The Journal of Neuroscience, June 1989, 9(6): 2141-2150

Physiological and Anatomical Studies of the Interactions Between
Purkinje Cells and Basket Cells in the Cat’s Cerebellar Cortex:

Evidence for a Unitary Relationship

Daniel L. O’Donoghue,® James S. King, and Georgia A. Bishop
Department of Anatomy and Neuroscience Program, The Ohio State University, Columbus, Ohio 43210

Intracellular recordings have been obtained from neurons in
lobule V of the cat’s vermis, which were identified as basket
cells following intracellular injections of HRP. Stimulation of
the inferior cerebellar peduncle or peripheral nerves elicited
an initial depolarizing and subsequent hyperpolarizing re-
sponse. Neither potential could be graded with changes in
stimulus intensity; both displayed all-or-none properties at
threshold levels of stimulation. The depolarization and hy-
perpolarization were confirmed as an excitatory postsyn-
aptic potential and an inhibitory postsynaptic potential (IPSP),
respectively, on the basis of their response to intracellular
injections of hyperpolarizing and depolarizing currents into
the cell body.

A possible source of the unitary IPSP is the Purkinje cell,
via its recurrent axonal collaterals. To test this hypothesis,
an electron microscopic analysis was carried out to define
the synaptic relationships between the recurrent collaterals
of an HRP-filled Purkinje cell and 3 basket cells. Serial sec-
tion analysis reveals that collaterals from a single Purkinje
cell contact several basket cells, but each basket cell re-
ceived somatic input from only one Purkinje cell. These data
provide an anatomical substrate for the unitary IPSP ob-
served during intracellular recording from basket cells. The
unitary nature of the Purkinje cell-basket cell interaction
indicates that a very limited population of cortical neurons
may be involved in local circuits that integrate afferent in-
formation in the cerebellar cortex.

The contribution of the recurrent collaterals of Purkinje cells to
local circuitry in the cerebellar cortex of the cat has been the
subject of a number of recent reports (Bishop et al., 1980; Bish-
op, 1982, 1988; King and Bishop, 1982; Bishop and O’Dono-
ghue, 1986). During the course of these experiments, neurons
were impaled that had response properties distinct from the
climbing fiber responses evoked in Purkinje cells following stim-
ulation of the inferior cerebellar peduncle. Intracellular injec-
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tions of these units with HRP revealed that the responses were
obtained from basket cells.

Basket cells are interneurons that are located in the lower
molecular layer of the cerebellar cortex (Fox et al., 1967; Mug-
naini, 1972; Palay and Chan-Palay, 1974). Their somata are
interspersed between and within the dendritic trees of Purkinje
cells (Fox et al., 1967; Palay and Chan-Palay, 1974), their den-
drites extend toward the pial surface, and their axons are pri-
marily oriented in the sagittal plane. Descending collaterals of
these axons form a unique pericellular basket around the somata
and axon hillocks of Purkinje cells, defined as the pinceau by
Ramén y Cajal (1911).

Physiological studies on basket cell output (Eccles et al., 1967,
Bloedel and Roberts, 1969, 1971; Llinas and Precht, 1969; Bloe-
del et al., 1972) have shown that they inhibit Purkinje cells. On
the basis of field potential and extracellular unit analysis, basket
cells are thought to be inhibited by the axon collaterals of Pur-
kinje cells and excited by both parallel fibers and collaterals of
climbing fibers (Eccles et al., 1967; Bloedel and Roberts, 1969,
1971; Llinas and Precht, 1969; Bloedel et al., 1972). However,
the characteristics of these responses have not been previously
analyzed with intracellular recording techniques.

In the present study, intracellular recording and staining tech-
niques were used to analyze the physiological characteristics of
identified basket cells. The data indicate that these interneurons
respond with an initial low-amplitude depolarization followed
by a powerful hyperpolarization after stimulation of the inferior
cerebellar peduncle; both responses appear to be unitary in na-
ture. The anatomical substrate for the unitary inhibitory input
was identified as Purkinje cells, which were shown to have a
one-to-one synaptic relationship with basket cells.

