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CHAPTER SIX

CATECHOLAMINE FLUORESCENCE

INTRODUCTION

The catecholaminergic afferents to the cerebellum 
have been described in Chapter 1. Because noradrenalin 
is synthesised prenatally (Lauder and Bloom, 1975.) and 
will produce a Purkinje cell response before synapto- 
genesis (Woodward et al.., 1971), it is possible that 
it is important in neural development (Lawrence and 
Burden, 1973). Also noradrenergic fibres have been 
shown to regenerate following both chemical: (Schmidt and 
Bhatnagar, 1980; Schmidt et eQ., 1980) and surgical 
(Bjorklund and Stenevi, 1971; Katzman et ai., 1971; 
Pickel et al., 1973) injury, and it has been proposed 
that noradrenalin plays an important role in neural 
plasticity (Kasamatsu et al., 1979). Therefore it is 
important to know how the cerebellar noradrenergic 
afferents respond to pedunclotomy at different ages.

Catecholamine fluorescence is produced by the con
densation of catecholamines by formaldehyde into the 
fluorophore 6,7-dihydroxy-3,4-dihydroisoquinoline 
(Corrodi and Jonsson, 1967). The original technique 
of Falck et a^. (1962) was not very sensitive. However 
the newer techniques are considerably more sensitive 
and are suitable for the small concentrations of 
catecholamines in the neonatal brain.



164

Figure 6.1

The specialised apparatus for perfusion at a 
pressure of 2 bar. This is modified from Bower (1981) 
and Loren ej: al.. (1980). The pressure delivered by 
compressed air is measured by the gauge (arrow).





165

METHODS

Cerebellar catecholamine fluorescence was studied 
using the highly sensitive aluminium-formaldehyde 
technique of Loren et aJN (1980) and its modification 
for neonatal rats (Loren et al., 1982).

The animals in the study underwent left cerebellar 
pedunclotomy, as described in Chapter 2, aged 3, 7, 10 
or 22 days and survived 35 days post operatively. Also, 
neonatal animals aged 3 or 10 days at operation were 
allowed to survive for 4 days in order to observe any 
acute changes in the noradrenergic fibres.

A special perfusion apparatus was required to allow 
high pressure perfusion driven by compressed air. The 
apparatus used was a modification of that described by

»**
Eower (1981) using high pressure teflon tubing, vacuum 
taps and placed in a safety box (Fig. 6.1) and was 
similar to the one recommended by Loren et a^. (1980).

PERFUSION

The perfusion took place in two stages, a preper
fusate of modified Tyrode's buffer pit 7.2 given at low 
pressure followed by an aluminium-formaldehyde perfusate 
pH 3.8 delivered at high pressure. Both solutions 
must be freshly made (Appendix IX). The modification 
of Tyrode's buffer is different for the neonatal and 
adult groups but the perfusate is the same for both.
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All animals were pretreated with a monoamine 
oxidase inhibitor, pargyline hydrochloride (Sigma,
150 mg/kg I.P., 2-3 hours), to maximise the catechola
mines in the nerve terminals, and heparin (50-200 units
I.P., 2-10 minutes) to improve the perfusion efficiency. 
They were anaesthetised with ether and a Jelco I. V. 
catheter placement unit was inserted transoardially 
into the ascending aorta. The thoracic descending 
aorta was clamped and the right atrium removed.

For neonates less than 12 days old the preper
fusate of Tyrode's buffer was modified with 2g 
MgS04.7H20 and lg procaine chloride per litre to minim
ise vasoconstriction. This was delivered at room 
temperature through a 22G cannula at 0.5 bar for 30 
seconds, which gave a volume of approximately 150 ml. 
This was immediately followed by ice cold aluminium- 
formaldehyde perfusate and the pressure was rapidly 
increased to 2 bar. The animal was perfused for 45 
seconds giving approximately 300 ml of perfusate.

Adult animals were perfused through an 18G cannula 
in the same manner as the neonates, the only difference 
being that the preperfusate was an ice cold solution of 
2% glyoxylic acid in Tyrode's buffer.

The perfusion times were found by the time needed 
for the required volumes (150 and 300 ml) to flow into 
a graduated flask at the pressures used. This can
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only give an approximate measurement of the actual 
perfusion volumes because the flow does not have to 
overcome the resistance of the animal's vascular 
system. However the graduations on the reservoirs 
showed that the volumes perfused were approximately 
those stated.

As the aluminium sulphate ions in the perfusate 
precipitate blood (Loren et al., 1982) the system had 
to be completely cleared of perfusate between animals.
To facilitate this the perfusate was coloured with
0.1% azure B (aq). This dye was chosen because it is 
a basic dye which will not conjugate the aluminium

Oj.ions (A.1 ) also, neither in solution nor on an electro
phoresis gel plate did the dye fluoresce when excited 
by light of wavelength 355-425 nm (the wavelength used 
for monoamine fluorescence).

TISSUE PROCESSING 
Freeze Drying

The perfused brains were quickly dissected to
remove the forebrain and superior colliculi. The

*

remaining cerebellum and brainstem of neonates, in the
experiment with acute pedunclotoray, were treated intact 

¿Aose
and/\of older animals, which had had chronic peduncl- 
otomy, were halved sagittally. They were then placed
on labelled card, wrapped in cotton gauze and quenched 
in isopentane cooled with liquid nitrogen. The tissue
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was dried in an Edwards Tissue Dryer ETD4 on a cold 
stage set to -60 °C with pre-dried molecular sieve 
type 4A (Vl6^h inch pellets of sodium alumino-silicate) 
as a water trap. After one week the cold plate was 
heated to at least room temperature before the vacuum 
was broken to minimise water condensation on the 
extremely hygroscopic tissue.

The drying time was found from a pilot study in 
which different drying times were tried. It is in 
accordance with some results (Eranko, 1967; Moore, 1981) 
though longer than most (Falck and Owman, 1965; Heym,
1981) possibly because the specimens are large and 
neural tissue is known to take longer to dry than other 
tissue types (Eranko, 1967). Also the cold plate is 
kept below the routinely used -40°C because the uneven 
tissue surface makes poor contact and this lower drying 
temperature, while possibly giving better results, slows 
the drying process (Eranko, 1967).

Exposure to Formaldehyde Vapour

It is formaldehyde vapour which produces the
*

reaction that changes biogenic monoamines into a fluoro- 
phore (Falck et al., 1962; Corrodi and Jonsson, 1967). 
The humidity in which the reaction occurs will affect 
the result, low humidity decreases the condensation 
reaction but keeps the catecholamines within their 
nerve terminals, while high humidity will produce a
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brighter fluorescence but increases the possibility of 
diffusion of the product into the tissue. A compromise 
of 50-70% humidity is the best range for biogenic amines 
(Falck and Owman, 1965; Hamberger et al., 1965;
Eranko, 1967; Heym, 1981; Moore, 1981) and a pilot 
study of each humidity revealed that 50% gave the best 
results. Using tables of the relative humidity of air 
over different concentrations of sulphuric acid, which 
are calculated from chemical and physical data (Eranko, 
1967; Heym, 1981), the required volumetric concentra
tion of sulphuric acid was calculated. A 24.5% solu
tion of concentrated sulphuric acid was made and para
formaldehyde, predried over molecular sieve type 4A, was 
equilibrated for at least 7 days.

The freeze-dried tissue was transferred to foil 
boats which were placed in 100 ml specimen jars contain
ing an excess of equilibrated paraformaldehyde. With 
the lid tightly closed the jars were heated in an oven 
to 80°C for 1 hour.

Embedding and Sectioning
*

Tissue exposed to formaldehyde vapour was immediately 
immersed in degassed paraffin wax and embedded under 
vacuum for 3 hours. The cotton gauze and identification 
cards were removed before blocking out in paraffin wax.

Although tissue blocks can be stored at -20°C for 
many months with little or no loss of fluorescence
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(Loren et al., 1976 and 1982; Moore, 1981) the tissue 
was sectioned and analysed as soon as possible because 
central nervous system catecholamines are relatively 
unstable (Bjorklund et al., 1972).

Sagittal sections 10 um thick were taken every 
200 um across the cerebellum. They were gently straight
ened onto clean glass slides and heated to 60°C on a hot
plate to melt the wax and expand the section. When the 
slides had cooled and the wax rehardened they were 
mounted in a mixture of 2:3 Fluorolite (R. A. Lamb,
London) and xylene and returned to the hotplate so the 
wax melted into the mounting medium. This is a differ
ent ratio from that suggested by Loren et al. (1982) of 
4:1 Fluorolite to xylene, which was too thick giving a 
rather blurred section and into which the wax did not 
completely dissolve before the medium dried hard.

Microscopy

Using a Leitz MPV2 microscope with excitation
wavelength of 355-425 nm and a barrier filter of 460 nm,
the sections were analysed as soon as possible to

*.
prevent the fluorophore fading.

RESULTS

Any chromic changes in the noradrenergic afferents 
to the cerebellar cortex were observed in those animals 
which survived 35 days post operatively. However, the
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results were the same in all groups irrespective of the 
operative age and will therefore be described together.
In addition, those animals aged 10 days at operation 
which survived 4 days post operatively have also been 
included since these results were similar to those of 
the adults.

Fluorescent fibres were seen in the central white 
medulla and all three layers of the cortex. The fibres 
were very fine tenuous threads with intermittent vari
cosities which gave them the beaded appearance described 
in the literature (Hokfelt and Fuxe„ 1969; Pickel et al., 
1973). The fibres passed from the white matter into 
the granular layer in which they formed a rather dis
organised plexus. The path of the fibres though the 
granular layer was tortuous except in the more apical 
areas of the folium where they had a much straighter 
course from the white matter towards the Purkinje cells.
At the Purkinje cell layer fluorescent fibres were seen 
to branch and run horizontally at the level of the 
infraganglionic plexus and there x^ere many terminals 
around the Purkinje cell soraata. In the molecular layer 
there were two types of fibres both of which retained 
the typical beaded appearance and ran fairly straight 
courses, but they either ascended vertically through 
the layer to the pia mater or divided in a T-shape to 
run horizontally parallel to the Purkinje cell layer.
The horizontal fibres were more common in the lower half
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of the molecular layer. Since these fibres were seen 
in sagittal sections they run perpendicular to the 
parallel fibres of granule cells.

Nofadfeneiegie fibres were seen in all regions of
the cerebellum but their distribution was patchy, 
probably because of uneven dewaxing of the sections. 
Because of this it was difficult to assess the density 
of fibres and make comparisons between the control and 
experimental groups. However a subjective impression 
was that there were slightly fewer fibres in the left 
hemicerebella of the experimental groups than in either 
the contralateral hemicerebella or the control animals.

The fluorescent fibres in the cerebella of animals 
which underwent pedunclotomy aged 3 days were brighter 
and appeared thicker than in the adult animals. They 
were also present in the white matter and traversed the 
developing internal granular layer. The plexus of 
fibres was most dense at the Purkinje cell layer and 
fibres were seen ascending through the molecular layer 
to the external granular layer. However, very few 
fibres were seen in this layer. As'with the chronically 
lesioned animals the noradrenergic fibres were found in 
all regions of the cerebellum. Also there appeared 
leass fibres in the hemicerebellum ipsilateral to the 
pedunclotomy although the differences between experi
mental and control groups were minimal.



Figure 6.2

Fluorescent Noradrenergic Fibres in 
the Right Hemisphere of a Normal 38 day 

Cerebellum

Fibres ascend from the Purkinje cell layer (PCL) into 
the lower half of the molecular layer. (x 296)

Fluorescent terminals are present around the Purkinje 
cells and ascend onto the lower dendrites in the 
molecular layer (ML). (x 296)





Figure 6.3

Noradrenergic Fibres in the Cerebellum from 
a Rat Pedunclotomised on Day 3 and Surviving

35 Days

A single fibre with the typical beaded appearance 
ascending vertically in the molecular layer from the 
Purkinje cell layer. (x 296)

Fluorescent fibres ascend from the granular layer 
(GL) around the Purkinje cells (P) into the 
molecular layer (ML). (x 296)

A horizontal fibre running parallel to the Purkinje 
cell layer towards the apex of the folium (A).
(x 296)

A fibre ascending obliquely to the Purkinje cell 
layer and giving terminals onto the Purkinje cell 
perlkarya. (x 296)

Fluorescent preterminal fibres in the infraganglionic 
plexus ascending to a Purkinje cell (P). (x 296)

This tangential section of part of the Purkinje cell 
layer shows the fluorescent fibres encircling the 
Purkinje cell perikarya. (x 296)







Figure 6.4

Fluorescent Noradrenergic Fibres in a 
Control Cerebellum from a 42 Day Old Fat

A. An H-like formation of fluorescent fibres in the 
lower part of the molecular layer. (x 296)

B. Fibres from the granular layer give terminals to
the Purkinje cells (P) and continue into the molecular 
layer (ML) and run either vertically or horizontally, 
(x 296)

C. Vertically ascending fibres in the molecular layer.
(x 296)

D. The plexus of noradrenergic fibres seen in the 
granular layer. (x 296)

C
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Figure 6.5

Noradrenergic Fibres in the Cerebellum 
35 Days after Neonatal Pedunclotomy 

on Day 7

A and B. Fluorescent terminals are present around the 
Purkinje cell somata in the Purkinje cell layer 
(P) and run obliquely (A) and horizontally (B) 
in the lower molecular layer. (x 296)

C. Vertically running fibres in the molecular 
layer. (x 296)

\ '
D and E. Fluorescent fibres running through the granular 

layer (GL) to the Purkinje cell layer and to 
the lower part of the molecular layer. (x 296)

/





Figure 6.6

The Catecholaminergic Fibres Seen in the 
Cerebellum of an Animal Pedunclotomised 
Aged 10 Days which Survived for 35 Days

A and B show fluorescent fibres ascending from the 
layer through to the molecular layer (ML). 
the fibre splits around a Purkinje cell (P) 
(x 116)

granular 
In A

The horizontal plexus of fibres running along the 
Purkinje cell layer (x 296) and giving a few 
ascending branches into the molecular layer.





178

A.

