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Orlando J. Castejon* and Haydee V. Castejon

Instituto De Investigaciones Biologicas, Facultad de Medicina, Universidad del Zulia, Apartado 526. Maracaibo, Venezuela.
PHONE-FAX: 58-261-7929702. E-mail: ocastejo@cantv.net -

Abstract: Introduction. The microstructure of vertebrate cerebellar cortex has been reviewed at the light
of information provided by comparative studies of Golgi light, confocal laser scanning, scanning and
transmission electron microscopy. Material and Methods. The three-dimensional cytoarchitectonic ar-
rangement and intracortical circuits were examined in several vertebrates taking advantage of cellular to-
mography and z-series of optodigital images of confocal laser scanning microscopy of the three-layered
structure of cerebellar cortex, depth of focus and three-dimensional secondary electron images of conven-
tional SEM and high resolution field emission SEM. Results. Confocal microscopy offered new informa-
tion on intracortical circuits formed by mossy and climbing fibers. Scanning electron microscopy by
means of cryvofracture method and freeze-etching replicas for TEM provided new images on hidden outer
and inner surfaces of fractured cerebellar neurons. Conventional and high resolution SEM permitted to ob-
1ain a three-dimensional image of cytoarchitectonic arrangement of cerebellar neurons and of intracortical
circuits established by afferent mossy and climbing fibers and of intrinsic cortical circuits formed by cerebel-
lar neurons. Field emission high resolution SEM offered new vistas of synaptic morphology, resolved the
synaptic membrane complex and imaged the postsynaptic receptors and/or postsynaptic membrane pro-
teins. Conclusion. The application of these integrated microscopy approaches has been extremely important
for new interpretations on cerebellar structural organization and information processing.
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Resumen: Introduccion. Se revisé la microestructura de la corteza cerebelosa de los vertebrados segtin la
informacion provista por estudios comparativos de microscopia de Golgi, confocal de rayos laser, electré-
nica de barrido y trasmision. Materiales y Métodos: El arreglo citoarquitectonico tridimensional y los cir-
cuitos intracorticales fueron examinados en varios vertebrados mediante tomografia celular y series z de
imdgenes optodigitales de microscopia confocal de rayos laser de la capa triple de la corteza cerebelosa y
mediante la profundidad de foco e imdgenes tridimensionales de electrones secundarios de la microscopia
de barrido y convencional y de emision de campo de alta resolucién. Resultados: La microscopia confocal
ofrecio informacion novedosa sobre los circuitos intracorticales formados por las fibras musgosas y trepa-
doras. La microscopia electrénica de barrido y el método de criofractura y la técnica de congelacion-subli-
macion para microscopia electronica de rrasmisién proveen nuevas imédgenes sobre las superficies externas
einternas de neuronas fracturadas. La microscopia electrénica de barrido convencional y de alta resolu-
citn permitié obtener imagenes tridimensionales del arreglo citoarquitectonico de las neuronas cerebelo-
sas v de los circuitos intracorticales establecidos por fibras musgosas y trepadoras y de los circuitos intrin-
secos formados por las neuronas cerebelosas. La microscopia de barrido de alta resolucion del tipo de emi-
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sion de campo ofrecié una nueva vision de la morfologia sindptica, resolvié el complejo membranoso si-

ndptico y caracterizd receptores y/o proteinas postsinapticas. Conclusién: La aplicacion de un enfoque mi-

croscopico integrado es extremadamente importante para nuevas interpretaciones sobre la organizacién

estructural y los procesos de informacion cerebelosos.

Palabras clave: Cerebelo, fibres musgosas, fibras trepadoras, neuronas cerebelosas, microscopia correla-

tiva

INTRODUCTION

The three-dimensional organization of nerve cells has
been mainly approached through the laborious recon-
struction techniques of light and transmission electron
microscopic serial sectioning, isolation of individual
neurons, tissue culture, neurohistological techniques
(particularly the Golgi method), intracellular staining,
computer microscopy assisted methods, scanning elec-
tron microscopy, confocal scanning laser microscopy and
modern optical microscopic techniques.

In the present review we report the three-
dimensional microstructure of cerebellar cortex as re-
vealed by Golgi light microscopy (GLM), confocal laser
scanning microscopy (CLSM), conventional scanning
electron microscopy (CSEM), high resolution scanning
electron microscopy (HRSEM) and transmission elec-
tron microscopy by means of freeze-etching replica tech-
nique (FERTEM).

