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Summary. Stimulation of forelimb and hindlimb areas of the sensorimotor
cortex in the cat evokes in the lobus anterior of the cerebellum an early response at
latency of 3—3.5 msec due to the mossy fibre input (MF) and a later response at
latency of 13—16 msec due to the climbing fibre (CF) input.

In the pars intermedia these two types of responses are organized in a somato-
topic manner: the hindlimb area projects in lobuli HIV and HIII whereas the
forelimb area projects to lobulus HV. In the vermis a somatotopic arrangement
is less clear. Both forelimb and hindlimb areas of the sensorimotor cortex project
to lobuli I1I, IV and V: on a maintained somatotopy in a caudo-rostral direction
there is a tendency for the hindlimb area of the sensorimotor cortex to be well
represented in a longitudinal strip close to the paravermal sulcus. This arrangement
in the vermis is evident for the CF pathways, but more difficult to demonstrate for
the MF pathways. .

The forelimb area of the sensorimotor cortex projects to those areas of the lobus
anterior impinged upon by the forelimb nerves through both the MF and CF
systems and the same holds true for the hindlimb area and the hindlimb nerves.
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Introduction

Information on the anatomy of the connections from the cerebrum to the cere-
bellum has been well summarized by JANSEN and BroDAL (1954, 1958). There are
two main pathways by which the cerebral cortex may send information to the
cerebellum : one is via the pontine nuclei and the other is via the inferior olive. In
addition, there is a pathway relayed by the three reticular nuclei which are known
to project to the cerebellum, i.e., the lateral reticular nucleus (see also BroDAL
et al. 1967), the paramedian nucleus and the nucleus reticularis tegmenti pontis.
There is evidence that the cortico-olivo-cerebellar pathway terminates as eclimbing
fibres (OF) (SzeENTAGOTHAT and Rasrovirs 1959; JANSEN and FANGEL 1961 ; ArRM-
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sTrONG and HARVEY 1966 ; EcoLes, LLiNAs and Sasak1 1966). The cortico-ponto-
cerebellar and the cortico-reticulo-cerebellar pathways, in contrast, seem to end
as mossy fibres (MF) (SxIpER 1936; SzENTAGOTHAT and RasgoviTs 1959 ; JANSEN
and FaxceeL 1961; Sasakr and StraTa 1967). The pathway through the pontine
nuclei is faster than that through the inferior olive (Dow 1939; Jansex 1957;
JawsEN and FangeL 1961; ArMsTroNG and HArRvEY 1966).

Many papers have been devoted to the study of cerebro-cerebellar connections
by applying an electrical stimulus to the cerebral hemispheres and recording the
activity evoked in the cerebral cortex (Dow 1939, 1942; Curtis 1940; ADRIAN
1943 ; SNIDER and ELDRED 1948, 1951 ; Hampson 1949; ALBE-FrssarD and SzaBo
1954, 1955; JaNseEN 1957; JANSEN and FanNger 1961; DrEura 1961; KENNEDY
et al. 1966). Only a few of these papers were devoted to studying the somatotopic
organization of these connections. The first attempt to investigate this problem
was made by Aprian (1943). He concluded that in the monkey, under barbiturate
anaesthesia, the projections from the sensorimotor area of the cerebral cortex to
the anterior lobe of the cerebellum showed a clear somatotopic arrangement; the
hindlimb area projected to the contralateral lobulus centralis, the forelimb area to
the culmen and the face area to the lobulus simplex. This type of somatotopic pro-
jection in a rostro-caudal direction has been confirmed (SNIDER and ELDRED 1948,
1951 ; Hampson 1949). In addition a somatotopic projection has also been found
to the lobulus paramedianus (SNIDER and StowrLL 1944). However, no attempt
has ever been made to find out whether this somatotopic organization is due to
the pathway terminating in the cerebellum as CF or to those pathways terminating
as MF, or to the effects of both systems. This problem would seem to be very im-
portant in understanding cerebellar funetion. Recent papers have pointed out that
the CF responses evoked in the lobus anterior by peripheral nerve stimulation
follow a somatotopic pattern organized in sagittal strips (Oscarssox and UppEN-
BERG 1966; Oscarsson 1967a, 1968). On the other hand it is known that some of
the pathways terminating as MF are organized with a somatotopic pattern in a
rostro-caudal direction (GRANT 1962 ; see OscarssoN 1967b). As a result, a somato-
topic system has been proposed, in which the somatotopy of the MF and CF inputs
is orthogonal (Oscarssox 1967b).