B and C

\

Figure 6.7

Fluorescent Noradrenergic Fibres in 
a Normal 7 Day Cerebellum

Short beaded fibres in the lower part of the 
molecular layer at the base of a sulcus.
(x 296)

Fluorescent fibres ascending through the 
granular layer to the Purkinje cell layer (PL).
(x 296)

C
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Figure 6.8

The Noradrenergic Fibres in the Cerebellum 
of a Neonatal Fat 4 Days After Pedunclotomy

on Day 10

A. The brightly fluorescent neurons of the locus 
coeruleus in a control brainstem. (x 116)

B. A low power micrograph showing fluorescent fibres 
in the molecular, Purkinje cell and granular 
layers of a folium. (x 116)

C and D. Horizontal fluorescent fibres in the Purkinje 
cell layer with collaterals ascending into the 
molecular layer (ML). (x 296)

E. Fibres in the granular layer and a few terminals 
around the Purkinje cells (P). (x 296)

F and G. Fibres from the molecular layer can be followed 
right into the external granular layer (EL).
(x 296)

H and I. Fluorescent fibres ascending vertically (H) and 
obliquely (I) through the molecular layer from 
the Purkinje cell layer (PL). (x 296)
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CHAPTER SEVER

AN AUTORADIOGRAPHIC INVESTIGATION OF THE 
OLIVOCEFBEBLLAP. PATHWAY

i nt r o d u c t i o n

The olivocerebellar projection of climbing fibres has 
been described in chapter 1. The cerebellum is known to 
exhibit plasticity in response to surgical trauma both with 
its efferents (Lim and Leong, 1975; Castro, 1978; Kawaguchi 
et a_l., 1979) and its afferents (Payne and Bower, 1983). It 
was decided to investigate whether the intact inferior olive 
(ipsilateral to the pedunclotomy) could reinnervate the 
deafferented hemicerebellum, a phenomenon since found by 
Angaut et al. (1982) and Alvarado-Mallart et al̂ . (1983). In
order to try and discover whether or not these fibres were*•*
Present in the immature brain, the neonatal olivocerebellar 
projection was also investigated both with and without a 
pedunclotomy. This study was also important because at the 
time there was only one brief anatomical study of this path
way (Dupont et al.., 1981) however Sotelo et al. (1984) have
recently made a detailed study of it in neonates aged 1 and

*

4 days. Therefore neonatal rats, aged 3, 7 or 10 days, 
received tritiated leucine in either inferior olive and 
underwent an acute left cerebellar pedunclotomy. Also 
animals which had undergone the pedunclotomy at the above 
ages and survived for 35 days had the isotope injected into 
the left inferior olive to study any aberrant cerebellar 
projections.
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The technique used is based on procedures known to work 
in the nervous system (Cowan et: al.., 1972; Beckstead and 
Norgreen, 1979; Norman and Bower, 1982).

METHODS

PREPARATION OF THE ISOTOPE

The commercially available L-[4,5-3H]leucine (Radio
chemical Centre, Amersham) must be concentrated so that a 
sufficient specific activity can be injected in the small 
volumes required. To concentrate the L-[4,5-3H]leucine, 
obtained with a specific activity of 1 mCi/ml, 1 ml is 
freeze dried using an electric vacuum pump until the residue 
is just still visible. The isotope can be stored in this 
form overnight in a deep freeze.

Just prior to use the isotope is rediluted in 0.05 ml 
of 0.9% saline, to give a specific activity of 20 mCi/ml.

INJECTION INTO THE BRAINSTEM

Anaesthesia

The anaesthetic procedure used was different for the 
two groups of animals injected. Those undergoing injection 
with acute pedunclotomy could only be anaesthetised with 
ether because a weight-related dose of ketamine hydrochloride 
and pentabarbitone sodium was lethal. Eecause ether is 
short acting the neonates were returned to the ether jar as 
necessary during the operation. Those animals being 
injected following chronic pedunclotomy were anaesthetised 
with ketamine hydrochloride and pentabarbitone sodium as 
described in chapter 2.
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Figure 7.1

These two photographs illustrate the method of holding 
neonatal rats in the stereotaxic frame for injection 
of radiolabelled material into the brainstem. The 
rats are held in a plastic mould (A) with Blue Tac (B) 
and the micropipette (C) (containing blue dye to 
improve its visibility in the photograph) is orientated 
at 50° to the vertical. The dissecting microscope (D) 
is used to position the micropipette accurately in the 
brainstem.

\
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Figure 7.2

A sagittal section through a rat's head to illustrate 
the angle of micropipette insertion through the 
foramen magnum and brainstem to the inferior olive 
(Zeman and Innes, 1963).
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The animals are initially treated in the same manner 
as described for the pedunclotomy in Chapter 2. However 
for this procedure the neck muscles have to be more fully 
retracted using a small retractor. The atlanto-occipital 
membrane is fully cleared so that the underlying obex and 
dorsal columns can be distinguished. With the aid of a 
low power binocular(Nachet, NS 50) and cold light illumina
tion the membrane is removed to expose the obex, both 
dorsal columns and the posterior part of the vermis.

The animal is then transferred to a Kopf stereotaxic 
frame. The older animals with chronic pedunclotomy can 
be fixed using the ear and upper incisor bars in the usual 
wanner. However the young neonates are held in plastic 
moulds attached to the incisor bar (Fig. 7.1). The 
animal is orientated so that the top of its head is hori
zontal and its body lies almost vertical. This leaves the 
dorsal surface of the brainstem roughly horizontal and a 
Point of flexion at the level of the obex (Fig. 7.2).
Using a cold illumination Vicker's stereotaxic dissecting 
microscope a glass micropipette, of tip diameter 50-60 pm, 
is carefully orientated to penetrate the brainstem at 50° 
to the vertical on the dorsal column medial to the artery, 
0.5 mm from the midline and level with the obex. The 
depth through which the pipette is inserted is measured 
from the dorsal surface of the brainstem and depends on 
the animal's weight. The values required can be found
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Figure 7.3

This graph shows the relationship between body 
weight and the distance through the brainstem from the 
surface of the dorsal column nuclei to the midrostral 
region of the inferior olive. The measurements were 
made with the animal's neck flexed approximately at 
the obex, the floor of the 4th ventricle horizontal 
and the angle of insertion being 50° to the vertical.

The numbers lying on the curve show the age (in 
days) of animals with the relevant body weight.
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in Fig. 7.3. Between 50-100 nL (1.0-2.0 u'Ci) of isotope 
is slowly injected a v e r  i • s' — Z m in^tes using au~ compression.

Rats in the chronic pedunclotomy group have 
[4,5-3 H] leucine injected into the left inferior olive 

while the neonates undergoing acute pedunclotomy are 
injected into either the right or left inferior olive.

dostinjection Procedure

After the injection the young rats are operated upon 
for a cerebellar pedunclotomy in the manner previously 
Ascribed. However because the atlanto-occipital membrane 
has been removed in neither group of rats is the antibiotic 
sprayed into the wound because the cold shock to the 
Unprotected brain was lethal. The skin is sutured with 
silk and sprayed with plastic dressing.

Both groups of rats were kept warm in boxes under a 
lamp until they had recovered from the anaesthetic, at 
which time the neonates are returned to their mother.

discussion

Autoradiography, an anterograde tract-tracing technique,
♦

is used in this study because it will reveal all the termin- 
als arising from the labelled inferior olivary neurons 
including any aberrant projections, which may be missed with 
a retrograde tracing technique. Autoradiography is 
Preferable to using anterograde degeneration because climb
ing fibres are known to degenerate very quickly and be
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difficult to stain (Desclin/ 1974). Also lesions to an 
inferior olive will inevitably damage the climbing fibre 
Projection from the contralateral side (this is only 
important in the neonatal animals) and consequently an 
aPparently erroneous projection may be disregarded.

Tritiated leucine is chosen as the tracer because it 
is an aminoacid commonly incorporated into protein and is 
therefore likely to label all axon paths, unlike proline 
which has been shown not to label some neuronal connections 
(Kunzle and Cuenod, 1973). Tritium is a low activity 
isotope which gives high resolution for both climbing 
fibre terminals and inferior olivary neuron labelling.

Because of the relatively caudal position of the 
inferior olive within the brain, a foramen magnum approach 
was chosen in preference to either the burr-hole or retro
pharyngeal techniques since it is far less traumatic for 
the animals. Stereotaxic coordinates for any specific 
nucleus are available for adult animals of a particular 
weight and orientated in a particular manner (the incisor 
tar 5 mm above the level of the ear bars and the animal 
lying almost flat). The coordinates of the obex, the 
fostral and caudal limit of the inferior olive and the 
dorsal and ventral surfaces of the brainstem were obtained 
from a stereotaxic atlas (Pellegrino et al., 1979). The 
angle at the obex subtended by the rostral and caudal 
limits of the inferior olive was calculated by geometry, 
from this the angle and depth required to reach the
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midpoint of the olive was deduced and allowing for rotation 
°f the head this was expressed relative to the vertical 
axis - 29° posterior to the vertical and 3.1 mm deep. How 
aver this value could only be an approximate starting point 
because the distance is calculated for an adult animal and 
bhe geometry makes no allowance for any distortions in the 
brainstem incurred by flexion of the neck. An initial 
trial injecting 0.1% azure B (aq) revealed that 29° was too 
steep an angle of approach. A sagittal section through a 
whole rats head (Zeman and Innes, 1963) shows that the 
ar*gie of approach should be between 45° and 50® to the 
v^rticle because when the neck is flexed the obex changes 
its position relative to both the foramen magnum and the 
inferior olive. Including this angle (50°) in the 
geometric calculations gives a rough estimate of the depth

4*»

the micropipette must penetrate.

A pilot study was made injecting 0.1% azure B (aq) 
into rats of different ages to obtain the depth the micro- 
Pipette had to be inserted to label the inferior olive.
The weight/depth ratio is seen in Fig. 7.3.

The isotope is injected as slowly as possible because 
this increases its availability for uptake and minimizes 
any tissue damage (Cowan et al., 1972). This is particu
larly important for the young neonate because of the small 
amount of myelination in the immature brainstem. This 
reduces the tissue "grip" around the micropipette and 
allows massive backflow of the isotope, especially if it is 
not injected extremely slowly.
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PROCESSING

The animals were allowed to survive for up to 4 days 
and were then re-anaesthetised with ether and perfused 
with fixative. This survival time correlates with other 
autoradiographic studies of the olivocerebellar projection 
(Chan-Palay et al.« 1978; Armstrong et al.., 1982). Also 
three days is sufficient time for the whole path to be 
labelled by slow axon transport at a rate of 5 mm/day 
(Cowan et al.. 1972). A Jelco I.V. catheter placement 
unit, either size 16G or 20G depending on the animal's age, 
Was inserted through the left ventricle into the ascending 
a°rta. The animals were perfused at 0.25 bar with 0.9% 
saline followed by 10% buffered formalin until at least 
200 ml fixative had been used. The brains were rapidly 
removed from the skull and stored in fixative for at least 
a week.

Just before processing the brains were dissected to 
remove the forebrain and the superior colliculi. The 
remaining cerebellum and brainstem was dehydrated, cleared 
and embedded in paraffin wax with a Shandon-Southern 2L 
Processor. When the tissue is blocked out it* is orientated 
so that coronal sections can be cut.

Sections 10 um thick were taken every 200 um from the 
oaudal end of the inferior colliculus. They were expanded 
°n distilled water and dried onto 'subbed' slides (Appendix 
Hi) warmed to 45°C in order to adhere the sections to the 
slide. Subbed slides are used in preference to clean
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slides smeared with glycerin albumin because the albumin 
Can react with the emulsion and because it improves the 
adherence of the emulsion to the slide and reduces lateral 
displacement, with resultant stress artefacts, during 
drying (Rogers, 1979 p 15).

£E£lLARATION of autoradiographic slides
The sections were dewaxed in at least two changes of 

xyiene, preferably overnight, then rehydrated through 
alcohols to distilled water. The slides must drain 
thoroughly because any excess water on them would over
dilute the nuclear emulsion coating.

The emulsion preparation, slide coating and developing 
Were all carried out in a dark room using a Kodak Safelight 
filter No. 2.

4*4

^Btlslon Preparation

The nuclear emulsion, L4 (Ilford Ltd., U.K.), was
bought in a gel form and was melted in a water bath at 43*C
ai*d diluted 1:1 with prewarmed 1% aqueous glycerol. The
glycerol is important to maintain the emulsion's plasticity

#.so it will not crack during drying. The mixture was gently 
stirred to ensure an even mix and allowed to stand for 
10-15 minutes to let any air bubbles rise to the surface.

^gctlon Coating

Eefore coating tissue sections with the emulsion it is 
advisable first to test the consistency of the emulsion by
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c ° a t i n g  a clean glass slide.

Slides placed back to back were coated with nuclear 
Pulsion by being dipped vertically into the liquid and 
SJ-owiy withdrawn at a steady rate to ensure an evenly 
thick emulsion layer. The slides were separated, turned 
horizontal, the backs x*iped clean, and placed on a cold 
Plate to gel for 5 minutes. After gelling the slides were 
Packed in trays and left to dry for a further 2 hours in a 
humid atmosphere, which prevents the emulsion from cracking 
as it dries. Trays of dry slides were stored with a 
'losiccant, anhydrous calcium chloride, in light-tight boxes 
at 4°c during the exposure period. A desiccant is important 
to reduce latent image fading through the presence of excess 
water vapour.

Slides were exposed for 3-5 days for the injection site 
and 3-4 weeks for the projection site because this will be 
lass heavily labelled.

^Sntrol Chemography

Positive and negative chemography controls are essential 
ho ensure that any results are due to the isotope and not to 
a reaction between the tissue and the emulsion, which may be 
either falsely positive or negative (Rogers, 1979).

Positive Chemography. Sections of cold tissue were 
Processed for autoradiography exactly as described above.
If there is a reaction between the tissue and the emulsion 
(positive chemography) then there will be a higher grain
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density over the section than on other areas of the slide*

Negative Chemography. Radioactive material identical 
*-° that used in the experiment is processed as normal but 
just before it is stored for exposure, it is fogged with 
-̂î ht. Any light patches overlying the tissue on what 
should be a completely black slide indicate that the tissue 
maY leach out silver ions (negative chemography).

^gy e lO Q i  ng

After exposure the slides were restacked in staining 
racks. They were immersed for 4 minutes in Kodak D19 
diluted 1:1 and maintained at 18cC. The slides were left 
Undisturbed to minimize the. variation of image formation 
during developing. The slides were rinsed in distilled 
Water then fixed in freshly made 30% sodium thiosulphate 
f°r 4.5 minutes with intermittent agitation.

Sections must be rinsed for at least 30 minutes in 
Running tap water before counterstaining with cresyl fast 
violet (Appendix IV).