Cerebellar white matter

In the white matter of the teleostean cerebelli exam-
ined by light microscopy, bundles of myelinated axons,
formed by afferent fibers (climbing and mossy fibers)
and the efferent Purkinje cell axons have been found. In
rat cerebellar folia examined by SEM at very low magni-
fiction, in a plane parallel to their main longitudinal axis,
cerebellar afferent fibers appeared running longitudi-
nally following the main axis of white martter (Fig. 1).
The mossy fibers appear as thick fibers with a character-
istic bifurcation pattern, whereas the climbing fibers are
characterized as thin fibers with a typical crossing-over
branching pattern. In semithin sections examined with
(S) TEM, the afferent fibers appear at the entry of gran-
ule cell layer as a compact bundle of intimately apposed
myelinated axons (Fig. 2), intercalated among granule
cells (1).

Cerebellar Gray Matter

Light microscope and CSEM examinations of verte-
brate cerebellar gray matter reveal a three layered struc-
ture: granular, Purkinje and molecular layers, Fig. 3.
This regular histological organization, apparent simplic-
ity and beautiful geometrical arrangement is extraordi-
narily well suited for comparative three-dimensional
studies with modern optical and electron microscopy
techniques.

Granule cell layer
In this layer the granule cell features, mossy fiber
glomerulus and Golgi cell organization are described.

Granule cells

Earlier LM and TEM studies of cerebellar cortex
(2-7) have described their basic morphological features,
neuronal geometry and synaptic relationships with affer-
ent and intrinsic fibers of cerebellar cortex. By means of
CLSM the cerebellar granular layer (Fig. 4), has been ex-
plored in the x and z planes (8). Transversal and longitu-
dinal optodigital sections were examined due to the cel-
lular tomography of cerebellar cortex. With the FM4-64
fluorescent stain we distinguished small, medium and
large granule cells, ranging from 3 to 10 um in diameter
(9). Montages of z-series of optodigital sections examined
in a high performance computer equipped with Meta-
Morph Imaging System allowed us to estimate a granule
cell/Golgi cell ratio of 50/4. Ultrathin sections and
freeze-etching replicas of mouse cerebellar granule cell
clusters permitted to observe their compact arrange-
ment.

Conventional SEM and field emission SEM showed
in addition the nuclear and cytoplasmic compartments of
granule cells (9). The nucleus exhibits a high mass den-
sity peripheral heterochromatin and a less dense euchro-
matin substance. The ER appears as an interconnected
trabecular system extended between the nuclear enve-
lope and the plasma membrane (Fig. 5). Conventional
SEM by means of slicing technique displayed the trian-
gular axon hillock region of the ascending granule cell
axons (10). These axons were traced throughout the
granular (Fig. 6), Purkinje cell and molecular layers. The
granule cell dendritic processes are also observed spread-
ing in all directions in the granular layer and making
synaptic connections with afferent mossy and climbing
fibers and Golgi cell axonal ramifications. The dendrites
could be traced following a twisted or convoluted trajec-
tory up to 10 um in length, to reach neighboring mossy
and climbing fibers. The granule cell dendrites are also
seen establishing synaptic contacts with afferent climb-
ing fibers (Fig. 7). Climbing fibers are observed thinner
than mossy fibers and do not form axonal expansions.
They bifurcate in a cross-over manner in numerous fine,
tendril collaterals that spread in all directions in the
granular layer (Fig. 8). Some granule cell dendrites bifur-
cate also at the end of their course making synaptic con-



tacts with different climbing fiber collaterals. In addi-
tion, some short granule cell dendrites are observed es-
tablishing one to one synaptic contacts with the short
beaded axonal ramifications of Golgi cells

Unipolar brush cells

These cells described by Mugnaini et al. (11, 12), to
the best of our knowledge have not been studied until
now with three-dimensional microscopic methods.

Golgi Cells

The larger stellate cells of the cerebellar granular
layer or Golgi cells have been extensively studied at LM
by Golgi, Retzius, Van Gehuchten, Kolliker and Ramoén
y Cajal (13). Further LM, TEM and SEM studies have
been carried out among others by Fox (3) and Fox et al.
(4), Eccles et al. (5), Mugnaini (6), Palay and Chan-Palay
(7), Castejon and Castejon (14), Alvarez Otero and Ana-
don (15). In semithin sections examined by (S)TEM, the
Golgi cell appears as a macroneuron intercalated among
granule cell groups (Fig. 9). The GLM, CLSM and
CSEM showed that the Golgi cell exhibits ascending
dendrites directed toward the molecular layer and hori-
zontal dendrites, and an axonal arborization dispersed in
the granular layer, supporting former classical descrip-
tions of these cells. At higher magnification, the axonal
plexus of Golgi cells shows a typical beaded shape.