One of the aims of this work has been to investigate the projections from the
sensorimotor area of the cerebral cortex to the anterior lobe of the cerebellum, and
in particular, to study the relative organization of the two pathways ending as
MF and CF. We were assisted in this aim by the known pattern of field potentials
generated by a MF and CF input in the depth of the cerebellar cortex (EccrEs,
LrinAs and SASAKI 1966; EcoLES, SASAKT and STrRATA 1967 ; SAsakT and STRATA
1967).

ADRIAN (1943) pointed out that the somatotopie organization of the cerebro-
cerebellar connections is the same as that evoked by stimulation of peripheral
nerves, i.e., the same area of the cerebellum receives information from both hind-
limb nerves and from the hindlimb area of the motor cortex; this organization also
applied to both forelimb and face nerves. Therefore, in the present investigation
an attempt has also been made to correlate the results obtained in the anterior
lobe by cortical stimulation with those obtained by stimulation of peripheral
nerves (OscarssoN and UDDENBERG 1966; OSCARSSON 1967a, 1968; EcoLES et al.
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1968b). On anatomical grounds, an overlap between cortical and peripheral pro-
jections can be explained only for the MT system, where it is known that cortico-
ponto-cerebellar pathways and the spino-cerebellar and the spino-reticulo-cere-
bellar pathways all project to most of the lobus anterior. In contrast the cortico-
olivo-cerebellar and the spino-olivo-cerebellar pathways are held to terminate
separately in the lobus anterior: the former in the pars intermedia, the latter in the
vermis (JANSEN and BropAL 1958). Our results do not support this conclusion. In-
stead, they show that the overlap between cortical and peripheral input is present
at the level of both MF and CF systems.
A preliminary note has been published (ProviNI et al. 1967).

Methods

The experiments have been performed on 10 adult cats. They were anaesthetized with
pentobarbital sodium (35 mg/kg) administered intraperitoneally; small additional doses were
given intravenously as required. No paralyzing agents have been used and the animals were
not artificially ventilated. The right femoral artery was cannulated in order to monitor the
blood pressure, which was maintained at mean values of 100—110 mm Hg by the use of meta-
raminol bitartrate administered intravenously and intramuscularly. When it was not possible
to maintain the blood pressure above 80 mm Hg the experiment was discontinued.

The left superficial radial and median nerves of the forelimb, as well as the tibialis nerve
of the hindlimb were dissected and stimulated in a pool of warm paraffin oil with a strength
6 times the threshold, in keeping with the technique used in other investigations (Eccras,
Provini, StraTA and TApoRfkovA 1967, 1968a). The right sigmoid gyrus was exposed by
removing the overlying bone and dura. Bipolar silver ball electrodes with a 2 mm polar separa-
tion were used to stimulate the forelimb and hindlimb areas of the sensorimotor cortex. These
areas were located by recording monopolarly the primary potentials evoked by stimulation of
the dissected peripheral nerves. The pole used for recording was kept as a cathode, while the
other pole was used as an anode and placed 2 mm above. One to three stimuli, usually two,
were delivered from a condenser discharge stimulator with a time constant of 0.1 msec. A sti-
mulus strength which was sufficiently high to give a well defined potential on the cerebellar
cortex was selected at the beginning of the experiment and maintained constant throughout it.
In some experiments several strengths were used in order to compare the effect of different
intensities of stimulation. The stimulation of the sensorimotor cortex has always been below
the threshold for evoking any detectable movement to the limb in that particular experimental
condition.