Microscopy

Autoradiographs were viewed with a Leitz MPV2 micro
scope using both incident and transmitted light.
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Figure 7.4

A. The injection site into the left inferior olive 35 
days after pedunclotomy on day 10. Although the 
injection site does spill across the midline there 
are no surviving inferior olivary neurons to be 
labelled. The efferent fibres from the labelled 
inferior olive can be seen traversing the site of 
the degenerated right olive (arrows). (x 74)

B. An injection site in the right inferior olive two 
days after injection and pedunclotomy on day 3, 
which clearly has not crossed the midline. The 
density of labelling is caused by the long 3 week 
exposure time. (x 116)

C. The injection site in the left inferior olive 35 
days after pedunclotomy on day 3, which is well 
confined to the inferior olivary nucleus. (x 74)

D. This injection site in the right inferior olive one 
day after injection and pedunclotomy on day 3 
demonstrates how extensively the nucleus can be 
labelled even with a small injection (= 70nl).
Even after three days exposure the neurons are more 
densely labelled than the neuropil and there is no 
evidence of a spill across the midline (ML). (x 116)

E. An injection site in the right inferior olive four 
days after pedunclotomy and injection on day 7. The 
individual neurons are difficult to distinguish 
especially when compared with their appearance one 
day after pedunclotomy (D). The exposure time for 
this injection site was 3 weeks and the silver grains 
on the left of the midline overlie the numerous 
efferent fibres from the right inferior olive and 
there is no evidence of neuronal labelling. (x 116)
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Figure 7.5

This montage shows the injection site in the right 
caudal medial accessory olive (equivalent to caudo- 
rostral level 560 from Gwyn et al., 1977) from a 
neonate which received both left pedunclotomy and 
radioisotope injection on postnatal day 3. Despite 
a small injection (- 50nl) and a 3 day exposure 
labelled neurons (e.g. arrowed) are covered with a 
greater density of silver grains than is the 
surrounding tissue. In addition the injection site 
does not stray across the midline (ML) into the 
contralateral inferior olive. (x 296)
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Figure 7.6

These two micrographs are taken from a neonate which 
underwent left pedunclotomy and right inferior olivary 
injection on day 7. On the right side (R) the 
inferior peduncle containing silver-labelled axons can 
be traced from the brainstem (BS) through to the 
cerebellum (CER). But on the left (L) the inferior 
peduncle is completely destroyed (PX) and an excess of 
label has built up in the axons proximal to the lesion, 
(x 74)
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RESULTS

FOR INCLUDING DATA IN THE RESULTS

because autoradiography requires the observation of 
silver grains formed in an emulsion overlying radioactively 
iabelied tissue a set of criteria have to be established to 
erisure that any labelling is relevant to the experiment and 
n°t <Jue £0 non-specific reactions within or upon the
emuision.

If after four days exposure# cells within the injection 
site were covered by a greater density of silver grains than 
v^s found overlying the neuropil then they were considered

n &-ddi /nck, ¿1-e, is\jtcticr\ sites were ck-e.ck.ecL i-i avJvriKdi©j u/hiek ka.d exposed for 5 weeks.
0 have actively taken up the tracer. A  For animals in the 
chronic experiments which had survived 35 days after 
Pe3unclotomy, in addition to labelling the left inferior 
01ive, the left lateral reticular nucleus and the right 
inferior olive had to have degenerated. In neonatal 
ahimals, which received a left cerebellar pedunclotomy# the 
Objection must not have crossed the midline and thus 
1&belied neurons in the contralateral inferior olive.
^Urons of the right inferior olive also had to be degen-

4 .

erating since not all the neurons had disappeared by 4 days 
Post pedunclotomy. However# there was one set of excep
tions to the criterion for labelled cells within an injection 
site. in the acute experiments which had a 4 day post 
°Perative survival time the majority of the neurons of the 
ri?ht inferior olive had degenerated. Therefore in those
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animals in which the right inferior olive was injected the 
Nucleus was considered to be successfully labelled if the 
area in the ventral brainstem usually occupied by it was 
densely covered with silver grains. The glial cells which 
^filtrated the degenerating nucleus did not take up the 
tracer since they were not related to any increased density 
0f silver grains.

Since a nuclear emulsion will always contain some 
silver grains it is important to recognise genuinely labelled 
climbing fibre terminals from artifact. Also they must be 
distinguished from any mossy fibres which have been labelled 
ky the inclusion of reticular formation neurons within the 
Ejection site. In the adult cerebellum the climbing 
fibres have a specific structure following the Purkinje cell 
dendritic .tree. In coronal sections they lie as thin 
Vettical bands in the lower two-thirds of the molecular 
layer and therefore the distribution of silver grains over- 
lying labelled terminals must have the same appearance.

distinction, radioactive labelling of mossy fibre 
r°settes produces discrete clumps of silver grains over the 
Glomerular islands in the granular layer. In neonatal 
ahimals the autoradiographic appearance of labelled climb- 
fn<? fibres can be deduced from the developmental histology, 
between 5 and 10 days post partum the immature climbing 
fibres synapse upon the Purkinje cell perisomatic processes 
before ascending to the primary dendrites by day 12.
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Figure 7.7

Developmental Climbing Fibre Histology

A. By postnatal day 5 the climbing fibres have reached 
the Purkinje cells (PC) and are beginning to grow 
round the somata. Therefore the labelled fibres 
are seen as cups of silver grains around the bases 
of the cells (arrows) and there is no labelling 
towards the external granular layer (EGL). (x 296)

B. By day 9 the climbing fibres have completely 
surrounded the Purkinje cell perikarya (arrowed) but 
have not ascended into the molecular layer (ML)•
(x 296)

C. On postnatal day 11 the climbing fibres are starting 
to ascend to the developing primary dendrites of the 
Purkinje cell and can be seen both around the 
perikarya and in the lower molecular layer (ML).
(x 592)

D. In the adult cerebellar cortex the labelled climbing 
fibres ascend vertically through the molecular layef 
following the Purkinje cell dendritic tree.
(x 476)





Figure 7.8

These micrographs show that even in young neonates aged 
5 days the appearance of labelled climbing fibres which 
have reached the Purkinje cells (see Fig. 7.7) can be 
distinguished from that of mossy fibres.

The injection site (A x 74) is seen to be mainly in the 
reticular formation and just includes the medial right 
dorsal accessory olive (DAO). In the cerebellar cortex 
(B and C x 296) the labelled afferents arising in the 
reticular formation terminate in the white matter and 
internal granular layer (IGL) and do not extend up to the 
Purkinje cells which have almost formed a monolayer (Pk) *
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therefore the silver grains overlying labelled terminals 
form rings around the Purkinje cells (Dupont et al_., 1981; 
s°telo et al., 1984). In neonates aged 3 days the 
developing climbing fibres have barely reached the Purkinje 
CeH s  and therefore the distribution of the silver grains 
Ues more over the internal granular layer and just reaches 
fche Purkinje cell layer. Unfortunately at this age mossy 
fibres have not developed their rosettes, therefore any 
®°8®y fibre labelling has a very similar appearance to the 
climbing fibres except that the silver grains stop short 
of the Purkinje cell layer. In these very young animals 
fhe results are difficult to interpret, however silver 
Stains overlying the cerebellar cortex were considered to 

Produced by labelled climbing fibres if the silver
Cached the Purkinje cells and the injection site included#«»
a substantial part of the inferior olive.

ŜEQNIc experiments
Any changes in the olivocerebellar projection following 

neonatal cerebellar pedunclotomy were studied in animals 
which had undergone the pedunclotomy aged 3, 7 and 10 days 
and survived for 35 days, at which time the left inferior 
01ive was injected with [3H]leucine.

^¿StQlogy

In all animals from each age group a large part of 
f-be left inferior olive was labelled and in the majority of 
c^ses the injection site encroached upon the reticular
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Climbing Fibres from an Animal 
Pedunclotomised on Day 7 and Injected 

into the Left Inferior Olive after 35 Days

A. The normal histological appearance of climbing 
fibres ascending vertically through the molecular 
layer of the right paramedian lobule. (x 296)

B. This micrograph illustrates a single labelled 
climbing fibre which has a totally different 
appearance from the labelled mossy fibre rosette 
(MF),. (x 296)

C. The climbing fibres in the left hemicerebellum 
are also heavily labelled although they have a 
more plexus-like morphology and do not reach the 
whole depth of the molecular layer. (x 296)

*

D. These labelled climbing fibres are seen in the 
left paramedian lobule and their differing 
histological appearance can be directly compared 
with those seen in the contralateral side (A).
(x 296)

E. This micrograph shows labelling in both the white 
matter and molecular layer in the left lateral 
vermis. However there is almost no labelling in 
the granular layer, which demonstrates that it is 
the climbing fibres which have been labelled.
(x 296)

Figure 7.9
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Figure 7.10

These three micrographs (x 476) illustrate the labelled 
climbing fibre histology in animals injected 35 days 
after pedunclotomy on day 10. Since these fibres were 
only seen in the right hemicerebellum the normality of 
their appearance was expected.

\
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formation. In some animals a few neurons at the centre of 
the injection site had been destroyed. Axons from the 
inferior olive crossed the midline and passed through the 
site of the degenerated right inferior olive to converge at

lateral edge of the brainstem. The bundle of fibres 
tum ed dorsally and travelled in a dorsorostral direction
tin enter the cerebellum through the right inferior peduncle. 
abelied fibres passed around the deep cerebellar nuclei 
in their course towards the cortex. Discrete labelled 
®08»y fibre rosettes were often present in the granular 
la^er but most of the cortical labelling was found in the 
Molecular layer. The labelled climbing fibres appeared 
as thin rows of silver ascending vertically through the 
Molecular layer. The labelled fibres were grouped together 
tnto distinct bands which were continuous through all 
*°buies in a single sagittal plane. These labelled strips 
of cortex alternated with strips which were either not 
labelled or only very faintly labelled. However they were 
n°t a uniform width, in some lobules almost the whole 
^'Cdioiateral extent was positively labelled and in others 
^be labelling was found in thinner clearly alternating 
k&nds.

Q fvocerebellar Projection

Although the histological appearance of labelled 
cllmbing fibres was the same in control and experimental 
ahimals, irrespective of the age at operation, the general 
topography of the olivocerebellar projection was not.
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The Olivocerebellar Projection of an Animal 
Pedunclotomised on Day 3 and Injected 

After 35 Days

In the cerebellum the climbing fibre labelling was heavy 
in the right hemicerebellum (heavy stippling). The 
unshaded areas did not contain labelled climbing fibres.

In the diagram of the inferior olive the shaded areas 
show the extent of the injection site within the inferi°r 
olive. In the pedunclotomised rats the right inferlor 
olive is missing.

Figure 7.11

f
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Eecause a large part of the inferior olive was labelled in 
m°st animals, the fine detail of the olivocerebellar 
topography could not be analysed.

Control Animals

in the control animals aged 38, 42 or 45 days the 
re<?ional labelling within the cerebellum was highly con- 
ststent considering in no two animals was the injection 
si-te identical. If the injection site was confined to a 
stngie inferior olive then the climbing fibre labelling 
Wi-thin the cerebellum was solely contralateral. Any 
Molecular layer labelling seen ipsilateral to the injection 
s*te could always be accounted for by encroachment of the 
Ejection site into the medial part of the opposite 
inferior olive.

«•#Animals Pedunclotomlsed Aged 3 Days

In this experimental group four animals fulfilled the 
°titeria for a successful inferior olivary injection and 
bilateral pedunclotomy. In all these animals the left 
°etebellar hemisphere was smaller than the right hemisphere

the regions labelled within the cerebellum were very
*

similar.
After an injection of [SH]leucine into the left 

inferior olive extensive climbing fibre labelling was 
f°und in the right hemisphere and the right half of the 
vermis. These fibres were of the same histological 
aPpearance as was seen in control animals and in some
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Figure 7.12

The Olivocerebellar Projection from a 
Fat Pedunclotomised on Day 7 and Injected 

After 35 Days

The cerebellar cortical labelling is very precisely 
organised into sagittal bands in the right hemicerebel luin 
but this is mu ch less heavy and less clearly seen in the 
left hemicerebellum.

The ventral paraflocculus and flocculus on the left sid® 
were often missing in the experimental animals probably 
through damage during the pedunclotomy.

The conventions are the same as those in figure 7.11»
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f°buies were grouped into sagittal bands. In addition to 
^Is, molecular layer labelling was also found in the left 
hemicerebellum as far lateral as the paraflocculus. These 
fibres had the appearance of lightly labelled climbing 
fibres seen both in control animals and the contralateral 
hemicerebellum. Not only was this labelling in the left 
hemicerebellum lighter than on the right but the pattern of 
i^beliing was almost a mirror-image of that seen in the 
ri9ht hand cortex, the major difference was that the 
Sa9ittal bands were less obvious.

Animals Pedunclotomised Acred 7 Days

Four animals fulfilled the criteria to be included in 
fhis group. A left inferior olivary injection produced 
6>ttensive climbing fibre labelling in all regions of the 
ri-ght hemicerebellum which was clearly organised in distinct 
Sa9ittal zones. As was found in the 3 day pedunclotomy 
9r°up, labelled climbing fibres were also found throughout 
he left hemicerebellum although the density of silver 
Stains was much lower than in the right hemicerebellum.
Aleo, unlike the animals pedunclotomised at 3 days, the 
ateas of labelling and the sagittal banding in the left 
hemisphere were not symmetrical to those seen in the right 
hemisphere.

Animals Pedunclotomised Acred 10 Pays

Four experimental animals were included in this group, 
^he olivocerebellar projection in these animals was almost
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Figure 7.13

The Olivocerebellar Projection from a 
Rat Pedunclotomised on Day 10 and Injected 

After 35 Days

Following an extensive olivary injection site the right 
hemicerebellum was substantially filled with labelled 
climbing fibres and with a very small exception this 
did not continue into the left hemicerebellum.

The conventions follow those of figure 7.11.
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the same as in control animals. From the injected left 
Inferior olive, labelled climbing fibres were found in all 
a^eas of the right hemicerebellum and in some lobules, 
Specially the anterior vermis, sagittal banding occurred, 
however the labelling of climbing fibres ceased exactly at 
the midline and only in one animal was a very small number 
of labelled climbing fibres found in lobules VI-IX of the 
*eft hemivermis.

EXPERIMENTS
In these experiments the acute effects of unilateral 

corebellar pedunclotomy on the neonatal olivocerebellar 
Projection were studied. Neonatal rats aged 3, 7 or 10 
daYs underwent pedunclotomy and at the same time 
t3H]leucine was injected into the relevant inferior olive 
ai*d the pups were allowed to survive for up to 4 days.
The histological appearance and topographical organisation 
Va£ied with each age group because of the different stages 
of both Purkinje cell and climbing fibre development.

^Simals Pp-dunclotomised Aged 3 Days

In this experimental group the olivocerebellar path 
Was studied in animals aged between 4 and 7 days. By day 
4 the developing climbing fibres have just reached the 
?urkinje cell layer therefore the labelled fibres were 
Seen as crescents of silver around the base of the 
Purkinje cells. However, by 7 days of age the climbing 
fibres have formed well established contacts with the
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Figure 7.14

The Olivocerebellar Projection from a 
Neonatal Rat Pedunclotomised and 

Receiving an Injection into the Left 
Inferior Olive on Day 3 and Surviving 

for 4 Days

After extensive inferior olivary labelling the right hemi 
sphere and the vermis were extensively labelled with 
almost no evidence of sagittal banding. The left hemi" 
vermis was less heavily labelled (light stippling) than 
the right hemicerebellum (heavy stippling).