The SEM image of the large Golgi cells was compara-
tively similar to that obtained with the GLM. The cry-
ofracture process with liquid nitrogen (slow freezing) ex-
posed not only the outer surface of its cell body but in ad-
dition its dendritic and axonal ramifications (Fig. 10).
The freeze-fracture method for SEM, using Freon 22
cooled by liquid nitrogen (fast freezing) revealed the frac-
tured Golgi and granule cells. The outer surface and
stereospatial arrangement of the Golgi cell RER, cellular
organelles such as Golgi complex, and the nuclear chro-
matin were seen. In teleost fish cerebelli processed ac-
cording to the freeze-fracture method for SEM, the Golgi
axonal endings were observed making one to one axoden-
dritic contacts with granule cell dendritic claws. Exami-
nation of z-series of confocal laser scanning microscopy
permitted to observe numerous afferent fibers surround-
ing the Golgi cell soma, suggesting the high degree of in-
formation processing by Golgi cells (Fig. 11).

Mossy fiber glomeruli

The examination of the granular layer in the x and z
axis with the CLSM and the study of optodigital sections
using montages of z-series obtained by computer ma-
nipulation of MetaMorph Imaging System, allowed us (8,
16) to establish that about 55 to 60 granule cells and 5 to 6
Golgi cells appear surrounding each mossy glomerular
region. In z-series taken at higher magnification, up to
three axonal branches belonging to both, mossy and
climbing fibers, were also observed in the close neighbor-
hood of granule and Golgi cell soma. The cellular tomo-
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graphy at the periphery of Golgi cell soma revealed that
these collateral fibers form a pericellular network. Close
examination by (S)TEM, using semithin sections,
showed large rosette formations of mossy fibers indented
among several granule cell groups (Fig. 12). Scanning
electron microscopy by means of slicing technique
showed also the “en passant” synaptic contacts of mossy
fibers with successive granule cell groups (Fig. 13). With
the freeze-fracture method for SEM (15) an “en face
view” of the internal structure of mossy glomeruli was
obtained (Fig. 14). The mossy fiber rosette appears in the
center surrounded by up to 18 granule cells. The granule
cell dendrites were traced in a radial orientation converg-
ing upon the outer surface of the mossy fiber rosette. This
SEM image offers the real image of quantitative diver-
gence of information of nerve impulse from one mossy fi-
ber to numerous granule cells.

Lugaro cells

In 1959, Fox (17) described Lugaro cells as a spindle
shape cell transversely oriented in the granular layer and
located immediately beneath the Purkinje cell layer. He
described their horizontally directed dendrites in con-
nection with the basket cell descending axonal collaterals
forming the pinceaux around the axon hillock region of
Purkinje cell. Fox also described descending dendrites in
synaptic relationship with mossy fiber rosettes at the
level of mossy glomerulus and with the Golgi cell axonal
ramifications. According to this author, the axonal col-
laterals of Lugaro cells contact the basket cell bodies in
the lower molecular layer. According to Palay and Chan-
Palay (7) there are two types of horizontal fusiform cells
possessing different axonal pattern and distribution. One
of these types gives rise to an axon directed downwards to
the granular layer and reaching the white matter as de-
scribed by Ramon y Cajal (2). On the other side, Laine
and Axelrad (18) described Lugaro cells with axons pro-
jected to the molecular and granular layers. Melik-
Musian and Fanarjan (19) described also two Lugaro cell
types with fusiform and triangular cell bodies. According
to these authors, Lugaro cells exhibit projection areas
ranging from molecular layer to the white substance.
More recently, Laine and Axelrad (20), using electronmi-
croscopic gold-toning procedure and post-embedding
anti-GABA immunocytochemistry, demonstrated that
Lugaro cell axon forms multiple symmetrical synaptic
connections with basket and stellate cell soma and proxi-
mal dendrites.

Purkinje cells

Fox (3), Fox et al. (4), and Eccles et al. (5) carried out
GLM and TEM studies of vertebrate Purkinje cells. The
most detailed description of Purkinje cells by LM, TEM
and Golgi rapid impregnation by high voltage EM has
been given by Palay and Chan-Palay (7). The recurrent
collaterals of Purkinje cell axons were described by
Chan-Palay (21) by GLM and TEM. As classically de-
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scribed, Golgi light microscopy (Fig. 15), shows a pear
shaped cell soma provided with a primary dendritic
trunk with secondary and tertiary dendrites in the mo-
lecular layer, which have been also clearly visualized by
means of CLSM, using FM4-64 (Fig. 16).