Finally, part of the occipital bone was removed to expose a few cerebellar folia in front of
the fissura prima, which were then covered with agar 3 9% in saline. Recordings were taken from the
cerebellum with a glass micropipette filled with 4M NaCl and with resistance of 2—3 MQ. The
micropipette was inserted at different angles in order to explore conveniently most of the lobus
anterior. One or more micropipettes were cut and left ¢n situ. At the end of the experiment, the
cerebellum was fixed with formalin 109, then dehydrated and included in celloidin. Before
the inclusion, the micropipettes were removed. In this way, reference tracks were left in the
cerebellum, which was sectioned in slices of 100 u thickness, cut in a sagittal plane and stained
with the Nissl method. The reference tracks were easily identified under the microscope. The
other tracks were usually identifiable from small lesions left by the micropipette during each
exploration and from this data, in conjunction with the depth of the microelectrode at each
recording, the actual points at which records were taken could be identified with considerable
accuracy. The identification of the lobuli follows the criteria of LARseLL (1953). In some cases
the results were mapped on an unfolded cerebellum. To do this, photographs of histological
sections were taken. The surface of the cerebellum was measured with a string on some enlarged
photographs from sections and the position of each sulcus dividing each lobulus was marked on
the string. By plotting these positions on a plane with the string outstretched it was easy to
build a map of the unfolded cerebellum and to plot the position from which the various poten-
tials were recorded (see Fig. 5).
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Results

L. Description of the Polentials Evoked in the Cerebellum by Stimulation of the
Sensorimotor Cortex. The events produced in the depth of the cerebellar cortex by
pure MF or CF inputs have been analyzed in detail (EccrLes, LLINAs and SAsakt
1966 ; EcoLes, LLiNAs, SasakT and VoorHOEVE 1966 ; EccLES, SASAKT and STRATA
1967 ; Sasakr and StraTA 1967). A stimulus applied to a peripheral nerve produces
a more complex pattern of waves which however can be recognized and identified
as MF or CF-evoked field potentials. Details of this identification and of the rela-
tionship to the histological structure and to the pattern of the foliation of the cere-
bellum are being published (Eccrus et al. 1968a).

When the sensorimotor cortex is stimulated, the pattern of the positive and
negative waves is similar to that obtained by peripheral stimulation. There is an
early response at a latency of 3--3.5 msec, which can be recognized as the field
evoked by the MF input and a later response at a latency of 13—16 msec having
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Fig. 1. Field potentials recorded in the cerebellar cortex following stimulation of the contralateral
sensorimotor cortex. A shows a record from a molecular layer (ML) ; the first negative wave (N,)
has a latency of 5 msec and represents the response evoked through the MF pathways. The
second negative wave (CF) has a latency of 15 msec and is mediated by the CF pathways. B
and C have been recorded, in a different experiment, from a molecular (ML) and a granular
layer (GrL) respectively. The MF input evokes only a small negative deflection in the ML
which has the same latency of the N, wave of the underlying GrL. The typical field potential
recorded in the granular layer is shown in C, where the MF input gives a large N, wave at a
latency of 3.3 msec and the CF field appears as the main positive wave. Note in C the
absence of a P, wave, which should appear following immediately the N, wave

the characteristics of the fields evoked by the CF input. Fig. 1 shows the field
potential evoked in the left lobus anterior following stimulation of the right sen-
sorimotor area of the cerebral cortex.

In Fig. 1A the microelectrode was recording from a molecular layer (ML) and
the MF input generated an unusually large N, wave with a latency of 4.5 msec,
while the CF input generated a negative field (CF) with a latency of 15 msec. Usu-
ally, however, the MF input did not evoke any potential in the molecular layer or
it gave rise to a very small negative wave with a latency of 3—3.5 msec as repre-
sented in Fig. 1B. Tt will be recognized that this field potential has the same
latency as the N, wave of the corresponding granular layer (GrL) as illustrated in
Fig. 1C. It will also be noted that the peaks of these negative waves have the same
latency so that the small negative wave recorded in the molecular layer of Fig. 1B
seems to have more of the characteristics of an N, wave than of an N,. For these

15 Exp. Brain Res. Vol. 6
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reasons, the negative wave recorded in the molecular layer could not be used as a
measure of the MF input. Similarly, the P, wave generated in the granular layer
by the MF input was usually small and not clearly defined. A P, wave, which
is due to the activity of the axons of the granule cells in the molecular layer,
should appear as a positivity following immediately the N, wave in the granular
layer. In contrast, the N, wave of the same layer was well defined, and this field
potential was taken as a measure of the MF input.