In the neonatal rat the inferior olive is smaller than ¿n 
the adult, therefore a small injection will extensively 
label the nucleus which is shown by the shaded areas. 
Also the rostrocaudal levels described by Gwyn et al* 
(1977) (see Fig. 1.3) do not correspond with those of 
the smaller neonatal inferior olive.
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^urkinje cell perisomatic processes and the labelled fibres 
c°uld be clearly seen surrounding the Purkinje cell somata. 
because the Purkinje cell dendrites have not developed by 
these ages the density of silver grains overlying the 
Molecular and external granular layers was not greater than 
background. The organisation of the labelled climbing 
fibres into sagittal, bands was less precisely defined than 

the adult animals. Large areas of the Purkinje cell 
laVer were labelled and they formed broad longitudinal 
2°nes over several lobules.

Left Pedunclotomy with Left Inferior Olive Injection

With post-operative survival times of 1, 2 or 4 days,
4 animals fulfilled the criteria to be included in this 
9toup. The results were consistent between animals and 
Vete not dependent upon the survival time. In each brain- 
stexn the left inferior olive was extensively injected and 
from it labelled fibres crossed the midline, passed through 
the degenerating right inferior olive to converge at the 
lateral edge of the brainstem. The fibres then travelled 
^°tsally and rostrally through the right inferior peduncle 
fato the cerebellar medulla. Almost immediately a tract 
°f fibres turned laterally to enter the paraflocculus and 
bbe flocculus. Labelled climbing fibres were found in the 
V;hite matter and the Purkinje cell layer throughout the 
rf9ht hemicerebellum but there was also consistent light 
climbing fibre labelling in the left hemivermis as far 
laterally as the paravermal zone.
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A and B.

C and D.

Figure 7.15

Climbing Fibre Labelling in a 
Neonate which Underwent Left 

Pedunclotomy and Inferior Olivary 
Injection on Postnatal Day 3

After injection into the left inferior olive 
the labelled climbing fibres around the 
Purkinje cell perikarya were denser in the 
right hemisphere (B) than in the lateral 
part of the left hemivermis (A). (x 296)

Following an injection into the right infsri°r 
olive an ipsilateral pathway can be seen. 
Interestingly the climbing fibre labelling 
was greater in the left hemisphere (C x 296) 
than in the right hemisphere (D x 476).

f
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Figure 7.16

The Olivocerebellar Projection from a 
Neonatal Hat Pedunclotomised and 

Receiving an Injection into the Right 
Inferior Olive on Day 3 and Surviving 

for 2 Days

In the cerebellar cortex the climbing fibre labelling waS 
heavier in the left hemisphere and vermis (heavy stiPP 
than the right hemisphere (light stippling) and there was 
only rather crude broad sagittal banding.

The right inferior olivary hatching represents the area 
of dense silver accumulation which was considered to be 
the injection site. However due to the degenerative 
changes in the olivary neurons a more precise map could 
be incorrect and misleading. As with figure 7.14 the 
olivary map does not fit the adult rostrocaudal levels 
shown in figure 1.3.
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Left Pedunclotomv with Right Inferior Olive Injection

In this experimental group 4 animals fulfilled the 
Cfiteria and all of them had survived 2 days post-operatively. 
In no animal did the injection site encroach upon the left 
inferior olive. The degree of neuronal labelling within 
ihe right inferior olive was difficult if not impossible to 
assess because the neurons were undergoing rapid retrograde 
^e9eneration. Almost all the neurons of the dorsal and 
medial accessory olives had disappeared while those remaining 
Within the principal olive did not look normal and possessed 
ill-defined nuclear and somatic edges. Also most of this 
te,?ion was infiltrated by small dark glial cells. There- 
i°te the extent of the injection site within the right 
inferior olive was assessed in each section using the intact 
c°ntralateral olive as a guide.

Prom the injected inferior olive labelled fibres 
Crossed the midline and traversed the contralateral inferior 
°live to form the left inferior peduncle on the lateral edge 
°£ the brainstem. These fibres were stopped where the 
Peduncle had been transected. As well as these, fibres 
*lso passed from the lateral aspect of the injected inferior 
01ive to form a similar bundle at the right lateral edge of 

brainstem and entered the cerebellum through the right 
•^ferior peduncle. This ipsilateral pathway was always 
*ess heavily labelled than the contralateral side. Labelled 
fibres passed through the deep nuclei to the cortex through- 
°ut the cerebellum and terminated in broad poorly defined
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Sa9ittal zones along the Purkinje cell layer. Also, some 
fibres could be traced right across the vermis into the 
*e£t hemisphere. Although the white medulla around the 
^eeP nuclei of the left hemisphere was only lightly 
labelled the climbing fibre terminals along the Purkinje 
CeU  layer were always more intensely labelled than those 
n the right hemisphere.

¿SigLals Pedunclotomised Aged 7 Days

In the animals of this operative age group the cerebellar 
°limbing fibres were studied in animals aged 8 to 11 days.

histological appearance of labelled climbing fibres was 
tile same for each age and each experimental group. Because 

climbing fibres still terminate on the Purkinje cell 
Petisomatic processes their labelling was seen as dense 
^cumulations of silver around the Purkinje cells. While 

labelling of the developing molecular layer and the 
Eternal granular layer was never above background the 
internal granular layer was usually more densely labelled 
including distinct 'rosette-like' structures because of some 
involvement of the reticular formation in the injection 
sites. The labelled climbing fibres were organised into 
ktoad longitudinal zones in which thinner sagittal bands 
c°uid be seen.

No Pedunclotomy but Right Inferior Olivary Injection

After survival times of 1 and 4 days, 4 control animals 
Vere included in this group although in only one animal was



Figure 7.17

The Olivocerebellar Projection from a 
Neonatal Rat Pedunclotomised and Injected 
into the Left Inferior Olive on Day 7, 

which Survived for 2 Days

In the cerebellum there was heavy climbing fibre labelli 
(heavy stippling) in most regions of the right hemi~ 
cerebellum to the midline and lighter labelling (Ü9ht 
stippling) in the left vermis.

The conventions applied to the inferior olivary label11°^ 
are the same as those seen in figure 7.14.
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there no involvement in the injection site of the medial 
6<%e of the left inferior olive. Labelled fibres crossed 
the midline, traversed the left inferior olive and passed 
r°Und the lateral edge of the brainstem to enter the 
Cetebellum through the left inferior peduncle.

Climbing fibre labelling was found around the Purkinje 
Cells throughout the left hemicerebellum and this stopped 
at the midline. Where the injection site had encroached 
irito the left inferior olive small numbers of labelled 
cUmbing fibres were found in the right hemisphere and 
Vetmis.

Left Pedunclotomy with Left Inferior Olivary Injection

With survival times of 1, 2 and 4 days 7 animals were 
included in this group and the results were not dependent on 
^he survival time. In all animals a major portion of the 
left inferior olive had been injected. Fibres could be 
traced across the midline and through the degenerating 
inferior olive, round the lateral brainstem to the right 
inferior peduncle. Within the cerebellum the central white 
"^flulla of the right hemisphere was heavily labelled and 
tracts of labelled fibres passed to all areas of the cortex 
in the right hemicerebellum. The climbing fibre terminal 
inbeiiing in the Purkinje cell layer was much heavier than 
^he amount of silver grains seen overlying the internal 
9tanular layer and the molecular and external granular 
inyers, which were not labelled above background. Heavy
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Figure 7.18

Labelled Climbing Fibres in a Neonate 
which Underwent Pedunclotomy and 
Inferior Olivary Injection on 

Postnatal Day 7

A and B. After injection into the left inferior olive 
there is extensive labelling in the righfc 
hemicerebellum (B) but the labelling across 
the midline to the left hemivermis is much 
sparser (A). (x 296)

C and D. Following an injection into the right infer;i-0 
olive an aberrant ipsilateral pathway is 
demonstrated but the climbing fibre labelli11̂  
around the Purkinje cells is much fainter 
the left hemisphere (C) than in the righfc 
hemisphere (D). (x 296)

ML = molecular layer

f
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Figure 7.19

The Olivocerebellar Projection from a 
Neonatal F.at Pedunclotomised and Injected 
into the Right Inferior Olive on Day 7, 

which Survived for 4 Days

The labelled climbing fibres in the cerebellar cortex were 
seen throughout the right hemicerebellum and the left 
hemivermis. while the anterior lobe and posterolateral 
right hemisphere were generally less heavily labelled 
(light stippling) there was no obvious sagittal banding.

The injection site has been generally outlined (vertical 
hatching) for the reasons explained in figure 7 .16.
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Figure 7.20

This montage (x 204) of the climbing fibre labellin9 
vermal lobule VII illustrates the breadth of the 
olivocerebellar projection, with virtually no sagifctal 
banding, throughout a whole lobule. This appearance 
was found extensively in the developing cerebella.
The micrographs are taken from a neonate receiving 
[*H]leucine into the right inferior olive and a left 
pedunclotomy on day 7 and surviving 4 days and demon' 
strates that the aberrant ipsilateral pathway is 
extensive. This widespread climbing fibre labelling 
should be compared with the appearance of sagittal 
banding in a different vermal lobule, the right half 
of IX, from the same animal (overleaf, x 481).

L = left hand side of the vermis 
R = right hand side of the vermis
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climbing fibre labelling stopped at the midline, however a 
small consistent projection of lightly labelled climbing 
fibre terminals was also found in the left hemivermis and 
fb extended almost to the lateral edge of the vermis.

Left Pedunclotomv with Right Inferior Olive Injection

Four animals, which had survived either 2 or 4 days 
Post—operatively, fulfilled the criteria for a successful 
fejection of the right inferior olive with no encroachment 
°f the left inferior olive. After 2 days survival a few 
Principal olivary neurons remained but they appeared 
^generating v/ith poorly defined edges of the nuclei and 
Psrikarya, but by 4 days post-pedunclotomy the whole right 
inferior olive had disappeared. Therefore the area of 
injected inferior olive was deduced using the intact left 
inferior olive.

4*1 ... •

From the injection site, heavily labelled fibres 
grossed the midline traversed the left inferior olive and 
Passed round the lateral rim of the brainstem to where the 
left inferior peduncle had been transected. Fibres also 
emerged from the lateral side of the injection site and 
followed a similar course around the rim of the brainstem 
to the right inferior cerebellar peduncle. These fibres 
ipsilateral to the injection site were less heavily 
iabelied than the contralateral path. Labelled climbing 
fibres entered the cerebellum through the right inferior 
Peduncle and passed mainly around but also through the deep
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nuclel on their course to the cortex. Heavy terminal 
la b e ll in g  overlay the Pu rk in je  cell layer throughout the
ri<?ht hemisphere and the whole vermis and it was organised 
Into sagittal zones. The labelling ceased at the left 
edge of the vermis, and the cortex and the central white 
Medulla of the left hemisphere was not labelled greater 
**̂ an background.

^ ¿ mals Pedunclotomised Acred 10 Days

In this experimental group the olivocerebellar pro
jection was studied in neonatal animals aged 11 to 14 days.

11 days of age the climbing fibre terminals still 
Viminate on the Purkinje cell perisomatic processes 
therefore any labelling appeared as accumulations of silver 
Stains over the Purkinje cell layer. By day 14 the climb- 
tng fibres have ascended to the Purkinje cell primary 
dendrites and labelled terminals were found around the 
aPices of the Purkinje cells and as fine threads of silver 

the lower third of the molecular layer. The distribu
tion of terminals was clearly in sagittal bands and 
aPPeared very similar to those seen in the adult cortex. 
There was no labelling in the external granular layer 
greater than background, while in the internal granular 
*aYer any labelling was confined to discrete accumulations 

silver over the mossy fibre rosette glomerular islands.

No Pedunclotomv but Right Inferior Olivary Injection

Five control animals with survival times of 1 or 4 
days fulfilled the criteria to be included in this group
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Figure 7.21

The O liv o c e re b e l la r  P ro je c t io n  in  a 

Neonatal Rat Pedunclotom ised and In je c ted  

in to  the L e f t  I n f e r io r  O liv e  on Day 10 and 

which Surv ived  f o r  4 Days

The in je c t io n  s i t e  inc luded  the m a jo r ity  o f  the in fe r io r  

o l iv a r y  nucleus and th e re fo re  the r ig h t  hem icerebe lluin 

e x te n s iv e ly  la b e l le d  in  accordance w ith  the topography 
i l lu s t r a t e d  in  f ig u r e  1 .3 .

(
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and in only one animal did the injection site encroach upon 
the left inferior olive. In each animal a major part of 
the right inferior olive was injected and the ventral part 
®f the reticular formation was also included. Irom the 
injected inferior olive labelled fibres could be traced 
across the midline and through the left inferior olive to 
the lateral edge of the brainstem. From here the fibres 
Passed dorsorostrally and entered the cerebellum through 
the left inferior peduncle. The central white medulla of 
the left hemisphere was heavily labelled and tracts of 
labelled fibres passed to the cortex. The climbing fibre 
terminal labelling in the Purkinje and lower molecular 
layers was organised into discrete sagittal bands in all 
ateas of the left hemisphere and the left hemivermis.
The labelling stopped exactly at the midline except in the 
°ne animal in which the injection site was slightly 
bilateral where small areas of climbing fibre labelling 
Were also found in the right hemicerebellum.

Left Pedunclotomv with Left Inferior Olive Injection

In this experimental group all the four animals which 
were successfully injected had a post-operative survival 
time of 4 days. In each animal the left inferior olive 
was extensively injected and from it heavily labelled 
fibres traversed the midline and through the contralateral 
inferior olive to form the right inferior peduncle on the 
lateral edge of the brainstem. The labelled climbing 
fibres entered the cerebellum through this peduncle and
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Passed around the deep nuclei on their path to the cortex. 
In the cortex the Purkinje cell layer and the lower third 
of the molecular layer of the right hemicerebellum were 
labelled in longitudinal zones. The labelling stopped 
at the midline with no additional labelled climbing fibres 
*n either the left vermis or hemisphere.

I H
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CHAPTER EIGHT

PlSCDSBTON ON THE RESULTS OF NORADRENERGIC FLUORESCENCE 
AND OLIVOCEREBELLAR AUTORADIOGRAPHY

NORADRENERGIC AFFERENTS

The noradrenergic afferents to the cerebellum were 
studied following neonatal unilateral cerebellar pedunclotomy 
tn order to try and assess whether they would regenerate and 
hYPerinnervate the deafferented cortex, a response which has 

shown in adults (Pickel et al.., 1973 and 1974b) and 
Allowing perinatal treatment with 6-hydroxydopamine (60HDA) 
(Sachs and Jonsson, 1975; Bendedcb et al., 1978; Schmidt 
aud Bhatnagar, 1980; Schmidt et al.., 1980; Sievers et al., 
l980; Schmidt et al., 1981; Sievers et al., 1981;
Karston et al., 1982; Jonsson and Sachs, 1982; Kostrzewa 
Stài., 1982; Lovell, 1982).