Materials and Methods

Adult cats were anesthetized with a combination of sodium thialymyl
(Surital; 35 mg/kg, i.p.) and alpha-chloralose (70 mg/kg, i.p.). Supple-
mentary doses of chloralose were given as needed during the experiment.
Bipolar stimulating electrodes were placed within the ipsilateral inferior
cerebellar peduncle and bilaterally on the sciatic, ulnar, and radial nerves.
The recording, injection, and stimulating paradigms are identical to
those described in previous studies (Bishop and O’Donoghue, 1986;
Bishop, 1988).

Tissue processing

The animals were perfused through the heart with saline followed by
2% glutaraldehyde-2% paraformaldehyde in phosphate buffer (pH 7.4).
The cerebellum was exposed and blocked in the sagittal plane in situ.
The tissue was postfixed for 4-6 hr and then transferred to phosphate
buffer containing 15% sucrose (12-16 hr). The tissue was then sagittally
sectioned on a vibratome (for electron microscopy) or a freezing mi-
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crotome at 60 um and processed for HRP histochemistry using 3,3'-
diaminobenzidine tetrahydrochloride (DAB) as the chromogen. The
tissue that was to be used for electron microscopic analysis, was pro-
cessed as described previously (Bishop and King, 1982; King and Bish-
op, 1982). Frozen sections of the cerebellum were mounted on clean
glass slides, dehydrated through a graded series of alcohol, cleared in
xylene, and placed under coverslips.

Data analysis

Physiological properties. During the experiment, each electrode pene-
tration was made relative to a stereotaxically defined reference point
and noted in the protocol. After the tissue was processed, the position
of each intracellularly filled basket or Purkinje cell was noted. The
location of filled cells was correlated with the position of a particular
probe. Thus, the observed physiological responses were assigned to the
cell from which they were recorded. The physiological data presented
in this paper were derived from 28 units located in vermal lobule V.
All 28 units had similar responses to stimulation of the inferior cere-
bellar peduncle. Of these 28 units, 7 were injected with HRP and their
identity confirmed as basket cells (Fig. 1, 4, B). The remaining units
had identical physiological responses and were also assumed to be basket
cells.

Electron microscopic analysis. This portion of the study was designed
to examine the synaptic relationships between terminals derived from
an identified Purkinje cell and the somata of basket cells within the area
encompassed by the Purkinje cell’s collateral plexus. Electron micro-
scopic observations were made from 300 serial thin sections through
the labeled axonal collateral of a Purkinje cell located in the lateral
vermis of lobule V. Initially, the collateral plexus of this cell was re-
constructed from 60 um serial sections at the light microscopic level.
Embedded sections containing the collateral plexus were then glued to
beem capsules and sectioned on an ultramicrotome at 90 nm. Sections
were collected onto slot grids coated with Formvar and stained with
lead citrate and uranyl acetate. Electron micrographs were taken on a
Philips 300 microscope. Basket cells were identified on the basis of their
cytological features previously described by Lemkey-Johnston and Lar-
ramendi (1968), Mugnaini (1972), and Palay and Chan-Palay (1974).

Results

Physiological responses of basket cells

The responses described in this section were obtained from
neurons histologically identified as basket cells and are repre-
sentative of all units from which data were obtained. Serial
section reconstructions of 2 injected neurons are shown in Figure
1, 4, B. The somata of these cells, which measure approximately
15 um in diameter, are located in the lower molecular layer,
immediately above the Purkinje cell layer. The cells give rise
to a horizontally directed axon from which descending collat-
erals arise to form a pericellular nest around the somata of
subjacent Purkinje cells (Fig. 1, 4, B, solid block arrows). In
addition, fine beaded collaterals arise from the main axon (Fig.
14, arrowheads) or from the descending collaterals (Fig. 1, 4,
B, small arrows). These cells have the morphological charac-
teristics of basket cells (Fox et al., 1967, Palay and Chan-Palay,
1974).