The CF input generates a negative wave in the lower part of the molecular
layer (Fig. 1A and B) which reverses into a large positivity in the superficial part
of the molecular layer and into a mainly positive wave in the granular layer, where
it is superimposed on the MF evoked field (Fig. 1C). The negative wave in the
molecular layer provides the best measure of the CF input (cf. Fig. 1A and B).

The N, wave in the granular layer is evoked directly by the synaptic action of
the MF input and similarly the late negative wave in the molecular layer is directly

10 mm

Fig. 2. Sagittal section of a cerebellum with the position of three tracks as reconsiructed from the
small lesions left by the microelectrode during the penetration. The section was taken in a sagittal
plane passing 0.8 mm from the lateral edge of the left paravermal vein in correspondence of
lobulus HVe. It shows the position of three tracks performed during the experiment which pro-
vided the results of Fig. 4. All tracks of Fig. 4A—B, as well as those of Fig. 4C—D, were made
in the same transverse planes as tracks 11 and 18 respectively. The vertical track 21 was made,
together with four others, in the same transversal plane, in order to explore lobuli HVe, HVd,
HVe and HV{. The tracks have been slightly deformed because of the change in shape of the
cerebellum post mortem before fixation or during the histological preparation. On each track
the positions are indicated where the negative field produced by the CF (filled squares) and the
N, wave evoked by the MF (empty squares) were recorded and measured. The cerebellar folia
are labeled following LARSELL’s nomenclature. IC: inferior colliculus; FP: fissura prima
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produced by the CF input. Since these potentials thus measure the first post-
synaptic event generated by the two input systems they provide an exact location
of their projection. The latency for the N, wave is rather consistently around 3—3.5
msec, while that for the CF negative wave is around 13—16 msec. Occasionally
small potentials with the feature of a CF response were found at a much longer
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Fig. 3. Field potentials recorded during the penetration of a microelectrode track. The field poten-
tials recorded in track 13 of Fig. 4, in the pars intermedia of the anterior lobe, are displayed
with the actual depths in mm from the cerebellar surface at the point of entry. The field poten-
tials recorded in molecular and granular layers have been separated into two different sequen-
ces, as indicated. At each depth the forelimb area (F-CORT) and hindlimb area (H-CORT) of
the sensorimotor cortex were stimulated. Note that the forelimb sensorimotor area evoked
field potentials through both climbing and mossy fiber inputs in the superficial layers of the

track, whereas the hindlimb area projected only deeper

15%
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latency of 25—30 msec; they have not been taken into consideration because of the
possibility that they represent transmission through less direct pathways.
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11. Somatotopic Projections from the Cerebral Cortex to the Anterior Lobe of the
Cerebellum. The organization of the projections to the pars intermedia of the lobus
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For this

anterior has been found to be rather different to that of the vermis.

reason the results will be presented separately.
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a) Pars Intermedia: it has been a consistent finding in all five experiments in
which the pars intermedia has been investigated that forelimb and hindlimb areas
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of the cerebral cortex project to well defined areas of the contralateral pars inter-
media. This holds true for the projections of both the MF and CF systems. In parti-
cular the forelimb area projects to the more caudal part corresponding to lobulus
HYV, while the hindlimb area projects to a more rostral part, corresponding to
lobuli HIIT and HIV. Lobuli I and II have a very small representation, parti-
cularly in the pars intermedia and very few records have been obtained from
them in this investigation.