The histological appearance of the noradrenergic fibres 
this study is in agreement with that found in the litera

t e  (Hokfelt and Fuxe, 1969; Chan-Palay, 1977; Yamamoto 
al., 1977; Moore and Bloom, 1979). The density of 

fibres in those animals pedunclotomised aged 3 days and 
surviving 4 days is compatible with their known development 
as is the lower adult density in the 10 day pedunclotomy 
group (Yamamoto et al., 1977; Waddington and Banks, 1981).
*h the neonatal animals noradrenergic fibres were seen 
ascending through the molecular layer to the external
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granular layer although very few fibres were seen within 
this layer. This result is in agreement with Sievers and 
Klemm (1982) but it differs from Schmidt et al. (1981) who 
found noradrenergic fibres in the external granular layer 
°f ventrally placed lobules, an innervation which was 
Maximum at 5 days of age.

The results from this experiment were not very satis
factory because of the patchiness of visible fluorescent 
fibres within the sections. This patchiness could be 
caused by either uneven perfusion or uneven dewaxing of the 
sections. In the description of the technique Loren et al.
(1980) say that if the brain looks mottled then the per
fusion was uneven and this could be caused by a slight drop 
°f the perfusion pressure or vasoconstriction in the small 
blood vessels. Since the preperfusate used in adult 
ahimals .is ice-cold it is not unlikely that spasm of the 
small blood vessels in the brain will occur and consequently 
induce unevenness in the catecholamine fluorescence.
Since only a few brains had this mottled appearance this is 
nnlikely to be the cause of the patchy appearance of the 
sections. Because wax masks the fluorescence a more 
likely explanation is uneven dewaxing of the sections.
Since the fragile freeze-dried tissue is supported by the 
impregnated wax, it disintegrates if the wax is totally 
Removed. Therefore, a compromise has to be made between 
the degree of dewaxing and the integrity of the tissue 
morphology.
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The paucity of fluorescent fibres in these cerebella 
®&kes a comparison between the experimental and control 
aiUmals extremely difficult but the results can be viewed 
^ith reference to other findings described in the litera
t e .  It is known that transected noradrenergic axons 
Can sprout new fibres (Olson and Malmfors, 1970? Katzman 
§£al.., 1971) and this has been demonstrated among the 
n°tadrenergic afferents to the cerebellum of the adult rat 
Nickel et al., 1973 and 1974b). In addition, the locus 
c°eruleus is known to have a great capacity for plasticity 
(Kerr, 1975) and will even grow fibres into transplants of 
smooth muscle (Bjorklund and Stenevi, 1971) and foetal brain 
tissue (Sievers and Klemm, 1982). Also transplanted foetal 
i°cus coeruleus neurons will correctly innervate host tissue 
(fcjorklund et a K  , 1976; Bjorklund et al., 1979). This
CaPacity for transected axons of the central nervous system

«•#

to regenerate has also been found in some other non- 
a<irenergic systems (Graziadei and Monti-Graziadei, 1978;
^Pnd, 1978) but not all of them (Miller and Lund, 1975).

the ascending noradrenergic fibres are cut the ipsilateral 
iorebrain is deprived of its input and this does not
regenerate (Jonsson and Sachs, 1982) nor is there collateral

*
sPtouting from the contralateral noradrenergic axons 
(Maeda et aJU, 1974). The transected fibres do sprout, as 
is mentioned above, but the regenerated fibres are confined 
to the site of the lesion (Katzman et al., 1971). However, 
C°1lateral sprouting from the spared fibres of a bilateral
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innervation has been seen in the septal nuclei (Raisman, 
l977). From these findings it would seem quite likely that 
the deprived hemicerebellurn could be reinnervated with 
n°tadrenergic fibres either by regrowth of the transected 
ax°ns or by collateral sprouting from the intact fibres 
which arise in the contralateral locus coeruleus. There- 
f°re the similarity in density of fluorescent fibres in 
both the chronically pedunclotomised and control cerebella 
w°nid indicate reinnervation, probably by collateral 
sProutlng. However, it is impossible to be certain of 
this by just studying the sections. If the noradrenergic 
fibres had not reinnervated the left hemicerebellum then 
the whole cerebellar cortex in pedunclotomised animals would 
c°ntain considerably fewer fluorescent fibres than the 
control brains because the catecholaminergic innervation
ts fairly evenly bilateral.

«•«

Because there was no evidence of hyperinnervation in 
the pedunclotomised cerebella these results are not in 
Spreement with those of Pickel et al. (1973 and 1974b), who 

find a hyperinnervation following pedunclotomy in adults, 
fhere are two problems with this result. The first is that 
they believed the locus coeruleus projection tç the cere- 
helium to be ipsilateral, therefore a certain amount of 
tegrown' fluorescent fibres may have been normal innervation 
f^om the contralateral locus coeruleus. In addition to 
this the density of innervation was quantified using auto
biographie labelling with tritiated proline, which is
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known to be differentially transported by different nuclear 
groups (Kunzle and Cuenod, 1973). It is possible that 
neurons regenerating lesioned axons will take up and trans
port labelled proline more readily than undamaged neurons 
which in turn could give a false impression of hyperinnerva— 
tion.

Noradrenergic hyperinnervation is also found following 
neonatal injury with 60HDA (Bendeich et al., 1978; Schmidt 
and Bhatnagar, 1980; Schmidt et aJN , 1980: Schmidt et: al̂ ., 
1981; Kostrzewa et al. , 1982; Sievers and Klemm, 1982), 
which may be caused by the direct action of a neurotoxin that 
la known to have many extraneuronal effects (Hedreen and 
Palmers, 1972; Sievers et al., 1980: Sievers et al., 1981). 
This hyperinnervation may also be due to an excess of 
transmitter transported along the cerebellar collaterals 
since the ascending collaterals supplying the forebrain do

(W

not regenerate (Sachs and Jonsson, 1975; Schmidt and 
Bhatnagar, 1980; Sievers et al., 1980), a phenomenon which 
also occurs after the ascending noradrenergic fibres are 
transected (Jonsson and Sachs, 1982; Kostrzewa et al.,
1982). However, because the ascending noradrenergic fibres 
have not been interrupted in this study, this may explain 
why the cerebellar reinnervation was not in excess of the 
control values.

For those animals which have only survived 4 days post 
Pedunclotomy the similar density of fluorescent fibres in
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both the experimental and control cerebella indicates that 
the rate of reinnervation is extremely rapid. After injury 
with 60HDA in perinatal rats fluorescent fibres are found in 
the base of the superior peduncles after 24 hours (Schmidt 
fit al., 1980) and the cerebellar cortical innervation has 
returned to control levels after 3 days (Harston et al.., 
l982). m  adult animals noradrenergic fibres begin to 
invade transplanted tissue after 7 days (Bjorklund and 
stenevi, 1971; Katzman e_t al.., 1971) and septal cholinergic 
fibres have been found entering hippocampal implants 3*-6 
days after the transplant (Kromer et al., 1980). Generally, 
Oeonatal neural tissue reacts more quickly than fully mature 
tissue and if neonatal noradrenergic fibres redevelop at 
2.4 mm/day, the rate of peripheral nerve regeneration 
(Lund, 1978), then it is possible that the locus coeruleus 
could reinnervate the ipsilateral cerebellum in 4 days.

The morphology of the cerebellar cortex following 
heonatal pedunclotomy is qualitatively normal, possibly 
because after unilateral pedunclotomy almost half the 
horadrenergic innervation is retained and there is rapid 
Reinnervation to approximately control levels. It is 
known that noradrenaline is important for the normal 
Saturation of neurons (Maeda et a K , 1974) and the capacity 
of developing neural tissue to plasticise (Kasamatsu and 
Pettigrew, 1979? Kasamatsu et al., 1979).
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CLIMBING FIBRE AUTORADIOGRAPHY

The olivocerebellar projection was studied following 
n®onatal cerebellar pedunclotomy because climbing fibres 
Can activate the Purkinje cells by postnatal day 3 (Crepel, 
l97l; Crepel et al., 1981; Mariani and Changeux, 1981; 
CrePel, 1982). Also, they have a capacity for plastic 
Captation; in the adult they are capable of sprouting to 
Innervate embryonic neural implants (Hallas et: al.., 1980;
°blinger et al., 1980) and there is some reinnervation of 
the pedunclotomised hemicerebellum by climbing fibres from 
the contralateral side (Angaut et al., 1982; Alvaradg- 
MaUart et al., 1983).

SElTERIA f o r l a b e l l i n g

To analyse the size of the injection site a 4 day
6*posure was chosen to try and obtain genuine neuronal««•

labelling. With longer exposure times those lightly 
labelled neurons, which have not taken up sufficient tracer 
to produce visible terminals in the cerebellar cortex, will 
also appear to be labelled (Kunzle, 1975a). The high 
specific activity of the injection site induces sufficient 
latent image formation that with a long exposure time the 
vhoie area is densely covered with silver grains such that 
the criterion for neuronal labelling cannot be enforced, 
^lso, the extra silver grains produced with increased time 
ky the efferent fibres passing through the contralateral
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°live can appear to overlay both neurons and neuropil, 
therefore a short exposure period was chosen so the size 
°£ the injection site was not overestimated (Cowan et al., 
1972) .

Climbing fibre labelling within the adult cerebellar 
c°ttex was easily recognised from the histological descrip- 
tlon of these fibres and the criteria defined by Campbell 
an<! Armstrong (1983a). In the neonatal cortex terminal 
labelling was identified as coming from climbing fibres 
because it has the same structure as the developing climbing 
flbres (O'Leary et al.# 1971; Altman, 1972b). However, 
s°telo et a K  (1984) describe a more advanced climbing 
fibre histology than is seen in this study. They describe 
terminal labelling around the Purkinje cells at 5 days of 
a9e, while in this study the accumulations of silver were 
CuP~shaped at day 5 and did not completely surround the 
^rkinje cells until 7 days post partum. This difference 
’tay be caused by uncertainty, of as much as 12 hours, about 
the neonates' age. Another probable explanation is that 
some terminals had grown all around the Purkinje cell 
somata by day 5 but the considerably lower specific activity 
of the tracer used in this experiment did not label them 
above background, while in the study of Sotelo et al. (1984) 
they were lightly labelled. In the older neonatal cere- 
k®lla the climbing fibre terminal labelling was identical 
to that described by Dupont et al_. (1981) and Sotelo et al_. 
(1984).
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SSBONIC EXPERIMENTS

In those animals which were pedunclotomised aged 3 or 
7 days and survived 35 days post operatively an extra 
limbing fibre innervation was found in the left hemi- 
Cetebellum after a left inferior olivary injection. These 
fibres had the histological appearance of climbing fibres 
although both the labelling and the density of terminals 
was much less than was found in the contralateral cerebellar 
c°ttex. This afferent path into the deafferented hemi- 
Cerebellum has since been described in animals which under- 
^ent unilateral inferior pedunclotomy between birth and 
 ̂days of age and were subsequently allowed to grow to 
aduithood (Angaut et al., 1982? Alvarado-Mallart et al.. 
■*■983). This study gives further information that the 
6lctra climbing fibre afferents to the deafferented hemi- 
cerebellum are already present 35 days after the pedunclotomy 
and that between the ages of 7 and 10 days the capacity for 
^beir development ceases.

Alvaradoi-Mallart et al. (1983) found that the areas of 
ahtoradiographic labelling within the deafferented hemi- 
c®rebellum were a mirror-image of the sagittal banding found 

the right hemicerebellum. However, in this study the 
Pattern of climbing fibre labelling in the left hemicere
bellum is not quite a mirror-image of the contralateral side.

those animals which underwent pedunclotomy on day 3, the 
sagittal banding within the climbing fibre labelling on the
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6̂ft side was less clear than that seen in the right hand 
cortex, while in those animals pedunclotomised aged 7 days 
the difference between the two hemicerebella is clearly 
barked (Fig. 7.12). It was also noticed in both experi
mental age groups that the left hemicerebellar labelling 
was organised in broader sagittal bands* which resembled 
those seen in the neonatal climbing fibre projection. Both 
Angaut et al. (1982) and Alvarado-Mallart et al. (1983) 
^escribe this aberrant projection as sprouted collaterals 
which will correctly reinnervate the region corresponding 
to their normal termination zone rather than fill adjacent 
^enervated sites as has been found in different regions of 
the nervous system (Lynch et al.* 1972; Lynch et .al.*
1973 a & b; Zimmer, 1973 a & b; Hickey, 1975; Raisman* 
1-977) . Reinnervation of an area by fibres with the 
correct topography has been described (Miller and Lund,
1975) but this is due to regeneration of transected axons* 
which cannot have occurred in this case as is evident by 
the degenerated right inferior olive. In the hippocampus, 
If the entorhinal afferents to the superficial part of the 
d®ntate gyrus molecular layer are removed, fibres with known 
Opacity to plasticise cannot sprout from the inner zone 
through the intact intermediate part of the molecular layer 
to reinnervate the deafferented outer zone (Zimmer, 1974). 
Therefore it seems unlikely that climbing fibres in the 
right hemisphere will be able to develop collaterals through 
the normally innervated ipsilateral vermis and the
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^eafferented contralateral vermis to terminate in the correct 
Sa9ittal zone of the left hemisphere. However, there is 
evidence that neonatal projections can reinnervate areas 
which are equivalent although contralateral to their normal 
termination and with the correct topography (Leong and Lund, 
^ 3 ?  Leong, 1976? Mustari and Lund, 1976), and that this 
ts not due to the retention of a developmental bilateral 
Rejection (Nah et al., 1980; Mihailoff et al., 1984).

The evidence indicates that the aberrant transcomraissural 
fibres develop in response to denervation of the contralateral 
BernicerebeHum and that immature climbing fibres have a 
Remarkable capacity to adapt to an altered environment, 
however, there are some points which might indicate that 
these fibres could be persistent neonatal collaterals. Both 
Abgaut et al. (1982) and Alvarado-Mallart et al. (1983) find 

electron microscopic examination of the pedunclotomised
n*

hsmicerebellum that only a proportion of the Purkinje cells 
were reinnervated by climbing fibres. If the intact 
climbing fibres have grown collaterals to the corresponding 
Sa9ittal zone of the contralateral hemicerebellum why do they 
then not synapse upon so many of the vacated Pukinje cells? 
Also, if the signal for collateral sprouting was the presence 
°f degenerating axons around the left inferior olive (the 
stimulus of adjacent vacated postsynaptic sites would only 
aPply to those climbing fibres of the medial vermis) how do 
the sprouted collaterals know, over a distance of as much 
as 5 mm, where to go and where to form connections? While
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this factor also applies to the collaterals of corticotectal 
fibres, it is interesting that among corticofugal fibres 
which normally terminate laterally within the superior 
c°iliculus the topographic precision of collaterals was poor 
^und, 1978). This was not the finding in this study, the 
iateral lying flocculus and paraflocculus, when present,
V/ere consistently labelled symmetrically to the contra— 
lateral side. A reduction in the topographical precision 
Appeared to be correlated with age rather than laterality 
which might suggest the preservation of an increasingly 
^generated path. Collaterals which form aberrant projec
tions in the neonate and then later retract have been 
Ascribed (e.g. Innocenti, 1979; Stanfield, 1984) including 
abnormal cerebellar afferents (Tolbert and Penneton, 1983).