The intracellular responses of the cell shown in Figure 14
(BC1) and Figure 1B (BC2) are shown in Figure 2, A-F and 2,
F-I, respectively. These responses are representative of all 28
cells analyzed in this study. In all cells from which data were
obtained, stimulation of the inferior cerebellar peduncle (ICP)
initially elicits a low-amplitude, depolarization (Fig. 2, 4, B, F,
() at an average latency of 1.8 msec (range, 1.0-3.5 msec, SD,
0.64 msec; Fig. 3B). A large-amplitude hyperpolarization {(mean
10.9 mV, range, 5-26 mV, SD, 5.0 mV) occurs approximately
1 msec after initiation of the depolarizing response. The average
latency (Fig. 3C) of the hyperpolarization foliowing ICP stim-
ulation, is 3.4 msec (range, 2.0-5.0 msec, SD, 0.79 msec). The
hyperpolarizing potential has an average duration of 10.4 msec

(range, 4.5-14 msec; Fig. 4) and an average time to peak am-
plitude of 2.03 msec (range, 0.75-3.5 msec, SD, 0.95 msec; Fig.
2, A, B, F, G). Neither the amplitude nor the time to peak of
the depolarizing response has been measured as the succeeding
hyperpolarization terminates the initial response before the peak
amplitude is reached. The depolarizing and hyperpolarizing po-
tentials are not graded with changes in stimulus intensities. At
threshold (Fig. 2, B, G), both responses display all-or-none prop-
erties. Increases in the level of stimulation currents above
threshold do not alter the amplitude of either response (Fig. 2,
A, F).

To further characterize the 2 responses, hyperpolarizing and
depolarizing currents were injected into the cell through the
micropipette. In general, the injected currents have little effect
on the initial depolarizing response; in a few cases the amplitude
of this initial response is slightly increased (Fig. 2, B-E) or
decreased by injection of hyperpolarizing and depolarizing cur-
rents, respectively. We therefore tentatively conclude that the
depolarizing portion of the evoked responses is an EPSP. In
contrast, the hyperpolarization is affected by low-amplitude cur-
rent injections. Small hyperpolarizing currents (Fig. 2, C-E, H)
result in a complete reversal of the potential. Similarly, low
levels of depolarizing currents (Fig. 2/) increase the amplitude
of these responses. Therefore, the hyperpolarizing responses seen
in basket cells are likely chemically mediated inhibitory post-
synaptic potentials (IPSP).

Comparable responses are obtained in basket cells (n = 6)
following stimulation of peripheral nerves. The initial EPSP and
later IPSP demonstrate all-or-none characteristics at threshold
levels of stimulation. Further, the IPSP can be altered by in-
jections of current into the soma.

Comparison of basket cell and Purkinje cell responses

A climbing fiber response is elicited in Purkinje cells at an av-
erage latency of 2.4 (SD = 0.1) msec following stimulation of
the ICP (Fig. 34); this is comparable to the latency of the EPSP
seen in the basket cell following stimulation of the same fiber
tract (Fig. 3B, Fig. 4C1-3). These data suggest that the depo-
larizing response may be derived from collaterals of climbing
fibers. Further, the IPSP also appears to be related to climbing
fiber activation of a Purkinje cell. First, the onset of the IPSP
has a latency that is comparable to the onset of the secondary
spikes of the climbing fiber response (Fig. 4C1-3). Second, the
duration of the IPSP is directly related to the duration of the
climbing fiber response (Fig. 4, A, B, C1-3). Figure 4C -3 com-
pares basket cell responses with climbing fiber responses elicited
in Purkinje cells from the same experiment. Although these
responses were not recorded simultaneously, they were both
obtained in the same¢ experiment from cells that were located
within the vermis.

Anatomical substrate for the unitary IPSP

Several studies (Fox et al., 1967; Lemkey-Johnston and Lar-
ramendi, 1968; Mugnaini, 1972; Palay and Chan-Palay, 1974;
Jeager et al., 1988) have shown that basket cells are contacted
by the axonal branches of Purkinje cell collaterals. In this study,
the synaptic relationships between varicosities derived from the
recurrent collaterals of Purkinje cells labeled with HRP and
basket cells were analyzed with the electron microscope. These
synaptic contacts were quantified and characterized as to their
cytological features.