In z-series of CLLSM of hamster cerebellum, the
climbing fibers have been observed (Fig. 17), approach-
ing to the Purkinje cell soma (8). Castejon and Caraballo
(22) by means of slicing rechniques, Castején and Valero
(23) using ethanol cryofracturing technique, Scheibel et
al. (24) by means of the creative tearing technigue, Hojo
(25) by means of t-butyl alcohol freeze-drying device and
Arnettand Low (26) by using ultrasonic microdissection
exposed at SEM level the outer surface of Purkinje cells
(Fig. 18), and dendritic branchlets, the surrounding bas-
ket cell soma, axonal collaterals and segments of climb-
ing fibers. Takahashi-Iwanaga (27) showed the reticular
endings of Purkinje cell axons in the rat cerebellar nuclei
by means of NaOH maceration. As classically described,
the Purkinje cell surface appears partially ensheathed by
the satellite Bergmann glial cells. During the SEM
preparative procedures, the Bergmman glial cells are se-
lectively removed allowing the visualization of Purkinje
cell outer surface. The Purkinje cell soma exhibited a
typical pyriform, flask or round shape. It was possible to
obrain a view of the lower pole of Purkinje cell, the axon
hillock region of Purkinje cell axon and its infragangli-
onic plexus. Freeze-etching replica technique for TEM
shows the three-dimensional organization of nuclear and
cytoplasmic compartments (Fig. 19).

The smooth ER of Purkinje cell was analyzed by
Martonne et al. (28) in serial sections for TEM and
semithin and thick sections for intermediate high voli-
age EM; it was seen forming a highly interconnected net-
work of tubules and cisterns extended throughout the
dendritic shaft and into the spines Terasaki et al. by
means of confocal microscopy, using Dil as a fluorescent
stain reported also a continuous compartment of ER
from the cell body throughout the dendrites (29). Ka-
naseki er al. (30), using quick-freezing technique fol-
lowed by freeze-substitution for ultrathin sectioning or
freeze-fracturing and deep-etching replicas, showed that
all smooth ER are rough-surfaces heavily studded with a
large number of small dense projections. The localiza-
tion of these projections coincides with the distribution
of the inositol 1,4,5-triphosphate (IP3) receptor deter-
mined by quantitative immunogold electron micros-
copy. Castejon (1), using the freeze-fracture method for
SEM applied to teleost fishes, showed at the longitudinal
and cross sections of Purkinje secondary dendritic rami-
fications, the ER profiles and cytoskeletal elements form-
ing a microtrabecular arrangement, in which cell organ-
elles appear suspended (Fig. 20).

Molecular layer
Climbing fiber terminal collaterals were observed
ending at the molecular layer (Fig. 21), in a typical cross-

over or arborescence pattern type of bifurcation, charac-
teristically spreading in three different planes (31,32). In
freeze-etching replicas for TEM they finished by means
of bulbous endings applied directly upon the surface of
Purkinje dendritic spines (Fig 22). An extensive contact
of climbing fibers with Purkinje cells has been demon-
strated by Alvarez-Otero et al. (33) in elasmobranch cere-
bellum using Cajal reduced silver technique, Golgi
method and electron microscopy. Field emission
HRSEM shows the three-dimensional shape of Purkinje
spines (Fig. 23), in fractured regions where the presynap-
tic fibers have been removed by the cryofracture method.
The spine body and neck were clearly distinguished.

The parallel fibers or granule cells axons have been
also traced in the human cerebellar molecular layer proc-
essed by freeze-etching replica for TEM, CSEM and
ethanol-cryofracturing technigque for SEM. The parallel
fiber exhibits non-synaptic segments and synaptic vari-
cosities. In freeze-etching replicas they appear in cross-
secuons as a compact bundle of unmyelinated axons
(Fig. 24), running perpendicular to the Purkinje cell den-
dritic ramifications (Fig. 25). They showed “en passant”
axo-dendritic synapses with many successive Purkinje
dendrites (1, 34-36) supporting former LM and TEM de-
scriptions (7). The non-synaptic segments of parallel fi-
bers appear as fine, high mass density threads (Fig. 26),
applied tangentially to the outer surface of Purkinje den-
drites. The synaptic segments or synaptic varicosities of
parallel fibers have been observed by means of high volt-
age EM, and TEM freeze-etching replicas and SEM (7,
34, 33), intimately applied to the bulbous soma of Purk-
inje dendritic spines making “en passant” axospinoden-
dritic contacts. Freeze-etching replicas of parallel fiber-
Purkinje spine synapses (Fig. 27), show the aggregated
intramembrane particles at the postsynaptic membranes,
corresponding to the localization of postsynaptic recep-
tors and/or postsynaptic proteins.