The results of a typical experiment are documented in Figs. 2—5. Fig. 2 shows a
sagittal section of a cerebellum passing in the lobulus HVe 800 y lateral to the edge
of the vein which lies on the left paravermal sulcus. The dotted lines indicate the
position and the direction of 3 tracks (Tracks 18, 11, 21), which were all made in
this plane. Other tracks were made in directions parallel to each of the 3 tracks
shown and along the same folia with separations of usually 250 g or 500 u. By this
tracking method most of the pars intermedia of the lobus anterior could be con-
veniently explored. When the recording electrode was penetrating the cerebellum,
a series of molecular, Purkinje and granular layers were encountered and recognized
on the basis of their typical evoked activity. The filled squares of Fig. 2 indicate
the places where the microelectrode recorded fields from molecular layers and the
empty squares indicate where the fields of granular layers were recorded.

The fields recorded in a track which was made in the same transverse plane as
track 11 of Fig. 2, but 500 y medially are reported in Fig. 3. This shows that micro-
electrode recordings were first obtained from 3 molecular layers at depths of 0.27,
1.65 and 4.50 mm, and from 3 granular layers, at depths of 1.20, 2.38 and 4.85 mm,
which were receiving respectively CF and MF projections from the forelimb area
of the sensorimotor cortex. At all the other depths CF and MF responses were
evoked almost exclusively by the hindlimb area except for the granular layer at
6.58 mm depth, where the projections from both cortical areas were overlapping.

This type of distribution with the forelimb cortex projecting more superficially
and the hindlimb cortex more deeply was typical of all tracks made in the trans-
verse planes of tracks 18 and 11 shown in Fig. 2. The results are summarized in
Fig. 4. Fig. 4A and B display the responses recorded along a series of 13 tracks in
the transverse plane of track 11 of Fig. 2. Another series of 6 tracks was made in
the transverse plane of track 18 and the results are shown in Fig. 4C and 4D. Five
tracks were also made in the transverse plane of track 21 and in all of them the
MF and CF responses were almost exclusively evoked from forelimb areas.

Figures 4A and 4C show the depths at which CF negative waves in molecular
layers were encountered following stimulation of the contralateral sensorimotor
cortex. The empty circles indicate the sizes and the positions of the CF responses
evoked by the forelimb area of the sensorimotor cortex, while the filled circles in-
dicate the size and the position of the CF responses evoked by the hindlimb area.
Similarly Fig. 4B and D show the depths and the sizes of the N, waves evoked by
the forelimb and hindlimb areas of the cerebral cortex, and recorded in the same
tracks as those of Fig. 4A and 4C. It is evident that responses from the forelimb
area of the cerebral cortex are distributed in the more superficial portion of each.
track, while those from the hindlimb area are distributed more deeply. This is evi-
dent for both CF and MF evoked potentials. It should be noted however, that the
separation of the two regions is sharper for the CF responses than for the MF
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responses. In this particular experiment a total of 24 tracks was made and a total
of 118 CF responses was recorded in different positions of the pars intermedia of
the lobus anterior. The position of all these CF responses has been mapped in the
unfolded cerebellum of Fig. 5. This map gives
a clear demonstration of the somatotopic ar-
rangement in a rostro-caudal direction and
shows that forelimb cortex projections mainly
to lobuli HV, while hindlimb cortex projects
to lobulus HIV and HIIT.

b) Vermis: with methods similar to those
used in the pars intermedia, a series of micro-
electrode explorations have been performed
in the vermis in eight experiments. Here the
projections from forelimb and hindlimb areas
of the cerebral cortex are not sharply separated
and both project to lobuli III, IV and V. The
projections from the hindlimb area tend to
predominate in a longitudinal strip close to
the paravermal sulcus, while those from the
forelimb area are relatively larger in a longitu-
dinal strip located 0.5—1 mm more medially.
Within this strip, however, the forelimb area
is better represented in lobulus V than in lobuli
IV and III. In the region of the vermis close
to the midline the evoked potentials are usual-

PARS INTERMEDIA

VERMIS |

Fig. 5. Unfolded cerebellar cortex of the
left anterior lobe showing the climbing

ly small and consequently, it is difficult to draw
any conclusions on the relative distribution of
the cortical afferents.