Figure 5 is a camera lucida drawing of the recurrent collateral
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Figure 1. Serial section reconstructions of 2 basket cells (BCI and BC2) that were intracellularly injected with HRP. The solid block arrows
indicate the descending collaterals of the basket cell axon that form the pinceau around the Purkinje cell body. The arrowheads in A indicate beaded
collaterals that arise from the main axon. The smail arrows indicate beaded collaterals that arise from the axonal branches that form the pinceau
(4, B). The physiological responses of these 2 cells are shown in Figure 2. Scale bar, 100 um. GrL, granule cell layer; ML, molecular layer; PK,

Purkinje cell layer.

plexus of a Purkinje cell intracellularly labeled with HRP and
serially reconstructed from 60 um sections. The recurrent col-
laterals of this cell distribute primarily to the Purkinje cell layer
in the vicinity of the cell of origin. In addition, 2 branches (Fig.
5, open block arrows) cross the folium and terminate in either
the lower molecular layer (Fig. 5, curved arrow 3) or the Purkinje
cell layer.

Varicosities within the collateral plexus (Fig. 5, curved arrows

1-3) form axosomatic synapses with 3 different basket cells. The
relationships between the portion of the collateral plexus indi-
cated by curved arrows 1 and 2 in Figure 5 are shown in Figures
6 and 7, respectively. Figures 64 and 74 are low-power electron
micrographs that illustrate the relationship of the terminals de-
rived from the labeled recurrent collaterals of a single Purkinje
cell to the somata of 2 basket cells. The labeled Purkinje cell
terminals (Figs. 6, 4~D, 7, A-C) range in size from 0.7 to 2.26
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Figure 2. Physiological responses of 2
basket cells shown in Figure 1. The re-
sponses in Figure 2, A-E are from BC1 D
(Fig. 14) and in Figure 2, F-I are from

BC2 (Fig. 1B). Following stimulation

of the ICP (arrows), the basket cells re-

spond with an initial depolarization that

is followed by a hyperpolarizing re-

sponse (4, F). At threshold intensities

of stimulation (B, G), the early depo-

larization and later hyperpolarization

are all-or-none. The hyperpolarizing re-

sponse is easily reversed by low-am- .
plitude injections of hyperpolarizing ‘
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um in diameter (mean diameter, 1.2, SD, 0.23) and are char-
acterized by the presence of numerous mitochondria and pleo-
morphic synaptic vesicles. Because of the presence of the HRP
reaction product, it is difficult to identify presynaptic membrane
specializations characteristic of a synaptic site. However, for
each profile, when followed through serial sections, there is a
synaptic cleft, extracellular cleft material, and a slight increase
in the density of the postsynaptic membrane (Fig. 7B, arrow).
The cell in Figure 6 is contacted by 5 separate HRP-filled bou-
tons (only 3 are shown), whereas the cell shown in Figure 7 is
contacted by a single labeled terminal. However, this single
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terminal measured 1.3 um in diameter, was 4.5 um long, and
had an extensive area of synaptic specialization with the basket
cell body. In addition to HRP-labeled terminals, other profiles
approximate the basket cell body. All profiles that were apposed
to the basket cell body were classified into one of the following
categories:

1. Fibers of passage (FP)—those that have no synaptic spe-
cializations and contain no vesicles (Fig. 64, arrowheads).

2. Boutons (B)—those that have accumulations of vesicles but
no distinct synaptic clefts or membrane densities (Fig. 64, ar-
row).
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Figure 3. Histograms illustrating range of onset latencies in Purkinje
cells and basket cells following stimulation of the ICP. The climbing
fiber responses observed in Purkinje cells (4) have the same latency as
the initial depolarization of the basket cell response (B). The basket cell
IPSP (C) occurs approximately 1 msec after onset of the basket cell
EPSP.