Field emission high resolution SEM (FEHRSEM)
helped us also to elucidate parallel fiber-Purkinje spine
synaptic relationship (35, 37). The use of a delicate speci-
men preparation procedure, the cryofracture method in
Freon 22 cooled by liquid nitrogen, the use of chromium
coating and the “in lens” system of field emission elec-
tron microscope permitted to obtain SE-I images. Frac-
tured synaptic varicosities of parallel fibers showed the
spheroidal synaptic vesicles and the limiting plasma
membrane (Fig. 28). Fractured Purkinje spines showed
the profiles of endoplasmic reticulum. Parallel fiber-
Purkinje spine synaptic relationship was studied by
means of FEHRSEM in Rhesus monkey cerebellar cor-
tex, in a attempt to resolve its structure and three-
dimensional organization. The parallel fiber pre-
synaptic ending exhibited the topographic contrast of
clustered spheroidal synaptic vesicles, abour 50 nm in di-
ameter, which appear surrounded by an homogeneous
extravesicular material. The synaptic membrane com-
plex (Fig. 29), showed the SE-I profile of the pre- and



postsynaptic membranes and the interposed synaptic
cleft. The postsynaptic membrane and the associated
postsynaptic density show a discontinuous surface
formed by round subunits, 25-35 nm in diameter. By
their localization, they can be correlated with postsynap-
tic intramembrane particles, postsynaptic proteins or
neurotransmitter receptor units.

Basket cells

Cerebellar basket cells have been extensively de-
scribed by GLM and TEM (2, 3, 4, 7, 38). They have a
round, triangular or oval shape and are localized in the
lower third of molecular layer or between the Purkinje
cells. As clearly demonstrated by GLM, the axon of bas-
ket cell emerges directly either from the cell body or from
one of the major dendrites. It follows an horizontal
course in the parasagittal plane running through several
Purkinje cells. The axon gives off three types of collater-
als: a) descending collaterals that approximate in cascade
over the primary dendritic trunk and cell bodies of sev-
eral Purkinje cells (Fig. 30), b) ascending collaterals to-
ward the molecular layer and c) transverse collaterals
that remain in the plane of cell body and give off in turn,
descending collaterals contributing to the Purkinje peri-
cellular nest and pinceaux, and ascending collaterals also
directed to the molecular layer. The capability for cellu-
lar tomography offered by CLSM allowed us to image
basket cell soma (Fig. 31), and processes and to study the
topographic relationship with Purkinje cells (38). The
exploration of the cerebellar cortex in the x and z planes
permitted to trace basket cell dendritic processes in the
molecular layer, and basket axonal collaterals in the
Purkinje cell layer. The basket cell dendrites were ob-
served arising from the upper side of cell body and ex-
panding in vertical direction toward the molecular layer,
forming a fan-shaped field in the parasagittal plane. The
ethanol-cryofracturing technique for SEM (Fig. 32) ex-
posed the basket cell axonal collaterals applied to the
Purkinje cell outer surface soma. The axonal descending
collaterals of basket cells were observed at the level of the
Purkinje cell axonal initial segment contributing to the
formation of the pinceaux. Close examination of the
Purkinje pericellular nest showed the basket cell endings
applied to the Purkinje cell plasma membrane and con-
taining flattened and ellipsoidal synaptic vesicles and
neurofilaments (7, 38). Axosomatic synapses formed by
parallel and climbing fibers were also observed upon the
basket cell soma.

Stellate neurons

The short history and most complete description of
these neurons has been given by Palay and Chan-Palay
(7) by means of camera lucid drawings of Golgi prepara-
tions and TEM. At SEM level, superficial short-axon
stellate neurons with round, elliptical or fusiform somata
are observed mainly localized in the outer third molecu-
lar layer (39). Three to five beaded dendrites radiate from
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the cell body toward the neighbouring Purkinje den-
drites or other stellate cells. The axon is originated by
means of a typical triangular shaped axon hillock and, af-
ter a short initial segment, it bifurcates into tenuous vari-
cose collaterals. Short, ramified and beaded dendrites
emerge from the cell somata, directed toward the passing
bundles of parallel fibers. With the freeze-etching replica
technique the cytological organization of stellate neu-
rons can be appreciated in detail (Fig. 33). With the
freeze-fracture technique for SEM, the stellate neurons
were fractured through the equatorial plane, showing at
low magnification, a condensed pattern of nuclear het-
erochromatin and a thin rim of perinuclear cytoplasm.
Fractured stellate neurons showed the three-
dimensional image of the GERL complex, formed by the
Golgi cisternae and their sacs, endoplasmic reticulum ca-
naliculi and lysosomes. This image could be also corre-
lated with the thin section appearance of these organelles
located in the nuclear poles of stellate neurons. Paula
Barbosa et al. (40), by means of a combined GLM and
TEM study, showed the axonal descending branches of
stellate cell forming the pericellular basket and pinceau.