Figure 6 shows the results obtained in the
left vermis following stimulation of the con-
tralateral sensorimotor cortex. A total of 16
tracks was made along two transverse planes
with an orientation similar to that of the two

fibre projections from the right sensori-
motor cortex to the pars intermedia. The
division between the five Larsell’slobuli
is indicated as well as the position of
the left paravermal vein (dotted line)
which divides the vermis from the pars
intermedia. On the latter, the position
of each recorded field potential ismark-
ed by an empty circle or by a filled
circle when the climbing fibre input

was from the forelimb or the hindlimb

sensorimotor area respectively. Over-

lapping projections are indicated by a
half-filled circle

series of tracks documented in Fig. 4 for the
pars intermedia. Fig. 6C shows that the CF
projections evoked from the hindlimb area
of the sensorimotor cortex predominate at
almost all depths in tracks 6—8 (see also Fig. 7) which are the closest to the para-
vermal sulcus; on the contrary the forelimb area projections predominate at the
majority of depths in tracks 9—12, but particularly in the more superficial section
of each track. Fig. 6A shows similar results obtained in a series of tracks placed in a
transverse plane 1 mm caudal to the tracks of Fig. 6C.

Figures 6B and 6D show the size and the distribution of MF fields as recorded
in the same explorations. The MF somatotopy in the vermis is less sharp than the
CF somatotopy, which also occurred for the pars intermedia. However, a tendeney
to repeat the type of arrangement seen for the CF distribution was usually noted.
Another representation of the somatotopic arrangement of the sensorimotor cortex
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input via the CF pathway is given in Fig. 7 where for each depth of Fig. 6C only
the predominant projection — either from the hindlimb area (filled diamonds) or
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from the forelimb area (empty diamonds) — is indicated. This emphasizes the
areas where the hindlimb area or forelimb area of the sensorimotor cortex pre-
dominate. It should be noted, however, that while the predominance shown in
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tracks 6—8 and 9—I12 has been consistent in all the experiments, that of more

medial tracks was variable.
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II1. Correlation Between Cortical and Peripheral Input to the Anterior Lobe. The
results so far reported indicate that the topographical distribution of forelimb and
hindlimb areas of the sensorimotor cortex on the cerebellar anterior lobe have
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some common features to those reported following stimulation of ipsilateral fore-
limb and hindlimb nerves (Oscarsson and UDDENBERG 1966; OscARssoN 1967a,
1968 ; EccrEs et al. 1968b). In order to obtain more information on the correlation
between cortical and peripheral projections to the anterior lobe, we have compared
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Fig. 7. Simplified map of climbing fibre (CF) responses to indicate dominant response evoked in

the vermis of the lobus anterior following stimulation of the forelimb and hindlimb areas of the

sensorimotor cortex. The tracks of Fig. 6C have been redrawn and at each depth a filled or an

empty diamond indicates respectively whether the CF response evoked by the hindlimb area

of the sensorimotor cortex was larger or smaller than that evoked by the forelimb area. The
symbol — — indicates the depths at which no predominance was found

their relative distributions by recording the evoked field potentials for both cortex
and periphery. We chose the tibial nerve in the hindlimb because this nerve has
the most powerful action on the cerebellar anterior lobe (Eccres, PROVINI, STRATA.
and TABoRikovA 1967, 1968a, b). For the same reason we chose the ipsilateral
median and superficial radial nerves in the forelimb.

It has been a consistent finding that the forelimb area of the sensorimotor cor-
tex projects to the same regions of the contralateral anterior lobe which are im-
pinged upon by the ipsilateral forelimb nerves. This holds true for either the pars
intermedia or the vermis.

Figure 8 gives a documentation for the pars intermedia. The series of tracks
are the same as those shown in Fig. 4A. In Fig. 8A the empty circles indicate the
sizes and the positions where CF responses were evoked by the forelimb area of
the contralateral cerebral cortex, while the empty squares indicate the CF respon-
ses evoked by the ipsilateral median nerve. Fig. 8B shows the correlation between
the contralateral hindlimb area of the sensorimotor cortex and ipsilateral tibial
nerve represented respectively by filled circles and filled squares. At almost all
depths where a CF response was recorded from the forelimb area of the cerebral
cortex a CIF response from the forelimb nerves could also be recorded. The same
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lation has been found for the MF responses evoked by cortical and peripheral

was found for cerebral hindlimb area and hindlimb nerves. A similarly good corre-
nerve stimulation and recorded both in the pars intermedia and the vermis.
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Discussion