3. Synaptic boutons with round vesicles (RB) and membrane
specializations characteristic of an active site (Fig. 7C, open
block arrows).

4. HRP labeled profiles (LP) (Figs. 6, A-D, 7, A-C, solid block
arrows).

No unlabeled terminals with cytological characteristics similar
to those observed for the labeled terminals were found to ap-
proximate the basket cell body.

In this analysis, sections at 1.5 um intervals through each cell
were selected. The perimeters of the various profiles described
above were measured and tabulated with the aid of a Zeiss
Videoplan. Data were compiled for profiles apposed to 2 basket
cells with labeled terminals. The distributions of perimeter sizes
for each profile type are illustrated in the histograms shown in
Figure 8.

The most numerous profiles in apposition to the basket cell
body are fibers of passage. These fibers (Fig. 84) have a mean
diameter of 0.3 um (SD = 0.09) and an average perimeter of
1.13 ym (SD = 0.4). The majority of these fibers of passage
appear to be parallel fibers. Profiles categorized as boutons with-
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Figure 4. Histograms illustrating duration of the climbing fiber re-
sponse and the basket cell IPSP. The duration of these 2 responses is
very similar (4, B). In CI-3, the upper traces are climbing fiber responses
of a Purkinje cell; the lower traces are basket cell responses obtained in
the same experiments. Note that the basket cell IPSP begins just after
the soma spike of the climbing fiber response is initiated. The IPSP
rapidly increases to peak amplitude in approximately 2 msec, then
gradually decreases. The time course of the response corresponds to the
dendritic spike portion of the climbing fiber response.

out synaptic specializations (B) measure 0.56 um (SD =+ 0.15)
in diameter and have an average perimeter of 2.24 um (SD =+
1.04). Boutons with round synaptic vesicles (RB) that form syn-
apses with a basket cell somata are comparable in size to the B
category. Many of the B and RB profiles have cytological char-
acteristics of terminals derived from parallel fibers. The labeled
terminals are the largest profiles in contact with the basket cell,
having an average diameter of 1.2 um (SD =+ 0.26) and perimeter
of 4.2 pm (SD = 1.1). In the present analysis, no profiles with
the cytological features of a climbing fiber terminal, i.e., a dark
cytoplasmic matrix packed with round synaptic vesicles, were
found related to the somata of basket cells. In addition, no
unlabeled terminals were found with pleomorphic vesicles, mul-
tiple mitochondria, and a dark cytoplasmic matrix; these cy-
tological features are characteristic of Purkinje cell terminals.
Thus, the only identified inhibitory type of synapse that was
seen in contact with the somata of these basket cells were from
labeled Purkinje cell collaterals.

Discussion

The axon of the basket cell forms a complex arbor that surrounds
the soma and initial segment of the Purkinje cell. Functionally,
the basket cell represents an inhibitory input to the Purkinje
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Figure 5. Serial section reconstruction of a Purkinje cell that was in-
tracellularly labeled with HRP. The open block arrows indicate 2 branch-
es that terminate in the Purkinje cell layer and molecular layer (curved
arrow 3) on the other side of the folium. The curved arrows labeled 1,
2, and 3 indicate portions of the collateral plexus that were analyzed by
electron microscopy. Scale bar, 100 um. ML, molecular layer; PK, Pur-
kinje cell layer; GrL, granule cell layer; WM, white matter.

cell; thus any circuits that alter basket cell firing will have a
direct influence on cortical output as relayed by the Purkinje
cell.

Previous studies (Bloedel and Roberts, 1969, 1971; Llinas
and Precht, 1969; Bloedel et al., 1972) have used physiological
techniques to analyze the interactions between Purkinje cells
and basket cells in the cerebellar cortex of the cat. The conclu-
sions from these earlier studies are that these cells are inhibitory
to each other. However, a given basket cell probably does not
interact with the Purkinje cell that inhibits it (Bloedel and Rob-
erts, 1969; unpublished observations). The present report is the
first study to use a combined intracellular recording/staining
paradigm to show that the Purkinje cell-basket cell interaction
is unitary. The data obtained in this study suggest that conver-
gent somatic inputs from different Purkinje cells are not in-
volved in the inhibition of individual basket cells. The phys-
iological properties of the IPSP and the electron microscopic
analysis indicate that the inhibition is mediated by synaptic
contacts on the basket cell somata that are derived from a single
Purkinje cell. However, neither the physiological nor the ana-
tomical findings of this study rule out the possibility that basket
cells may receive separate axodendritic synapses from the same
or different Purkinje cells.