Serotoninergic and catecholaminergic cerebellar

afferents

In addition to the afferent mossy and climbing fi-
bers, there are also a catecholaminergic and a sero-
toninergic innervation in the cerebellar cortex (41, 42).
These afferent fibers have not been three-dimensionally
characterized thus far.

Neuroglial cells. Bergmann glial cells

Bergmann glial cells or Golgi epithelial cells are re-
gional types of cerebellar astrocytes firstly described by
Golgi and subsequently studied at LM level by Ramén y
Cajal, Terrazas and Fafianas, and Ramén y Cajal (2). An
almost complete account of TEM features and stereo-
grams of Golgi preparations taken with high voltage elec-
tron microscope has been given by Palay and Chan-Palay
(7). At the LM, the Bergmann glial cells appear as round,
elongated or triangular cell shaped bodies applied to the
Purkinje cell soma. They exhibit a clear cytoplasm and a
vesicular nucleus. The cytoplasm ensheats the Purkinje
cell body surface and the axon hillock region. Their as-
cending processes (Bergmann fibers) are observed sur-
rounding the Purkinje primary dendrites and accompa-
nying the secondary and tertiary dendrites in the mo-
lecular layer. With SEM, using the freeze-fracture prepa-
rative procedure (43), the outer surface of Bergmann glial
cell soma could be visualized and exposed for the first
time in teleost fish cerebellar cortex and characterized by
their satellite position to the Purkinje cell (Fig. 34).

The freeze-etching replicas of mouse cerebellar cor-
tex offered a three-dimensional aspect of fractured
Bergmann glial cell soma and a more accurate view of
topographical relationship of Bergmann glial lamel-
lated processes with Purkinje dendrites, parallel fibers
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Figure 2. Scanning-transmission electron micrograph of a
semithin section of mouse cerebellar granular laver showing the
cross sections of myelinated afferent fibers (arrows) and the gran-
ule cells ige).

3

Figure 1. Conventional scanning electron micrograph of rat
cercbellar cortex showing the afferent thick mossy fibers (ar-
rows) and the thin climbing fiber (arrowheads; entering from
the white matter (wm) to the granule cell layer (gl).

Figure 3. Conventional scanning ¢lectron
micrograph of teleost fish cerebellar cortex
showing its three-layered structure: granular
{GL), Purkinje (PL} and molecular (ML)
layers. The mossy fibers (mi) remain in the
granule laver. The climbing fibers (cf) ascend
to the Purkinje cell and molecular layers.

Figure 4. Confocal laser scanning optodigital im-
age of hamster cerebellar granular layer showing
the mossy fiber trajectory (arrows) and the rosetie
formation (arrowheads) among the granule cells
(GC). With permission of Scanning.




Figure 7. Scanning electron micrograph of teleost fish granular
layer showing a climbing fiber bundles (cf) establishing synap-
tic relationship with granule cell (ge) dendrites (arrowheads).
With permission of Scanning Microscopy.
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Figure 5. Scanning
electron micrograph of a
teleost fish fractured
granule cell showing the
nuclear heterochromatin
(nh) and the endoplasmic
reticulum canaliculi (er),
extended between the
nucleus and the plasma
membrane. The cytosol
has been washed out
during the freeze-fracture
SEM preparative method
leaving empty dark spaces
(asterisks), facilitating the
visualization of inner cell

Figure 6. Teleost fish cerebellar granular layer
showing the granule cell outer surface (gc), the
granule cell axon hillock region (arrow) and a
segment of the ascending granule cell axon
(arrowheads).

granular layer showing the parent climbing fiber (CF) and their
collaterals (arrowheads) in the granular layer (GL). Ethanol
-cryofracturing technique. With permission of Scanning Mi-
Croscopy.
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Figure 10. Scanning electron micrograph of
human cerebellar granular layer displaying a
Golgi cell (GO), surrounded by granule cell
(GC) groups. The arrows indicate the ascending
and horizontal dendrites. The axonal plexus has
been labeled with arrowheads.
Ethanol-cryofracturing technique.

Figure 11 a-h.
Confocal laser
scanning
microscopy of a
z-series of hamster
cerebellar granular
layer showing the
Golgi cell (go) and
numerous afferent
myelinated axons
(arrowheads),
corresponding to
mossy and climbing
fibers. These
optodigital images
show a high degree
of information
processing around
Golgi cell.