MPF and CF Inputs. It is known that stimulation of the cerebral cortex evokes
in the cerebellum an early and a late response (Dow 1942; JANSEN 1957 ; JANSEN
and FanxeeL 1961; Drura 1961). JansEN (1957) suggested that the early response
at 2—6 msec latency could be due mainly to activity in the granule cell layer and
consequently mediated by the MF system, while the long latency response at
12—15 msec latency could be due to the direct excitation of Purkinje cells and
therefore mediated by the CF system. JansEx and Faxcrr (1961) gave support to
this suggestion by showing thatlocal stimulation of the cerebellum was able to block
almost completely the early response, while the later response was largely unaffected.

The present study confirms that stimulation of the sensorimotor area of the
cerebral cortex evokes in the contralateral lobus anterior of the cerebellum an
early response, at a latency of 3—3.5 msec in our experiments, and a late response
at 13—16 msec. In addition it shows that the early response has the depth profile
in the cerebellar cortex typical of that evoked by a MF input (EccLEs et al. 1967;
Sasax1 and STraTA 1967) whereas the late response has a depth profile typical of
that evoked by a CF input (Eccrks, Lrin4s and Sasaxrrt 1966; Eccres, LLINAs,
SasakI and VoorHOEVE 1966). These results give direct evidence that the early
response is due to the MF input and the late one to the CF input.

While it is likely that the CF responses are mediated by the cortico-olivo-cere-
bellar pathway (SzENTAcoTHAT and Rasgovits 1959; EccrEs, LLiNgs and Sasakr
1966; ArmsTrRONG and HarveY 1966), the question whether one or both of the
cortico-ponto-cerebellar and the cortico-reticulo-cerebellar pathways are respons-
ible for the MF responses has not been considered in this investigation.

It was remarkable to find that in our experimental conditions the P, and the
N, waves were usually very small or absent, despite the presence of a good N,
wave. Since P, and N, waves are due to activity in parallel fibres and Purkinje
cells while N, wave is due to activity in the granule and Golgi cells, the conclusion
should be drawn that a marked excitatory action on the granule cells is not follow-
ed by a comparable initiation of impulse discharges. This conclusion is supported
by our observations that in response to stimulation of the contralateral sensori-
motor cortex Purkinje units were fired only occasionally by the MF input, whereas
the CF input was very effective in evoking discharges. A possible explanation of
this finding is given in another paper where similar results have been obtained by
stimulation of peripheral nerves (EccrLEs et al. 1968a).

Somatotopy. A somatotopic arrangement with a caudo-rostral orientation has
been reported as characteristic of the lobus anterior of the cerebellum following
stimulation of different areas of the sensorimotor cortex (ADRIAN 1943 ; HaMPSON
1949; Sx1pER and ELprRED 1951). Our results show that this type of organization
is clearly present only in the pars intermedia where on the other hand the lobus
HYV is almost entirely dominated by cortical projections from the forelimb area and
on the other the lobuli HIV and HIII from the hindlimb area (Fig. 5). In addition
the results demonstrate that this type of somatotopy obtains for both the MF and
CF inputs.

In the vermis, the projections from forelimb and hindlimb areas are not sharply
separated and both occupy lobuli ITI, IV and V. There is a tendency for the fore-
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limb area of the sensorimotor cortex to give larger responses in lobulus V than in
lobuli IV and ITI, but an organization may also be recognized in a latero-lateral
orientation. Projections from the hindlimb area dominate in a longitudinal strip
of 0.5—1 mm in width, extending in lobuli ITL, IV and V, whereas the forelimb area
dominates in a more medial longitudinal strip, but wider in lobulus V and narrower
in I11. Occasional observations with unitary recording from Purkinje cells activated
by CF were in good agreement with this type of topographical distribution
(Provini, REpMAN and StraTA, unpublished observations). As already pointed
out in the Results, there is a wide strip close to the midline where the projections
from the cerebral cortex, particularly through the CF system, are poor, and the
results inconsistent. It seems likely that the main input to this area comes from
sources other than those used in the present study.