Previous studies (Mugnaini, 1972; Palay and Chan-Palay,
1974; Jeager et al., 1988) have suggested that the recurrent col-

laterals of Purkinje cells contact basket cell somata. In the pres-
ent study, 2 basket cells that received input from an HRP-
labeled Purkinje cell were serially sectioned to determine if there
was convergence of input onto the somata from the recurrent
collaterals of more than one Purkinje cell. The ultrastructural
analysis confirmed the findings of the physiological study in that
only labeled collaterals contacted the somata of these neurons.
No profiles with cytological characteristics comparable to those
of the labeled terminals synapsed with the basket cell. Thus, the
anatomical substrate for the observed physiological responses
is present. However, a point that must be addressed is whether
there are a sufficient number of contacts to produce the large-
amplitude hyperpolarization observed in this study. One of the
serially sectioned basket cells received input from 5 different
boutons, whereas the other was contacted by a single labeled
terminal that had an extensive area of synaptic contact. These
multiple and extensive inputs, located on the somata of the
basket cell are likely adequate for induction of the large-ampli-
tude hyperpolarization. Further, no unlabeled boutons with cy-
tological characteristics of an inhibitory synapse (e.g., pleo-
morphic vesicles) were found in apposition to the basket cell
body. Thus, there does not appear to be another source of in-
hibition to the soma of basket cells.

The initial EPSP may also be derived from a single neuron
on the basis of the all-or-none response observed following stim-
ulation of the inferior cerebellar peduncle. The source of the
unitary EPSP was not determined in this study. Several lines of
evidence suggest that it may be derived from a collateral of a
climbing fiber. First, the stimulating electrodes, placed in the
inferior cerebellar peduncle, readily elicit climbing fiber re-
sponses in Purkinje cells at comparable latencies. Mossy fibers,
that should also be activated by the stimulating electrodes do
not seem to have a major effect in this preparation. The short
latency to onset of the EPSP (1-3 msec) indicates that the input
is monosynaptic, as opposed to the disynaptic mossy fiber-par-
allel fiber system. A second argument for a climbing fiber origin
for the initial EPSP is the all-or-none nature of the response.
Basket cell dendrites (Mugnaini, 1972; Palay and Chan-Palay,
1974) and somata are contacted by numerous parallel fibers.
Therefore, a graded response to changes in stimulus intensity
would be expected if the mossy fiber-parallel fiber pathway was
the source of the EPSP. The one-to-one relationship between
Purkinje cells and a climbing fiber derived from neurons in the
inferior olivary complex is well established. It is possible that
a similar relationship may exist between the inferior olive and
the basket cell. These findings suggest that there may be com-
parable specificity in the climbing fiber-basket cell relationship
as there is between this afferent system and the Purkinje cell.
An even greater specificity in the olivocerebellar system will be
revealed if experimental evidence demonstrates that a single
climbing fiber activates a basket cell, as well as the Purkinje cell
that inhibits it.