£cute e x p e r i m e n t s 

Control Animals

Since, until recently, there was only one sparse study 
°f the neonatal olivocerebellar projection (Dupont et al.. 
i98l), normal non-pedunclotomised animals were studied to 
Provide further information about the immature path and a 
roference for the results in experimental animals. The 
oiimbing fibre labelling seen in normal cerebella had the 
same general appearance as that already described in the 
literature (Dupont et al., 1981; Sotelo et al., 1984).
The projection is totally crossed and forms broad sagittal
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zones within which thinner bands could be seen, this has also 
been described by Dupont et al. (1981). The topography was 
difficult to deduce because even small injections labelled a 
large amount of the neonatal inferior olive which is much 
halier than in the adult.

¿£ft Perinnriotomv with Left Inferior Olive Infection

This experimental group was investigated to see whether 
the aberrant collateral path found in animals with chronic 
Psdunclotomy was present in neonatal animals and subsequently 
did not degenerate. In the neonatal animals pedunclotomised 
aged 3 and 7 days climbing fibre labelling after left 
Inferior olivary injection was seen in the right hemicere— 
helium and in the left vermis. The labelling in the left 
hemivermis was lighter in those animals pedunclotomised on 
day 7 than in those which underwent surgery on day 3. In 
the group pedunclotomised aged 10 days the climbing fibre 
labelling from the left inferior olive filled the right 
hemicerebellum and stopped at the midline. Since the 
Injection site did not cross the midline in any of these 
animals the olivocerebellar projection following acute 
Pedunclotomy at either 3 or 7 days of age is different from 
aormal. The climbing fibre labelling across .the midline 
in the 3 and 7 day pedunclotomy groups, which is not seen 
in the 10 day operative age group, is in keeping with the 
Results found after chronic pedunclotomy. That the extra 
climbing fibre labelling stops at the paravermal zone and
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^0es not extend into the hemisphere may indicate three 
Possibilities. The first is that these fibres form part 
of the normal neonatal terminal field which is larger than 
that seen in adult animals and are not connected to the 
climbing fibre plasticity. This phenomenon has been shown 

the developing basal pontine nucleus (Mihailoff et al.. 
-1-984) and is demonstrated in the normal cerebellar climbing 
fthre system as the multiple innervation of Purkinje cells. 
The reason why these fibres are not normally labelled will 
h® discussed in the next section. The second is that 
these fibres have grown and are the first of those seen in 
the chronically pedunclotomised cerebella to develop, 
however, it seems unlikely that they can have grown in 24 
hours (the shortest survival time) and if they had it would 
ke inexplicable for no subsequent growth to be seen in those 
ai*imals which survived 4 days post injection. The third 
Possibility is that the transcommissural collaterals seen 
th the chronic experiments are present in the neonatal 
oerebellum but in these experiments they were too lightly 
labelled to be distinguished from background. In this 
Experimental group for all operative ages extremely small 
•‘•Ejections were given to try to confine the injection site 
to the inferior olive and prevent mossy fibre labelling, 
which can make lightly labelled climbing fibres, especially 
in the youngest neonates (4-5 days), difficult to identify. 
The consequence of a small injection volume is a low
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specific activity and ail the climbing fibre labelling in 
these animals was rather faint. Too low specific activity 
is another reason, along with uneven uptake of the amino- 
a°id and negative chemography, for obtaining a falsely 
n®gative result (Kunzle and Cuenod, 1973). Uneven uptake 
°f the aminoacid has been minimized because leucine was 
Used and this is extensively transported throughout the 
Uervous system (Kunzle and Cuenod, 1973). Also, control 
slides for negative chemography were taken and there was no 
evidence that the cerebellum or brainstem exhibited this 
Phenomenon.

íjgft Pedunclotomy with Right Inferior Olive Injection

This study group was initially undertaken to provide 
further evidence of total pedunclotomy and to increase the 
sparse knowledge of the neonatal olivocerebellar projection, 
fhe ipsiiateral path which was demonstrated could have 
Utisen from either the inferior olive or the reticular 
formation which was always labelled because of the ease 
v'ith which the tracer spread in the neonatal brainstem, 
Specially along the micro-pipette track. The ipsiiateral 
labelling could not have arisen in the reticular formation 
because there is no evidence that it is a source of 
ulimbing fibres (Campbell and Armstrong, 1983a) and mossy 
fibre labelling is clearly different from that of climbing 
fibres even in neonatal animals (see Chapter 7, Results - 
Criteria for Including Data). It is possible that some
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Celling within the Purkinje cell layer could have arisen 
•“•n the reticular formation due to the temporary mossy fibre 
synapses on the Purkinje cell perisomatic processes 
(Altman, 1972b). But it is unlikely that these would 
Account for the density of Purkinje cell labelling which, 
Moreover, is the same as the climbing fibre histology 
(O'Leary et al., 1971) and the descriptions of Dupont et al.
(1981) and Sotelo et al. (1984).

It is of interest to note that following axonal 
transection the neonatal right inferior olivary neurons do 
n°t all degenerate at the same rate. After 24 hours the 
whole inferior olive is still visible but the neurons are 
<3e?enerating and have indistinct borders. By 48 hours 
a£ter axotomy most of the medial and dorsal accessory olives 
^ad disappeared and most of the principal olivary neurons
^° longer contained nuclei. Only a few of these neurons

•«#
remained by 4 days post axotomy and by 5 days the whole 
Inferior olive had disappeared (see Chapter 3). Despite 
the rapid disappearance the neurons still had sufficient 
time to take up, metabolise and transport the tracer (Droz 
and Leblond, 1963) before they degenerated. Further 
evidence for this is the high density of silver grains 
overlying the left inferior cerebellar peduncle proximal 
to the lesion, due to the build-up of transported products 
niong the inferior olivary neurons' axons.

The labelled climbing fibres in the cerebellum did not 
arise in the left inferior olive because the injection site

U
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not soill across the midline in either exposure time and 
the left inferior olivary neurons did not fulfil the criteria 
f°r active tracer uptake (see Chapter 7, Results - Criteria 
f°r Including Data). Also, the climbing fibre axons of 
Passage traversing the right inferior olive do not take up 
and transport aminoacids (Cowan et al., 1972). If the tracer 
had been transported by the left inferior olivary neurons 
the pattern of labelling within the cerebellum is difficult 
to explain. In those neonates pedunclotomised aged 3 days 
the result would confirm that found in the long term survival 
animals and indicate that a neonatal pathway had been retained 
after pedunclotomy. But the distribution of cerebellar 
c°rtical labelling within the acute and chronic experiments 
after pedunclotomy on day 7 is different and cannot be 
exPlained. Therefore the origin of the labelled climbing 
fibres is highly unlikely to be the left inferior olive.

Within the cerebellar cortex of those neonates aged 3 
days at pedunclotomy, the climbing fibre labelling in the left 
hemisphere was heavier than in the right hemisphere. Since 
the left cerebellar peduncles had been cut, this result would 
imply that there is some inequality in either the number of 
collaterals to each hemicerebellum or the distribution of 
transported materials down axon collaterals. If there are 
two populations of inferior olivary neurons which project to 
°Pposite sides of the cerebellum then the density of terminals 
^ight be expected to be equal, also their cerebellar projec
tion would be seen in control animals. Therefore, the



243

Ipsilateral cerebellar climbing fibres must be collaterals 
normal inferior olivary neurons. It is improbable that 

they have sprouted in response to axotomy for two reasons.
The first is that if they grow at the same rate as normal 
foetal retinal ganglion cell axons, 80-100 pm/hour (Lund*
•̂978), and the trauma of axotomy to the main axon does not 
delay the onset of collateral growth, then it is just 
Possible that in 2 days the developing axons may have reached 
the vermal midline but it does not seem likely that in the 
time allowed they would have developed topographically 
°rganised terminals throughout the whole bilateral cerebellar 
c°ttex. The second reason is that it would seem unlikely 
that a rapidly degenerating olivary neuron is capable of 
Producing a fast growing new axon, which is neither an 
extension of nor even in the same direction as the lesioned 
neurite.

The'presence of extra collaterals in the immature nervous 
system which degenerate during development is not unknown 
(see review Stanfield, 1984) therefore it is possible that 
they also exist in the developing olivocerebellar projection. 
£ut if the presence of transient collaterals is the explana
tion for this neonatal ipsilateral pathway it raises some 
difficult questions. The transient collaterals which have 
been described in other systems can be demonstrated in the 
formal neonatal animal whereas both this ipsilateral path 
and the extra recrossed fibres described in the previous 
section require an ipsilateral pedunclotomy before they can
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b® seen. While 'silent-synapses', which become active 
after the normal path has been removed, have been proposed 
(Wall, 1977) the concept of silent axons seems rather 
difficult to accept. Added to this, collaterals are known 
to be able to maintain the neuron after the main axon has 
keen cut (Fry and Cowan, 1972) but the right inferior 
°livary neurons were not maintained. It is possible that, 
since the olivocerebellar fibres enter the cerebellar 
Ptimordium on embryonic day 17 (E17) (Altman and Bayer, 
l978b), the ipsilateral collaterals would be demonstrated 
Allowing inferior olivary injection on E20 and that they 
Cease functioning prenatally rather than in the second 
Postnatal week, which is when the transient neocortical 
c°llaterals cease to be demonstrated (Stanfield, 1984>.
■Ct is quite probable that a neuron can change the transport 
°f materials down a particular collateral because the 
Petikarypn monitors several functions in relation to intra- 
CeHular transport: e.g. 1) It alters the rate of axon 
bransport during development (Levine et al., 1982); 2) It
controls both retrograde (Bisby, 1982) and several rates of 
afiterograde transport (Brady and Lasek,,1982) simultaneously 
Within a single axon; and 3) It can regulate more than one 
fype of transmitter (Hokfelt et al., 1980). .Also, it has 
keen shown that in response to transection of one collateral 
bhe components of fast axon transport are rapidly rerouted 
bo the remaining collateral and it has been proposed that it 
is information from the terminal synapses which directs the
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distribution of rapidly transported macromolecules (Metta 
and Goldberg, 1984). The perinatal olivocerebellar fibres 
are still developing and altering their connections, as is 
evidenced by the multiple innervation of Purkinje cells up 
to day 15. Therefore, the loss of function in the ipsi- 
iateral pathway is quite possibly caused by a reduction, 
father than a sudden cessation, of rapid axonal transport 
&long the collateral. Since proteins of even the fast 
component of axonal transport are retained along the axon 
fchis would drastically reduce the supply of constituents to 
the terminals. Consequently the terminals will degenerate 
tefore the parent axon (Munoz—Martinez, 1982) giving the 
appearance that the collateral is dying back, a phenomenon 
which would explain the difference between the bilateral 
Projection of the 3 day experimental group and the more 
restricted termination of the 7 day pedunclotomy group, 
however, this concept of dying back may not fit with the 
specialised glial cells found in the developing brain which 
remove transient collaterals (Ling, 1976 and 1977; Ivy and 
Killackey, 1978). But there is no evidence of what the 
signal is to these glia which stimulates them to ingest the 
collateral axons (Killackey, 1984), perhaps the degenerating 
terminals of a 'dying-back' axon is one. If the distal 
^ranches and terminals of the ipsilateral path are non
functioning and in a poor metabolic state it may explain 
why these collaterals are not labelled in the control animal 
and the presence of two malfunctioning collaterals might
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exPlain why the inferior olivary neurons degenerate rather 
than survive.

SUMMABY 01 AFFERENT PLASTICITY

The evidence suggests that the noradrenergic afferents 
r©innervate the cerebellum following neonatal pedunclotomy. 
Although noradrenergic fibres have been shown to sprout 
following axotomy as is discussed above# it seems more likely 
that the reinnervation is brought about by the collateral 
sProuting of the remaining fibres which arise in the contra- 
fateral locus coeruleus. This rapid return to normal 
Novels of the noradrenergic afferents may help to explain 
the comparative normality of the cortical histology since 
n°radrenaline is known to be important for normal develop
ment (Lawrence and Burden# 1973; Maeda et ajU, 1974).

The aberrant olivocerebellar pathway seen in the 
animals with chronic pedunclotomy is possibly a retained 
neonatal path. Although there is very little evidence to 
support this the climbing fibre labelling in the neonatal 
experimental group with a left inferior olive injection is 
clearly different from that seen in controls and cannot be
accounted for as a large immature terminal field. It is

*.Possible that with injections of higher specific activity 
and a longer survival time the bilateral innervation found 
in the chronic animals may be demonstrated in the acutely 
pedunclotomised animals. Another indication that the
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bilateral innervation of the cerebellar cortex seen in the 
chronically lesioned animals is a persistent neonatal path 

the presence of an ipsilateral projection in the 
neonatal rat. The evidence seems to suggest that the 
■̂ •Psiiateral fibres from the inferior olive to the cerebellum 
ate remaining, although degenerating, normal collaterals 
because they do not maintain the inferior olivary neurons 
a£ter pedunclotomy and there is now much evidence of 
transient collaterals in the developing brain.
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CHAPTER NINE 
CONCLUDING DISCUSSION

gEREBEI.T.AR PEDUNCLOTOMY COMPARED TO OTHER
Expe ri m en t al m o d e l s

The normality of the cerebellar cortex to the level at 
which it has been studied indicates that surgical peduncl— 
°tomy is a different model from most of the other experi
mental methods employed for studying cerebellar development. 
Severe degranulation by either drugs or long term 
^-irradiation as well as the mutant mice produce a highly 
disrupted cortical organisation which is extremely difficult 
to compare with normal development. As Sotelo (1982) 
included# these experiments imply that in abnormal circum
stances Purkinje cells will form synapses with whatever 
efferents are available and developing neurons (particularly 
the granule cells) need functioning synapses to stabilize 
their population. However, this makes no allowances for 
the non-specific effects of antimitotic drugs, repeated 
X-irradiation or the locus of an abnormal chromosome upon 
the whole developing system, neuronal or non-neuronal. An 
indicator of these non-specific effects is found in those 
experiments inducing mild degranulation. If it is induced 
hy mossy fibre reduction (Hamori, 1969) or malnutrition 
(Bedi et al., 1980; Chen and Hillman, 1980; Hillman and 
Chen, 1981a; Borges and Lewis, 1983; Dvergsten et al.,
1983) the cortical histology appears unaltered and the



249

Purkinje cells have a normal although smaller dendritic 
tree (McConnell and Berry# 1978a; Chen and Hillman# 1980). 
Put after X—irradiation# drug— or viral—induced partial 
eternal granular layer destruction the parallel fibres 
become misaligned (Altman# 1973# Herndon and Oster—Granite# 
1975) and the Purkinje cell dendritic tree becomes 
"weeping-willow" shaped (Bradley and Berry# 1976a# 1978b; 
Crepel et al.# 1980). Since Angaut et al. (1982) found 
that the Purkinje cell dendritic trees in pedunclotomised 
hemispheres were relatively normal with only some cells 
Possessing spines on the primary dendritic trunks# a result 
also seen in a few preliminary Golgi impregnations under
taken for this study, and the reduced Purkinje cell somatic 
diameter probably reflects a smaller dendritic tree# it 
Would appear that pedunclotomy produces a similar effect on 
cerebellar development as malnutrition. But malnutrition
w i n  reduce the substrates required for normal neuronal

**•
Proliferation and growth while deafferentation possibly 
reduces the stimulus for such growth. Also# any of the 
effects of pedunclotomy being due to malnutrition have been 
removed because only those animals of normal body weight 
Were included.

