been described at the level of the 

Purkinje cell somata. Supra- and infraganglionic plexuses at this 
level of the cerebellar cortex have been described classically as 
longitudinal extensions of Purkinje cell collaterals (Jakob, 1928; 
Larsell and Jansen, 1972). However, neither of the monoamin- 
ergic systems nor the enkephalin or CCK beaded fiber systems 
observed by King and colleagues were described as arising from 
the adjacent Purkinje cell population. In the lobules surveyed 
in the present study, the flocculus and paraflocculus, fibers with- 
in the CRF-IR beaded plexus were not observed arising from 
Purkinje cell axon collaterals. Thus, the origin of the CRF-IR 
ganglionic fiber plexus and its relationship to classical cerebellar 
fiber systems are unknown at this time. 

The similarity of CRF-IR fiber populations to enkephalin- 
containing climbing fibers and to enkephalin- and CCK-con- 
taining mossy fiber distributions raises the possibility for 
coexistence of these peptides within the cerebellum. The com- 
parable location of CRF, norepinephrine, and 5-HT within fi- 
bers of the Purkinje cell-associated beaded fiber complex, also 
suggests the possibility of cocontainment of CRF with mono- 
amines in that system. CRF has been shown to coexist with 
several other peptides (Roth et al., 1983; Kiss et al., 1984; Saw- 
chenko and Swanson, 1985) including enkephalin (Hiikfelt et 
al., 1983) and CCK (Mezey et al., 1986) within the paraven- 
tricular nucleus of the rat hypothalamus. The colocalization of 
other peptides with both 5-HT and norepinephrine has also been 
demonstrated (Hokfelt et al., 1978, 1980; Caffe et al., 1985). In 
addition to the paraventricular nucleus and inferior olive, CRF- 
IR somata have been localized in the locus ceruleus, parabra- 
chial nucleus, nucleus prepositus, nucleus of the solitary tract, 
parvocellular, gigantocellular, and lateral reticular nuclei, and 
several nuclei of the raphe system in the rat (Olschowka et al., 
1982; Cummings et al., 1983; Schipper et al., 1983; Swanson 
et al., 1983; Merchenthaler, 1984) and the opossum (Cummings 
et al., 1987). Each ofthese brain-stem regions is known to project 
to the cerebellum (Olson and Fuxe, 1971; Taber-Pierce et al., 
1977; Somana and Walberg, 1979; Gould, 1980; Sato et al., 
1983a, b; Haines et al., 1984). Populations of enkephalin- (Hiik- 
felt et al., 1977; Williams and Dockray, 1983; King et al., 1986a, 
b), CCK- (Innis et al., 1979; Loren et al., 1979; Vanderhaeghen 
et al., 1980) 5-HT- (Steinbusch, 1981; Bishop and Ho, 1985) 
or norepinephrine- (Dahlstrom and Fuxe, 1964) containing neu- 
rons have also been found within one or more of these CRF- 
containing regions. It is reasonable, therefore, to hypothesize 
dual transmitter-containing mossy fiber or other afferent-type 
projections from such brain-stem locations to the cerebellum. 

Distribution of CRF-IR somata within the inferior olive 
The present study has identified CRF-containing cell bodies 
within all subdivisions of the cat inferior olivary complex, with 
a primary antiserum directed against rat/human CRF. Addi- 
tionally, it has revealed that both the density of labeled cells 
and the intensity of CRF-PAP staining vary within divisions of 
that complex. These results suggest that regions of the inferior 
olive in which the number of CRF-IR cells appears to be greater 
may support denser projections to some cerebellar lobules. The 
appearance of more intense immunostaining of some CRF-IR 
somata within the inferior olive may reflect higher levels of 
synthesis of the peptide within some neuronal populations of 
that nucleus. It therefore could be conjectured that higher con- 
centrations of CRF might be present not only in cerebellar folia 
receiving greater numbers of, in this instance, climbing fibers, 
but also that climbing fibers from subregions of the inferior olive 
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with higher levels of CRF synthesis may contain higher levels 
of this peptide. 

Several explanations may now be suggested for the varied 
findings of previous studies on the existence of CRF in the 
cerebellum. As has been discussed, CRF antisera have been 
shown to identify overlapping, but on occasion, different cell 
and fiber populations (Skofitsch and Jacobowitz, 1985). Thus, 
variation in the specificity of CRF antisera utilized could pro- 
vide one cause for differences in reported observations. 

Additionally, however, CRF-like enkephalin (Ring et al., 
1986) 5-HT (Bishop et al., 1985) and motilin (Chan-Palay et 
al., 1981)-appears to have an uneven distribution within the 
cerebellar cortex. Therefore, depending on the cerebellar region 
sampled in radioimmunoassay studies or in other CRF im- 
munohistochemical studies, other potential causes of disparate 
results could include the nonhomogeneous distribution of CRF- 
containing fibers, quantitative variation in levels of the peptide 
within afferent projection fibers, and variation in the density 
of afferent fiber projections from precerebellar nuclei to different 
regions of the cerebellar cortex. 

Historically, discrepancies between data collected from ra- 
dioimmunoassay and immunocytochemical studies have not 
been uncommon. The existence of heterogeneous forms of pep- 
tides as antigenic determinants in immunohistochemical pro- 
cedures, and the potential that exists for alteration in peptide 
structure by fixation procedures, provide additional reasons for 
variations in findings (see reviews by Van Leeuwen, 1982; Elde, 
1983; Pool et al., 1983). 

Retrograde tracing study 

The results of the retrograde tracing study indicate that popu- 
lations of CRF-IR somata within the inferior olive project to 
the flocculus and paraflocculus as climbing fibers. There were, 
however, CRF-containing perikarya in the inferior olive to which 
there was no retrograde dye transport. Because the inferior oli- 
vary complex projects climbing fibers to all regions of the cer- 
ebellar cortex, the potential exists for a more widespread CRF- 
IR climbing fiber distribution than was observed in this study. 
Furthermore, FB did transport from the flocculus and para- 
flocculus to extra-olivary brain-stem precerebellar cell groups 
wherein CRF perikaryal immunostaining was also present. Al- 
though this study did not analyze possible colocalization of CRF 
and the retrogradely transported dye in these extra-olivary re- 
gions, these results suggest that potential origins for CRF-con- 
taining mossy fiber and ganglionic beaded fiber afferents do 
exist. 

Mapping of the overall distribution of CRF-IR fibers within 
the cerebellum may delineate a pattern of organization for the 
diverse population of CRF profiles revealed in this study. De- 
tailed ultrastructural analysis of the CRF profiles and their re- 
lationships to the other elements of cerebellar cytoarchitecture 
may provide insight into the role of CRF in cerebellar circuitry. 
The demonstration of ovine CRF binding sites throughout the 
cerebellum (Wynn et al., 1984; De Souza et al., 1986) suggests 
a possible role for a CRF-like substance as a neurotransmitter 
or neuromodulator within this region. However, the functional 
significance of CRF within the cerebellum remains to be ex- 
plored. 

Finally, findings of this study suggest regional variation in 
CRF distribution in the cerebellum and support a notion of 
chemical coding in cerebellar architecture. The demonstration 
of discrete compartmentalization of putative neuromediators 
such as CRF within the cerebellum may well provide foundation 

for future studies on the organization of chemically coded cir- 
cuitry within this region of the nervous system. 
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