The IPSP elicited in basket cells following stimulation of the
inferior cerebellar peduncle appears to be temporally related to
the climbing fiber response recorded from a Purkinje cell. The
hyperpolarization has a latency that is comparable to the den-
dritic spike portion of the climbing fiber response and the du-
ration of the basket cell’s IPSP is directly proportional to the
duration of the secondary dendritic spikes (Llin4s and Sugimori,
1980) of the climbing fiber response. It is unknown, at present,
if a comparable response is elicited in basket cells following
parallel fiber activation of a Purkinje cell. That is to say, is
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Figure 6. Electron micrographs illustrating relationships between varicosities (solid block arrows) indicated by curved arrow I in Figure 5 and a
basket cell body. The profile shown in B (solid block arrow) is a higher-magnification serial section of the profile shown in A (solid block arrow).
The profiles shown in C and D (solid block arrows) are serial sections through another labeled terminal that contacts the same basket cell, and a
third labeled profile is seen in C. The varicosities are characterized by the presence of pleomorphic vesicles and numerous mitochondria. The other
profiles that approximate the basket cell body include small-diameter fibers of passage (arrowheads) and a bouton that contains round vesicles
(arrow). Scale bar in B also applies to C and D.
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Figure 7. Electron micrograph illustrating the synaptic relationships between the varicosities indicated by curved arrow 2 in Figure 5 and a basket
cell. The HRP-labeled bouton shown in A (solid block arrow) is shown at higher magnification in B. The arrow indicates increased density of the
postsynaptic membrane and a synaptic cleft. C, Same labeled bouton (solid block arrow) in a serial section. The open block arrows indicate small
unlabeled profiles that contain round vesicles and form synaptic junctions with the basket cell body.



simple spike activation of a Purkinje cell able to elicit on all-
or-none IPSP in a basket cell and, if so, is the duration com-
parable to that of the simple spike? Future studies will allow us
to determine if the observed responses are inherent to the basket
cell membrane or if they are directly related to specific afferent
activation of Purkinje cells.

The present study, has shown that a Purkinje cell activated
by a climbing fiber blocks the excitatory input to the basket cell
and induces a prolonged inhibition of the neuron. The obser-
vation that the duration of the basket cell IPSP is comparable
to the time course of the climbing fiber response suggests that
the axon collateral of the Purkinje cell is activated throughout
the climbing fiber response. This is in contradiction to some
studies that have suggested that the Purkinje cell axon is inac-
tivated by the powerful climbing fiber response (Granit and
Phillips, 1956; Colin et al., 1980).

Functional considerations

The majority of physiological studies (Eccles et al., 1967; Bloedel
and Roberts, 1969, 1971; Llinas and Precht, 1969; Bloedel et
al., 1972) have focused on the inhibitory effect of basket cells
on their target neurons. Llinas and Precht (1969) suggested that
one of the functions of the recurrent collaterals of Purkinje cells
is the modulation of inhibitory interneurons of the cerebellar
cortex. This regulation would be most effective if the synapses
occur in a somatic position, as those described in this study.
Recent studies (Ebner and Bloedel, 1981a, b; Bloedel et al.,
1983; Bower and Llinas, 1983; Sasaki and Llinas, 1985; Ebner
and Bloedel, 1988; Tam et al., 1988) have suggested that Pur-
kinje cells aligned in sagittal strips have a tendency to fire in
synchrony. Thus, based on the findings of the present study, a
specific population of basket cells, located within 200-250 um
of the activated Purkinje cells in the transverse plane, would be
inhibited; these dimensions represent the average transverse
extent of the recurrent collateral plexus (Bishop and O’Dono-
ghue, 1986; O’Donoghue et al., 1986). The inhibition of these
basket cells would be solely dependent on activation of a par-
ticular sagittal ensemble of Purkinje cells, and thus, is likely
related to a specific olivocerebellar input. Neurons that are nor-
mally inhibited by these basket cells would be facilitated by
disinhibition. In this way, additional sagittal arrays of Purkinje
cells could be recruited in response to a given input. The fact
that convergence of Purkinje cell input is not required increases
the specificity in this circuit and ultimately in motor control.

Oscarsson (1979) and Ito (1984) have suggested the working
unit of the cerebellum is a corticonuclear complex; this is defined
as a population of Purkinje cells, and the deep nuclear neurons
to which they project. This proposed unit of cerebellar function
does not include a consideration of the effect of local circuitry
on the Purkinje cell and the role these circuits play in modifying
the output of the Purkinje cell. The unitary nature of the Purkinje
cell-basket cell interaction indicates that specific populations of
interrelated cortical neurons may serve to integrate information
for a specific corticonuclear complex.
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