The normal histology found after pedunclotomy is 
similar to that seen after climbing fibre ablation 
(Kawaguchi et al.# 1975; Bradley and Berry, 1976a; Sotelo 
and Arsenio-Nunes, 1976), which decreases the size of the 
Purkinje cell dendritic tree, if the Purkinje cell neuronal
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diameter is a reflection of the dendritic tree size. But 
in the previous experiments no mention has been made of a 
reduced cerebellar size. However/ a reduction in cere
bellar volume and granule cell numbers has been described 
if the mossy fibre afferents are reduced (Hamori/ 1969), 
which would suggest that the majority of the weight loss 
after pedunclotomy is due to a reduction in the number of 
mossy fibres. But it is difficult to understand why the 
mossy fibres should have such an important neurotrophic 
role when they do not arrive in the cortex until postnatal 
day 7 and are even then some distance from their presump
tive target cell3, at that time still undifferentiated and 
in the external granular layer. Also the mossy fibre 
projection is known to be bilateral (e.g. Burne et ajL̂ .,
1978 a & b; Llinas and Simpson, 1981; Mihailoff et al., 
1981) with either an ipsilateral (lateral reticular nucleus)
°r contralateral (basal pontine and pontine tegmental**»
reticular nuclei) predominance, therefore unilateral 
Pedunclotomy does not totally remove the mossy fibres from 
an hemicerebellum. Because the mossy fibre afferents are 
only reduced and not abolished this may not explain the 
slower growth rate following pedunclotomy especially since
the degree of bilaterality among lateral reticular mossy

*.
fibres increases after pedunclotomy (Payne and Bower, 1983). 
Unfortunately following mossy fibre reduction the number 
and size of Purkinje cells has not been studied.
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Because of the extensive non-specific toxicity of 
6“0BDA it is very difficult to compare previous studies 
°n the effect of noradrenaline on cerebellar development 
with cerebellar pedunclotomy. Because the noradrenergic 
innervation, like that of the mossy fibres, is predominantly 
bilateral, unilateral pedunclotomy will only reduce the 
innervation by just over 50% but because noradrenaline is 
known to be important in neuronal development (Lawrence 
and Burden, 1973), maturation (Maeda et al.( 1974) and 
Plasticity (Kasamatsu and Pettigrew, 1979; Kasamatsu et al̂ ., 
1979) it is not impossible that even a 50% loss of noradren
ergic innervation will disrupt the cerebellar growth, 
especially of the external granular layer. Although it is 
impossible to assess to what extent noradrenergic denerva
tion is responsible for th e effects of pedunclotomy it would 
seem unlikely that its role in postnatal cerebellar develop
ment is as minor as was suggested by Berry et a_l. (1980 a & 
b). An indication of the importance of noradrenaline in 
Postnatal cerebellar development is found in the result after 
Pedunclotomy on day 1 when noradrenergic fibres are the only 
efferents being removed since mossy and climbing fibres have 
not grown further than the central medulla. Although the 
lesion would delay the subsequent arrival of mossy and 
climbing fibres into the cerebellar cortex this would also 
occur following pedunclotomy on day 3, yet the cerebellum 
is more severely affected by pedunclotomy at the younger age. 
This possibly indicates that noradrenaline is important for 
the rapid proliferation within the external granular layer.
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THE EFFECT r>F PEDUNCLOTOMY ON CEREBELLAR DEVELOPMENT 

£sdunclotomy on Day 3

Unilateral cerebellar pedunclotomy on day 3 appears to 
have a relatively small effect on the cerebellar cortical 
development because the left hemispheric weight is not 
significantly below normal and neither the Purkinje cell 
numbers nor size is reduced. This result is quite possibly 
due to the transection of the noradrenergic afferents when 
they are morphologically immature rapidly growing fibres. 
Since the density of noradrenergic fibres is still increasing 
on day 3 (Yamamoto et al., 1977), it seems likely that the 
remaining preterminal axons will continue growing to replace 
those which have degenerated, therefore minimizing any 
noradrenergic deprivation resulting from the pedunclotomy.
In addition to this, the climbing fibres are removed before 
they have entered the developing cortex from the central 
white medulla and 4 days before the majority of Purkinje 
cells have received synaptic connections (Altman, 1972b).
The autoradiographic results from the chronically peduncl- 
otomised animals reveal, an extensive bilateral projection 
from the intact left inferior olive. If this pathway is 
Present in the neonatal rat and therefore retained then the 
cerebellar cortex can continue to develop with a functional, 
albeit abnormal, olivary input. But if the bilateral path 
has grown by collateral sprouting then pedunclotomy on day 3 
allows it to have been growing for 4 days before the 
majority of cortical components will have a deficient
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synaptic input. If mossy fibres, like noradrenergic 
fibres (Schmidt et al., 1980), have a greater adaptive 
Opacity in younger animals then it is likely that they 
too are able to offset some of the afferent deficit through 
collateral sprouting. Therefore, it would appear that it 
is the immaturity of the 3 day cerebellum and its afferents 
which make it so resistant to unilateral pedunclotomy.

¿cdunclotomy on Days 5 and 10

The cerebellar response to unilateral pedunclotomy 
°n days 5 and 10 gives an interesting insight into its 
development. Following unilateral pedunclotomy at these 
two ages the cerebellar growth curves are remarkably 
similar (with the exception of the initial weight loss of 
the left hemisphere after pedunclotomy on day 10) as are 
the Purkinje cell numbers in the left hemisphere. But the 
Burkinje cells are smaller than normal after pedunclotomy 
°n day 10 but not on day 5. Despite the similarities 
the cerebellar developmental stages at the two ages are 
quite different. By postnatal day 5 the external granular 
layer cells are continuing to proliferate rather than 
differentiate, the Purkinje cells are spreading out into a 
monolayer and the climbing fibres are beginning to form 
synapses on the Purkinje cell perisomatic processes while 
the noradrenergic fibres are still growing. Therefore the 
noradrenergic afferents will rapidly reinnervate the 
denervated cortex and, because there is reinnervation in
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both the 3 and 7 day pedunclotomy groups, the climbing 
fibres will also be retained, or develop, although probably 
not quite as extensively as in the 3 day pedunclotomy group. 
The reduced left hemispheric size is probably caused by a 
Post—traumatic pause in the normal development followed by 
an initially slower growth rate, which can be seen in the 
growth curve (Fig. 3.9A), therefore resulting in a smaller 
cerebellum by day 15, when microneuron production ceases 
(Altman, 1972c). However, by 10 days of age the cortex is 
wore stable because the basket cells have been formed and 
ere starting to develop synapses onto the Purkinje cell 
somata and many granule cells have differentiated and 
Wigrated to the internal granular layer. Also, the Purkinje 
Cell monolayer is well established and the neuronal polarity 
is determined by the large apical growth cone towards which 
the climbing fibres are starting to move. But the cere
bellum is as severely affected by pedunclotomy on day 10 as 
at day 5 because, although the by now regressing noradren
ergic fibres do reinnervate the left hemicerebellum, the 
climbing fibres do not and there is no evidence of a neo
natal path which is retained. But this is despite the 
retention of sufficient climbing fibre 'plasticity' to 
reorganise the multiple innervation of Purkihje cells even 
as late as day 15 (Crepel et al., 1976; Mariani and 
Changeux, 1981).

Although the left hemisphere weight and Purkinje cell 
numbers are almost identical for both experimental age
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groups the cortical circuitry will inevitably be different 
because pedunclotomy on day 5 is more likely to affect the 
basket and early granule cells, while on day 10 the 
stellate and later formed granule cells are more likely to 
be affected. Added to this, after pedunclotomy on day 10 
the left hemicerebellum does not contain any climbing 
fibres. Therefore it seems likely that the number of 
Purkinje cells surviving pedunclotomy is dependent on the 
volume (i.e. the weight) of the cerebellar cortex at a 
crucial stage of development presumably between the forma
tion of the monolayer (days 4—5) and synaptogenesis (days 
21-30) and that there is a critical packing density greater 
than which the Purkinje cells cannot survive. This con
clusion is consistent with the electron microscopic 
evidence, despite the light microscope appearance to the 
contrary, that the Purkinje cell perikarya are closely 
Packed and only separated by thin glial sheets (Palay and 
Chan-Palay, 1974). The apparently inconsistent result 
obtained after pedunclotomy on day 22, that the number of 
Purkinje cells is normal despite a reduced hemisphere, is 
Probably explained by the considerably smaller somatic 
diameter and the capability of the basket and parallel 
fibre synapses to maintain the cell. The smaller Purkinje 
cell diameters 35 days after pedunclotomy on day 10 
probably indicate that the climbing fibres do have some 
trophic effect on the developing dendritic tree, which was 
proposed by Kornguth and Scott (1972) and is in agreement
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with the smaller Purkinje cell dendritic tree found after 
climbing fibre ablation (Bradley and Berry, 1976a? Sotelo 
and Arsenio-Nunes, 1976).

Pgdunclotomv on Day 7

Unilateral pedunclotomy has been shown to have a 
severe effect on the cerebellar development. At this age 
four major events take place in the developing cortex:- 
the mossy fibres reach the internal granular layer? the 
climbing fibres have synapsed upon the Purkinje cell 
Perisomatic processes? the noradrenergic fibre plexus 
has reached its maximum density and thereafter starts to 
degress? and the external granular layer cells change from 
Predominantly proliferation to differentiation of the 
granule cells. Therefore, unilateral pedunclotomy will 
drastically reduce the noradrenergic input to the external 
granular layer at a time when the primary function is 
changing from proliferation to differentiation, and while 
the noradrenergic input to this layer is probably fairly 
small (Schmidt et al., 1981? Sievers and Klemm, 1982) 
the noradrenergic fibres which terminate throughout the 
developing molecular layer are postulated to have a 
neurohumoral effect (Schulman, 1983). Also, pedunclotomy 
will denervate the Purkinje cells just as they have formed 
their first functional synaptic contacts and before their 
input can be replaced by either basket cell axons or 
parallel fibres. Although the autoradiographic results
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from the chronically pedunclotomised animals show that 
there is an additional climbing fibre input it is less well 
organised even within the considerably reduced left cere
bellar hemisphere than the innervation seen in the group 
Pedunclotomised on day 3. If this chronic pathway is 
Present in the neonatal cerebellum it is likely to be more 
degenerate by day 7 than on days 3 or 5 and therefore less 
extensively distributed throughout the hemisphere and less 
capable of forming synapses and supporting the Purkinje 
cells. Alternatively, if the path is formed by collateral 
sprouting in response to pedunclotomy then the Purkinje 
cells will be without climbing fibre innervation for longer 
than those in the 3 and 5 day experimental groups.

It is not possible to say whether the extensive 
purkinje cell loss is due to deafferentation at a crucial 
age or whether the pedunclotomy so affects the granule cell 
Production, and consequently the hemispheric volume, that 
the Purkinje cells become too closely packed to be able to 
survive. However, it seems quite possible that the 
extensive Purkinje cell loss is a result of more than one 
factor. Since an enormous number of cells die within the 
first five post operative days, this could be because some 
neurons, either further or less advanced than the 'average', 
are more susceptible to sudden deafferentation combined 
with the minimal growth (3.5 mg instead of the normal 
24.5 mg) taking place which prevents the Purkinje cell 
density from decreasing to the expected level. There is
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a further substantial Purkinje cell loss between days 22 
and 42, possibly during synaptogenesis a time when 
inappropriately connected neurons are known to die (Kelly 
and Cowan, 1972), and is also likely to be caused by over
crowding because 1) by this age the surviving Purkinje 
cells will receive at least some parallel fibre synapses,
2) Purkinje cells do survive after perinatal climbing 
fibre ablation (Bradley and Berry, 1976a? Sotelo and 
^rsenio-Nunes, 1976) and 3) Angaut et al. (1982) found 
Purkinje cells both with and without climbing fibre 
synapses in adult animals which underwent pedunclotomy at 
hirth. This result would also be in accordance with the 
hypothesis that the number of Purkinje cells is dependent 
Upon the cortical volume. An exception to this would be 
the small agranular cerebella found in mutant mice 
(Jacobson, 1978) in which there is no evidence of Purkinje 
cell loss but in this type of disorganised cortex the 
Purkinje cells are not constrained to occupy a monolayer.

Pedunclotomy on Day 22

Unilateral cerebellar pedunclotomy on day 22 causes 
the ipsilateral hemisphere to consistently lose weight over 
the subsequent 35 days. By day 22 the cerebellar micro
neurons are formed and have migrated to their normal 
Positions. During the 4th postnatal week synaptogenesis 
and glial proliferation take place. Although the left 
hemisphere loses weight the number of Purkinje cells is
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Pot affected, however their somatic diameters are signific
antly reduced.

Since there is no climbing fibre regeneration after 
Pedunclotomy on day 10 it is highly unlikely that there will 
be any after pedunclotomy on day 22 and it has been assumed 
that there was none. However the noradrenergic innervation 
was shown to have returned to control levels even after 
transection at this late age. This response is most 
Probably due to terminal sprouting of the intact bilateral 
innervation from the contralateral locus coeruleus, a 
Phenomenon demonstrated in other central nervous systems and 
discussed in chapter 8 . It also illustrates that 6-OHDA 
^oes directly damage the locus coeruleus neurons since they 
w i n  not regenerate their axons to the cerebellum if they 
are injured after 12 days post partum (Schmidt et al., 1980).

Because of the hemispheric weight loss and the reten-
4*1

tion of the normal number of Purkinje cells there must have 
been a reduction of the number of granule cells. This has 
been described in chapter 4 - Cerebellar Histology/Adult 
Cerebella (Fig. 4.5). The granule cell loss was almost 
certainly a transneuronal degeneration in response to
substantial mossy fibre deafferentation just prior to the

*

normal age of synaptogenesis (Kelly and Cowan, 1972).
This in turn will reduce the number of parallel fibres 
therefore the width of the molecular layer and the size 
of the Purkinje cell dendritic tree. This transneuronal
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atrophy of the Purkinje cell dendrites due to a loss of 
Parallel fibre afferent input is almost certainly reflected 
in the small perikarya.