Figure 9. Scanning transmission
electron micrograph of a semithin
section of mouse granular layer
showing the Golgi cell (GO) and the
surrounding granule cells (GC). The
asterisk labels the mossy glomerular
region. A myelinated axon
(arrowheads), presumably a climbing
fiber, is also seen.
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Figure 13. Scanning electron micrograph of teleost fish granu-
Figure 12. Scanning-transmission electron micrograph of a  lar layer showing a mossy fiber (arrows) entering into two suc-
semithin section of mouse cerebellar cortex showing a large  cessive granule cell groups (GC) and establishing “en pasant”
mossy fiber rosette (mr) intercalated among granule cell groups  synaptic contacts with granule cell dendrites. The fine beaded
(GC). axonal ramificarion of Golgi cell (arrowheads) is also observed
participating in the mossy glomerular region. With permission
of Scanning Microscopy.

Figure 14. Scanning electron micrograph of teleost
fish cerebellar fractured glomerular region showing
the longitudinal course of the central mossy fiber
(arrows), surrounded by the granule cell (GC)
dendrites. The fine beaded axonal ramifications of
Golgi cell are also seen (arrowheads).
Freeze-fracture SEM method.

Figure 15. Golgi light photomicrograph of mouse
Purkinje cell (PC) showing a pear shaped body, the
primary trunk (arrow) and secondary dendritic
branches (arrowheads). A descending basket cell (BC)
axonal collateral (short arrows) are seen approaching
to the Purkinje cell soma.
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Figure 16. Confocal laser scanning optodigital image of two
Purkinje cells (PC). A partial image of supraganglionic (SP)
and infraganglionic (IP) plexuses is observed. The short arrows
indicate the primary dendritic trunk.

Figure 17 a-i. Confocal laser scanning microscopy of a z-series
of hamster cerebellar cortex showing the climbing fiber collat-
eral arborisation at the granular layer. Some collaterals (arrow-
heads) remain at the granular layer and others (arrow) ascend
to the Purkinje cell soma (pc). Atc, a climbing fiber ascends di-
rectly to the molecular layer (double arrowhead). A Golg: cell
(go) is also seen. With permission of Biocell,

Figure 18. Scanning electron micrographs of teleost fish
cerebellar Purkinje cell laver. The outer surface and typical
pear shape of Purkinje cell (PC) can be observed. The
enveloping Bergmann glial cell has been removed by the
SEM preparative procedure. A basket cell (BC) is observed
sending their processes (arrowheads) toward the Purkinje cell
soma. The site of emergency of primary dendritic trunk (pt)
and the axon hillock region (ax) are also seen. A climbing
fiber (arrows) is observed ascending to the molecular layer.
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Figure 20. Scanning electron micrograph of a fractured Purk-
inje cell dendrite (Pd) exhibiting the trabecular arrangement of
endoplasmic reticulum (ER). The cross sections of non-
synaptic segments of parallel fiber bundles (Pf) are seen. The
parallel fiber synaptic varicosities (arrowheads) contain sphe-
roidal synaptic vesicles. Freeze-fracture SEM method.

9y - oy,
Figure 19. Freeze-etching replica of a mouse Purkinje cell cyto-
plasm (PC) showing the three-dimensional relief of endoplas-
mic reticulum (ER) profiles, mitochondria (M) and the frac-
tured nuclear envelope (NE) showing the nuclear pores (arrow-

heads).

Figure 21. Scanning electron micrograph of human of
cerebellar cortex showing the parent climbing (CF) fiber and
their collaterals (arrows) in the molecular layer insinuating
between Purkinje dendritic arborisation (Pd).
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Figure 23. Field emission high resolution SEM of mouse cere-
bellar molecular layer showing the Purkinje dendritic spines.
The presynaptic ending has been removed by the cryofractured
method. Note the neck (arrow) and the body (arrowheads) of
Purkinje spines.

Figure 22. Freeze-etching replica of mouse cerebellar cortex
showing a large climbing fiber ending (CF) containing spheroi-
dal synaptic vesicles (sv) and establishing synaptic contact (ar-
rows) with the body of a Purkinje dendritic spine (Ps). The ar-
rowheads indicate the spine neck.

Figure 24. Freeze-etching replica of mouse cerebellar
molecular layer showing the cross sections of parallel fiber
bundles (PF) surrounding a Purkinje dendritic branch (Pd).
A longitudinally fractured parallel fiber exhibits the
nonsynaptic segment (arrowheads) and the “en pasant”
synaptic ending (SE). The Bergmann glial cell cytoplasm
(Bg) is also seen insulating nerve processes.