In the vermis, a somatotopic organization for the CF, more distinctly organized
in longitudinal strips than we have described, has been first reported by Oscarsson
and UpDENBERG (1966) and OscarssoxN (1967a, b), following stimulation of peri-
pheral nerves. In the pars intermedia Oscarssox (1967a, b), has also deseribed an
organization in longitudinal strips, superimposed on a caudo-rostral somatotopy for
a new spino-olivo-cerebellar pathway. In our experiments however, the longitu-
dinal strips have not been found in this region of the anterior lobe.

Some overlap exists in the pars intermedia and in the vermis between the regions
receiving projectionsfrom the forelimb and hindlimb areas of the cerebral cortex. In
the vermis, where these regions are in narrow strips, the overlap seemsto be prominent
and diffuse. That most of this overlap may be due to spreading of stimulation in the
cortex seems unlikely for several reasons: T) the strength of the stimulation of the
sensorimotor cortex was always well below the threshold for evoking detectable
movements; IT) in the same experiment, the same cortical stimulation always gave
in the pars intermedia, regions impinged upon by only the forelimb or hindlimb
area of the cortex; I1I) decreasing the strength of cortical stimulation greatly re-
duced the size of the CF responses, but still left a considerable amount of overlap;
IV)an overlap is present also from peripheral nerve stimulation. Some of this over-
lap is certainly due to the fact that we were recording fields generated by many
cells. A more precise localization of the projection areas should be made with uni-
tary recording. In fact, quite often we observed Purkinje cell spikes responding to
only one cerebral area, though the fields were generated by both areas (Provint,
REpMAN and STraTA, unpublished observations).

Although electrophysiological investigations of the lobus anterior have generally
revealed a somatotopic organization in the cerebro-cerebellar projections, no evi-
dence was available to decide whether it was due either to the MF or to CF system,
or to both. In addition DEURA (1961) did not find any somatotopy for his long
latency cerebellar responses, which may be considered the equivalent of our CF
response. Indeed anatomical investigations failed to reveal any somatotopic
organization in the cortical projections to the inferior olive (see JansEn and
Brobar 1958). Our findings demonstrate that the somatotopy is present in both
the MF and CF pathways, and it is very well defined in the pars intermedia. It was
unexpected to find CF responses in the vermis evoked by the sensorimotor cortex
as well as the strict correlation between cortical and peripheral projection mediated
by the CF, since the part of the olive that is impinged upon by cortical fibres is
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known to project to the pars intermedia, while that part receiving from the spinal
cord is known to project to the vermis (see JANSEN and BropAL 1958).

Convergence of cortical and peripheral input was not only detected with field
recording but also was seen on occasional recording from Purkinje units (Provini,
REDMAN and STRATA, unpublished observations). Since only one climbing fiber
synapses with a Purkinje cell, the observed convergence must be present on the
single cells of the inferior olive. Evidence for this has been recently provided
(SEpewick and WiLLiams 1967).

Correlation Between M F and CF Somatotopy. The correlation in the distribution
between MF and CF systems has been documented in Figs. 3, 4 and 6. A remark-
able degree of convergence appears in the pars intermedia, though the somatotopy
of the MF pathways is less sharp than that of the CF. This finding could be expected
because it is known that MF input terminates in a less localized manner than the
CF input: one mossy fiber terminates on a large number of granule cells, even on
different folia (RaMON ¥ Cagar 1911; Eccrgs, Ito and SzexticorHAT 1967). In
the vermis, where the forelimb and hindlimb areas of the sensorimotor cortex pro-
ject to overlapping regions, it is not surprising that the MI' somatotopy appears to
have very little distinguishable pattern.

This strict correlation in the topography of the MF and CF seems to be a basic
feature in the organization of the input to the cerebellar cortex, which cannot be
without significance, and it suggests that the integration of these two types of in-
put to the cerebellar cortex is importantly concerned in its operation.

Acknowledgement: We thank Prof. Sir J.C. EccLEs for his criticism.
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