CONCLUSIONS

This study on the effect of unilateral pedunclotomy on 
cerebellar development shows that its subsequent growth is 
differentially affected depending on the age at which the 
neonate undergoes the operation. This is probably due to 
a combination of the stage of cerebellar development at the 
time of the lesion and the capacity of the afferent systems 
to plasticise. The number of Purkinje cells in the 
Pedunclotomised cerebella of different experimental groups 
indicates that the population size is dependent upon 
cortical volume and that there may be a critical packing 
density during development above which the Purkinje cells 
cannot survive. Also, the establishment of the monolayer 
is sufficiently rigidly programmed that Purkinje cells will 
degenerate rather than the monolayer be disrupted (see 
Nigs. 4.2, 4.6 and 4.9). The reduced diameters of the 
surviving Purkinje cells probably reflect a smaller 
dendritic tree, which suggests that the normal complement 
of afferents, both climbing fibres (abolished in the 10 and 
22 day pedunclotomy groups) and parallel fibres (greatly 
deduced after pedunclotomy on days 7 and 22), are important 
for the growth and maintenance of dendrites.
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Noradrenergic fibres are known to be capable of local 
regeneration after axotomy and in this study are seen to 
exhibit a form of collateral sprouting found elsewhere in 
the nervous system. It also seems probable that they 
have an important role in postnatal cerebellar development 
which indicates that the non-specific toxicity of 6—OHDA 
masks any developmental response to noradrenergic denervation.

has been indicated by Angaut ejt al_. (1982) and Alvarado- 
Maliart et al. (1983) the olivocerebellar projection will 
demonstrate plasticity, a capacity which has been shown in 
this study to be lost between the ages of 7 and 10 days 
Post partum. However, it seems likely that this is due to 
the retention of an aberrant neonatal projection rather 
than denervation—induced collateral sprouting. In addition 
to this an extra aberrant ipsilateral pathway has been 
discovered in neonates up to the end of the first postnatal
week.
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APPENDIX I

10% BUFFERED FORMALIN
40% formaldehyde 100 ml
Distilled water 900 ml
Acid sodium phosphate (NaH2PO*) 4 g
Anhydrous disodium phosphate (NajHPO*) 6.5 g

Mix together with stirring until dissolved, 15 minutes.

APPENDIX II
1% TOLUIDINE BLUE 
Materials

Toluidine blue 1 g
Distilled water 100 ml

Dissolve the stain in the water and filter before use. 
Procedure
1. Place sections in stain for 2 minutes.

<•>

2. Rinse in distilled water.
3. Differentiate in running tap water for 5 minutes.
4. Allow to dry overnight and mount in DPX polymount.
Results

Nissl substance and nucleoli
Nuclei
Background

deep purple/blue 
light blue 
unstained.



264

SUBBED SLIDES
Wash slides in Tepol or Pyroneg for at least 2 hours. 
Rinse in running tap water overnight.
Make up a gelatin mixture

Gelatin 10 g
Chromium potassium sulphate 10 g
Distilled water 2 1
Dissolve the chrome alum in a small quantity 

of water.
Add the rest of the water.
Slowly add the gelatin with stirring.
Warm to 40°C until clear.

Immerse the clean slides in the gelatin solution 
then drain vertically to dry.

APPENDIX III

APPENDIX IV
1% CRE5YL FAST VIOLET 
Materials

Cresyl Fast Violet 1 g
Distilled water 100 ml

Dissolve stain and filter prior to use.
Procedure
1. Dewax and rehydrate sections with water.
2. Place in stain 1 minute.
3. Rinse in distilled water.
4. Differentiate in 96% alcohol.
5. Dehydrate in two changes of absolute alcohol and

clear in xylene.
6 . Mount in DPX polymount.
Results

Nissl substance and nuclei 
Background

deep purple 
v. pale pink
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A comparison of weight data and Purkinje cell diameters in 
Perfusion and infiltration fixed brains from animals aged 4A days.

APPENDIX V

Weight mg ± SD
Perfusion (5) Infiltration (4)

Brain 1812.5 ± 76.9 1840 ±. 40.3
Cerebellum 273.8 ± 19.1 284.6 ± 7.9
L. Hemisphere 78.2 1 5.3 83.3 ± 5.4
Vermis 106.0 ± 9.2 109.2 ± 4.6
R. Hemisphere 87.5 6.2 90.8 ± 5.2

None of the differences between the two methods of fixation 
are statistically significant.

Diameter 
size ¡jm 14 15 16 17 18 19 20 21 22 23 24 25 26 27

%
of

Cells
P 0.5 0.2 3.6 6.5 17.4 18.7 19.2 19-3 8.6 5.2 1.4 0.4 - -

In 0.1 1.0 4.2' 8.4 15.3 16.2 16.1 18.9 9.4 5.8 1.8 1.5 1.0 0.3
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The body weights of animals at the time of sacrifice.
A * Data from animals which survived 35 days post 

operatively.
Data from animals in the time-course experiments. 

A.

APPENDIX VI

Age at 
Operation
(Days) Se

x

Weight (g)
Op C

X SD X SD

1 M 97.9 4.8 104.8 1.3
F 90.8 0 84.1 8.1

3 M 94.0 1.9 97.9 12.1
F 93.6 4.4 86.8 4.7

4 M 104.8 7.2 107.0 8.8
F 90.7 7.7 94.4 10.4

5 M 123.2 4.0 117.2 5.9
F 95.0 7.9 97.6 15.1

6 M 121.5 3.9 117.8 9.9
F 122.3 0 100.5 11.9

7 M 106.3 20.7 119.2 15.5
F 95.5 13.1 115.0 7.4

8 M 118.1 8.7 122.3 10.9
F 96.8 13.2 109.3 12.9

9 M 122.1 6.7 150.4 16.1
F 98.9 10.9 119.3 10.7

10 M 122.0 17.1 129.8 12.5
F 102.9 11.4 113.9 8.2

15 M 154.2 14.5 153.8 7.1
F - - - -

22 M 182.4 7.7 183.9 32.7
F 155.4 15.7 128.3' 12.8

30 M 216.4 18.9 197.6 26.2
F 171.4 7.8 175.6 11.1
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B.

Age at 
Operation 

(Days)

Post operative Survival Time (Days)
X<D . 5 10 15 20 25 30
oo Op C Op C Op C 0p C Op C 0p C

c;
M 17.3 18.0 24.5 25.5 31.5 31.3 47.4 55.9 66.1 68.6

71.0
±2.5

93.7
±3.2

J
F ±1.7 ±1.1 ±3.1 ±2.9 ±3.4 ±3.5 ±4.3 ±'5.3 ±3.0 ±3.3 75.8

±4.6
81.0 
±16.7

7 M 19.3 20.4 27.6 28.0 30.9 36.2 55.5 55.5 74.9 67.8
95.9
±7-7

87.9
±01

F ±2.0 ±1.0 ±3.1 ±0 ±6.3 ±0.9 ±2.4 ±2.2 ±4.4 ±7.9 89.9±8.3
87.6
±5.3

M 22.A 25.5 29.4 31.3 52.6 55.9 65.1 68.6
101.4
±8.4

93.7
±3.2

91.1
±0

117.2
±5.91 u

F ±3.4 ±2.9 ±3.5 ±3.5 ±2.7 ±5.2 ±2.3 ±3.3 94.0
±5.5

81.0 
±16.7

82.9±6.8
97.6
±15.1

22
M

49.9 55.5 77.2 67.8
73.4
±6.6

87.9
±0

110.2
±0.8 119.2

±15.5
126.4
±4.9

137.4 
±11.1 - -

F «
±6.6 ±2.2 ±7.7 ±7.7 86.5

±2.8
87.6
±5.3

109.6
±2.1

115.0
±7.4

113.1
±0

114.4±0 144.1
±0.5

119.4
±8.4



APPENDIX VII

QUANTITATION
A typical example of the sagittal length of the Purkinje cell layer and the Purkinje cell linear density from an 
adult animal.
Distance from 
medial edge ram 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1 .4 1.5 1.6
Sagittal 
length mm 28.3 32.6 35.9 39.3 37.8 37.6 38.1 38.3 38.9 38.9 40.1 40.1 40.7 37.3 37.8 36.9 35.8
PC Density 
cells/mm 16.53 17.3 18.32 15.96 16,51 16.84 16.82 16.34 16.72 16.2 15.23 15.53 15.09 17.28 16.22 17.3 17.52
Distance from 
medial edge mm 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2
Sagittal 
length mm 34.3 34.2 33.9 32.9 32.7 32.4 26.7 24.4 24.1 20.6 19.1 17.1 11.8 8.3 6.8 5.1
PC Density 
cells/mm 17.76 17.01 17.08 15.64 17.17 16.51 15.92 18.26 17.25 16.79 17.0 19.05 18.98 18.92 16.45 15.22

This table shows that there is no mediolateral variation in the linear Purkinje cell density. There is a maximum of 
2% difference between the number of Purkinje cells if the calculations involve every section, alternate sections or 
just two sections.

Linear PC 
density/mm

PC Layer 
area mm2

PC
Number

Sections every 100 pm 16.87 ± 1.03 99.9 84,249
Sections every 200 pm 16.84 ± 1.19 101.7 85,606
2 sections from those 
taken every 200 pm 16.91 85,962
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APPENDIX vttt

The mean logarithm of Purkin-ion~e cell diameters for animals
Pedunclotomised at 3, 5 7 ,n' ' ’0 or 22 days of age which
survived up to S'; ys post operatively. Within each
grouP a mean diameter 4. ,■ d standard deviation is obtained

h anllr‘al* These standard deviations are logged 
and a new mean and standard deviation of these logarithm, 
was calculated for eaoh l-oup. ^ e  resultant numbers
are in this table a

comparison between the experi
mental and control values analyses whether the shape of

" °ri7lnal P U m n 3 e  C E U  “ ~ t . r  distribution for 
each group is different--* between experimental and control 
animals. There „ C£L

Probability of any difference

I" " 5 dUe t0 ChanCS' **“ " * ’“ • « •  significant
ifference seen in this tabie U„-10, p < „.01) ls

Probably not relevant.

+ 53 P < 0.01

c



Mean Logarithm of Purkinje Cell Diameter Standard Deviations
Age at Post Operative Survival Time (Days)
upera-
tion 5 10 15 25 35
(Days) n X SD n X SD n X SD n X SD n X SD

Op 6 -6.01187 0.20273
J '

c : 6 -5.87672 0.151109

c Op 6 -6.21461 0 5 -5.80914 0 6 -5.94429 0.19114 6 -6.01187 0.20273
0

c 6 -6.21461 0 4 -6.12112 0.18058 5 -6.13352 0.16219 4 -6.21461 0.49013

n Op 6 -6.07945 0.19114 5 -5.97133 0.19864 6 -6.01187 0.20273
(

c 5 -6.21461 0 4 -6.01187 0.20273 6 -6.07945 0.19114

1 n Op 6 -5.80914+ 0 6 -6.01187 0.20273
I U

c 4 -6.12112 0.18058 5 -6.21461 0

oo Op 3 -5.94429 0.19114
dd

c . 5 -5.89023 0.16219



APPENDIX VIIIA

PURKINJE CSLL DIAMSTER DISTRIBUTION 
5-5

Diameter 
size pm 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Total

nurabee
cells

Number
of

cells
C 1 4 8 38 68 153 182 180 134 68 39 22 6 2 1 906
Op 2 13 23 80 113 133 117 77 47 31 9 4 0 1 - 650

5-15 & 10-10

Diameter 
size pm 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 Total

number
cells

Number
of

cells
C - 3 8 17 28 52 71 65 90 97 81 56 32 19 8 4 - - - 631
0p5 3 11 28 55 71 93 90 95 120 90 46 35 26 16 10 3 1 0 1 794
0p10 3 5 24 43 57 68 80 94 101 106 71 62 34 14 12 7 2 1 - 784

5-25
Diameter 
size pm 12 ‘13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 Total

number
cells

Number
of

cells
C - - - 8 26 46 98 118 175 183 166 161 92 62 25 12 2 2 1 - - - 1177
Op 1 2 6 16 44 71 110 111 141 109 96 74 44 27 15 14 3 3 0 0 0 0 1 888
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7-5

Diameter 
size jam 10 11 12 13 14 iS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Totalnumber

cells
Numberrtf* C - 1 2 15 40 106 171 205 279 193 174 102 42 20 15 2 0 0 0 1 1368

O I

cells Op 1
i

3 18 36 77 122 105 95 72 50 40 13 5 4 0 0 0 1 - - 642

7-15
Diameter 
size pm 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 Total

number
cells

Numberrtf' C - 1 3 13 32 61 81 81 93 90 63 58 27 16 9 3 2 2 - 665OI
cells Op 1 3 11 27 29 63 63 66 53 55 36 29 15 10 3 0 1 0 1 466

7-35
Diameter 
size pm «

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Totalnumber
cells

Number
rtf'

C - - 2 4 29 64 129 186 199 186 126 91 46 35 23 10 5 1 2 1 1139
OI

cells Op 4 22 47 95 126 127 137 93 62 45 28 18 7 5 2 1 - - - - 819 272



5-35

Diameter 
size pm 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Total

number
cells

Number C - 3 12 53 108 126 161 149 92 60 38 37 33 14 8 5 2 1 902
OI

cells Op 1 5 27 35 68 98 120 115 93 89 58 31 29 10 6 2 1 - 789

10-35

Diamete 
size pm

r 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total
number
cells

Number C - - - 1 7 33 65 119 126 125 147 73 45 14 12 8 2 777
OI

cells Op 1 5 19 63 124 141 144 128 85 65 45 34 24 12 8 4 3 905
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3-35

•

Diameter 
size |im 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Total

number
cells

Number
of

cells
C 6 17 56 82 89 87 81 67 60 48 36 10 8 3 3 653
Op 6 18 51 84 113 124 99 76 47 43 22 16 4 2 2 707

22-35

Diameter 
size pm 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Total

number
cells

Number
of

cells
C - 1 2 14 29 62 96 110 122 97 88 57 41 21 9 7 0 2 759
Op 1 5 12 30 53 68 53 4C 41 38 21 9 4 3 1 - - 378

to-!
i S *
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APPENDIX IX
ALUMINIUM-FORMALDEHYDE PERFUSION 
FOR CATECHOLAMINE FLUORESCENCE

Preperfusafce
& modified Tyrode's buffer pH 7.2 contains per litre of 
distilled water:-

NaCl

o.CO g
KC1 0.2 g
CaCl2. 6H20 0.4 g
MgCl2. H20 0.1 g
NaHCO, 1.0 g
NaH2P0„.2H20 0 . 05g

D-Glucose 1.0 g

For Adult Animals:-
Add 20 g glyoxylic acid monohydrate/L 
Add NaOH pellets until pH 7 
Cool on ice.

For Neonatal Animals:-
Add 2 g MgS0i,.7H20 and 1 g procain chloride/L 
Use at room temperature.

Perfusate
20 g paraformaldehyde is dissolved in 500 ml 
distilled water by heating to 60°G.
Add 4-6 drops IN NaOH and cool.
Add 500 ml ice cold double-strength Tyrode's buffer. 
Add 100 g A12 (SO„),.18H20/L
Adjust pH to 3.8 with 3.8 g Na2B,,07.10H2O/L.
Add 0.1% azure B to a deep royal blue colour 
and keep on ice.
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