Figure 25. Freeze-erching replica of mouse cerebellar molecu-
lar layer showing the E face (Ef) of Purkinje cell dendritic
spines (arrows). The longitudinal course of parallel fibers (ar-
rowheads) is also seen. The Bergmann glial cell cytoplasm (BG)
appears enveloping both structures.

gw
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Figure 26. Scanning electron micrograph of a mouse cerebellar
molecular layer showing the outer surface of parallel fibers
(PF). A stellate neuron (SN) is also seen.

Figure 28. Field
emission high
resolution scanning
electron
micrograph of
Rhesus monkey
molecular layer
showing a fracture
parallel fiber
varicosity (PF)
containing
spheroidal synapuc
vesicles (sv). The
arrowheads indicate
the SE-I profile of
the parallel fiber
limiting plasma
membrane. The
svnaptic active site
is not resolved. The
fractured
post-synaptic
Purkinje dendrituc
spine (PS) shows
the postsynaptic
proteins (pp).

Figure 27. Freeze-erching replica of a mouse parallel
fiber-Purkinje spine synaptic contact. The parallel fiber
ending (PF) contains spheroidal synaptic vesicles (sv). The
arrowheads indicate the presynaptic membrane. The E-face
postsynaptic membrane of Purkinje spine (Pd) shows
aggregated intramembrane particles (arrows), corresponding
to postsynaptic receptors and/or postsynaptic proteins. Note
the enveloping Bergmann glial cytoplasm (Bg).
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Figure 29. Field emission high resolution scanning electron
micrograph showing the parallel fiber-Purkinje spine synaptic
membrane contact. The presynaptic dense projection (aster-
isks) and a synaptic vesicle (sv) are observed in the presynaptic
parallel fiber ending. The presynaptic membrane (arrowheads)
appears separated from the postsynaptic membrane by the syn-
aptic cleft (thick arrows). The thin arrows label the postsynap-
tic membrane globular subunit corresponding to the post-
synaptic receptors and/or postsynaplic proteins.

basket cell (BC) showing its descending axonal ramifications
(arrowheads) toward the Purkinje cells (PC) an ascending bas-
ket cell dendrites is also seen (arrow).

Figure 31 a-h. Z-series of
confocal laser scanning
microscopy of a basket cell
(BC) in close proximity to
the upper pole of Purkinje
cell (PC) and exhibiting
ascending dendrites
(arrowheads) and a
descending axonal
ramification (arrow)
toward the Purkinje cell
soma. An ascending
climbing fiber (CF) is also
seen.
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Figure 32. Scanning electron micrograph of human
cerebellar basket cell (BC) axonal ramification (arrows)
applied (arrowheads) to the Purkinje cell soma (PC) and
contributing to the pericellular nest.
Ethanol-cryofracturing technique.

Figure 33. Freeze-etching replica of mouse cerebellar
molecular layer showing a fractured stellate neuron (SN).
The fracture nuclear envelope exhibits at the P-face of
inner nuclear membrane the distribution of
intramembrane particles and nuclear pores (arrowheads).
The endoplasmic reticulum (ER) and the mitochondria
(M) are also seen. The neighbouring molecular layer shows
the cross sections of some parallel fibers (PF). A
longitudinally fractured dendritic profile (D) is also seen.

showing the P-face of Bergmann glial cell plasma membrane
showing the overall distribution of intramembrane particles.
Note the presence of orthogonal arrays of intramembrane parti-
cles (arrowheads).

Figure 34, Scanning electron micrograph of the teleost fish
Bergmann glial cell outer surface (Bg) surrounding the soma of
a Purkinje cell (PC). The Bergmann fiber (arrow) approaches to
the Purkinje primary dendritic trunk (pt). A partial view of the
Purkinje pericellular nest (arrowheads) is seen.
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and climbing fibers in the molecular layer. In freeze-
etching replicas, the smooth surface cytoplasm of Berg-
mann glial cells can be easily traced in the complex neu-
ropil of molecular layer penetrating among the neural
structures, which appear as embedded in the Bergmann
glial cell cytoplasm. At higher magnification, the smooth
surface Bergmann glial cell cytoplasm can be seen sur-
rounding longitudinally exposed isolated parallel fibers
or cross-fractured parallel fiber bundles. The Bergmann
glial cell encapsulates not only nonsynaptic segments of
parallel fibers but also the parallel fiber synaptic varicosi-
ties. A novel contribution of freeze-etching replicas for
TEM was the visualization of orthogonal arrays of in-
tramembrane particles and elongated rod particles in the
P and E faces of Bergmann glial plasma membrane
(Fig. 35).
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